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The Postnatal Growth of the Ear Capsule

n the Rabbit

D A N HOYTE
of Anatomy

A comprehensive account of the devel
opment and growth of the human ear cap-
sule was given by Bast and Anson ( 49)
They reviewed extensively earlier works
concerned with the number the situation
the mode and time of appearance the
spread the comparative anatomy and the
homologies of the centers of ossifications
of the temporal bone According to these
authors “ossification 1n any part of the
(otic) capsule does not begin untl the
part of the mternal ear covered by said
portion of the capsule has attammed 1its
maximum size  {p 206) However dunng
intrauterine hfe there was certamnly cir
cumferential growth of the penotic bone
at least m the region of the cochlea Here
the periosteal bone surrounding in its
turn the 1mtial encapsulating bone which
was replacing the cartilage of the otic
capsule increased in thickness all around
the circumference until the 27th week of
intrautenine hfe but not thereafter (it sub
sequently 1ncreased in density not
size) On the internal aspect flanking the
membranous cochlea a thin layer of bone

d in ve:
hittle 1f at all “Throughout life it remams
as a thin laver which 1s fanly umform mn
thickness in all parts of the capsule”
(Ihd p 223) The modiol loped

College of the West Indtes Jamawca

Of the increase 1n size of the bony ex
ternal acoustic meatus Bast and Anson
had only this to say (aibid p 165)

“ the tympanic nng expands
from a C shaped element 1n the early fetus
to a large structure of similar form 1n the
adult Growth must take place on the
outside of the Cshaped bone and 1t 1s
here that the osteogemc layer is active
On the 1nner surface of the C the cam
bium layer is inactive and the osteoblasts
seem to have been replaced by osteo
clasts which actively resorb bone

Resorption of this concave aspect was
also described by holliker (1873)

Bateman ( 54) found from a study of
the graylethal and microphthalmic mu
tants of the mouse that the penotic bone
and the tympanic bulla grew for the most
part circumferentially and thought that
1n the periotic as m the bulla this expan
sion must be accompanued by internal ero-
sion The oval and round windows were
narrowed after thewr formation by “mter
nal accretion of bone within thexr circum
ference up to about 10 days of age and
after that were enlarged again by “internal
erosion ” His inferences were made from
a study of the gross patterns of falure of

1n membrane from the 20th week of intra
utenine hife 1ndependently of the cochlear
capsule which 1t joned about the 22nd
week It1s not clear from their description
whether the pernvestibular and pericanahic
ular portions of the otic capsule took part
in the circumferential deposit of subperios
teal bone The semicircular canals them
selves only increased in size while they
were enclosed in cartilage attaining maxi
mum size about mid term when their cap-
sule began to ossify They did not accept
that there was any real increase in size of
the canals after this time

or of resorption 1n these ammals
as compared with normal controls and
with holliker s (1873) descriptions of ero-
sion M by (47) d bed astsc
widening of the internal acoustic meatus in
‘puppies as a normal feature He was able
to cause excessive bone formation here by
keeping the ammals on a diet deficient 1n
vitamin A and a reversal to marked osteo-
clastic activity by returming them to a
normal diet Vitamm A defictent ammals
also carmed to excess the normal depost
tion of subpenosteal bone upon the endo-
cramal aspect of the ear capsule but not
upon the tympamc aspect Again the ex
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2 D AN

cess bone was stincked by osteoclasts
when the sltamin was added 10 the dict
devel of the ear ossicles was
reviewed and further described by Bast
and Ansan (loc cit supra) “The ossicles
are all alihe fn the matter of longitudinal
growth since they lack secondary or ept
physeal centers they do not lengthen
wher: once fully Sormed in perichondrial
bone™ {p 352) DBateman ( 51) described
sarfous areas and patterns of grawth and
crosion in the essicles of the mousc but
gave no idea of the amount of grouth His
Hhustenlons of the ossicles howeser show
seny littde diffcrence in size betseen mu
tant animals and controls and sene to
cmphasize that as in the human actual
postnatal grewth as distinet from ossifica
tion of preformed structures is minlmal
The purpose of this paper is to show at
one and the same time all the features of
the pastnatal growsh of the ear eapsule in
an expertmentat animal and te demon
strate the sites of deposition and of 1esorp-
tion of bone by direct examiaation rather
than by tnference The crux of this
method rests int the fact that all the anl
mals used were normally growing animals
of the same specics hept under the same
Fxperimental conditions (Hoyte  §0)

MATERIALS AND AMETHODS

A total of 15 rabbits (Copenhagen
White and Chinchilla} swas used tu this
tmvestigation A single tntrapertoneal n
jecttan of alizarin red (Schour 36) was
ghven to cach of a scries of antmals tang
ing In age from birth to 25 days  The ant
mals were sacrificed av interials voning
{rom 12 hours 1o 103 days therealter Of
the shulls of these anlmals 38 were pre
pared as grosy macerated dry specimens
(16 partly or completely disarttoulated)
and 1 intact heads were serially sectioned
in the undecaleificd state (Robents and
Hovie 58) The heads of the remaining
three animals uninjected sened as his
tolozleal controfs and wese decalelficd
and sertatly sectioned

RESTLTS
The prosy appearance of the perotic
bone and tympanic bulls ts shown (n fig
ures 1622 A key 1o the text figuns and
other Blavtratione fv gnen tn ¢able | brimy

BOYIF

1 Microscopic appearances ot birth {one
specinten {nfected at one day survi
ing a further 18 haurs one
control aged one dayj

A large part of the purdotic was still
cartilaginous  Only the middle part of
the bone waz becoming ossified In the
arcas of the cochlea vestibule and vestl
bular ends of the semicircular canals The
latera) Hag] portion d the
whole of the paratloccular fossa and the
curved portions of the semicirentar canals
‘There was 3 thin {ayer of red subperfosteal
bone covering the exteriar of the perfotie
both on fts endocrantal and tympanic sur
faces but only in a fow places had the
internal casities developed bony walls
Fusther detalls are glien below

Cochira  Most of the rympanic and
endocranfal aspects of (his part of the
bone showed a thin red layer of bane
Ossificatlon sas proceeding from without
inwards replacing the cartllage of the
wall Only fn a faw places in the tuterdor
of the cochlea had a similar shell of sub-
periosteal bone developed  In some places
where ossification € the canilage ap-
proached the fnterpal surface avteaclasts
were seen (dn serial sections counter
stained with toluidine blue or hematoxylin
and cosin) Rapld and propresshve croson
was not however @ marked foature of
cochiear growth in this scrles  The modio-
jus was fibrous

Vestibule  Much of the intumal walf
was ossificd though where the amputlac
open there was littde or no subporiosteal
bone cosering the decper deacloping endo-
chondral bone  The roof of 1he vesttbule
(floor of the parafloccular fossa) was
completely cacttlagtnous ¢veept medially
where ft forms the limbus fossae para
floccularts contains the aquacductus vestf
bulf and covers the crus commune  Here
endochondrat ossificatlon was taking place

Internol seowstic wmeatus  {The shallow
depresstan camsmion 10 the scpicat open
ings of the Tth and 8th nurve canals ) The
mestus and the wally of the canals were
wssified In continuity with the flag sul-
periosical growel of thy endocrantal as
Jeet of the periotic but already along the
cuurse of the “th nene canal and at the
south of the Sth nenve canal resorptien
o 1ld Le seen




TABLE 1

Key
Bones

AS alisphenoid Inter interpanetal Sq squamosal

BO hasweeiprtal M malleus SO supraoccapital

BS basisphenoid Pa panetal St stapes

ExO exocapital Pc periotic TB tympanic bulla

Fr frontal PS presphenord Zy zygomatuc

1 ancus

Features
ageoch aquaeductus cochleae oc oceiprtal condyle
agvest aquaeductus vestibuli pf parafioccular fossa
cc carotid can; plf foramen lacerum postertus
€re¢ Crus commune pop parcccipital process
thsta ensta ampullans. Pasttc postenor semucireular canal
eam external acoustic meatus pth post tympamc hook of squamosal
Ec (groove for) auditory (pl t amen
panic) tube supsc  superor semucircular canal

feoch fepestra cochleae (rotunda) tent tentorium cerebells
fo foramen ovale tentr tentorial ndge
fp footplate of stapes vest vestibule
fvest fenestra vestibuli (ovahs) ZyT zygomahc process of squamosal

gtsupp (hiatus for) greater superficial V' tngenmunal nerve root

al nerve

e ) G trigeminal ganglion

iam internal acoustic meatus V3 mandibular nerve branches
latsc lateral semucircular canal VI faclal nerve

Ipf Iimbus fossae parafiocculanis VIIT stato-acoustic herve

memb tympame membrane VIII (¢) cochlear nerve

mif foramen lacerum medirm Vui(v) vestibular ne;

mM manubrium of malleus
obt £ obturator foramen of stapes

e
2nd memb secondary tympamc membrane

[RARREREY

treerrsnt
X XXX

]
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Symbols
Surface of Alxzarm stained bones (ﬂit subperiosteal growth)
Surface of al d bone: growth) (if 1 rela
tion to camlage endochondna! ossification)
Interruption of alizarin xtm‘nad surfaces by diploc resorphom
Resorption (if covered by new bone = a reversal Lne)
New surface growth (fat subpenosteal growth)
New surface growth (spreading trabecular growth) (if in relaton to carts
lage = endochondral ossification)
Osteoclasts

Cartilage

Areas of endochondral bone

Flat subperiosteal growth = flat lamellae of bone parallel to the surface

Spreading trabecular gro

wth = bony spicules at an angle to the penusteal surface (possibly

a more rapid farm of growth)

wanl L
z

Fig 1 forizontal section of perlouc thraugh fenestra vestibuh (rabbit
da¥ of age survival three days) @
g

2 Honzontal gection through luwen part of periotic (same
———
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4 D A N HOYTE

Tympanic bulla At this stage the bulla
is represented by the narrow tympanic
ring enclosing the drum and there is a
wide gap inferforly between it and the
basioceipital bone In this gap can be seen
the lowest part of the cochlea The tym
panic ring showed resorption within its
concavity except at the exact attachment
of the drum to a little spur of bone near
the medial part of the ring (fig 2) In
coronal scctlons the ring usually appears
in two parts with the skin lined wall of
the external acoustic meatus stretched be
tween them and separated from the drum
by a slit like space

In the one-day-old rabbit control exami
natlon of sections confinned the presence

Tympanic bulla  The ring was much
wider with extensive resorption on its
concave internal aspect and spreading
trabecular growth externally (fig 2)

3 Microscopic appearances at 8 days
{specimen injected at one day
surviving a further 7 days)

The whole periotic tympanic complex
was ossified (though the external acoustic
meatus was not yet complete)

‘The endocranial surfaces of the periotic
showed a distinct layer of new bone In
some areas a rapld spreading trabecular
growth In others flat subperiosteal growth
The tentorial ridge separating the middle
from the posterlor cranlal fossa was be
coming Increasingly prominent

of cartilage and of in i

to that cartilage as shown in the alizarin
stained specimen Figure 23 shows marked
osteoclastle activity within the bulla and

the ac
tivity Growth is therefore centrifugal

2 Microscopic appearances at 4 days
{onc specmen injected at one day
surtiving a further three days

4 one control aged 4 days)
Ossification had procecded much fur

ther in the body of the periotic bone In

the postero-superd: portion  { id

c panic aspect showed stasts gen
erally especially over the ampulla and
adjacent part of the lateral semicireular
canal but excepting the Inferdor aspect of
the roof (Tegmen tympani) where re
sorption was the rule This resorption
here was especially marked in relation to
the canal for the tensor tympanl muscle
This cana! enters aboye the bony phanynto-
tympanlc tube at the antero-superior me
dial end of the bulla is roofed in by the
tegmen and floored by the bulla (fiz 3)
The rapld centrifugal expansion of the
bulla f Its floor occasioned a cor

parafloccular fossa) there were patches
of bone formation spreading into the an
teriot and postedor pillars of the limbus
fossae parafloceularis (fig 1) (the limbus
is completed later by the mecting of these
two bony pfllars) and Jaterally along
the ¢ourse of the lateral and posterior
semicircufar canals

Cochlea  There was a layer of red flat
subperioateal growth both externally and
internally Only the proximal part of the
modiolus and the adfacent part of the
spiral lamina were red  In the control
specimen the spiral lamina was seen to
dmveloping here tn membrane The base
of the mod olus tn the depths of the 8th
nenve canal was formred tn cartilage (this
s of course part of the cochlear wall)
ard from here bone formation had spread
a lttde wav i ally in memtrane

Ver slule Thete was a layer of flat
sul preios ra] bone o beth intemal and
external fendocrarial  aspects

related resorption of the canal roof with
reciprocal deposition on the endocranial
aspect of the tegmen (It §s Interesting to
note that these extensive surface adjust
ments can occur In a canal from whose
bony walls muscle fibers arise all the
time) So rapid was this crosion of tle
tegmen that by this period 7 days after
injection ft was almost entirely formed Ly
new bone of endocranial erigin  There
was resorption along the course of the
open faclal canal but the closely related
fossa for the stapedius muscle at the
time of Injection wholly cartilaginoty

comisted now of new white bone

The postero-superior surface of the perd

otic showed stasis over tte ampullae of
the superior and Jateral semiclrcular
canals and resorption more laterally (fi,

7) Flsewhere the walls of the para®' <

cular fossa and the courses of the canals
thescin were new  The posterfor vaef. €
of the mastold portlon artlculs ing nt ™
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the exoccipital was for the most part
covered with new bone though a lttle
resorption was seen opposite to the entry
of the crus commune and postenor end
of the lateral semicircular canal into the
vestibule (figs 11 and 12)

Cochlea The tympame aspect had re-
mamed static—a thin shell of red sub-
periosteal bone The medial (posterior
fossa) surface was covered with a thin
white layer of new bone deposited upon
the red This new bone cotered the in
ferior surface of the cochlea where 1t
abuts upan the basioceipital medhally and
the bulla laterally (fig 5) Internally
the thin red layer of bone showed some
small areas of resorption There was a
good deal of new bone present inside the
cochlea also of twofold onngmm  Some had
ansen from extension of endochondral
ossification 1n the capsule covenng the
bony canal of the cochlea separating each
turn of the canal from the next The re
mamder represented the spread of intra
membranous ossification 1 the modiolus
and spiral lamina from the base towards
the apex. There had not been growth m
the true sense—merely ossification of pre
existing structures

Vestibule The ongnally ossified red
anternal surfaces had remained static for
the most part though occastonal small
areas of resorption were seen (fig 7)
‘Where the walls were at the ime of injec
tion stll cartilagmous there was now 2
layer of new white bone e g in the crus
comrmune

Tympamc bulla (figs 3 § and 11)
Widespread and rapid internal erosion
had left very little of the old red bone—
mn some areas none at all The bulla was
complete but the lateral wall of the devel
oping external acoustic meatus was still
ncomplete  The oldest (red) part of the
bulla was at and near to the attachments
of the drum The growth of the bulla
medially had narrowed the foramen lace
rum postenus

4 Microscopic appearances in
older ammals

Having thus established the trends of
growth and development of the ear cap-
sule in these specimens above it is in

1n older specimens Comparisons are made
here 1n a senes of annotated diagrams
drawn from histological sections of sumlar
regions In the younger ammals and 1n
two older ones—one a 16-day-old rabbit
mjected at birth the other a 22-day-old
control

The distnbution of osteoclasts 1n the
control specimens (fig 23) agreed closely
with areas of resorption noted in the
ahzarmn stained specimens Scometimes os
teoclasts were distnibuted more widely as
noted 1n the remarks to figure 10 above
but this does not mean that they were 1n
active for their resorptive activity can be
demonstrated if a senes of ammals be in
Jected at differing intervals after birth
(see under “Gross appearances™ below)
Marked srmulanties in the distnbution of
old and new bone 1 the penotic were seen
1n the alizann-stained specimens and therr
normal controls In the controls “old”
bone was woven bone of endochondral
ongin eastly recogrized m hematoxylin
and eosin stamned sections by 1ts patchy
basoplilta (Ham 57) and by the rem
nants of calafied cartilage (Bast and
Anson 49) contrasing marhedly with
the regularly lamellated bone of subperios
teal ongin  Figures 6 and 12 show the
relative distnbution of the two types of
bone and should be compared with fig
ures 5 and 11 respectnely Figure 24
shows a photomicrograph taken from area
P of figure 12

5 Gross appearances

These were studied 1n the senes of
skulls mntact or disarticulated mentioned
ly Theirnter was facilt
tated by exammnation of senal sections of
the matenal descnbed above and by ex
amination of the dried bones at low mag
mification under a binocular microscope
Perotic bone endocramual surfaces By
the 6th day of hife 1n an ammal njected
on the second day new white bone was
being deposited generally on both the me-
dial (postenor fossa} and antero-supenior
(middle fossa) aspects This endocramal
deposition was a constant feature through
out the senes except within the mternal
acoustic meatus by the entrances to the
7th and 8th nene canals each of which

structive to follow the of

d red though d from the
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Tympanic bulla At this stage the balla
is represented by the narrow tympanic
ning enclosing the drum and there is a
wide gap inferforly between it and the
bastoccipital bone In this gap can be seen
the lowest part of the cochlea The tym
panic ring showed resorption within fts
conmcavity cxcept at the exact attachment
of the drum to a little spur of bone near
the medial part of the ring (fig 2) In
coronal sections the ring usually appears
in two parts with the skin lined wall of
the external acoustic meatus stretched be
tween them and separated from the drum
by a slit like space

In the one-day-old rabbit control exami
nation of sections confirmed the

Tympamic bulla The nng was much
wider with extensive resorption on fts
concave Internal aspect and spreading
trabecular growth externally (fig 2)

3 Microscopic appearances at 8 days
(specimen njected at one day
surviting a further 7 days)

The whole periotic tympanic complex
was ossified (though the external acoustic
meatus was not yet complete)

The endocranial surfaces of the periotic
showed a distinct layer of new bone in
some areas a rapid spreading trabecular
growth in others flat subpeniosteal growth
The tentorial ridge separating the rmddle
from the postenior cranjal fossa was be

of cartilage and of ossification in relation
to that cartilage as shown in the alizarin
stained specimen Figure 23 shows marked
osteoclastic activity within the bulla and
the 1 blastic ac
tivity Growth is therefore centrifugal

2 Microscopic appearances at 4 days
{one specimen njected at one day
survtving a further three days
/ one control aged 4 days)

Ossification had proceeded much fur
ther in the body of the perfotic bone In
the postero superior portion (mastoid
parafloccular fossa) there were patches
of hone formation spreading into the an
terior and posterior pillars of the limbus
fossae paraflocculans (fig 1) (the imbus
15 leted later by the ing of these
two bony pillars) and laterally along
the course of the lateral and posterfor
semucircular canals

Cochlea There was a layer of red flat
subperiosteal growth both externally and
mternally Only the proximal part of the
modiolus and the adjacent part of the
spiral lamina were red In the control
spectmen the spiral lamina was seen to be

coming i gly p

The tympanic aspect showed stasis gen
erally especlally over the ampulla and
adjacent part of the lateral semicircular
canal but excepting the infenor aspect of
the roof (Tegmen tympani) where re
sorption was the rule This resorption
here was especially marked in relation to
the canal for the tensor tympam muscle
This canal enters above the bony pharyngo-
tympanic tube at the antero-supertor me
dial end of the bulla is roofed in by the
tegmen and floored by the bulla (fig 3)
The rapid centrifugal expansion of the
bulla forming its floor occasioned a cor
related resorption of the canal roof with
reciprocal deposi on the end 1
aspect of the tegmen (It is interesung to
note that these extensive surface adjust
ments can occur in a canal from whose
bony walls muscle fibers anse all the
time) So rapd was this eroston of the
tegmen that by this peniod 7 days after
injection it was almost entirely formed by
new bone of endocramal ongin  There
was resorption along the course of the
open facial canal but the closely related
fossa for the stapedius muscle at the
ume of injection wholly cartilagmous
d now of new white bone

developing here mn b The base
of the modiolus 1n the depths of the 8th
nerve canal was formed in cartilage (this
1s of course part of the cochlear wall}
and from here bone formation had spread
a little way distally 1n membrane

Vestibule There was a layer of flat
subperiosteal bone on both internal and
external (endocramial) aspects

The postero supenor surface of the pen
otic showed stasis over the ampullae of
the superior and lateral semucircular
canals and resorption more laterally (fig
7) Elsewhere the walls of the parafloc
cular fossa and the courses of the canals
therein were new The postentor surface
of the mastoid portion articulating with
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Figures 7 to 12
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other by a ridge of new bone  The periotic
extended by growth at its cdges anterforly
{petrosquamous fissure) and inferiorly
and postertorly where it presents as a
rounded border abutting on the f

nent bulges in the medial wall of the tym
panum above and behind the oval win
dow  The facfal nenve groove turns verti
cally downwards to score the front of the
base of the id process where 1t again

lacerum posterius  The tentorfal ridge de
veloped rapidly by surface depesition on
the red bone converting the rounded bor
der {birth to three days) into a sharp one
(6 to 10 days) and thereafter appearing
as a more and morc prominent and irreg
ular ridge till it formed a ledge of bone
oserhanging the posterior fossa (40 days
onwards )

The walls of the parafloccular fossa
cartilaginous at birth were replaced by
bone and the himbus fossae was com
pleted by 7 days In specimens injected
about birth therefore no red bone was
seen in the walls of the fossa except below
just at and within the imbus  Specimens
injected between 5 and 7 days and be
tween 18 and 25 days showed that red
stamed bone was deposited on the walls
of the fossa external to the white bone ex
isting at that time was covered over in its
turn by a further ectocranial deposition of

hite bone (by 6 days after injection at
these times) was quickly exposed on the

,//mcemal aspect by resorption and finally
was removed from the internal aspect by
continued and rapd resorption leaving
the walls again white The only traces of
red bone persisting here under these con
ditions were along the courses of the semi
circular canals (sce below)

Tympanic surface ’l’lltlc medzal wall of

forms a closed canal completed by the
bulla The nene leaves the skull at the
so-called stylomastoid foramen (actually
tympano-mastoid in the rabbit) Behind
the cochlear window §s a deep depression
lodging the stapedius muscle

The remarkable feature of this wall was
the persistence of the red stamn in the cen
tral portion especially over the cochlea
Even 82 days afterwards in an ammal
injected at birth this red portion was vir
tually unchanged though a film of new
bone could be made out under the dissect
ing microscope The tensor tympam ca
nal the under aspect of the tegmen and
the stapedial fossa became white by re
moval of the old red bone while the
bulges made by the ampullae of the supe
nor and lateral semicircular canals be
came white covered by a thin film of new
bone The groove for the upper part of the
internal carotid artery deseloped promi
nent white lips of new bone (The lower
part is trapped by and taken into the bulla
by the med:al spread of that bone above
it hies in the petrotympanic fissure )

Postertor surface This surface of th
periotic ar with the e pital
showed generalized deposition of new
bone except for a few persistent uregular
areas of red bone either static or slowly
resorbing

lar canals These are best

the ty the Y o
the cochlea (fig 20) with the vestibular
{oval) and cochlear (round) windows in
relationships similar to those found 1n
man Above the promontory 1s a depression
lodging the tensor tympam muscle in hife
made into a canal by the bulla and around
a process of the bulla here the muscle ten
don turns to 1ts msertton on the malleus
The roof of the depression 1s the tegmen
tympant _Below the front of the promon
tory 15 the periotic_wall of the carotd
canal Almost directly above the oval win
dow the factal canal opens into a groove
1ying between that window and the lateral
semicircular canal This latter canal near
mg 1ts ampullary end and the ampulla
of the supernior canal above 1t make promt

seen in the walls of the parafloccular
fossa through the widely open hmbus
(fig 16) Apart from therr ampullae they
showed no ossification at birth and were
therefore not staned by alizann injected
at that time The ndges marking therr
presence however were evident by 10
days In an anmmal injected at 5 days of
age and allowed to survive for a further
6 days their course was shown by curved
red lmes Forty days afterwards n an
ammal mjected at 7 days these curving
Iines were still distinctly red on trans
llummation though covered with a thin
film of white on the aspect facing into
the fossa where they make promument
nidges Sumilarly three animals injected
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at 18 days (surviving for a further 25
days) and at 25 days (surviving a further
57 and 73 days) respectively showed con
siderable persistence of the red stamn m
these curving canals Even thewr ampul
lary ends red stained 1n amimals imjected
at birth still showed red bone on trans
umination 82 days later

The picture 1s one of canals becommng
more and more promunent mside the para
floccular fossa as that fossa e‘(pands"cen
trnfugally leaving them marooned’ (:r:

row medially directed flange of bone—
the onginal part of the nng holding the
tympanic membrane (fig 6) The mem
brane was stll attached to this flange
mchning medially above to attach to the
medial wall of the bony meatus The
deepest part of the meatus 1s thus a mere
shit between the membrane and this cres
cent of bone The concawvity of the nng
(or flange) and this crescent persist vir
tually unchanged from this time (11 days)
Elsewhere the interior of the bulla showed

1ts wnternal walls The canals 1
thickened their walls by external deposi
tion but did not merease their internal
diameters so much as to remove the red
bone from their interiors except within
their ampullae where some of 1t was ap-
parently removed (fig 7)

Tympanic bulla external aspect From
birth to the 7th day of lfe the tympame
membrane 1s exposed on the lateral sur
face held by the concawity of the tym
panic ring  Between 7 and 11 days the
drum is hidden by the growth of the nng
to form a lateral plate The bone en
croaches from n front and behind the
two processes thus formed meet by 11
days and the hine of thexr junction has
disappeared by 15 days From 11 days
onwards the bony external acoustic mea
tus develops as a tube directed upwards
backwards and slightly outwards (fig 17)

From the appearance of a bony lateral
wall to the bulla there was deposition of
new bone on its superficial aspect The
bony meatus grew by addition of bone at
1ts free margin  Inferiorly the tympamc
ting quickly grew medially so that by 6
days of age 1t had narrowed the foramen
lacerum postertus to a mere sit had met
and started to enclose the 1nternal carotid
artery This infertor aspect too was coy
ered externally by new bone

Internal aspect Injected at birth the
tympanic nng became wholly red to the
naked eye By 11 days apart from the
superficral closure of the processes of new
bone to complete the lateral wall of the
bulla there had developed from the nng
a thick flat crescenuc plate of bone (fig
21) forming the lower part of the lateral
wall of the external acoustic meatus and
standing up 1n relief from 1t The greater
cunvature of the d a nar

rapid and e resorption with the
Tesult that this crescent becarne more and
more promunent Once formed the 1n
tenior of the bony meatus showed resorp-
tion also but less marked than that withm
the bulla so that some red bone remamed
within 1t 57 and 73 days after mjection
at 25 days

6 The ear ossicles

The findings here agree 1n almost every
respect with those of Bast and Anson (49)
and need not therefore be elaborated in
detail Fagures 13A and 13B below (and
also figs 1 3 and 9) show some features
of these bones The cartilaginous primor
dia of the malleus (ossified as far as the
base of the manubrium) and incus (ossi
fied nearly to the neck by the lenticular
process) were already nearly full sized at
birth  The bone present at that tume ex
tended later merely to the natural limts
of the cartilage models and gradually
consolidated to form the typical dense
structure of these ossicles Actual surface
growth and remodelling were mimmal

The endochondral bone of the stapes
however while growing also to the nat
ural imits of the cartilage model under
went profound changes as in the human
Each crus commencing as a solid pillar
of cartilage developed on the second day
of life a center of ossification at 1ts June
tion with the footplate This ossification

d here as a 1 shell of
bone with invasion of the cartilage deep
to 1t spreading from here n three direc
tions—proximally along the crus towards
the neck distally and centripetally mto
the footplate and distally and centnfu
gally towards the edge of the footplate
the periosteal iphnt Leeping pace with the

2 No
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other by a ridge of new bone The penotic
extended by growth at its edges anterdorly
(petrosquamous fissure) and fnferiorly
and postenorly where it presents as a
rounded border abutting on the foramen
lacerum postertus  The tentorial ndge de
veloped rapidly by surface deposition on
the red bone comverting the rounded bor
der (birth to three days) into a sharp one
(6 to 10 days) and thereafter appearing
as a more and mote prominent and irreg
ular ndge till it formed a ledge of bone
overhanging the posterior fossa (40 days
onwards)

The walls of the parafloccular fossa
cartilaginous at birth were replaced by
bone and the limbus fossac was com
pleted by 7 days In specimens injected
about birth therefore no red bone was
seen 1n the walls of the fossa except below
ust at and within the limbus Specimens
mjected between 5 and 7 days and be
tween 18 and 25 days showed that red
stained bone was deposited on the walls
of the fossa external to the white bone ex
isting at that time Wwas covered over in its

“turn by a further ectocranial deposition of

A

. bone (by 6 days after imjection at
these times) was quickly exposed on the
internal aspect by resorption and finally
was removed from the internal aspect by
continued and rapid resorption leaving
the walls again white The only traces of
red bone persisting here under these con
diions were along the courses of the semi
circular canals (see below)

Tympanic surface  The medial wall of
the the p y of
the cochlea (fig 20) with the vestibular
(oval) and cochlear (round) windows in
relationships sunilar to those found in
man Above the promentory is a depression
lodging the tensor tympani muscle in hfe
made 1nto a canal by the bulla and around
a process of the bulla here the muscle ten
don turns to 1s msertion on the malleus
The roof of the depression 1s the tegmen
tympami Below the front of the promon
tory 15 the perotic wall of the carond
canal Almost directly above the oval win
dow the facial canal opens into a groove
Ining between that window and the lateral
semucircular canal This latter canal near
g us ampullary end and the ampulla
of the supenor canal above 1t male prom

nent bulges in the medial wall of the tym
panum_above and behind the oval win
dow The facial nene groove turns vert
cally downwards to score the front of the
base of the mastoid process where it again
forms a closed canal completed by the
bulla  The nerse leaves the skull ar the
so-called stylomastold foramen (actually
tympano-mastoid fn the rabbit) Behind
the cochlear window is a deep depression
lodging the stapedius muscle

The remarkable feature of this wall was
the persistence of the red stain in the cen
tral portion especially over the cochlea
Even 82 days afterwards in an ammal
wjected at birth this red portion was vir
tually unchanged though a film of new
bone could be made out under the dissect
Ing mucroscope The tensor tympani ca
nal the under aspect of the tegmen and
the stapedial fossa became white by re
mosval of the old red bone while the
bulges made by the ampullze of the supe
rior and lateral semicircular canals be
came white covered by a thin film of new
bone The groove for the upper part of the
internal carotid artery deseloped prom:
nent white lips of new bone (The lower
part is trapped by and taken fnto the bulla
by the medial spread of that bone above
1t lies in the petrotympamc fissure )

Posterior surface  This surface of the
periotic  articulating with the exoccipital
showed generalized deposinon of new
bone except for a few persistent irregular
areas of red bone esther static or slowly
resorbing

Semictrcular canals  These are best
seen in the walls of the parafloccular
fossa through the widely open Iimbus
(fig 16) Apart from their ampullae they
shoved no ossification at birth and were
therefore not staned by alizann injected
at that time The ndges marking their
presence howeser were evident by 10
days In an animal injected at 5 days of
age and allowed to survive for a further
6 days thelr course was shown by cuned
red hines Forty days afterwvards 1n an
ammal 1njected at 7 days these curving
lines were sull distinctly red on trans-
illumination though covered with a thin
film of white on the aspect facing nto
the fossa where they make prominent
ndges Simlarly three animals fnjected
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cretion especially upon the endocramal
aspect and at the sutural surfaces of the
bone and only shightly upon the tympame
aspect This must be accounted a growth
phenomenon 1 terms of the increase
size of the whole skull Adding markedly
to the dimensions of the periotic 1s the

a hke reason become etched 1n relief upon
the internal walls The walls of the canals
appear to thicken but no increase occurs
in the size of therr lumen

It 15 worthy of note that mn this senes
of rabbits there was a close correspond
ence between l?e intensity of erosion and

centnfugal of the parafl 1

fossa while the expansion of the tym
panic bulla and of the external acoustic
meatus add their quota to the growth of
the whole ear capsule The size of the
tympanum 1s added to by resorption from
the infenor aspect of the tegmen

the \: o present This
does not suppert Batemans ( 54) conclu
sions that 1 vary t dousl
1 their actvity and mere numbers afford
no gude to the intensity of eroston”
Figure 14 below represents the super
of 1

by enlargement of the tensor tympam
canal and by erosion mn the stapedial fossa
Local mncreases occur too in the facral
nerve canal and in therr course through
the penotic bone from the medial surface
bath 7th and 8th nerve canals are widened
by resorption

One must except from this progressive
expansion of the bulla however the at

h of the L
which remain virtually unchanged 1n size
from buth (but see fig 15 below) As
far as can be determined from observa
tions which were qualitauve rather than
quantitative there is no signtficant in
crease 1n the size of the drum  Simlarly
one must except from the expansion of the
parafloceular fossa the courses of the sem:
circular canals which therefore and for

drawn from two
actual sagittal sections through sumilar re
gions of the ear capsule mn a 4-day-old
and a 22-dayold control rabbit respec
tively Supermmposition was effected using
three areas the footplate of the stapes
the ampullae of the superior and lateral
semucircular canals and the facial nenve
canal (with the outline of the shghtly
smaller canal just within that of the
larger) The comncidence of other points
also ensures the vahdity of this compan
son These are the cut portions of the
lateral and posterior semicircular canals
the floor of the parafloccular fossa and
the antero-superior and postero-superior
ends of the tympanic bulla The diagram
(fig 14) dlustrates graphically the m
crease in size of the bulla cavity and of
the parafloccular fossa and the encroach

Figs 14 and 15 Superimposition of outhnes taken from sections of the ear capsule

lhe points of superimpos!
Fig 14 sagittal sections
(interrupted cuthne) X 13

ition. are detailed in the text
fsrvm contzol rabbits 4 days old (solid outline) and 22 days old

18 15 corenal sections from control rabbits one day old (solid outline) and 22 days old

(interrupted outhne) x 135

TT represents the attachments of the tympanic membrane

of the younger animal TT" those of the older In each case the distances are the same
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ment of the endocranial aspect of the
periotic bone upon the cranfal cavity This
type of supenimposition gives a good gen
eral 1dea of growth trends but cannot give
exact proportions of growth since it does
not allow for say angulation of the para
floccular fossa medially or laterally in re
lation to the rest of the bone
Figure 15 represents a similar super
jmposition this ttime of outlines drawn
from a 22-day-old upon those of a one-day
old rabbit Exact correspondence of the
stapes was found (1n each case the plane
of section was through the junction of the
anterior crus and the footplate) and it
can be seen that the facial nenve canal
the cochlea and the cochlear nerve canal
all coincide The size of the tympanic
has ined Jtered  but
1t has been rotated to a more vertical
plane The distance between the attach
ment of the malleus to the drum (base
of manubrium) and the promontory does
not seem to have altered (in other sim
ar jons) and 1t is
therefore that rotation of the drum occurs
about the point of manubrial attachment
SUMMARY

) 1 The features of postnatal growth in
the ear capsule of the rabbit are shown
1n a study of amimals injected intra vitally
with alizann red at various periods after
bhirth

2 The histological appearances of sites
of growth and of resorption are illustrated
and compared with the findings in normal
controls and with a senes of gross speci
mens from other rabbits also mjected with
ahzanin This has allowed a detailed study
of the contnbutions made to the growth
of the ear capsule by deposition and re
sorption 11 a sertes of ammals of the same
species kept under the same conditions

3 The cavities of the bony cochlea
vestibule and semferrcular canals are full
grown at birth  The growth of the extenor
of the pertotic bone 15 circumferential

4 The parafloccular fossa of the pen
ouic bone and the tympanic bulla expand
centnfugally by internal resorption and

cxternal deposition The course of the
semicircular canals remains static but the
tympanic membrane also stationary m
size rotates to a more vertical position
about the fixed attachment of the manu
brium of the malleus

5 Of the ear ossicles the malleus and
incus are full grown at birth and merely
undergo ossification of the parts stll re
maining cartilaginous at that time The
stapes though full sized also changes its
shape from 2 solid cartilaginous model to
the typical thin outwardly crescentic
crura thin footplate and excavated head
and neck of the adult bone

6 Certain points within the ear cap-
sule seen in sagittal or coronal section
show remarkable constancy in their rela
tions to each other and as fixed points
may be used In superimposing the out
lines of the capsule at different ages
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Fig 16 Plan of left periotic bone from the endocranfal aspect (superomedial view)
The parafloccular fossa is drawn as if onc were Jooking Into an irregular hollow cube
‘The heavily dotted outlines represent the courses of the semicircular canals as follows

Surface A is the floor with the lateral semicircular canal (forms also the postero-yuperior
surface of the main part of the periotic overlying the ampullary region of the vestibule)
surface B is the anterior wall surface C is the roof surface D is the posterior wall with
the posterior canal and with the surface E is the lateral
(superfcizl) wall The superior semicircular canal occtipies the margin of the fossa within
the ltmbus fossae parafioccularis Surfaces B C and E underlie the continuous curve of
the superficizl (mastold) portion of the bone

PLATE 1

EXPLANATION OF FIGURES

17 Lateral view of ear capsule posterior one third of adult rabbit skull
18 Medial (endocranial) view of ear capsule posterior one third of adult rabbit skull
19 Inferior view of ear capsule postexior one third of adult rabbit skull

20 Inferol: 1 view of left peniotzc bone This and the subsequent figures
are from a Chinchilla rabbit injected with alizarin red at 18 days of age sacrificed
25 days later The medial wall of the tympanum was mostly red the superficial (mas
toid) portion wholly white The arrows indicate the edge of the alizarin-stained bone

2
2

Medial view of disarticulated left tympanic bullza Arrows as in ﬁzur: 20

1

Postenior view of right periotic bone and bulla d; 1
bone Apart from irregular patches of red the posterior surface of lhe pemmc was
white and tbe bulla was entirely white also  Arrows as in figure 20
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23 A portion of the tvmpanic ning 1n a one-day-old contro] rabbit showing osteoclasts on
the internal surface

24 Infenior part of the cochlea lamellar subperiosteal bone deposited upon endochondral
pone (area P in fig 12) (from a 22-day-old control rabbit) x 180



The Development of the Antenor Cerebral Artery
and 1ts Related Vessels m the Rat’

D B MOFFAT
D.

of Anatomy

There is a vast and comprehensne
Lteratute concerming the distnbution of
artertes to the adult human bran but
detalled 1nvestigations Into the develop-
ment of these important vessels are sur
pnsingly few in number and often present

P This 15 probabl e
to the fact that this subject 1s usually
studied by means of senal sechoming and
Teconstruction—an  extremely hme-con
suming techmc—so that the published re-
sults are based upon the study of a com
paratively small number of embryos By
using apimal matenal the vessels may be
easily visualized by the injection of ink
into the vascular system followed by dis
section so that a large number of embrvos
may be examuned i a very short time
This techmc also has the advantage that
a considerably more accurate picture of
the arrangement of the arteries 1S gnen
than 1s possible by reconstructions and
this 1s particularly true 1n the case of
dense vascular plexuses The present
study 15 based upon dissections of injected
1at embryos and forms part of a detmled
investigation into the development of the
artenal system of the rats bramn A neces
sary prelmunary to the wark was a sur
sev of the pattern of the arteries in ques-
tion 1n the bram of the adult rat since
I hase been unable to find the relevant
data elsewhere although Greene (35)
gnves a general account of these vessels

MATERIAL AND WETHODS

The anterior cerebral artery and 1ts re
lated vessels were studied in dissections
of the brains of 20 adult Wistar rats after
the injection of Neoprene latex 572 into
the artenial system

For the embryological studies a senes
of accurately ttmed rat embryos was ob-
tained by the usual methods and each

College Cardiff Great Britatn

embryo was mjected with India k. The
njection was made mto the heart the
umbilical vemn or one of the vessels lying
1 the unopened membranes using mouth
pressure  Full details of the technic have
been guen In previous papers (Moffat
57 and 59) After wnjection the embryos
were fixed 1n formalin and dissected us
mg fine glass needles and watchmalers
forceps In all 196 embryos were studied

RESULTS

The anterior cerebral artery
e the adult rat

Each internal carotid artery reaches
the base of the brain by passing to the
Iateral side of the hypophysis and im

diately gives off an infundibular arterv
which runs rostrad and mediad gmiving
numerous branches which pass caudad
to the region of the nfundibulum and a
few which pass cramad to reach the optic
chiasma. The internal carotid then gives
off the posterior commumcating artery
the antenor choroidal artery a branch to
the optic nenve the muddle cerebral artery
and the antenior cerebral artery The an
terior cerebral artery runs rostrad dorsal
to the optic nenie and gives off a large
olfactory artery which passes sentrad mnto
the nose Each antertor cerebral then
gives a chiasmal branch wiich may anas
tomose with 1ts fellow across the mud
line and which supplhes mainly the dorsal
aspect of the optic chiasma The two
antenor cerebral artertes then join at an
acute angle to form a single midlhne ves
sel which passes dorsad and then caudad
over the corpus callosum Just before or
Just after the yunction of the antenor cere

This work formed part of a thesis which has
beers approved for the award of the desree of
MD 1n the Uversity of London

-
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bral arteries a branch 1s given off on
each side which runs around the caudal
margin of the olfactory bulb to supply 1t
and the adjacent part of the brun This
vessel also gives off a number of central
branches The midhne antenior cercbral
trunk supphes branches to the medial wall
of the cerebral hemisphere and numerous
small twigs to the corpus callosum before
diiding into two agamn  Each terrmnal
branch runs to the medial side of 1ts own
herusphere anastomoses with branches
of the muddle and postenior cerebral ar
tenies and gies a slender branch which
cunes over the postenor aspect of the
corpus callosum to end by supplying the
antenor extremity of the choroid plexuses
of the third and lateral ventricles anasto-
mosing with one of the ch dal branches

passes ventral to the large optic stalk and
now gnes a number of small medial
branches which encroach upon the non
vascular stiip and in places this strp is
crossed by transverse commumcations be
tneen the two sides In slightly older
embryos of this stage the hilateral plex
uses become continuous across the mid
line so that the whole of the ventral sur
face of the forebrain 1s covered with a
network of vessels The cranial ramus of
the mternal carotid artery is now well
developed but since it runs dorsal to the
optic stalk 1t s largely concealed in fig
urc 4 It gives off the anterior choroidal
artery  one or more vessels to the optic
stalh and In older embryos of this stage
the middle cerebral artery It ends by
contrk to the plexus on the ventral

of the posterior cerebral artery

Embryological studies

The first definite branches of the pnm
t1se internal carotid arteries to the brain
appear 1n embrvos of 2—4 mm_ At this
stage the mnternal carotid giies off a prom
ment pnmtine maxillary artery which
passes cramad sentral fo the optic stalk
and breaks up mnto a plexus on the fore

;/bram (fig 2) It also supplies some mt
nute branches to the opuic stalh The
1nternal carotid then divides into sts caudal
and cramal rarmm  The former is large
but the latter 1s represented only by a
short trunk which passes dorsal to the
optic stalh and then breaks up into a
number of uny iessels The side of the
forebrain 1s thus covered by a dense cap-
illary plexus but this plexus stops short
of the mudhne both ventrally and dor
sally Figure 3 shows the ventral surface
of the forebrain of a 3 mm embryo and
15 mtended to indrcate the wide mdlme
nontascular stnp so that the anterzor

aspect of the forebrain

The next stage in the development of
the vessels §s seen in embryos of 6-9 mm
and a typical example of this stage 15
seen 1n figure 5 which shows the ventral
aspect of the forebrain of a 7 6mm em
bnyo Duning this stage the pnmitne
maxllary artery begins to dimimsh 1n
size until only its proximal part can be
recogmzed and often cven that cannot be
found The cramal ramus of the internal
carotid artery however increases in size
and after giving off the branches men
ttoned above now ends by passing ven
trad 1nto the region of the developmg nasal
cavty this pnmitive olfactory artery has
of course been divided in the specimen
which 1s dlustrated Before entening the
nasal cavity 1t gnes off a few small
branches to the forebramn A new vessel
15 now appearing 1n the plexus which lies
Letween the two primitnne olfactory ar
tertes This leaves the pnmitine olfactory
artery of each side at approximately nght
angles and runs mediad and caudad to
become with the cramal end

part of the circle of Willis 1s P
at this stage although the posterior por
tion formed by the caudal ram: of the
pnmimie internal carotid artenes 1s well
seen

In 4-6 mm embryos the pnmitive max
Mlary artery remamns large and sull plays
a major part n the supply of the cranal
pole of the bram It can be seen 1n fig
ure 4 which depicts the tentral surface
of the forebramn 1n a 4 3mm embryo It

of the pnmitine maxillary artery It will
be known here as the recurrent branch of
the pnmitive olfactory artery and the
spectmen shown m figure 5 illustrates
well the way 1n which it develops 1n the
preexisting capillary plexus Usnally the
recurrent branch appears before the pnm
1tine maxdlary artery has begun te dumn
1sh 1 size so that these two vessels to-
gether with the stem and crantal ramus
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of the mternal carotid artery form a com
plete wide artenal circle—the peri-optic
ring—around the base of the optic stalk
This ring may be seen on the left side of
the embryo shown 1mn figure 6 and 1n side
view 1 figure 8 although the recurrent
branch 1n the latter embryo has a slightly
atypical origin At the same time changes
are occurring 1n the capillary plexus be
tween the two pnimitive olfactory arteries
In figure 5 the vessels of the plexus are
already beginning to show a cranio-medial
orientation so that they tend to pass to-
wards the median longitudinal fissure of
the brain while in figure 6 the vessels
have become reduced in number to § or
6 on each side and are passing mto the
median longitudinal fissure where they
unite to form 2 small midline vessel plext
form 1n places which closely follows the
“neck” of the telencephalic outgrowth
Later still the 5 or 6 vessels become re
duced still further m number (hg 7)

An mteresting anomaly 1s seen m fig
ure 11 which depicts the nght side of
an 8 7mm embryo In this specrmen and
1 4 other sumlar embryos the cranial
ramus of the internal carotid artery ends
as the mddle cerebral artery the prox
mmal part of the primitive olfactory artery
being represented only by a few tiny plexa
form vessels There 1s a large persistent
pamitne maxdlary artery and a vessel
corresponding to the recurrent branch of
the primine olfactory artery and these
two vessels form the stem of ongin of the
primitive olfactory itself In other words
there has been a persistence of the ‘entral
portion of the peri optic nng m place of
the usual dorsal portion

In embryos of over 9 mm the pomitine
maxillary artery has disappeared and 1n
its place there 1s now an mfundibular ar
tery which takes ongm from the nternal
caroud and curves cramiad and mediad
Just cramal to the hypophysis giung off
branches to the latter and a number of
fine branches to the Posterior part of the
optic chiasma It is not possible to say
whether the prowumal part of the mfun
dibular artery represents the stem of on
£in of the pnmitne maxillary artery or
whether 1t 1s an entirely new 1essel

The fate of the recurrent branch of the
prnimitive olfactory artery may be seen 1n

figure 10 At this stage the cranial ramus
of the mternal carotid artery ends by
dividing nto two branches of approxi
mately equal size One of these which 1s
dinided 1n this specimen passes ventrad
mto the nasal cavity and will later form
the olfactory branch of the antertor cere
bral artery while the other consists of the
stem of the recurrent branch The more
distal portion of the recurrent branch
however has now dimmmshed greatly in
size and will form a chiasmal branch of
the anterior cerebral artery The vessels
which were seen In previous stages to be
passing towards the median longitudmal
fissure from the recurrent branch hae
now been reduced in number until even
tually only one on each side will remain
to form part of the anterior cerebral ar
tery and these unite mn the fissure to form
a smgle midline vessel which different:
ates tn sttu  From these pared artenes
or from the simgle midhne artery amses
a new branch which appears 1n the plexus
on the ventral aspect of the forebrain
This artery which may be seen rather
indistinetly on the left side of the embryo
shown in figure 10 emerges from the
medial longitudinal fissure and runs lat
erad around the proxumal part of the ol
factory bulb giving branches to 1t and
also one or more central branches which
pierce the bram substance

The further course of the anterior cer
ebral artery at this stage may be seen 1
figure 9 which shows a midline sagittal
section of the brain of a2 13 6 mm embryo
The anterior cerebral artery 1s relatiely
very large at this stage and it gunes
branches from 1ts comvex border to the
medral surface of the cerebral hemisphere
and from 1ts concave border to the com
missural plate Near its termination the
unpaired mdlne artery dinides into left
and nght branches of which only the
left remans 1n this specimen the nght
branch being adherent to the nght cer
¢bral hemsphere The terminal branch
gnes one or more ascending branches to
the medial wall of the hemisphere and
one descending branch which can just be
made out in the photograph and which
passes to the cranial end of the choroidal
fissure to supply the chorord plexuses of
the third and lateral ventncles
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To sum up the adult anterior cerebral
artery (fig 1) 1s formed from the stem of
the pnmtne olfactory artery the prox
1mal part of its recurrent branch one of
the cramally directed branches of the lat
ter and a single midline vessel which
deselops mn situ between the two telen
cephalic vesicles  The distal portion of the
primitive olfactory artery becomes the ol
factory branch of the antenior cerebral
while the distal part of the recurrent
branch becomes a chiasmal branch of the
anterior cercbral artery

Fig 1 Dragram of the base of the brain to
show the denvation of the anterior cerebral ar
tery The adult vessels are shown in solid black
while the embryomc vessels are shown on the op-
posite side of the diagram The optic stalk has
been divided MC middle cerebral artery A
antenor cerebral artery O olfactory branch of
antenor cerebral artery € chiasmal branch of
antenor cerebral artery I nfundibular artery
honzontal hatching primutive olfactory artery
dragonal hatching pnimitve maxilary artery
stipple recurrent branch of pnmitive olfactory
artery

DISCUSSION

The pnmitive maxillary artery is a rela
tively large and important vessel up to
the 6 mm stage and may 1In fact be as
large as the continuation of the internal
carotid artery It 1s therefore surpnsing
that it has been descnbed by so few
authors since 1t appears to be equally
prominent 1n human embryos of the ap-
propnate age The artery was named by
Sabin (17) who did not descnbe the
artery but labeled 1t m 2 65mm pg

embryo in her plate 7 The term was re
tained by Padget (48) who found this
sessel prominent up to the 5-6 mm stage
i human embryos it supphes the cra
nial pole of the forebrain and the opuic
outgrowth Rosenbauer (55) also used
this term in describing the vessel in a 24
somite human embryo and 1t is thercefore
not intended to change it here in spite of
its shightly musleading nature The ves
scl has been mentioned or Hllustrated by
other authors sometimes with fnaccurate
labeling Piper ( 00) shows a vessel in a
6 8 mm human embryo which resembles
the primitise maxillary artery but which
is labeled the “a corporii callosi ™ Tandler
(02) in his stage 2 descnbes and fllus
trates in his plate 3 figure 4 the “anterior
branch” of the internal carotid artery
which passed just m front of the stoma o-
daeum and as Padget (48) has pomnted
out this vessel must represent In fact
the primitive maxillary artery although
the antertor division of the internal car
otid in a 5 mm human embryo is correctly
descnbed as passing dorsal to the optic
outgrowth Fuchs ( 05) who studied rab-
bit embryos descmbed the appearance of
the “erste Augenarterie” on the $th day
This vessel passes ventral to the optic out
growth and is succeeded by the “hypoph
thalmic artery” which is probably denied
from 1t Elze ( 07) deseribed an umdent:
fied vessel passing ventral to the optic
outgrowth which appears to be a prnmitne
maxillary artery

The recurrent branch of the pnmitne
olfactory artery on the other hand does
not appear to have been described before
although a number of authors have shown
that the base of the optic outgrowth 1s
almost or completely surrounded by an
artertal nng Thus Fuchs (035) men
tioned an almost complete circle m this
sttuation which in two embryos was in
fact completed by capillanies while Elze
( 07) smmlarly illustrates an almost com
plete circle  More complete reconstruc
tions are seen 1n Padgets ( 48) paper and
m her figure 3 which shows a §5mm
human embryo there 15 a large primitive
maxillary artery which together with what
appears to be a small recurrent branch
of the primitive olfactory artery all but
completes a pen-optic ning Her figures
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4(a) and (b) also show a stump of a
recurrent branch and in the text the
author wnites  “Before the cranial division
of the carotid termnates at the olfactory
Pit 1t gives off mesial twigs 1n the path
of the future antentor cerebral artery It
therefore seems possible that the recur
rent branch 1s present i the human and
thrs pownt deserves further study

The ultimate fate of the pnmitive max
lary artery 1s difficult to determine In
the later stages of 1ts 1ts stemn

infundibulum and that its proxamal part
may perhaps represent the remains of the
pomitive maxillary artery

‘The recurrent branch of the prumtive
olfactory artery 1s easier to follow into 1ts
adult condition As may be seen from
figures 1 and 10 1ts proximal part forms
part of the anterior cerebral artery while
1ts distal portton dimirushes in size and
becomes a chiasmal branch of the ante
rior certbral The diamond shaped area

losed by the two antenor cerebral ar

of ongin can usually be recogmzed but
m many embryos 1t d com

tentes and their chiasmal branches 1s often
d b

pletely Its place 1s taken by the infundib
ular artery which anses from the internal
carotid at a sunilar level and turns me
dually cramal to the hypophysis to meet
the correspondmg vessel of the opposite
side 33 small branch

h

Y of the ongmal
plexus m this situatien so that this por
tion of the antenor cercbral artery 1s par
ticularly hable to show “1sland formation ”

There are a number of similanties be
tween the appearance of this region in
rat embryos and that in the human as

to the optic and to the hypophy

Jts course and distnbution are thus stm
ilar to the superior hypophyseal artery in
the human but 1t 1s difficult to state
whether 1ts development 1s similar to that
of this vessel According to Padget ( 48)
the stem of the pnmitive maxillary artery

by Padget (48) Thus the
prmutrive olfactory artery has a sumlar
history in both species up to the 18 mm
stage of human development at which
time the artery still terminates by enter
g the nasal cavity In the human em
bryo at this stage the primutive olfactory
+

forms one of the mfertor hy
arteries smce she identified as the re
mains of the former vessel a branch of
the internal carotid lying provimal to the
ophthalmic artery 1e ansing from the
future intra<cavernous portion of the in
ternal carotid The supenor hypophyseal
arteries she states are represented by
“numerous plexiform branches from the
carotid and posterior communicating ar
teries ” Howeser 1t does not seem certan
that either Padgets infenor hypophyseal
artenies or the infundibular artery de
scnibed in the present paper are neces
sanly denived from the pnmitne maxallary
artery since Padget too found that mn
embryos of 6 to 12 mm this vessel could
nat always be 1dentified and when seen
1t could only be traced for a short distance
The dufficulty 15 1ncreased by the fact that
n the rat there is no vessel corresponding
to the ophthalmic artery in the human
The exact homologies of the hypophyseal
artenes cannot therefore be established on
the present evidence and 1t can only be
stated that most if not all of the rats
mfundibular artery is a new formation
from the plexus of vessels around the

artery 1s d as giving off a medrally
directed branch which represents the main
part of the antenor cerebral artery and
which breaks up mto a plexus which
reaches the midline By this time how
ever the relative sizes of the main trunk
and the branch have become reversed so
that the primitive olfactory artery now
appears to be a branch of the antenor
cerebral artery (In the rat the two
branches are of approxumately equal size
but for the sake of comvemence human
termmology has been applied in this pa

per) Inthe 24 mm human embryo shown
in Padgets figure 8 the antenor cerebral
arteries are fully formed but are sull show

ng signs of their plexiform ongin while
the pnmitive olfactory artery is much
reduced 1n size although it still supphes
the nose Padget states that the stem of
the latter vessel forms a small stniate
branch of the antenor cerebral while the
medal striate or recurrent arterv of Heub-
ner 15 formed from components of the
anastomosis between the primitive olfac

tory artery and 1ts collateral antenor cere-
bral branches In the rat the rather
prominent branch of the antenor cerebral
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artery which runs just caudnl to the olfac
tory lobes secems to represent the recur
rent artery of Heubner but this appears
as a new vesscl and is unrelated to the
primitive olfactory artery

As has been stated remnants of the
recurrent branch of the primitive olfactory
artery persist m the rat to form chiasmal
branches of the anterior cercbral artery
and it 1s perhaps sigmficant that such
branches are also found in the human
adult (Steele and Blunt 56 and Dawson
58) while Rubenstein (44) described
chrasmal branches from the anterior com
municating, artery

The segment of the antenior cerebral
artery which lbies between the two telen
cephalic vesicles is the last portion of this
vessel to appear 1n both the rat and the
human embryo A single mudlhine anterior
cerebral artery (not to be confused with

found 2 chorordal branch of the antertor
cerebral artery 1n human fetuses of 102
and 131 mm while in another of 145 mm
a long slender branch of the antenor cer
ebral artery could be traced round the
splenium of the corpus callosum onto its
under surface where it was Tost

There 1s some evidence that this cho-
roidal branch may persist jnto adult Iife
in animals other than the rat and mn the
human  Shellshear (30) found n the
chimpanzee a long branch of the antenor
cerebral artery which passed around the
splenium and then forwards to the region
of the intenventricular foramen Crtch
ley ( 30) described a posterior pen callosal
artery in the human which passes back
wards to urnite over the splemum of the
corpus callosum with a branch of the
postenor cerebral artery while more re
cently Lazorthes et al (56) found an

the artery of the corpus call ) 1s com
mon in animals and 15 1y found

branch of the adult antenior
artery which turns around the

1 the human In a recent series of 350
human bramns for instance Alpers Berry
and Paddisen (59) found such a vessel
in 2¢¢ of cases while Mitterwvallner ( 55)
™ ound 1t1n 3 3% of 360 bramns It1s how
er difficult to account for the figures
qlxoted by Lesem ( 05) who found a single
antenor cerebral artery in 22 out of 32
fetal brains  According to de Vriese ( 07)
m the rabhit embryo there are two an
terjor cerebral artenes the smaller of
which disappears along with a temporary
artery of the corpus callosum leasing the
remammng vessel to form the single mid
line anterior cerebral artery There was
no esvidence of such duplication 1n the rat
The choroidal branch of the anterior
cercbral artery 1s of considerable interest
In the rat this vessel 1s relatively large
and persists mto adult life reaching the
choroid plexus of the third ventncle by
passing around the splenium of the corpus
callosum A similar branch 1s described
by Bremer ( 43) m a human embryo of
17 8 mm and by Padget ( 48) 1n a2 24 mm
human embryo At a later stage in a
39 mm embryo the latter author agamn
found the choroidal branch but at this
stage the vessel had a caudal loop before
reaching the choroid plexus and she stated
that no example 1s known of a similar
branch persisting Into adult hfe 1 hase

splenium and passes along with the pns
tentor chorordal artenies to supply the tela
choroidea of the third sentricle

The embryo shown n figure 11 1llus
trates an anomaly which must be more
common 1 the rat than in the human
smnce five such embryos were found 1n the
present 1mestigation In this specimen
the stem of ongin of the primitive olfac
tory artery 1s formed by a persistent pnim
stive maxilary artery together with the
recurrent branch that 1s to say the ven
tral portion of the peri-optic nng has per
sisted 1n place of the dorsal segment Had
this embryo reached adult hfe the an
terior cerebral artery would have passed
ventral to the optic nerve  Robinson ( 59)
found a nght anterior cerebral artery in
2 human subject which showed just this
course and suggested that the anomaly
mught be due to an enlargement of an
anastomosis between the superior hypo-
physeal branches of the internal carond
artery proximal to its posterior cornmunt
cating branch and the antenor cerebral
artery ” It 1s thought that the anomaly
shown 1n the rat embryo suggests a more
convincing  explanatton of the human
anomaly although 1n a general way Pob
mson's interpretation 1s correct

A case of persistence of the whole pert
optic nng can be seen 1 Watts ( 34) fig
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ure 6 which shows the circle of Willis in
a There 15 a

between the two mternal carotid arteries
and fram 1ts left side a vessel passes for
wards below the optic chiasma to jomn
the anterior cerebral arteries Bassett
( 49) described two cases of aneurysm of
an anomalous vessel which left the mter
nal carotid artery and passed ventral to
the optic nerve It scems possible that
this vessel too represents a2 persisting
ponmittve maxdlary artery

SUMMARY

The blood supply to the cramial pole of
the brun 1s at first dernved from the large
pnimitiie maxillary artery later reinforeed
by the cranial ramus of the mnternal car
otid artery At a later stage the latter
vessel distal to the ongin of the middle
cerebral becomes a pnmitne olfactory
artery which enters the nose and which
gues off a recurrent branch This branch
usually connects up with the cramal end
of the primitine maxillary artery to form
aperiopticing A number of vessels pass
cramad from the recusrent branch of the
primutive olfactory artery to enter the me
dian longrtudinal fissure of the brain and
one of these on each side enlarges to form
a segment of the antertor cerebral artery
The unpaired portion of the antenor cer
ebrat artery forms m sity Thus the an
teror cerebral 1s derived from the stem
of the primitive olfactory artery the prox
1mal part of ats recurrent branch one of
the cramally directed branches of the lat
ter vessel and a single midhne vessel
which develops m sun  The dxstal part
of the primitive olfactory artery b
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PLATE 3

EXPLANATION OF FIGORES

9 Median sagittal section of the fore and mid brain of a 136mm embryo X 21 The

1

=]

=1

midhine unpawed portion of the anterior cerebral artery has remaimned adherent to the
left cercbral hemusphere It gives branches to the developing corpus callosum and to
the medial surface of the hemisphere while the most proximal part of its choroidal
branch can just be made out

Ventral surface of the forebramn of an 11 7mm embryo X 19 The primitive olfactory
artertes have been divided and on the left side one of the branches of the recurrent
branch of the primitive olfactory has become enlarged to form part of the anterior cere
bral artery The distal portions of the recurrent branches have dimiushed in size to
form chiasmal branches of the anterior cerebral artery

Right side of the brain of an 8 7 mm embryo X 18 The cramal ramus of the internal
carotid terminates as the nuddle cerebral artery The primitne maxillary and a vessel
correspending to the recurrent branch have persisted to form the stem of orgin of the
primitive olfactory artery Compare with figure 8
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A Morphological and Histochemical Study of Estrogen
Induced Lesions m the Hamster Male

Reproductive Tract'

W M FEAGANS L F CAVAZOS ano A T EWALD

Departments of Anatomy and Biophysics and Buwmetry Medical Coll ge
of Virgima Richmond Virgima

Although there 1s considerable nfor
mation on the influence of estrogens on
the male reproductive tract 1o various
mammahan species (Thorberg 48 Em
mens and Parkes 47) few publications
exast with reference to the hamster Bacon
and hukman (55) suggested that pro-
longed estrogen treatment may mduce en
docrinopathic lesions 1n the hamster testis
by direct action Ortiz (53) ndicated
that the response of the hamster male
accessory glands to castration may differ
from that in the rat In these studies
morphological rather than histochemical
or biochemical methods were utilized

The present mvestigation 1s concerned
with the effects of a vanety of estrogemic

ds on the ¢y y of the
male reproductive tract of the hamster

MATERIALS AND METHODS

Sexually marure male albino hamsters
approuumately 90 days of age were arbi
tranly divided into 4 treated and one con
trol group A cholesterol free 20 mg
pellet of either estrone alpha estradiol
ethinyl estradiol or stilbestrol was 1m
planted 11 the subcutaneous tissue of the
interscapular region The amumals were
kalled by decaprtation at 30 60 90 120
or 240 days following commencement of
hormone treatment during the interval be
tween May and November The pellet was

d d free of the

In addition to hematoxyhn and eosmn
the foll 1 1 0
actions were utthzed (1) The penodic
acid schiff method (PAS) was employed
and controlled by hydralysis of sections in
diastase for removal of glycogen extrac
tion with chloroform methanol for 16
hours at 60 C to remove glycoliprds and
stairung without previous oxidation The
counterstain when used was Weigert
Liltes alum hematoxylin (2) A modi
fication of the toluidine blue procedure of
Kramer and Windrum (55) was used
with a 0 1¢% solution of dye 1 30°% ethyl
alcohol (pH 74) Controls were mcu
bated for one hour at 56 ¢ 1 a 001%
nibonuclease solution in a phosphate
buffer (pH 60) prior to staimng (3)
The Alcian blue 8 GS and Feulgen stain
g procedures were combined to demon
strate acidic carbohydrates and DNA re
spectively Sections were stamned in 0 1%
Alcian blue 1 3% acetic_acid for 30
munutes (pH 2 49) prior to Feulgen stain
mg (4) Total hprds were demonstrated
by Sudan black B and o1l red O metheds
using propylene glycol (60 C) as sol
vents and stamng for 30 and 60 minutes
respectively Controls were treated for one
hour at room temperature with an equal
mixture of ethyl ether and chloroform
prior to staung  {5) Phospholipids were
locahfed according to Elftmans (57)

tissue capsule desiccated and weighed

The Schultz reaction

The absorption of 1

was expressed in units of mg per day
Testes epididymides seminal vesicles and
the bulbourethral glands were fixed 1n
acetic alcohol formalin (4 C) buffered
neutral formahn and the phospt d

(Gomon:  52) was used for 1dentification
of chol

* Supported by USPHS grant RG 6583 from
the Dyvision of General Medical Sciences
*Hormones generou ly furmished by Ciba
Pharmaceutical  Products  Inc Division  of
armacy Research and Desel

fixatne of Elftman ( 57)

Cooper Darector
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A pathway analysis of the data was pvr
formred using multiple and simultanrous
regressfon  trehniques  see review by
Turner and Stevens ( 54) Jtwas assum d
that the rdation between ¢ gan weizh s
and body welzht follons the hetesozeny
fo muly (Huxley 32) and the folloming
statistical modt] way developed
- . Lt

- - res -

- - ()

where ¢ ts the fth response sarlalle the
-8 are primary sartatles and ¢ (corre
sponding to } of the heterogony lorula)
are unknown rezressicn corfficlents e
flecting the magnitude ef the cffect oo
duced by saning the respretive primary
variables

Taling the lozarithm of cquation (1)
the lnear structural equation fs

N IR TN . =
2)

where
“bgy . tx L bt L, gl

Fozlogl, and ' log £

Tre model equatinn fs chitalned by sub-
stituting s and ¥Ys frr s and ¢ s tespec
thelv and attaching the random residual

FIACA $ L. F CAVAZOY AND A T LWALD

measured variables  This equation Is
Y 2 X X - -1 X 2 X
3}

A family of such 1 el equations was
drefved for all tesponse varat'ss and e
ostimates of the uninown parars e
were caleulated by the method of Jeast
squares  The comprtatl ns were made ¢
the JBM 670 usnz the prozram (06 2072
1 2 3) prepared at the Nowth Cact~s

State Collrzr Compu cr Labora ory

FESLLTS

Testicular welzht responses to estrozs
are presented fntalle 1 This table shoms
the rean salues of thr abeo'ute weizh s
in additirn to t} ¢ mrean ratio where 2 cc”
rectirn has beens male for nitlal and £ ~3!
berdy weiztts e roxrns caused x unifer™
pattern of tes jrula atrophy (tab ~ 1)
althugh the fnal body welzhts suned
erratically (tatle 2)  Fehinvl estrad 1
was abawo ted more rapidiy than were 3tr
ot er estrogens (fix 1)

Testis
Urtreated controls

No seasonal varfatiens in the wedt
and hastolozy of the testls occurred  Spr~

error ¢ The Ns and Vs indicatr the  rmatogenests was active and sprrmaturci
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Ter 13 ueighty

- . a " - -
. arimt B0 BT oDy TR apy o gopy 2t 30D

€ re €1nen -0 rar = €1z
Contr Is 4 ° [ ’

248 4 2 113 2 A3 2 4

rc "6 3* 8 4508 457

Suleul 3 - 4 3

13 m- 12353 11n8 170
Al*a i 1a) 1 s* 73

ewnadi 13 2 °

15° 1404 [ 10

Ethiny! wio 4840 4953 w21 Ad
estrads |3 . - - 3
1743 1329 P 13 Lt
- 41 43 1147 ”2

Estrene

161 o €14 12

Vi%ean of the gatio [combined tevsxcular weights
Values of regrensicn coe®ciem U and by re

irisa) bedy welght)b (fnal ledy wesgh il

107 and 1 31 redpectively

1\fean of the combined testls w igbts in mul serams



HISTOCHEMISTRY OF ESTROGEN LESIONS

33

TABLE 2
Imtial and final body ueights (gm)

il No of No of
Doot 30Dy emms SODae Dot gapars Moot 120pays T30, 20D 7
1020t 970 902 976 850
1
Comadls € hoa 1257 77 1312 173
1190 1109 @z ss7 1287
4
Stibestrel 3 s ° 858 1032 838 978
Alpha 1280 1014 wa w3
diol 4 8 s
esmadel 1065 1018 913 1024
Ethung] 1283 90 wsa st a7
12 7
emdl S 885 891 937 935
147 1058 1120 1217
o 5 5
Feteone 136 e w8 688

“Mean imtial body weight

were numerous In general the testicular
morphology resembled that of other sex
ually mature redents but the histochem
1cal yeactions of the untreated hamster
testis are not comparable to those of the
rat or gumnea pig A descrniption there
fore of the untreated controls precedes the
expenimental results
The weakly stamned PAS-posine Leydig
cell cytoplasm was devoid of glycogen
lated and weakly b hilic with nu
merous tohmdine blue positine granules
present Abund droplets of sud. h
hie pid phosphobipid and cholesterol oc
curred in these cells (fig 7) The basement
membrane and penitubular connective tis
sue of the semumferous tubules was PAS
reactine moderately basophilic and Alcian
blue positive The Sertol cell cytoplasm
had cansiderable glycogen and manv baso-
philic granuoles (residual bodies) These
bodies were readily removed by nbonu
clease hydrolysis Lipid droplets were nu
merous and distnibuted in the basal cyto-
plasm of these cells In contrast a weak
Sertoh cell phosphohipid reaction occurred
in the perinuclear zone (Golgi?) and cell
apex Other than that associated with
the acrosomuc system the germunal cell
cytoplasm had Iittle PAS reactive material
and was weally basophiic  Some sudan

*Mean final body weight
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Fig 1 Rate of absorption of estrogens from
subcutaneous 20 mg pellets

:
0

240

ophilic ipids and phospholipid usually 1n
the permuclear or Golm zone occurred in
these cells

Estrogen treated

After 30 days of e_trogen treatment
spermatogenic arrest had occurred at the
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primary spormatocyte stage tubular dinm
cter had deercised and the number of
sprmatogenie cclls W weduced  The
Jumina of many twbutes contained eellulsr
detritus wmd doquamated gorminal opl
thlial cddls Asseclaed with Intratubutsr
chinues wis n appannt introse i the
thicknoss of the bisement membrine and
puritubular connectlve tissue 35 revealed by
the PAS techinlque
Iner wubul i histochemicnl chanses dur
ing, culy periods of cstrononization in
cluded Iipld ccumulation  deert e in
basophiliy wd an fncrease In Scrtol el
glycogen
An intense sudanophilic roaction was
ob<crved primarily in Scrtolf eclls and to
2 lusser degree In the apermitoenie eddls
prosent Boactise material dn Scrtolf ecllsy
oftent wppaared s Lirge lobules which on
occisfon were In the seminfforous tubule
lumen Fatty acids and cholesterol were
markedhy fnercised whereas there was
ol 2 slight increase fn phospholipid
Cholesterol w1s confincd to the tubules
with little or no intestubular activigy
~ Concomitint with spermatogentc  ar
rest an fncretse in Sertolt el glycogen
Y rpeared up to 90 davs of strogen troat
s ment but not therefier  Many Scrtoli
cells had eytoplasmic dinstase naistam
PAS grnules which fncreased fn number
with prolonged tretment whereis cvto-
plwsmic glhycogan deereined in spormato-
gontt A few yddlowish magenta granules
(prsment) cccurrcd in the sparmatogonial
cytoplism  lthouch they ppeared lir

LAMAIOS AND A T TWAD

thin in Sertohl colls (90 dnvs of estro-
sentzation)

A decrcase fn basaphilic granules and
an absence of residital bodies occurred fn
the sominiferous tubule lumen of all
troated ankomls The Sertoll cdl evto
plism  particulardy in early treatmen
sroups demonsirated a decrease in baso
philfa which was removed by ribenuclease

Imertubular changes  in response 10
short torm estrogen treatment were con
fined to a fow Leydiy cclls with atrophy
and nuclear pyknosis  Following 60 davy
of bormone treitment only a few atropric
Leydig cells were prosent Other dnter
stitial eells had yellow Ish-cosinophilic cveo
plasmic incluslons w hich occurred inf fally
in stilbestrol and cthiny] estradiol treated
hamsters These dnclusfons  prospmablr
pigment gave a greendsh blue hue follon
ing toluidine bluc stalning with a slicht
reduction {n arthochiromasiy after sibe
nuclease treaitment The granules were
IAS positive and refrictory to drastase
or chloroform methanol extraction  The
numixr of cells contaning plgment in
clusions increased with prolonged estroten
treatment

A similir mode of degeneratlon was obr
served within the tubules  eypecially 1o
Sertoli cills which gave positive reactions
indicatlse of 4 lipofuscin pigment (table
3)  This was particulatly true {n hamsters
treated for 90 dave or more  Formalin
fixid preaffinembedded sections  follow
Ing Sudan blyeh B contiined roactne
rranules In Scrtoli cells interstitial cells
and 1 few spermatogonia When destalned

TARLY 3
fie alts of pigment afiininy

St inl gproc d re

Sulan tlak B (MCDP)

Sudanllack BCAAF | »

Sudan black B de tained with aleohol-ether
€3 1) for 1 haur at €0 €
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PAS reaction (AAE P)

PAS seaction after diastase treatment
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AAF  Acetic aleohol formalin fivative
P Parafin embedded dssue

Tett Fpididyma 3ot )
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with hot acetone and restained with Sudan
black B this matertal remained sudan

ophilic
Following 90 days of estrogen a few
tubules had undergone cystic f or

day group with no distinguishable daffer
ences between the 4 hormone groups
First all sections of epididymides had a
pronounced tubular atrophy with absence
of sper secondly there was an

cavitation with a Lmng d

pr1
manly of Sertol1 cells Pigment deposition
which appeared to be antecedent to cavita
tion 1ncreased 1n many of the adjacent
tubules The dilated tubular segments as
soclated wath the longer treatment penods
contained a homogenous flud that gave
a positise Teaction to PAS and Alcian blue
‘There was no change 1n PAS after diastase
or chloroform methanol treatment nor
was there any reduction n the toluidine
blue orthoch n Pr
hydrolyzed by mbonuclease
All testes treated for 240 days demon
strated (1) intense intratubular sudan
ophilia and posttive Schultz reaction (2)

P in the lamina propria
and the fibromuscular components 1nclud
ng the capsule of the cauda lastly ductal
epithehal atrophy could be seen 1n several
segments of the tubule The ductal lumen
had 2 weakly positie Alaan blue flmd
contaning many desquamated cells  Most
of the denuded cells were of the germunal
epithehum however some were of ep1
didymal ongin  The “secretion” withm
the lumen was intensely PAS positive and
resistant to diastase or chloroform meth
anol treatment

The atrophied ductal epithelial cells had
a small clear supranuclear zone with the
apical cytoplasm bemg ortho-

mira and intertubular p ton of a
lipofuscin type and (3) cystic tubular
segments containmig a flud that was re
active to PAS Alcun blue and ortho-
chromatic to tolwidine blue and nonreac
tive for lipids

Cauda eprdidymidis

Untreated controls

An intense PAS reaction was locahzed
in the basement membrane wheteas the
lamuna propna and fibromuscular stroma
(fig 9) were moderately colored by the
PAS and Alaan blue techmgues The
columnar cell cytoplasm was weakly PAS
Positive and a few reactive granules some
of which were glycogen were 1n the supra
nuclear cytoplasm Furthermore this area
was basophilic and contained small ortho-
chromanc granules This basophihia was
reduced following nbonuclease A diffuse
sudanophila occutred 1n the apical cyto-
plasm with discrete granules 1n the supra
nuclear and luminal portions of the cells
Large granules of phospholipid were also
localized in the supranuclear zone Stereo-
ciha were weakly stained with the PAS and
toluidine blue methods

All epdidymudes evamuned contained
Spermatozoa and histologically appeared
to be functional organs
Estrogen treated

Three histol h

chromauc to tolmdme blue Following
nbonuclease a loss or reduction of cyto-
plasmic RNA occurred 1 the epididymal
epithehum of all treated hamsters Fur
ther diminution of cytoplasmic basophiha
was not apparent with prolonged estro-
gemzation Glycogen was found 1n the
epithelial cytoplasm but when compared
with control epididymudes 2 dimnution
n glycogen was evident In addition to
glycogen a few large PAS positiie gran
ules were 1n the supranuclear cytoplasm
‘The larger granules present in the 30 day
group ncreased m number and size with
further treatment 1n all estrogenized ham
sters  Not infrequently this materal was
found in the perinuclear cytoplasm with
pyrammdal processes (fig 10) streamng
toward the luminal surface of the cell
Frozen sections stained with Sudan black
B and o1l red O demonstrated hittle change
in hipid other than sudanophilic clusters
which had a distnbution similar to the
large PAS positive granules Results of
further staiming procedures (table 3) ind1
cated that the large granulations were a
Iipofuscin prigment similar to that ob-
served 1n the testes The ductal cell pig
ment however was present after 30 days
of estrogemzation in contrast to that ob-
sened 1n the testes

There was an apparent increase 1n the

ges were
to all estrogen treated hamsters in the 30

of the cauda
epididymudis up to and mcluding the 90
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d1y group with no further Increase dn the
120 and 210d1y cstrogen treated ham
sters A strong PAS posithve reaction was
noted In the basement membrine lamina
propria and fibromuscular elements

Tubular epithelial cdl imolution con
tinued during 2l traatment perods with
the most severe atrophy occurring 1n epl
didymides of hamsters treated for 210
days with cthing] ostradiol  In this case
the ducta] epithclum consisted of fiat
tened cells Hning 2 lumen containing the
homogenous  fluld mass T pididymides
from the early treatment periods showed
a few dilated tubular sepments containing
hadropre” cellular (Jements in an tntenscly
PAS posithve  flufd This  degenerative
process  comparible to the chinges in
testicular evtorrchitceture was considered
to be cystic dilatation of the ductus

Seminal vesicl
Untreated controls
The Influcnce of «strogen treatment on
scminal vesicle welghts (including scere
~ tion) with respect to tnitial and final body
welghts Is presented in figure 2 The ratio
Fuepresents an adjusted organ welght where
71 corrcetion wis made for varttions in
body weights
The ¢pitheltum had a fiir to strong PAS
reaction at the eell apex and a fown gheo-
gen granules were 1n the luminal cyvto-
plism  Pigment anclusions  #f present
were PAS positive and resistant to chloro-
form muthanol  nd  dinstase  Turther
morc the Jumin il cvioplasm s 1s intepsey
orthochromic (fig 15) wd the  Hpht
artas hid numcrous basophilic (prese-
cretory or secrctory ) granules  Ribonu
clease hvdrolysis removed the ¢y toplasmic
basopmlin - A diffuse sudnophilin oc
curred 1 the pical cytophsm  1ipid
droplets s tricd in iz with larger ones
localized in the suprinuclear zone Somt
staincd hipids wore similr to pigment in
clusions  Phospholipids were present in
the light area of the suprinuclear cyto-
plasm  The bascment membrine smooth
muscle of the lamuoa propria and the
fibromuscular strom  reacted strongly with
PAS were orthochromatic ftcr toluidine
blue and were stained by Alcian blue

F CAVAZOS AND A T FWALD

F strogen treated

Seminal vesicle atrophy  as ruflected by
reduction In onan waght (fig 2) was
readily apparent after 30 days of estro-
genlzatlon The gross §nyvolutional changes
were caused by a reduction in luminal
<ecretion 1ccompanied by a slight redec
tion In epithclial heizht  The limited “se
cretlon”™ In the lumina was weakly baso-
philic and Intensely PAS positise  In the
later treatment groups the “secrction” con
talned numerous desquamated cells manv
of which were engorged with plgment

Toluldine blue orthochromasia of the
eplthellum deervased followlng 30 d1ys of
estrogen treatment  This diminution oc
curred by 2 reduction of basophilic gran
ules In the supranu~lear “Maht arcas™ and
by nirrowing of the basophilic zonc of
luminal cytoplasm  After 120 and 210
days of triatment no light arcas were
present In the secrctory epithclium  An
inererse in ovtoplismic Hpid  including
phospholipid was evldent in all treated
rroups with the heaviest concentration of
sudnophilic material in the supranuclear
zone In the 120 1nd 210-day treated ani
mals the abundant evtoplasmic sudano-
philia was the nsult of plgment affinky
for the Sudn dye

Increased cellutar plementation rather
than cellular atrophy  appeared to reflect
changes In the Ievdd of eirculating andro-
fen This was particularls evident in the
carly treatment groups  Frequenthy the
pigment would Involve scveral cells with
the nuclei being eccentrically located or
frignunted  Desquamation of the eplthe
Hum was sequentia! to Incruased pigment
A positive reaction for pigment howerer
was noted in many subepithelial macro-
phages Results of staining techniques for
seminal scsicle pigment are presented in
table 3 and figure 16 Pigment when
prescnt in the seminal vesicle ¢pithelivm
of the untreated controls gave reactions
as indicited in tible 3

The seminnl vesicle stroma similar to
that of the caudr cpididymidis appeared
to be slightly increased  This apparent
hyperplasia wis accompinied by an in
crease in PAS reactivity metachromasid
and number of mast cclls In view of the
11ck of distention due to reduction in s&
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Fig 2 Effects of estrogens on semunal vesicle
weirght with respect to mtial and final body
weghts

cretion this may not represent a true
hyperplastic process

Bulbourethral gland

Untreated controls

The epithelium was pyramudal to col
umnar shaped with basal fattened nu
cler and the stroma was a network of
sparse connectine tissue fibers pnmanly
collagenous Skeletal muscle with a del
cate lamuna of mntertemmng collagenous
fibers formed the capsule The paren
chyma gave an Intense PAS

37

Estrogen treated

Imolutional changes 1 the secretory
elements of the bulbourethral glands ap
peared 1n all hamsters treated for 30 days
and the seventy of response did not pro-
gress with prolonged treatment The ep
thelum was reduced to an wregular col
umnar type with 2 loss of cytoplasmic
metachromasia and Alclan blue staming
The epithehial nucler were sphencal
contrast to the flattened nuclex of the
control bulbourethral glands Changes 1in
total hpids and phospholipids were mot
readily apparent Although there was no
ductal epithelial hyperplasta an apparent
increase m the stroma and mast cells was
noted (fig 18)

Concurrent with parenchymal atrophy
was a sizable reduction in PAS positite
matenial Staiming was confined to the
epithelum and ductal contents and the
coloration presumably was a residual
mucerd secretion

DISCUSSION

The h 1 pattern of m
duced testicular degeneration as observed
1 the present study agrees essentially with
the findings of Bacon and harkman ( 55)
These Investigators 1ndicated that testicu
lar pathology in the hamster could pursue
two degenerative pathways which they
termed “sohid atrophy” and “cystic atro-
Phy” The earbest and most common le
ston solid atrophy was recogmzed by a
< m tubular d with the
seminiferous epithellum composed of hpid
laden Sertol cells and a few spermato-
gomia and primary spermatocytes Cystic
atrophy was associated wuth o lclss af all

] d

1

reaction and glycogen was mconsistently
localized 1n the apical cytoplasm  Follow
ing tolmidine blue there was a purple

2 m the hel and a
distinct orthochromatic peninuclear cyto-
plasm (fig 17) Rib removed

an q
formation of dilated tubules lined by
Sertol cells

The results of this 1nvestigation suggest
an ntermediate stage of degeneration
This stage has been designated as “pig

most of the )| b L the

atrophy * Histologically 1t 15

1

Y P m
peninuclear zone Alcian blue coloration
correspanded to the tolwadine blue meta
chromasia Intense Alcian blue staning
occurred 1n the secretory cell cytoplasm
The ductal secrenon Was PAS-postine
orthochromatic with tolmdime blue and
strongly reactive following Alcian blue

1zed by the of a yellow
mgment which accumulates preferentially
m Sertol cells although some pigment
occurred 1n a few spermatogentc cells
This form of degeneratise process was
evident after 50 days of estrogemzation
and 1ncreased with further treatment
Sequentially intertubular pigmentation ap-

-~
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paars to occur before the intratubular
chan.s  The rorethvity of the piament
with the sarious Bi txchemical stains in
dicted ftswas a tvpe of lipofuscin {table 3)

Dictany deficfencdes my favor the d
position of testicular plament Vitamin 1
defiricney in the rat (Facrangel T adie
and Herralz  13)  mouse  (Monschih
Afupk Rozallhi Rymaszensd) and Szeres
niak  52) and hamster (Mason and Mauer
37) will Induce the formathm of acid fast
plement

Soveral questlans must e answered to
cxplain the pathozanesds of the testicular
pirment ebuenved in this imvestization Is
this a speelfic alteration duc to the direct
or tndirect action of ¢stroen or dodictans
factors play a role in fts formatlon® In
this study consdderin, the extreme weizht
losses encountered by the treated ham
sters (fable 2) nutritdonal inadequaciers
cannot be dlscounted

The naturc of the cxperim ntal desizn
dots not parmit any defintth e statement
regarding the primary causathe {ictor of
“pigmentation atrophy It s possible that
the observed intratut ular pizmentation s
an cxpression of testicular degeneration
which fs assoctated with cxcessbie estro-
cenic stimulation  Bised on the results
ibtained in this tnvestizatton and that of
other studies the predicted pattern of an
tratubular degencration after Jong term
estrogen treatment would be (1) solid
atrophy (23 piam ntavon atrophs (3}
cystic atrephy and (3, replacement B
brosts (?)  Solid atrophy s accompanied
by an increase in intratubular gheogen
and lipid wath a slizht reduction in tubutar
RNA  The immediate increase tn Sertolf
cell glycozen mav be associated with non
utibzation of this substance by sprrmatids
and spcrmatoroa

There is disagreement in the hterature
on the significance and locallzation of
testicular cholesterol in the nurmal adult
animal Results of the present studs sug
gest that the normal hamster testis iy simy
lar to the rat and goinca pig « Melamps
and Cavaros 51, as well as man ¢ Long
and Engle 52} in that no wmtratubular
cholesterol is present Conversely Porlman
(50} and Montagna «nd Hamilten ( 51
have reported tubular Schuler reactisits in
the testes of rat and man respectinely  The
presence of intratubular cholesterol might

F CAVAZOS AND A T swWatnD

rflect some measurc of tubular pithelial
dysfunction rather than a procursor of
testicular hormone

Bacon and ¥ irkman ( 53) propowd that
cystic dilstions of the seminiferous o
bules are possibly redated o distusbances
of epldidymal abworption as postulated by
Mason and Shaver ( 22)  According to
thesr Investizators the rosults of Cluth
( 51) Indicated that sarlous sexments of
the hamster effcsential and eptdidyral
cpithellum  aburbrd particulate matter
from the tubular seeretion Furtherms e
this material was transferred across the
epithelium to the subepithellal macro
phazes They suzzested that the existence
of acld fast pizment (Ipofuscin) in thes
arvas of preferential ab orption was from
testicular onizin In sitamin 1 deficient
hamsters Theoretically any alteration §a
the absorptive capacity of the efferent
ducts would lead to an accumulatios of
intratubular fluld  According 1o Burgos
de Oca and \ontorzi (59) the non
cillated cells of the efferential eplthelism
are primarily concerned with the abserp
tive phenomenon

Changes In the absorthve mechanism
of the cflerent ducts may be the mecha
nivm for formation of the cystic tubuales
hese reported but it does not indicate the
origin of the fluld  The homogenous mass
in the lumina of the evstic tubules s pos-
«(bly a mucoprotein  Similar reactions do
not occur in the excreton products of the
untreated control hamster testes Althouzh
the clis lininz the ovstic tubules are
stronzly orthochroma fc they do not re-
semble an actisely <cercting epitheliury
Finally it must be assumed that the
csstic “fluld represents the products of
cellular damage and necrosis

Suppression of ICSH by exozenous estro-
genlzation is evident by the presence of
the tvpical “deficloncy cells in the testicu
lar interstittum With the disappearance
or lack of identification of Levdiz cclls
numcrous pizmented macrophages occur
in the intertubular areas It is suz-ested
that these phagocytic efements micht be
altered Leydig cells

Lstrogens will evoke epithehal atropt v
and fibromuscular Iyperplasia in the epl
didymis The carly epithelial histochem
ical changes as obsenied in this study
resemble the posteastravonal changes it



HISTOCHEMISTRY OF

the rat eprdidyms (Cavazos 58 Maneely
58) With continued estrogen treatment
howeter progressie cytolysis of the cauda
eptthelium results 1 accumulation of an
acid fast pigment (table 3) Since this
substance occurs 1n the epididymus before
1t dees the tesns 1t 15 untikely that these
bed Jumrnal p
from a tesncular ongin Pxesumably the
pigment 1n the subepithelial macrophages
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Ornz ( 53) stated that the response of
the hamster bulbourethral gland to castra
tion was smilar to the rat 1 that it under
went Tegression Within 15 to 20 days post
castration and as 1n the rat was a good
indicator of the level of arculating an
drogen
SUMMARY
1 Sexually mature male hamsters were
treated with subcutaneous pellets of alpha
diol ethiny! diol estrone or stil

1s from the phagocytosis of disintegrating
ductal cells

Lesions similar to tesucular cystic tu
bules occur 1n the eprdidyrmdes of treated
hamsters Granados and Dam (48) re-
ported epididymal cysts in mature ham
ster (220-240 days of age) which were
assoctated with testicular hypoplasia The
caudal cysts chserved by Maneely (38)
m gonadectomized rats were thought to be
related to stasis of epididymal flud It s
possible that an abnormal epididymal ab-
sorptive or secretory process coupled with
a blochage of the efferent system of the
reproductive tract could account for these
cysts

The present results and those of Ortiz
( 53) wmdicate that the rapidity of epithe-
hial regression 1s not comparable to that
noted 1n the castrate or estrogemized rat
semmal vesicle In the hamster pro-
nounced atrophy of the secretory emthe
Lum 1s not evident until 120 days of
treatment  Glandular function may be
arrested as indicated by loss of cyto-

bestrol for 30 60 90 120 and 240 davs
The wmnduced mvolutional changes of the
testis and accessory <e< Organs were ex
amined histologically histochemncally and
statistrcally

2 Early atrophic tubular changes were
charactenized by heavy hmd accumula
tion an Increase 1n Sertol cell glycogen
and a decrease 1n Sertoli cell RNA  Pro-
longed estrogemization Jed to the deposition
of tubular pigment followed by tubular
cavitaton  The seventy of testicular re
sponse was more dependent upon the
quantity of estrogen absorbed than on the
specsfic  hormone admimstered  The
pathogenesis of the atrophic changes of
the testis are discussed

3 The present study indicated that the
estrogen induced atrophy of the semnal
vesicle of the hamster was not accompan
1ed by rapid epithehal regression Only
the bulbourethral gland gave a pattern of
mmediate parenchymal atrophy associ
nted wuh f:uhnv’ Leydig cell function No

plasmic L and Iuminal
although the epithelial height is main
tamed The results of Ortiz (53) and
those of the presem study mdicate that
the may
reflect the le\el of circulating androgen
more clearly than the changes in cell
height

A companson of the eprthelial imolu
uons of the accessory glands of esm:gen
1zed b A that the bulb

alterations were ob-
sened mn any of the accessonies Con
versely all the accessory organs demon
strated some degree of stromal hyper
plasia
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LIXTLANATION OF rictsrs

3 Testts of untreated control ham ter PAS counterstained with Weigert Lillic s bematox
¥hn  Spcrmatonenesi is apparent I

4 Testus of hamater teeated whth stiftestrol 210 days  PAS counterssained with Welgent
Lilbe s hemataxitia  Qbeerve oystic tubules with (ntensely positive PAS lumingt mase
Other tubules ate undergoing the process of cavitatlon 273

©

Tu(h of untreated contral h-lmﬂrr ol eed Q
roplets disp

d weith flarels lin
d in the cytoplasm of Leydig cellsy  » 676

Tcm; of hamster treated with stilbestrol for 90 days oil red O covnterstained with
wrlin A of tubular lipid §¢ primacily lovalized in
Scnoll iells 676

@

-

Testls of untreated control hamster Sudan black B for localization of pho pholipids in
tissue fixed in dichromate mercuric chloride solution of Elftman Varying guantities
of reactise material may be scen in the Sertoli ¢clls spermatoyonia and spermatocytes
Note intense reaction tn interstitial cells 4

@

Testis of )un-nm treated with ethingl estradlo) for 120 days Sudan dlack B for locali
zatjon of Heaviest accumulation Is in the Sertoll cell cytoplasm and
cellular detritus  Some of co.lar.:llan represents pigment stalning ¢ 67
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PLATE 2

EXPLANATION OF FICURES

Cauda epid:dymidis of untreated control hamster PAS A diffuse reaction localized in
of the ductal

Epidxdymu of hamster treated with ethinyl estradiol for 240 days PAS Note the in
tense PAS posiuve material located in ductal cells and Jumen ~ 676

Cauda epiidymidis of untreated control hamster tuluidlne bluc obscrvc in!ense ortho-
chromasia in the lummal and

Cauda eprdidymidis of hamster treated with stilbestrol for 240 dzys Sudan black B
staining of paraffin embedded tissue Cystic dilatation of ductus and pigment {arrows)
are visible  x 32
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PLATE 3

EXPLANATION OF FIGURES

Testis of hamster treated with ethinyl estradiol for 240 days Tissue fixed fn AAF
paraflin embedded prior to staining with Sudan black B Threc forms of degencra
tise lesions are represented in this section A sohd B cystic and C pigmentation
atrophy ¥ 39

Testis of hamster treated with alpha estradiol for 120 days Zichl Neelsen procedure
for Lipofuscins  Principal Jocalization of acid fast pigment occurs in Sertoh ccllr tu
bular lumina and interstizal cells , 676

Serninal vesicle of unireated contro] hamster toluidine blue Charactenstic supranu
clear Light areas are evident as well as occasional pigment incluslon (arrow) » 676

Semmal vesicle of hamster treated with estrone for 240 days §udan black B staining

of paraffin embeddcd tissue  Note reaction in
and secretory Luminal 1s confned Iy to d
cells ~ 169

Bulbourethral gland of untreated control hamster toluidine blue Acinar cells gave
a strong metachromatic reactton / 676

Bulbouxelhnl gland of h:mnex nealed for 60 days wrth alpha estradiol toluidine blue

Gland is by dras stromal and mast cell fnfiltra
ton s 675
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The Wave of the Semumiferous Epithelum 1 the Rat

B PEREY Y CLERMONT anp C P LEBLOND
Department of Anatomy McGadl Unnersity Montreal Carada

Imvestigation of the manmer 1 which
germ cells are d m the fe

mstance groups of spermanids at a gren
b d

ous epitheltum of mammals led Von Ebmner
(1871) and Regaud ( 01) to define two
1mportant concepts one dealing with the
evalution of germ cells 1 tme—the
cycle—and the other with their arrange
ment along the length of the tubules—the
uaie Let us brefly descrbe these two
concepts

Sections of sermmiferous tubules of rat
show several concentric layers composed
of cells at exactly the same step of devel
opment (fig 1) The layers of cells are
combined 1n a predictable manner For

step of d are always
with the same groups of spermatocytes
and spermatogomia Thus definite cellu
lar associations are formed

The cellular associations encountered 1n
the semmiferous epitheltum of the rat may
be classified into a lumted number of
types § according to Von Ebner (1871)
or 14 according to our group (Leblond and
Clermont 52ab) The latter classifica

tion has yielded precise and reproducible
results over the past 10 years 1 our labo-
ratory and will be used m the present m
vestigation

X 300
Most of the types of germ cells
indicates resting_ primai

Fig 1 Cross section of a rat semuuferous tubule stained with PA Schrff kernatoxylin

present n the seminiferous epithelym are visible R
P pach

pomary step B

spermads and 19 step 19 spermatids on the verge of bemng released into the lumen to be
come spermatozoa {note thewr spiral tails) The cells of these 4 types ate arranged into
concertric layers as may be seen by looking along the direction of the arrows Furthermore
the cells of any given type have all the same appearance as they are all at the same step
of development

The vanous cell types togetber make up what 13 referred to as a “cellular association ™
(The serumferous epithelum of the rat may consist of any one of 11 cellular associations
The one in this picture 15 known as cellular association VIIT)

47
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The evolution of the spermatids may be
used as a guide to arrange the 14 typical
cellular associations jn an orderly se
quence as done in figure 2 The implica
tion is that the 14 cellular associations
appear successively in any one area of the
semniferous epith-hum and the se
quence repeats itself time and time 2again
The succession of the 14 cellular associa
t1ons constitutes the cycle of the semnif
erous epithelum  The period during
which each cellular association is present
1s a stage of the cycle Thus a certain
area of the seminifcrous epithelum is
said to be at a given stage of the cycle
say stage VIII when cellular association
VIII is present in that area (fig 1) The
duration of the cyele (that Is the time be
tween two successive appearances of the
same cellular association in any one area
of the tubule) was measured in the rat by
means of radioautography using tritium
labeled thymidine and found to be remark
ably constant 12 = 02 days (Clermont
Leblond and Messier 59)

The concept of “the cycle of the semnif

~  epithelum” must be clearly distin

ushed from that of “the uaie of the
/:m:m[erous epithelium ™ Whereas the
# cycle is concerned with the changes taking
place 1 ume 1n any one area of the
senuniferous epitheltum the concept of
the wave refers to the arrangement of the
cellular assoctations at any one tume along
the length of the semniferous tubule

Credit for formulating the wave concept

belongs to Von Ebpner In 1871 he ex

amined seminlferous tubules of rats along
their length and observed an orderly ser
ies of cellular associations For instance
a portion of tubule displaying cellular as-
sociation 111 would be followed by succes-
sive portions containing cellular associa
tions IV V VI and so on Each complcte
serles of the recognized cellular associa
tions may be called a wave ("Art emer
Welle™) There would be several wases in
each seminiferous tubule Later (1888)
Von Ebner found the Iength of the wave
to average 32 ¢m

The existence of ' aves was also ob-
served by Benda (1887) in several mam
mals (mouse guinea pig rabbit bull ram
boar dog and cat) and by Furst (1887) in
marsuplals It remajned for Regaud (01
09) who studied the rat to emphasize the
findings of his predecessors with the stk
ing statement that “thc wase js jn space
what the cicle 1s In time ™ He sent on
further by explaining that “the length of
the wave is proportional to the duration
of the cycle Therefore stages of the cycle
are represented by segments of tubule of
a given length which s proportional to
their duration ” In order to explamn some
features of the wave and the clochwise
pattern of the tails of maturing spermands
{fig 1) Regaud ( 01) postulated that the
segments making up the wave follow 3
spiral course around the tubules— an fdea
endorsed by Von Ebner in 1902 Regaud
explamed the production of the wave by
an impulse” which would migrate along
the tubules fnitiating spermatogenests on

Fiz 2 Composition of the 14 cellular associations observed in the seminiferous epithe
Litm in the rat  Each column consists of the various cell types making 2 cellular association
(1dentified by Roman numeral at base) Each cellular association is defined by the step of

development of the spermatids present

Whereas spermatids are classified Into 19 steps ac

cording to the condition of nucleus and acrosomic structures in scctions stained with the
penodic acid Schiff hematoxylhin technique only the 14 first steps are vsed to define the 14

cellular associations

The cellular associations succeed one a2nother in time in any given area of seminiferous
tubule according to the sequence indicated from left to right in the figure (Following cellu
lar assocfation XIV cellular association I reappears so that the sequence starts over again )
The succession of the 14 cellular associations makes up “the cycle of the seminiferous ept

thelium ™

Tbe cycle should not be confused with “spermatogenesis ™ which is the complete senes
of the changes taking place in germ cells during the evolution by which type A stem ceDs

eventually become spermatozoa

This sequence can also be seen fn the drawmng 3f one

reads from left to rght starting with the bottom row A indicates type A spermatogoru

B type B

R resting primary sperma

In ype

tocytes L leptotene primary spermatocytes Z zygotene primary spermatocytes P pachy
tene primary spermatocytes Di diskinesis of primary sperm tocytes II secondary sperma
tocytes 1-19 steps of spermiogenesis The subscript m next to a spermatogomum Indicates

the occurrence of mitosss
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its way Hoveser Peauds conclusions
were reached from fndirect esidence and
without the b Ip of measurements Neser
theless his views have been widely ac
cepted up to the prescat ume (Laylot and
Baudrimont 26 Moree 47 Rooscn
Punge 50 Tobias 56) Pethaps the in
tricachy of his rcasomn, discouraged ent
fersm’

The only substantial sork on the wave
dunng the last 50 years v as that of Curus
( 18) who Imestizated serfal sections of
mousc and rabbit tesus  He confirmed
that cellular associations with successive
r umbers usually follow one another along
the length of the tubule He added that the
numbers dectrease from the rite testis on
wards Curtis howeter cemphasized that
there v ere many frregulanties in the dis-
tnibution of the ccllular a sociations How
eser he did not feel that these frregular
mes were mcompauble with the conecpt
af the wave as propowd bv Von Ebner
(1888) a concept that he secems 1o have
accepted v ithout resenvation

The present study was desined 1o rcin
vestigate the v ave of the seminiferous ¢p

cltum 1n the rat using the procedure de

-d by our group for the study of the
sele (Leblond and Clermont 52a Cler
unt and Perey 37, Tvo types of mate

B IEFFY ¥ CLFPMONT A D C P LELLOND

nial werc used (1) portions of dissected
tubules were sectioncd along their Jrngth
and (2) scrial cross sictions of a whole
testis were prepared  Poth methods Jent
themsehves to the fdontification of the eed
lular associations encountered alony the
Iength of the tubules  Some laws gosern
ing the arrangement of the scgments were
formulated and the wave was redefined to
fit the new olsenations

MATEfJAL A D METHODS

Longitudinal sections of
semimferous tubules

The testes of 5 albino rats waghng
250-200 gm were fixed §n Zenber formol
and the tubules were microdissected under
water at a magnification of 45 diameters
A mounted sewiny pecdle and small for
ceps were used o 1solate the semmferous
tubules  Histological processing of the
freed portions of tubules was difficult Is
cause of thar extreme fraginy  The
problem was solved by placing each of
them into a flat gla s chamber buslt from
ordinary histological slides (fiz 3) Free
circulation of solutions fn and out of the
chambers could take place through the
slits provided in the walls Thus the
chamber could bx carned through v ater

ASSENMELED FPAGNENTS OF MIDDLE SULIDE
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Fiz. 2 Dugram ¢f (& glasy chamlor uvwed 1o process dwlated portims of semsnifer s

tubules thr mzh & xans and parefin

The lower £3urv 1 2 sis viow showing that the chamber js constructed of thres supes
irrpossd glass shides  The 20 and brtwom slides wre standasd 17/ 3% b logy glass shides
but the ruddle one is 3 501z lide cut intr 4 pleces as shown in the top dugram  Thev 4
pirces 3r> 2ssemb £d over thr bories slide and fastened wi b adPsyive (3pp Then the d »
sected tubule v placsd 31 m he bottam slids in the specr avallable betwern the pleces

of the mddle shide
* e the shits proided f

Finallv ths tp shdr is adisted ener the others by means of thread
T the greuls son of Fads
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lcohol dioxane and melted paraffin with
but any direct handling of the tubule

After passing through paraffin the
Chamber was allowed to cool and was taken
apart leaving the tubule included mn a
small amount of paraffin over the bottom
side Meanwhile o block of paraffin was
prepared the surface of which was made
flat by contact with 2 hot glass shde The
shide carrying 1ts tubule was then reversed
over thus surface and the tubule was made
to penetrate the block by rubbing a warm
kmfe over the back of the shde Gentle
pressure was apphed to flatten out the
colls When after a few mnutes the
shde was removed the tubule lay evenly
at the surface of the block

The microtome kmife was adjusted as
parallel to the surface as possible and the
block was sectioned serially at 7 u The
sections were stamned with periodic acid
Schift hematoxylin {hgs 16-18) Measure
ments and results of microscopic analysis
were recorded on low power photographs
(X 30) of the sections (figs 5~7 9)

In this manner fragments of 34 tubules
were ohtamed 21 of which mcluded the
Junction of the tubule with the rete testis
Twenty two of the 34 fragments measur
mg from 13 to 198 mm were used for
quantitative data The combined length
of these fragments was about 1 meter
(1040 mm)

Sental sections of testis

One testis from an adult albmo rat
weighing 340 gm was fixed 1n Zenker
formol After impregnation in paraffin
senal sections were made of the entire or
gan with the microtome set at 5 4 Since
the fixed testis was 17 mm long 3400 sec
tions were expected 3410 were actually
obtained The agreement between the two
figures was so good that the mean thick
ness of the sections must have been very
close to 5 »

After staining with the periodic acid
Schiff hematoxylin method a low power
photograph was taken of every 20th section
(fe every 100 u) giung a total of 170
photographs  Then each one of the tubu
lar cross sections visible 1 each photo
graph was examuned under the mucro-
scope for wentification of the cellular
assoclation present according to the en

teria given by Clermont and Perey ( 57)
The number of the cellular assotiation
was recorded on the picture of the cor
responding cross section

Individual semimferous tubules were
examined as follows First the junction
of a tubule to the rete testis was Jocated
and this tubule was given a code number
(from 1-20) Then ths tubule was fol
Jowed from section to section throughout
1ts course and a listng was made of the
cellular assoctations encountered  Since
1t was known that the photographs were
taken every 100 u the length of tubule
occupted by each cellular association
could be calculated from the data These
lenaths were corrected as described by
Clermont and Huckins (61) Tiwenty
complete sermnuferous tubules were ex
ammed in the manner just described
Their comhned length was 6 95 meters

Several areas of the sermmuferous tubules
were reconstructed from the serial sec
tions and mapped (figs 11 and 12) ac
cordmg to a techmgque descnibed m detail
elsewhere (Clermont and Leblond 59)

RESULTS

Observations made on longitudinally
cut tubules

In describing any given region of the
seminiferous tubule the portion nearer
the rete testis will be rcferred to as proxa
mal and that farther from the rete as
distal

Description of the junction between rete
testis and senuniferous tubules

The junction was found to be a funnel
like structure composed of two parts the
tubulus rectus opening into the rete testis
and the intermediate 1egron abuttng on
the serminiferous epithellum (fig 4) The
tubulus rectus was a straight canal of
variable length which lhke the rete itself
was Iined by a low cubordal epithelium with
a simple basement membrane The mnter
mediate region was a conical portion con
tamng an epithehum composed of tall
flame Like cells with « nucleus character
1stic of Sertoh cells and lined by the same
type of complex basement membrane as
that found around the sermmferous tubule
proper (Clermont 58) The crowded bod
tes of the Sertoli cells made up a papilla
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PROXIMAL

DISTAL

Fig 5 Low power phomgﬁphs of three pieces of longitudinally cut tubules showng the

Junction with the rete testis

e Junction between lubule and rete 15 seen at this magnification as a tapered end at
left of each tubule Next to the junction cellular association VI 1s seen at t
e and XI in the lowest tubule The portzon of tubule occupied by a cellular assocuucn

1s referred to a “segment

Each segment 1s teferred to by the same Roman numeral as the cellular association 1t

contamns

e limit 1s indicated by dotted Lines

Note that in every tubule the numbers

1dentifying the segments decrease from the rete testis (proumal end) to the distal portion
of the tubules This phenomenon 1 known as the “descent of the s Zmenta} order”

which projected into the tubulus rectus
(fig 4) and may concenably function as
a valvule allowing fluds and free cells to
leave but not to enter the tubule

Distally the intermediate region ab-
ruptly changed mto the typical serumifer
ous epithehum (which may display any
one of the 14 typical cellular associations
eg Xillmfig 4)

Fig 4 Drawing of the region connecting a
seminiferous tubule (base of picture) to the rete
testis (top) The remon includes two parts the
tubulus rectus lined by a low cubnidal ep the
lium and a funnel shaped intermediate port on
with an epithelium composed of Sertoh cells only
The apical extremities of these cells extend to-
wards the tubulus rectus  nd form a papillahike
structure 1n the lumen The seminiferous ep the
lium seen at the ba e shows cellular assotiation
Xnr

The segments

The cellular association seen next to
the mntermediate region extended around
the circumference and over a certamn
length of the tubule At a vanable dis-
tance another tvpe of cellular association
was seen to be followed farther along the
tubule by a third type and so on indef
mtely (fig 5) The portion of tubule oc
cupred by one type of cellular association
was called a “segment” hence there were
14 types of segments which were each
referred to by the number of their cellular
association (I-XIV)

The hmits of most segments were
sharply demarcated There was usually
an abrupt change between u segment and
the next one with no transition 1n between
The Lirmt could usully be pinned down to
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ndividual cells as illustrated by the junc
non XII XIV in figure 18 (thick arrows)
This was not evident however for the
limit between segments 1V-VIII where the
subtle differences in spermatids from seg
ment to segment did not make 1t easy to
decrde how abrupt the change was

Nevertheless segmental himits were al
ways precise enough to allow the length of
segments to be measured The results of
such measurements expressed in mli
meters (table 1) revealed wide vanations
1n the length of any of the 14 types

Continunty of the segmental order

When successie segments were com
pared 1t became evident that any two ad
Jacent segments carried consecutine num
bers (fig 5) except for segments XIV
and I which usually followed each other
(fig 6) However cellular associations
XIV and I are as closely related as any
two with consecutine numbers say XRIIT
and X1V (Leblond and Clermont 52a)
Hence 1f 1t 15 assumed that the list of
consecutive numbers extends from I to

'V and after XIV reverts to I then con

tive numbers were always carmned by
two ad)acent segments This feature

#{as referred to as the “continuity of the
segmental order

Usually each segment was located be
tween one with a more 1dvanced and one
with a less advanced tvpe of cellular as
sociation Thus 1n the tubule at the top of
figure 5 IVisb
V and III On occasion however a seg
ment was found between two which had
both the next higher or hoth the next
lower number Thus 1 figure 6 the seg
ment III seen near the base (shadowed)
15 located between two segments II Such
an arrangement was 1n keeping with the
continutty of the segmental order since
any two adjacent segments carrted con
secutive numbers

Descent of the segmental order

When the sequence of the segmental
numbers was traced distally from the rete
testis (fig 5) 1t was found that any seg
ment was usually followed by a segment
with the next lower number (and segment
I was usually followed by segment XIV)
As a result the overall pattern of the seg
mental order was descending 1n a distal

€ r LEBLOND

v DISTAL

PROXIMAL,

Fig 6 Low power photograph of longitudinally
cut tubule showing a medulation

If the segmental order is followed in a distal
direction it 1s seen to be descending at first (IV.
I I) ascending with the shaded segment (111
and then descending again (II I XIV) Such 3
fluctuation in the segmental order js referred t0
as a modulation
direction This feature was referred to a8
the “descent of the seqmental order”

Irregulanities m the descent of the sej
mental order the modulations

While the overall pattern of the seg
mental order was that of a descent :n 3
distal direction local wregulanties werc
seen Thus a segment could be followed
by one with the next higher instead of
the next lower number so that two of
more segments were arranged in an as
cending order 1n a distal direction  There
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Fig 7 Low power photograph of longitudinally cut tubule showng a wave without
modulauon  » 2

Note the continuity of the segmental order the descent of the ord>r 1n 3 distal direction
and the vanability in the length of segments of a given type (compare the two segments J
also the two XI1}) No modulation was observed over thus length of tutule The lumits of 3
wave may be taken to be the borderlines between segments XIV and 1 as indicated by two
large arrows (The small Jetters show where the of the re
produced 1n fie B were taken )




56 B PEPEY Y CLEPMONT AND ¢ P LEELO\D

after the descending pattern was resumed

ment \mh the same numbcr as that 1m-
the

without breach 1n the c y of the
<egmental order For instance in figure
6 the vsual descending order 1s seen at
the left as far as the shadowed area
where a segment IH instead of the ex
pocted sezment I follows a scgment I
Close by the descent of the segmental
o-der 15 resumed In this case onlv one
egment 1nterfered with the uvsual order
In other cases several segments were In
volved (fig 9) The shadowed segments
1 figures 6 and 9 c d what was

encaumcmd There the modulation w..s
taken to end The modulation thus d
fined was always Jocated between two sez
ments with the same rank and was con-
posed of an odd number of segments (oo®
in fig 6 and fise in fig 9)

Tlu- uare of the semumferous epithehurt

term “wase™ as defined by Yoz
Ebncr (1888) and others rcferred 1o the
senes of the recogmzed cellulr

called a “modulation of the segmental
order” or more simplv 2 “modulation ™
The hmuts of each modulaton were
arbitranls  deternuned as follows The
tubule under studs (see fig 9 forinstance)
was traced i the distal drrection until
the descending segmemal order became
ascending At that point a modulation
was sad to bezin  Farther on after the
order became descending again a seg

¥ig 8

as;ogmuons arranged consecutsels 2lm,
the lengih of the tubules We had there
fore cvpccted to fini waves consisung cf
3 senes of the 14 tvpes of segments 2
ranged i order from I to MV Such senes
b:nz indeed been seen (fig 7) but iz
most cases (80 ) thes were disturbed bv
the presence of modulations
It is possible to define a “wave” und~

thesc conditions if we merely ignore a2l

—

Microphotographs of the 14 types of segments (I-XIV) taken from the moduls

tion free wave seem 10 the lonzitudinallv cut tubule of figure 7 Mine of the 14 sepments
bave been subdiided nto subsegments (Small fetters in fig 7 indicate the sites where the

photographs of the subsegments were taken.) PA Schuff hematotrhin

~ 600 Enlarged

spermands o the osets Wustraze some of the enteria used m d-ntfying subsegmen s
Ia  The pewly formed spermands hase small dark nucler,

/ n

some not visib ¢

The nucler of the voung spermands are larger and Lighter than fn segment Ia 1o

Ic  Itisome of young spermands 1s 2pparent ar Jeft in the nset.
I1  Severzl mirute proacrosomic granules appear 1 the 1diosoms
HI The small proacrosomuc granules have fused into 2 larger and sphencal acrosorme

granule

The acrosomic z:znulz hu a bem_rpbmcal shape and 1¢ appled onto the nu leos

b Ap

ta 'rb- head cap appears ]x is o{wn seen only on one sid- of the acrosomic gr:

granule on the nucleus is taking place
anu.

Vb The head cap 1s defimte but covers less than a quarter of the nu(le" circumference
1c¢  The head cap covers exactly one quarter of the nuclear carcumfers

The head cap covers between onr quarter and one thurd of the nuclear ctrcumference
The bead cap covers one third of the nuclear crcumference
The bead cap covers mere than one third of the nuclear Crrcumference  Basorhilic

bodiey are not seen in the cytoplasm 1n matunng spermatids

ads

Spher. 2l basophilic bodses appear in the distal cvtoplasm of matunng s,
The basoptulx  reududds boxses form a dense row just below the nucler of mature

ds

spermai
VIMaandb Tk rmajonty of bead caps face towards the Lmtng membrane of the tubtle

VM2 2nd b are respective]

XiIb The
Spermand ru w1
The apex of the

h ¢ roreac!

before and afier the release of <permatozoa
td nucles show a sLEb! 258 Tesry

The u$s M1y of the spermaad nucka 15 pronounced.

The £ 5 < aper ands are shzbily elongated.

The spermand fucles are mu b elongated,

Th spermand nucter are 15;«:;:1] than 21 XI and Iess dark than 1n subsegment

s and elongation.

re dark. pearlv straight and parrow

epermands 13 curved, prirted and hghily staniog.
Large &msin fizures of primars SpeTMatorvies lyrvphzye exduded)
Secondary spermatorvies Testng o In prophass are present
Small dminon £7umes of secondary speTinamnc tes (prophase excluded)
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PROXIMAL

w3 LIMIT OF A WAVE
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TAPLE 1
Length of the segments measured on fongitudinally cut tubules

Number of Length of lfh-:’xrt‘!:;;f x':;;&':x
EmRE WTRR SR e R

- mm mm v;';

56 72 010

X§ 53 48 ar” 12

m 59 50 006 06

W €0 39 003 09

v w3 57 092 14

i 90 62 010 15

Vil 48 91 031 32

Vi 58 62 020 14

= 153 31 006 08

X 68 19 002 04

X1 63 60 003 06

X 54 68 007 15

Xm1 56 €1 007 DB

X 56 33 007 08

-

Aut

segments 1molved In The

waie {5 then a senes of ad)acent seg
ments which includes the 14 possible
types 1n addipon to any segment which
may be mvolved in modulation  This defi
nition bas been made rather broad so
that the wave does not necessarly start
with segment I and ¢nd with segment XIV
but rather any segment outside a modula
uan may be considered to be the beganming
of a wate (fig 9)

Thirty one waves were 1mestigated in
fonguudimally cus tubules Their average
length expressed i centimeters was
233 cm (055425 cm) and they con

tamned an average of 1 35 modulations per
wave (0 to 4)

Low power photograth of 2 longitn
dimally cut tubule showing a wave with 2 smodu
Tation

Starping at the proxumal end of the tubule the
usual descending order of the segments is ob
served as far as the shaded area There a seg
ment X mstead of the expected segment VIII fol
lows segment IX Farther on ascent of the
segm ntal arder continues with segments X1 and
XH pug then yeversion to a descending order
take place with segments XI X IX VIN and so

on B¢ defimtion (see text) the shados ed eg
meEnty a dul

ubsegm

The precise recogmition and delimita
tion of each segment made possible accu
rate expennmental work such as that re
ported 1n table 1 However one may well
wonder whether a detailed analysis of
any segment would show morphological
differences betsveen its various parts Such
analysis revealed that § of the segments
were bly umform th h, 1
m X X1 X1l fig 8) but the others
were not Thus figure 17 represents two
distinet parts of 2 segment VI one show
mg maturing spermatids at nght and the
ather a spermatid free epithelum at left
Hence segment VII{ may be sad ta con
sist of two subsegments referred to as
Villa and VIfIb respectively Two to 4
subsegments have heen dentified 1n seft
ments I IVIX XII and XIV and are desig
nated by the letters @ b ¢ up to d $n
figure 8

Although subsegments were not so
readily recogmized they were usually as
sharply hrted as whole segments In
many cases they showed continuity and
descent of the order (fig 10) Howeser

arder

(Tre Limts of a modulabion would be diffezent
if (he egmental order had been frllowed from
the distal end 1n a proxumal direction The seg
menta) order would be awending up 10 segment
XIi become drscending dawn 10 segment IX and
then berom awending agatn.

The pertion of tobule between the two Jarge
arraw  comsuutsr 2 wave with & mor Slatun

with short sub such as XIVa b

and ¢ the continmty of the order was

often lacking Thus In figure 18 the

base showed continuity (X5I! XIva XIvh)

but the top did not (X1 XIVh) It may

be added that whereas segments usually
ded around the £

of th
tubule subscgments may oceupy only :
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fraction of it (as does segment XIVa in
fig 18)
Ortentation of the tails of spermatids in
the tubular lumen

The delicate tails sported by spermatds
before they reach step 17 of spermiogenesis
(fig 2) pomnted at random either in the
proxxmal or the distal direction of the tu
bule However the spermatds at steps
17 18 19 of spermiogenesis seen in seg
ments V-VIII had thick tails which al
ways powmted distally that 1s away from
the rete testis (fig 16 see also the mid
row 11 ig 8) This was true even 1n seg
ments imolved in modulations (A change
in the onentation of the tals occurred
only when the matunng spermatids left the
semuntferous epithehum to become sper
matozoa as seen in the center of fig 17 )

Observations made on tubules recon
structed from seral sectjons

The normalcy of the single testts ex
amined in senal sections was tested by
companng the frequency of occurrence of
the 14 cellular associattons in this organ
and 1n a group of 6 testes investigated
previously (Leblond and Clermont 52a)
The two sets of results shown 1n the first
two rows of table 2 were fairly simlar
Hence the senally sectioned testis was
taken to be a normal representative of the
mature rat testis

Junction of rete testis ond semimferous
tubule
The frequency of cccurrence of the 14
types of cellular associations at the junc
tion with the rete testis (table 2 last row )
was found to be approxamatel;y the same
as anvwhere else along the tubule (table 2
first row)

PROXIMAL
R7ii £y

B PEREY Y CLERMONT AND C P LEBLOND

The segments

The reconstruction of tubules from
senal sections resealed their zig zag shape
with straight portions or hmbs connected
1o one another by hafrpm tums (see the
previous article Clermont and Huckwms
61) The segments were reconstructed
using two-dimensional maps of the tubules
(made by the method of Clermont and
Leblond 59 p 240 which depicts a tubule
as if it had been cut open along its length
and laid down flat) Such maps con
firmed that segmental boundanes were
sharp and tended to be perpendicular to
the axis of the tubule hut were rather i
regular (fig 11) Contrary to Regauds
(01) assumption a sptral pattern was
not seen

The conunuity of the segmental order
was confirmed 1n all tubules examined
(figs 11 13) and was even obsened at
the bifurcations descnibed in the three
branched tubules (Clermont and Huckms
61) On occaston however a segment
could be found to occupy only part of the
crcumference of the tubule as tn figure
11 where a munute area (marked by an
arrow) 15 not covered by segment Ik thus
bringing segments VIII and X 1n contact
This failure of a segment to occupy the
ennre tubular circumference was encount
ered only 1n segments measurng less
than 100 u 1n length (usually segments
HI IV IX X XI or XIV) However when
such segments failed to occupy a part of
the tubular circumference this was only 2
small portion of 1t (fig 11) so that the
continuity of the segmental order was pre
senved almost everywhere

Exammnation of continuity at the sub-
segmental level was carnied out usin, maps
at a high magmfication such as that 10

DISTAL

— Ifa
T 4 n Tp e
’\\‘,Il&—d}\g’ﬂ\, »
S

Fig 10 Low power photograph of lonmtudinally cut tubule showing the Jocaton of 2
T an,

Note

ew
provmal to the distal end

descent of the subsegmental order from the
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XV~

DISTAL

it

s
LS|
/; (T

X1t

vi

i

PROXIMAL

Fig 11 Two-dimensional map of a tubule showing a wave (from segment VI to the next
segment VII} in which the hmits of segments are indicated To understand this map
imagme that the tubule has been cut open along 1ts length and laid down flat on the plane
of the drawing  (Detailed reconstruction could be done along the limbs but not at the turns
of the tubule )

The segmental Iirmuts are seen as lines drawn across the tubule map This means that the
lLunits course around the crrcumference of the tubule Note the rregulanty and the varl
ability in shape of the segmental lumuts

At the posnt indicated by an arrow (right) segments VIl and X come 1n contact
case segment IX fails to occupy the whole crrcumference of the tubule

In this



WAVE OF THE SEMINIFFROUS EPITHELIUM

~ ~DISTAL Y

Fig 12 Two-dimensional map showmng the area occupied by a segment XIV with ats
subsegments 2 b and ¢ The tubule may be 1magineq as 1f it had been cut open along 1ts
tength and lasd down flar The two lateral edges of the figure would cerTespon] to the line
of cut Segment I1s located on the proximal side of segment XIV and segment XIII on ats

distal side

Contnuity of the subsegmental order would require that the series XYII XIva XIVh XIVe
and I be seen from base to top with every subSegment extending across the figure How
ever many wregular interruptions are observed and therefore continuity does nct exast at the

subse m ntal level

figure 12 which show., the distnbution of
the subsegments a b and ¢ of one segment
XIv In thus map subsegment ¢ was m
contact not onlv with subsegment b and
segment 1 as expected but also with sub-
segment a and segment Al The subseg
ment a at right has a small zone of con
tact with segment I and so on The pres
ence of frequent cases of this type re
vealed that continuity was often lacking
at the subsegmental level

The surface area covered by subseg
ments showed a far amount of vamation
(fig 12) However the smallest subseg
ments such as the 4 syb: ¢ and

The descent of the segmental order over
entire tubules The “site of reversal”
Examination of semal sections con
firmed that the segmental order was de
scending from the rete tesus distally (fig
13) However since most tubules have two
extremities which both open nto the rete
testis (Clermont and Huckins 61) one
would expect to obserie 1long the tubules
a pomnt where the two descending seg
mental orders meet Tms was ndeed
found to be the case as a reversal of the
sepmental order took place abruptly 1n all

the subsegment a at lower center 10 figure
12 had approximately the same surface
<rea aseraging 2035

tubul fact already shown i the
mouse by Curtis ( 18) The region where
this change occurred was called the “site of
Teversal "



62

B PEREY Y CLERMONT AND C P LEBLOND

-
LISTAL
§ -
Xt
) ) Vi
" L/
K v
v 1X|
e\
Lo | — SAN N
"
v T .. Xt
—] ’M
v xn
xn
PROXIMAL

Fig 11 Two-dimensional map of a tubule showing a wave (from segment VII to the next
segment VII) in which the kmuts of are To thie map
mmagne that the tubule has been cut open along 1ts length and Jaid down flat on the plane
of the drawing  {Detailed reconstruction could be done aleng the Iimbs but not at the turns
of the tubule )

The segmental Jimsts are seen as hines drawn across the tubule map This means that the
Limits course around the circumference of the tubule Note the irregularity and the vard
ability in shape of the segmental himuts

At the pont indicated by an arrow (nght) segments VIII and X come 1n contact
case segment IX fails to occupy the whole circumference of the tubule

In this
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Fig 12 Two-dimensional map showing the area occupled by a segment XIv with 1ts
subsegments a b and ¢ The tubule may be umagined as 1f 1t had been cut open along its
length and laid down flat The two lateral edges of the figure would correspond to the line
of cut Segment 115 located on the proxamal side of segment XIV and segment XIII on ats
distal side

Continwity of the subsegmental order would require that the senies AT XIVa XIVb XIve
and I be seen from base to top with every subsegment extending across the figure How

ever many wregular nterzuptions are observed and therefore continuity does not etst at the
subsegmental level

figure 12 which show the distnbution of
the subsegments a b and ¢ of one segment
AV In this map sut c was m

The descent of the segmental order oier
entire tubules The “site of retersal”

contact not only with subsegment b and
segment I as expected but also with sub
segment a and segment Al The subseg
ment a at night has a small zone of con
tact with segment I and so on The pres
ence of frequent cases of this type re
vealed that continuity was often lacking
at the subsegmental level

The surface area covered by subseg
ments showed a fair amount of vanation
(fig 12) However the smallest subseg
ments such as the 4 subsegments ¢ and
the subsegment a at lowcr center 1n figure
12 had approwmately the same surface
area averaging 2035 .

E of serial sections con
firmed that the segmental order was de
scendimng from the rete testis distally (fig
13) Howewver since most tubules have two
extrermizes which both open nto the rete
testis (Clermont and Huclins 61) one
would expect to obsere along the tubnles
a pomt where the two descending seg
mental orders meet This was mdeed
found to be the case as a reversal of the
segmental order took place abruptly an all
tubules—a fact already shown in the
mouse by Curtis (18) The region where

thns change occurred was called the “site of
reversal ”
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Fig 11 Twedimensional map of a tubule showing a wave (from segment VIl to the next
segment VII) in which the limits of segments are indicated To understand this map
tmagine that the tubule has been cut open along s length and Jard down fiat on the plane
of the drawing (Detailed reconstruction could be done along the limbs but not at the turas
of the tubule )

The segmental himits are seen 3s Lines drawn across the tubule map This means that the
Iimits course around the circumference of the tubule Note the nregulanty and the vari
ability 1n shape of the egmental lunits

At the pomt 1ndicated by an arrow (right) segments VIII and X come in contact In this
case segment IX fais to occupy the whole circumference of the tubule
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TAELE 3
Position of the site of reversal along eack semimifercus tubrle
Dustaz-e
frmate
Dustance from the sate of sect
Code Leneth Teversal to the rete testis e
fiiinit of tabule Tongert Sharzest midott
side nde of toh e
(w) &Y Lot
T
cm cm cm o
1 187 9.9 8.8 03
4 325 173 152 10
M 370 20.5 175 16
& 379 198 181 0§
7 343 19" 136 27
8 352 211 171 24
9 380 207 1°3 17
1 368 194 14 [X:]
u 396 229 167 31
12 257 113 109 18
3 184 118 66 26
15 474 248 226 10
16 298 153 145 04
17 306 159 147 06
18 296 164 132 16
1s 237 16.9 118 26
20 238 145 94 26
Averages 322 16

The site of reversal was clearly seen in
b grams 1n which the arrangement of the
i gments was plotted agamnst tubular

ﬂé’th for an entire tubule (fig 14)

ontimnty of the segmental order was
sresened 1n all of the 22 sites of reversal
s;(:u'm.ned No stological peculianty
hmed to differentiate these sites from
°‘1€; Tegions of the tubules
the ;’ distance from any site of reversal to
found O extrermties of the tubules was
(taby to be approximately the same

) e 3) Indeed the site of reversal was

stant from the mmd pont of the tubule
c}' an average of only 16 cm (04-31

™) which 15 about 5% of the mean

tubular length As for the three branched
tubules two of them had two sites of re
versal each (nos 2 3 of Clermont and
Huckins 61) while the third one had only
one (no 14) A site of reversal was also
observed m the one blind ending tubule
found (no 1)

Quantuitative data on the ware

The number of waves per tubule varied
from 79 to 154 and if branched tubules
were distegarded averaged 12 (table 4)
The number of waves was frequently dif
ferent on both sides of the site of reversal
(table 4 fig 14)

Fig 13 Diagrammatic representation of part of a tubule reconstructed from serial sec

Bons starting from the rete testis (at lefe

In the top diagram the tubule is seen with its limbs and turns The limits of the waves

are indicated by arrows

¢ segments {nvolved in “modulations™ are shaded

At the base of the figure the distribution of segments is
represent d graphically Along
the ordinate equal dimension s given to the 14 segments of the wave from I to XIV On the
abscissa, the tubular Ienjn:yl:x em is fiven from the proximal towards the distal end The
es

tegments are

by vertical lines (. o

to their length and are connected

limits) to the

and followlng segments

Each Lumit between segments XIV and I was arbitrasily taken as the beginning of a wave
{compare upper and lower diagram) The segments involved in modulation lp‘p!ar on the

graph as spikes

The first and second waves extend over a shorter length than those located distally
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WAVE OF THE SEMINIFEROUS EPITHELIUM

TABLE 4

Number of uares per tubule and on each side
of the site of reversal

Number of wav s

87

Jation while 28% had one 20% had
1wo 15% had three and 17% had more
than three modulations (up to 9) Within
a tubule the frequency of modulations
was found to be the same mnear the rete
and near the reversal site

When the number of segments per

ca Total on each s de of
n mber number site of revers
d ot st
wha e waves Longest st xt s
1 99 55 14
4 131 78 53
5 154 75 79
3 153 77 76
7 149 88 61
8 130 74 56
9 107 51 56
10 132 71 61
1 138 84 54
12 81 40 41
13 79 43 36
15 150 84 66
16 106 57 49
17 105 59 46
18 126 69 57
19 19 64 55
20 98 54 44
Avesage 121

Measurements of the length of the
wates were carred out 1n 20 complete
tubules (table 5) The longest wave meas
ured 6 ¢cm and the shortest 07 em The
mean wave length per tubule vaned from
19 to 36 cm (table 5 Iast column)

A correlation between the length of a
wave and 1ts location within the tubule
may be sought from the data in table 5
since the wave lengths were recorded for
each tubule on two lmes each one of
which represented one side of the site of re
versal Each wave was placed 1n a differ
ent column according to the proxumity to
the rete (columns A B € D) or to the site
of reversal (columns a b ¢ @) which
ever of the two was closer Statistical
analysis by the Student method revealed
that the wave starting at the rete (A) was
significantly shorter than the next one
(B) with a p value <0001 whereas
exther one of them (A and B) was sigmifi
cantly shorter than any other wave n the
tubule (p <0001) These size dufferences
may also be seen in figure 13 No other
significant variation was noted
Qi

dutl.

dulation was dered (table 6) 1t was
found that 56 of the modulations were
composed of one segment 20t had three
segments and 12°% had more than 5
(up to 39) The number of segments per
modulation was not different 1n the proa
mal and distal ends of the tubules®

The length of the segments involied 1n
modulations was compared to that of seg
ments outside dul
(table 7) The mean lengths did not dif
fer sigmficantly except for segments I
VII and XII which were shorter within
than outside modulations

Onentation of the tails wn the tubular
lumen

In senal sections the direction of the
tails of matunng spermatids could only
be observed in the hairpin turns taken by
the tubules In 125 such locations which
included the maturing spermatids of seg
ments V-VIII the tals pomnted distally as
already seen 1n longrtudinal sections This
ortentation of the tails towards the re
versal site was true regardless of thewr
distance from this site and even when the
tadls came from segments wmoled mn
modulations

While the tails of matuning spermands
were always oriented towards the rete
they were not pointing straight at it but
curved m a clockwise direction thus pro-
ducing the whorl hke appearance famibar
to anyone who has examined sections of
rat testis (fig 1)

DISCUSSION

Concept of the uate of the
seminiferous epithehium
The classics considered the wave of the
semuniferous epithehum to be a complete

data on the

An interesting feature is the existence of large

The frequency of modulations is illus
trated by the data in table 6 Only 20
per cent of the waves did not show a modu

smaller ones About 30
of the modulations composed of 5 or more seg
ments contained one or several smaller modula
nens  Such modulations found inside larger ones
were usually composed of ane or three segmente
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TABLE §
Length of waves (cm) seen in complete tubulest

Rete Reversal
Code Averaze
numder A B c ] ) ¢ b . et
tabule e
1 18 23 22 19
14 16 22 20 19
2 11 17 18 24 2.5 32 23
10 18 32 26 24 19 22
o8 31 16
19 22 23 21 19 21
3 27 31 38 21 28 14
1a 2~ 21 24 25
EY] 45 26 36 2
15 17 29 a8 37 10 22
3 17 23 =24 33 a1
14 18 23 20 16 27 23 26
5 07 09 19 35 25 23 26
1s 35 31 30 23 33 ay 24
6 12 11 21 31 55 16 21
17 37 16 20 22 28 30 24
7 12 22 30 12 23 32 23 32
15 290 33 27 20 2o 23
] 16 25 22 59 36
22 23 24 36 40 33 23 30
9 28 28 47 35 24
21 33 59 36 4o 36
10 10 15 30 31 41 43 28
25 231 26 33 32 36 28
11 24 19 38 45 27
T4 13 21 18 35 38 36 42 29
12 43 30 45 28
15 22 60 12 32
13 13 19 45 35
5 15 31 25
10 15 31 34 36
1B 07 16 33 a2 25 28 26
08 11 22 4% 58
15 16 17 18 34 42 42 35 36
13 34 39 a5 42 a9 32
16 s 24 35 54
1~ 23 29 25 32 27
17 12 23 31 25 33
11 28 33 50 27
18 20 18 a7 24 26
0s 17 26 35 17 30 24
19 22 28 36 28 21 26
11 23 21 20 26 24
20 12 25 29 40 25
08 10 31 38 22
Average
wave 15 22 28 20 40 31 31 29 Aserase
Tomgth en
of all
waves
26
IThe data for each tubule are given on two Lines cme for each mde of the mte of

reversal. Addimimal lines are provded for the branched tubules (2B 3B and 14B)
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TABLE 6
‘The modulations n complete tubules
et ot Average
Code number modulations numbe of
of tabule Per cm of segment per
tubulax ‘modalation
length

1 12 30

2+2B 15 21

3+3B 08 31

4 09 16

5 09 15

3 o8 33

7 07 18

8 09 24

9 [ 22
10 05 22
1n 07 37
12 14 69
13 13 78
14+14B 07 27

15 06 22
16 03 19
17 04 28

18 07 30
19 [ 28
20 05 25
Average 07 30

series of the various types of segments
arranged consecutively (Von Ebner 1871
Regaud 01) The present work confirmed
the existenice of such typical waves with
therr 14 segments following the laws of

69

continuity and descent of the segmental
order as illustrated 1n figure 7 Howeser
most waves were complicated by the pres
ence of modulations (fig 9) Further
more contrary to Regauds views (o1)
the length of the segments was vanable
(table 1) and was not proportional to the
duration of the stages of the cycle Thus
1n figure 7 segment VI has a length equal
to about 2¢% of the wave while the dura
tion of the corresponding stage VI calcu
lated from the last column of table 7 15
92¢% of the cycle Fmally when maps
of tubules such as those n figures 11 and
12 were p d no ind hateve
was found of the spiral arrangement of
the wave assumed by Regaud (01) In
aidentally the corhscrew pattern of the
tails of maturing spermatids (fig 1) one
of Regaud s arguments for the spiral wave
was found mot to be associated with a
spiral distnibution of the cells Rather
the tail twist appeared to be due to an
ntrmnsic property of the tails themselves

In heu of the typical waves postulated
by the classics senes of segments were
found to be frequently interrupted by

dulations The Jul d
of segment(s) following the law of con
tinmty but not that of the steady descent

TABLE 7
Length of segments wathin and outside modulations as measured n seral sections
Segmental Segm ntal length wb[\:z;{:: d\g'
numbe Qutside Within Mage
m dulations? mopdulat on ¥ P (from Clermont
etal 59)

e ™ hou 3
x} 25 12 o001 318
11 09 o2 us
m 03 09 02 33
Y o o8 o2 130
vi i a8 o8 147
v i 13 08 265
v 1 12 0001 628
X ¥ 10 04 213
X 05 06 os 13
X 04 04 by 11
X1t 9% 06 04 n
X1t 21 13 001 123
XV b4 99 02 176
o7 o8 07 141

Not corrected for obliquity of the tubules (as do;
ne in tatle 5) so that fi
be :';xlsle“‘lz g:::l‘l:l;;:l::l“xl:d: ‘l:::n ]!e'nftg! hx:xeas:red 1n longitudinally cut mbufeusn(su'\:lzdx')o
selected in such a way that they were separated
Il’rlﬂl\l;lé‘l_l ascent of the segmental order by as many segments Zs were ?scen;ingmmA tgzoxsﬁ
of 179 of each one of the 14 types of segments were measured
e segments measured were only those showing ascent of the segmental order 2040

segments of each type were examined
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TABLE 5§

Length of wates (cm) seen in complete (ubules'

Rete Reversal
Code Average
number 4 B c o ¢ ¢ b a Ieinth
tubule e
1 18 23 29 19
14 16 22 23 20 19
2 11 17 18 24 25 32 23
10 18 32 26 24 19 22
2B 31 16
19 22 23 21 19 21
3 27 31 18 21 29 14
14 27 21 24 25
3B 45 26 36 29
15 17 29 38 37 10 22
4 17 23 24 a4 44
14 18 23 20 16 27 23 26
5 07 09 19 35 25 23 26
19 35 31 3o 24 33 27 24
6 12 11 21 31 55 16 21
17 37 16 20 22 28 30 24
7 12 22 30 12 23 32 23 32
15 29 a3 27 20 20 23
8 16 25 22 59 36
22 23 24 36 40 33 23 30
9 28 28 47 35 24
21 a3 59 46 40 36
10 10 15 30 31 41 43 28
25 21 26 33 32 as 28
11 24 19 38 45 27
/) 14 15 21 18 35 39 as 42 29
12 43 30 45 28
15 22 60 12 32
13 13 19 45 35
16 15 31 25
14 i0 15 31 34 36
148 07 16 33 32 25 28 26
09 11 22 49 58
15 16 17 18 34 42 42 35 as
13 32 39 35 42 49 32
16 o8 24 35 54
17 24 29 25 32 27
17 12 23 31 25 33
11 28 34 50 27
18 20 18 37 24 26
09 17 26 3s 17 30 24
19 22 28 36 28 21 26
11 23 21 20 26 24
20 12 25 29 40 25
08 10 31 38 24
Average
wave 15 22 28 29 40 31 31 29 Avesage
Iength length
of all
waves
26

1The data for each tubule are given on two lines one for each side of !he) site of

zeversal Additional Lines are provided for the branched tubules (2B 3B and 148
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TABLE 6
The modulations in complete tubules
JRadiig Average
Code number modul nmms pumberot
WA Cemd ommg
length

1 12 30
2+2B 1.5 21
3+3B 08 31
4 09 16
5 [X] 15
6 08 a3

7 a7 18
8 0s 24

S 06 22
10 05 22
1 07 a7
12 14 69
13 13 78
144148 a7 27
15 06 22
16 03 19
17 04 238
18 07 30
19 06 28
20 05 25
Average 07 30

senies of the vanous types of segments
arranged consecutively (Von Ebner 1871
Regaud 01) e present work d

69

conunuty and descent of the segmental
order as illustrated m figure 7 However
most waves were comphcated by the pres-
ence of modulations (fig 9) Further
more contrary to Regauds views (O01)
the length of the segments was vanable
(table 1) and was not proportional to the
duration of the stages of the cycle Thus
m figure 7 segment VI has a length equal
to about 2¢¢ of the wave whle the dura
tion of the correspondmg stage VI caleu
lated from the last column of table 7 1s
927 of the cycle Fmallv when maps
of tubules such as those 1n figures 11 and
12 were prepared no mmdication whatever
was found of the spiral arrangement of
the wave assumed by Regaud (01) In
aidentally the corkscrew pattern of the
tails of maturing spermatds (fig 1) one
of Regaud s arguments for the spiral wave
was found not to be assocrated with a
spiral distnbution of the cells Rather
the tail twist appeared to be due to an
trinsic property of the tails themselves

In lieu of the typical waves postulated
by the classics senes of segments were
found to be frequently interrupted by

dul The modul 3

the eustence of such tvpical wases with
their 14 segments following the laws of

of segment(s) following the law of con
tnuity but not that of the steady descent

TABLE 7
Length of segments wathin and outsids modulations as measured tn serial sectwns
Segmental Segmental length ot
‘number Qut Jde Wothin d
modul fions!  modul tion r< (from Clermant
etal, 53)

mm s hours
1 25 12 @001 338
i 11 09 02 233
m 03 03 05 6.0
v 06 08 02 130
M 08 os o8 147
VI 13 13 08 265
VI 40 12 0go1 628
vin 11 10 04 213
x 05 06 03 71
X 04 04 o5 -1
x1 0.5 06 04 71
X1 21 13 001 23
Xm 08 0.9 02 176
X 07 08 07 141

corrected for obliquity of the tubules (as done In table 5) sa that figures tend to

Not
be shightly smaller than the mean lengths measured
The segments measured were selected in such  way that they were separated

of 1%5—1‘9 of each ane of the 14 types of segments

n gxrudinally cut tubules (table 1)

from those
segInents as were ascending A total
‘were measured.

€ segments measured were only those showing ascent of the segmental order 2030

segments of each tvpe were examuned.
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of the segmental order as ilustrated n
figure 9 To allow for the presence of fre
quent modulations (table 6) the wave
was redefined above as “a series of adja
cent segments which includes the 14 pos
stble types in additton to the scgments
which may be mmolved in modulations
Using this operational definition it could
be shown that the waves display extensive
variations in length (table 5) and number
pet tubule (table 4) Eighty per cent of
them contained medulations

The variability in the features of the
wave and the presence of modulations
made 1t unhikely that the wave 1s triggered
by an impulse progressing along the
tubule as had been suggested by Regaud
(01) In fact 1t seems unsafe to gne

B PEREY Y CLERMONT AND C P LEBLOND

Evolution of the scgments wn tume

The changes in the segments with time
might occur 1n various ways The first
posstbility again anses from Regauds
theory of the wave (01) According to
this theory the cells of any generation in
a segment would be at more and more
advanced sieps of development from the
distal to the proximal end There they
would transform 1nto those of the segment
with the next higher number (fig 153
compare zero and three hours) so that
the segmental boundary would migrate
i a distal direction and all segmental
boundaries would do so at the same con
stant speed (fig 15A) However this
theory of the evolution of the segments
with time 1s based on Regauds erroneous

the wave any d We
are rather inclined to return to Von Ebners
(1871) onginal view that the wave is a
sertes of segments seen at a given mstant
of time

Was there then any clement of truth in
Regaud s dictum that the wave is in space
what the cycle 1s 1n time?” A systematic
companson of waie and cycle was made
and summarzed m table 8 This led to
the conclusion that the parallel drawn by
/Regaud between wave and cycle was only

superficial the wave 1s not 1n space what

the cycle 1s 1n time

/

Indeed 1t has no support mn fact
and 1t 15 hoped that 1ts mnfluence on three
generations of histologists will soon end
The opposite possthility 15 that the seg
ments—or subsegments when any-—are
homogeneous that 1s the cells of any
given generation found along ther
Iength would all be at exactly the same
step of development They would even
tually reach a stage “hen the whole lenglh
of the
denly changes to thc next higher segment
e tm p before
thxs transformation occurs would depend

TABLE 8
Comparison betucen the cycle and wave of the seminiferous epthelium

Cycle

Wave

Sunlanties

Cyecle consists of 14 stages succeedng
one another in tume In any one area of
the sernferous tubule

Each stage 15 characterized by the
presence of one of 14 cellular associa
nons

Waze consists of at least 14 segments
following one another in space along
the length of the semmuferous tubule

Each segment ys characterized by the
presence of one of 14 cellular associa
tions

Differences

Duration_of stages 1s constant
stage VIII lasts 21 hours)

(eg

Transition between stages 1s gradual

Sequence of stages 15 arreversible

Duration of cycle 1s constant that is
1202 days

Length of segments 1s vanable (eg
segment VIII varses from 02 to 6 2mm)

Boundartes of segments are sharp

Sertes of segments may be altered by
modulation

Length of wave is vanable the ex
tremes being 07 and 60 cm
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Fig 15 Diagrams of seminiferous tubules illustrating three theones on the evoluton of
the segments with time  Regaud s theory (A) “Homog necus segment” theory (B) Umt
segment” theory (C and D) For each theory three time intervals are represented t = zero
t=32 and t=6 indicating the time in hours The understanding of the diagrams 1s
facilitated if it 15 recalled that stages I1 and IIT of the cycle last £33 and 60 hours re
spectvely (see last column of table 7)

A Regauds theory According to Regaud the length of the segments would be propor
tional to the duration of the corresponding stages of the cycle Within any segment eg

segraent III at tune zero the stage of evolution of the cells would progress from the chstal
to the proximal end At this end cells would reach the next stave thus becoming pant of
the next segment (I\) Thus the segmental boundary would show a continuous migrahon
10 a distal durection (see t=3 and t = 6) (According to Regaud the segmental boundares
do not extend straight across the tubule as indicated in the diagram but follow a spiral
course— a feature ormutted here for sumplicity s sake )

B Homogeneous segment” theory If 1t 15 assumed that the segments of the B d agram
make theit appearance at time 1 = zero this theory wmplhies that the + hole segment 11 sud
denly changes to III after 23.3 houss and the whole segment III changes to I\ after 60
hours Hence the diagram at t=3 hours shows no change at all and at t =6 hours a
change only 1n segment Il which becomes IV Note that the conunwiry of the segmental
order 13 ant rrupted at this time

C and D Umitsegment™ theory The postulated umtsegments (which are lumited by
dotted lines on the diagram) would be Y omogeneous and transform into the next unit seg
m nt at one stroke  This is shown 1n diagram C which makes use of the same pattern
of segment arrangement as at time t = Zero 1n diagram A and in diagram D which 1s less
regularly arranged in keeping with usual observanons Note the change in the size of seg
ments 11 and I1I with time 1n diagram D

7
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on the duration of the corresponding stage
of the cycle Thus since stage III lasts
only 6 hours (Clermont et al 59) seg
ment 11 should stay only for that amount
of time whereas since stage II lasts about
4 times as long as stage III segment 1T
should persist for a correspondingly long
time A glance at the B diagrams makes
1t clear that short segments would often
disappear (no segment III at 6 hours in
fig 15B) and therefore continuity of the
segmental order would not exist Fur
thermore segment III would give nse to a
Vin y with a p) ly
existing segment IV (fig 15B 6 hours)
The final segment IV would therefore
not be homogeneous as far as the age of
the cells 1s concerned—a fact contradict
mg the assumption made mitially Brefly
the 'h " hypotk is
incompatible with the observed facts
A third hypothesis 1s that the seg
ments—and perhaps the subsegments
too—are composed of a semes of small
portions of semmferous eprtheltum re
ferred to as unit segments  which alone
are homogeneous (figs 15C and D) Sud
den changes would be limited to unnt
segments Thus in figure 15C one of the
two umt segments postulated to exist in
segment III has become part of segment
IV by three hours and the other by 6
hours As for segmental borderlines they
would tend to migrate 1 distal direction
as m Regaud s hypothesis but they would
do so by jumping across unit segments
either one at a time (compare zero three
and 6 hours 1 diagram C) or far more
often in an 1irregular fashion (diagram
D) particularly so yn modulattons  The
presence of umit segments would lead to
changes 1n the size of the segments with
time (compare segment IIT at zero three
and 6 hours m diagram D) This hypoth
es1s 1s compatible with the continuity of
the segmental order (mamtained 1 dia
grams C and D) and will be tentatively
adopted
Since unit segments are homogeneous
a reasomung simiar to that presented
above for the “homogeneous segment

B PEREY Y CLERMONT AND C P LEBLOND

in this work often showed a lack of con
tinuity Thus at the top of figure 18 con
tnuity would require the presence of a
subsegment XIVa between XIII and XIVb
(see also fig 12)

Now 1f unit segments really exist therr
size might well be that of the smallest
subsegments observed which were shown
above to have a surface area averaging
2035 ¢

It will be recalled that spermatogenesis
is imtiated at stage JX of the cycle when
type A spermatogoma divide (cell A m
column IX of fig 2) Unpublished obser
vations indicated that n the rat as n the
monkey (Clermont and Leblond 59) the
spermatogomia about to divide are ar
ranged 1n pairs along the wall of the
seminiferous tubule  Two-dimensional
maps of segment VII were then made on
which several hundred type A sperma
togoma were recorded Measuremeants of
the map surfaces indicated that cne of
these cells Is present per 1090 u* on the
average Hence the space occupred by 2
pair of type A cells—2180 *—was quite
simifar to the presumptive size of a unt
segment 2035 ¢* It was therefore con
cluded that the temtory occupied by a

Within d
may migrate in opposite directions Hence the
number of segments 1n a modulation may change
with time Indeed the modulation may disappear
at fumes Let us for Instance consider a modul2
uon made up of the underhned sequence in
the seres of segments XII XII XI X IX X
X1 X IX VIII After 213 hours (a time equal1®
ine sum of the durations of the stages IX X and
XI of the cycle but shorter than the duration of
stage XII which is 323 hours) all the seg
ments in and next to the modulation will be re-
placed by segment X1l No modulation would thent
be detectable (The modulation would however
reappear later ) Similarly smce stages Iand VI
ke stage X1I have a rather long duration (Jast
column table 7) segments § and VII are also
likely to hide modulations

A direct corollary of (lus is that the length of
any segment [ VIL and XII may correspond 0
the sum of the lengths of 2 senes of shorter
segments involved 11 a potential but hidden
modulation This would explan why segments
1 VIl and XII appeared to be Jong when meas
ured outside modulations but relatively short
within modulations (table 7)

‘The conclusion that there must be a number of
which are not visible at the time the

theory” leads to the that con
tinuity may be laching at the umt seg
ment Jevel In this regard 1t may be re
called that the small subsegments observed

amimal 1s killed 1mphes that the socalled modu
lation free waves imay contain hidden modula
tions Hence the figure of 207 modulation free
waves given in the results 1s probably too high
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parr of type A spermatogoma corresponds
to a umt segment Presumably each one
of the umt segments mal ing up the ware
conststs of a parr of type A stem cells and
thewr progeny

Theonies on the ongin of the
uate pattern
Formation of the wave with 1ts char
actenistic continunty and descent of the
segmental order may be explaned by two
kinds of hypotheses whick although
largely speculative may help m gwding
future experimental work (1) The waie
pattern would be set once and for all dur
1ng early deselopment that 1s in fetal life
or soon after birth (embryological theory)
(2) The wave pattern would appear later
1 Ife and be mantained as a result of
nteractions between neighboring cells (co-
ordination theory) From the outset 1t
should be made clear that the wave pat
tern becomes established long before pu
berty (which occurs at about 45 days
the male rat) While at birth the semimf
erous tubules have a umform content of
gonocytes and supporting cells (Clerment
and Perey 57) the 12 day old rats showed
per an P tes  ar
ranged into a wave in which modulations
may already exist (Clermont and Huckins
unpublished) Hence the wisible pattern
must be set during the first 12 days of hife
The embryological theory Clermont
and Perey ( 57) examined young rats soon
after birth and found that in hmited
areas groups of type A cells arose from
gonocyte mitoses From these cells sper
matogenests started The present hypoth
esis is that each early pair of type A cells
constituted the oldest umt segment of a
future wave then distally a new pair of
type A cells would appear and buld up
the next unit segment and so on Thus
younger and younger unit segments would
be added untl the distance between any
two of the oldest urut segments 1s cosered
by a full wave

Modulations ymight anse just as the wave

15 formed or be induced later on 1n devel
opment by factors precipitating or delay
ing the differentiation of type A stem sper
matogoma It would seem that if modula
tions are set at the same time as the wave
is the segments malung up

ments If howeser modulations were to
anse from factors inducing a local change
n an established wave (while mamntain
ing contmuity of the segmental order) the
segments of the modulation would tend to
be smaller than the others The data
(table 7) showed no difference between
segments within and outside modulation
(except for three segments for reasons
explained 1n footnete 1 on p 26) a find
ing mn favor of the modulations being
set at the same tume as the wave 1s formed

It remamns to be seen whether the em
bryological theory alone can account for
the of the of the
segmental order throughout hife even in
areas with modulanons and at the site
of reversal Hence the next theory

The coordination theory ILaver cells
are known to release to the circulation
substances inhibiting their own prohfera
tion (Stich and Flonan 58) Many other
cell types also secrete inhibitory and/or
stimulatory substances which enter the
circulation and nfluence the correspond
ing cell population (Weiss 53) If such
substances anse in the tesuis they are
hikely to be more concentrated within
than outside the semimferous tubules
and perhaps they may diffuse predomn
antly 1 a given direction for instance by
bemng carned in the lumnal fluid which
1s known to flow towards the rete (Oslund
26 Toothill and Young 31) Hence n
hibitory and/or stimulatory substances
that may exist n the sememferous tubules
are Iikely 1o mfluence restncted groups of
cells rather than whole populations

‘Which cell type could be involved in
the control of the semimiferous epithelium?
Spermatocytes and spermatids may be
rare or absent at tumes when the wave
easts for mstance in the 12-day old rat
(Clermont and Huckins unpublished) and
in the serunferous epithebum undergo-
ing regeneration after wradiation (Qak
berg 55) Spermatogoma on the other
hand are present These cells are there
fore Likely to play a key role (although
participation of Sertols or interstitial cells
may not be discounted)

Let us now assume that the released sub-
stances diffusing towards the rete whibit
only younger and, or sumulate only older

b

need not differ 1n size from other seg

spe; Suc] would
favor the development of older cells on
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thewr proximal side Hence the random
ness that might exist §n the arrangement
of the epithelium would be replaced grad
ually by a descent of the segmental order
{Modulations would be in areas in which
the rearrangement has not been com
pleted )

The two theories proposed above may
actually have to be combined to give a
satisfactory account of the wave Thus
the pattern might be 1mtiated as suggested
by the embryological theorv but main
tained later by inhibitory and/or stimula
tory substances as suggtsted by the co-
ordination theory

SUMMARY

The histology of the semimierous ep:
thehium along the length of the seminifer
ous tubules of the rat was examined using
wo hods 1 dinal were
made of dissected portions of seminiferous
tubules obtained from the testis of 5 am
mals and serial cross sections of a whale
testis were prepared and tubules recon
structed from them All sections were
stained with pertodic  acid Schiff  and

d with b

ylin

The epithelium from any one area of

tubules s It d of sev

eral cell generations each one of which
is at about the same stage of de

is usually followed by ona whose epithe
Hum is at a less advanced stage of develop-
ment (3¢ with a lower number) In
other words the numbenng of the seg
ments usually decreascs from the rete
testts on This feature is called the de
scent of the segmental order

Mast tubules have an overall arch shape
with both ends opening into the rete testls
The ! order Is d ding from
the rete testis along cach branch of the
tubule as far as a meeting point called the
site of reversal This site is located at
appr ly equal di from the
junction of cach tubular end to the rete
testis

The segmental order 1lways shows con
tinmty with an overall descending pat
tern  In places ome or more segments
have ascending numbers although after a
short distance the prevalent descending,
order 1> resumed Such irregularitics are
called modulations of the segmental
order” The number of segments per
modulation vares from 1-7 or more with
an average of three

The segments found along the tubule
may be arranged into distinet series calied
wawes of the semimferous epuhelium
The wave 1s defined 2§ a senies of adpa
cent which includes the 14 pos

Such areas of epthelium extend over a
variable length of the tubule and are re
ferred to as segments  Assuming that
the cycle of the semimferous epithellum
includes 14 stages which succeed one an
other mn time in any glien 1reg cxami
nation of tubules along their length at
one gven time mght show 14 types of
scgments  These were indeed found They
were dentificd by Roman numerals (I-
XIV) the segments with higher numbers
being at 2 more advanced stage of devel
opment

A segment 15 always adjacent to sig
ments with the next hipher or the next
lower number (with the only exception of
segments XIV and I which usually are
Jocated next to each other) The prescnce
of consecutive numbcrs i adjacent seg
ments s referred to as the continuty of
the segmental order

if a tubule Is cxamined from the rete
testis in a distal direction cach segment

sible types 1n addition to any segment
which 1s mnvolved in modulation  On the
average the tubules contained 12 waves
which measure 2 6 cm each (with 1 range
of 07to6cm) Statistical data show that
the wave closest to the rete is shorter than
the next one while these first two are
shorter than all other waves Twenty per
cent of the waves have no modulation
while 17% have more than three
Segmental boundaries are sharply de
marcated but are not arranged according
to a spiral or any othcr regular pattern
Interpretation based on the size and ar
rangement of the segments 15 that they
are composed of small wmt segmints
which themselves consist of a patr of type
A spermatogema andsor their progeny
Within each unit segment cells dovelop
synchronously but cells of ncighboring
unit segments arc at a slightly more of
slightly Jess advanced step of develop
ment although diferences between the
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umt segments are usually too shght for
rehiable identificanon
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berm Rollets U h aus
dem Institut £ Phys u Histol i Graz s 200
Separat Leipug

The arr. of the umt 1883 Zur Spermatogenese bel den
nto and of the mta Arch Mikr Anat Entwicklungs
waves 15 probably deterrmned embryolog 31 236-292

1cally although coordinating factors may
play a role 1 mantaining the continuity
and descent of the segmental order
throughout hfe
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PLATE 1

EXPLANATION OF FIGURES

Low power rucrophotographs (X 250) of longitudinally cut tubules stained wath the
periodic acid Schiff hematoxyhin technique

16

17

Portion of a segment VII Note the common orlentation of the tails of maturing sper
matids toward the distal part of the tubule

Portion of a segment VIII showing the junction of the subsegments VIIIa and b At
the top the junction 1s at about the middle of the picture (ascending arrow) whereas
at the base the junction is at left (descending arrow) Hence proximally the micture
shows the subsegment VIIIb the epithehum bemng free from spermatids whale distally
the picture shows the subsegment VIIIa with the epithelium contaming maturing sper
matids ready to be released from the seminiferous epithelium Note that at the tme
of release the tails of the spermatids become onented in a proximal direction

Limt between segments XIV and XIII (thick arrows) In the segment XIV two sub-

could be XIVa with pnmary spermatocytes in divi
sion and subsegment XIVb showing secondary spermatocytes The sharp limit between
the two subsegments 1s indicated by a thin arrow




WAVE OF THE SEMINIFEPOUS EPITHELIUM PLATE 1
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Microscopic Anatomy of the Sex Cords and
Semmferous Tubules in Growing and

Adult Male Albimo Rats

Y CLERMONT ano CLAIRE HUCKINS
Department of Anatomy McGul Unuersity Montreal Canada

While 1t has long been known that the
male sex cords of the embryomc gonad
evolve into the semimferous tubules of the
adult testis (Allen 04 Felix 12) most
of the work done 1 the past has been re
stricted to the early formation of the sex
cords themselves and lhittle attention has
been given to the pattern of devel

techmques (Sappey 1889) These meth
ods however faled to presemve the m
tegrity of complete tubules their wn siu
shape and the relationsup of tubules to
one anather

Curtis ( 18) was the first to apply the
techngue of Teconstruction from senal

of these cords nto sermuniferous tubules

De Burlet and de Ruuter ( 20) worlang
on embryonic mouse testis and Roosen
Runge (57) working on embryomc rat
testis reported that the sex cords appeared
as a senes of C shaped arches placed side
by side 1n 2 way sumiar to the tracheal
cartlaginous rings the plane of these
arches bewng, at rght angles to the long
axis of the organ Some of the sex cords
ran immediately below the tumica albu
ginea and were referred to as outer arches
while others found in the core of the testis
failed to reach the tumea albuginea and
were referred to as mner arches Analyses
af the sex cords in other species (Bremer
11 Huber and Curtis 13 de Burlet 21
Gruenwald 34 Torrey 45) confirmed
that they appeared as arches which either
occurred stngly or were anastamotically
connected to form more complex struc
tures However the subsequent develop-
ment of the sex cords nto adult semiruf
erous tubules was oot studied by these
.uthors

The reason why httle effort was made
to relate the sex cards of the embryo to
the semniferous tubules of the adult
mght sunply be that very little was known
about the morphology of the adult senumf
erous tubules and particularly for the rat
the 1 yielded no inf on
the subject The earliest attempts to de
scribe adult mammalan semmferous tu
bules made use of maceration and teasing

to this probl He descnbed m
an adult mouse testis two complete sermi
miferous tubules reconstructed in such a
fashion He obsersed that the tubules
were mghly contoluted that thev followed
within the testis a circular path which was
perpendicular to the long aws of the
organ and that they had a bashet hke™
shape One of the tubules reconstructed
was a simple arch with two openings nto
the rete testis the other branched along
its course and thus had three openings
mto the rete Hirota (52) by dissecting
tubules from an adult mouse testis stated
that all sermmferous tubules had at
least two openings Into the rete testis
Curtss ( 18) had also reported that 1n rabbit
testes  arched tubules were frequently
linked together in tubule complexes and
that branched tubules were common in
this species Later i 1934 Gruenwald
reported simlar findings 1n 2 number of
spectes showing that the extent of Ik
age and of branching n the tubules was
a species vanable Johnson (34) dissected
human sermmferous tubules and found
that most commonly they occurred as
arches which were anastomotcally con
nected Only rarely did they appear as
simple arches ar as blind ending tubules

Because of the length and extensne co1l
g of the adult tubules of the rat macera
tion and dissection could not provide fruit
ful mformatton Therefore it was felt that
reconstruction of tubules from senal sec
tions wwas an adequate method to yield

-
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since 1n the embryos and at bith the
stages of the cycle of the sexmmferous
epithelium were not 1denufiable only the
posiion of the sex cord could be used
to trace 1t through the semal sectons As
before the code number of each cord was
ded on the d photo-
graphic image
Having completed the analysis of the
sex cords and semuniferous tubules on
photographs it was then possible to de
termne thewr length the course which
they followed within the testis and thewr
position relative to one another
The lengths of sex cords were measured
1 several ways In a few wnstances where
the simple arched sex cords of the embry
onic testis ran parallel to the plane of cut
so that the entire arch appeared on one
section 1t was possible to Tun a mip meas
ure over the photographed section of the
arch From this measurement and know
g the magmfication of the section the
length of the cord was easily calculated
In most cases however 1t was necessary
to reconstruct sex cords as plane figures
on graph paper or as three dimensional
models on sheets of acrylic plastic in order
to determine their length and other mor
phological characteristics such as the di
rection of the imbs of the sex cord the
course of the cords within the testis and
the relationship of cords to one another

RESULTS
17 day embryo

The 17-day embryomuc testis appeared
as an elongated and shghtly crescentic
organ runnng along the medial aspect of
the mesonephros Cross-sections of the
testis showed each sex cord to be a sumple
arch Some of them—the outer cords—
followed 1 1y vy immedi
ately beneath the tunica albuginea (figs
1-3 0) Their two extremties were con
nected with an anastomotic series of dell
cate tubules the rete testis which they
reached on 1ts lateral aspects Other sex
cords—the mner cords—formed smaller
arches located nside the outer ones and
did not touch the tunica albuginea (figs
1-3 In) These smaller arches also had
two extrerities opening into the rete testis
these connections bemng seen side by side
on the internal aspect of the rete testis

All these arched sex cords were distnb-
uted side by side along the length of the
tesus therr plane of onentation bemng
more or less perpendicular to the craruo-
caudal axis of the organ (fig 10A) In
the completely reconstructed testis at this
age 21 sex cords were outer and 10 were
wumner Furthermore of these 31 sex cords
all had two opemings 1nto the rete testis
except for 4 which branched along thewr
course and therefore had three openings
nto the rete testis (table 1) The average
length of the sex cords was 109 mm with
outer cords having a greater length than
mner cnes (table 2)

19 day embryo

At 19 days of embryonic hfe the testis
had become nearly spherical Each sex
cord persisted basically as a simple arch
but showed some waviness and 1n places
was twisted and folded upon 1tself (fig
© O) Here again ocuter and inner sex
cords could be distinguished (fig 4-6 O
In)

The sex cords remamed consecutive to
one another but therr imitial parallel orien
tation was modified as a result of the
rounding up of the tesus mto a sphere
Thus the sex cords now fanned out from
the rete testis from the cramal to caudal
pole (fig 10B) While the outer sex cords
were closely packed together immediately
beneath the tumica albuginea the 1nner
sex cords were separated by some loose
connective tissue {(fig 4 L) The 4 testes
reconstructed at this age contaned 23
25 26 and 28 sex cords respectively In
three of these testes several branched
cords were found (table 1) The sex cords
had nearly doubled therr length between
17 and 19 days when they averaged 179
mm again the mner cords were shorter
than the outer ones (table 2)

Newborn animals

The newborn testis was an almost per
fect sphere the long axis of which was
only shightly greater than the diameter
Although the sex cords mamntaned their
crrcular pathway around the testis thev
appeared strikingly different at that time
Each cord folded upon 1tself to gne an
average of 90 uny convolunons {fig 9 O
In) and therefore z:gzagged back and
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TABLE 1
Number of varfaus types of gex cords

otal Number of
number of branched
e tubules Tnner Tabates
17 Day embryo 31 21 10 4
19 Day embryo 28 20 8 3
19 Day embryo 23 17 6 3
19 Day embryo 25 18 7 2
19 Day embryo 26 16 10 0
Newborn 20 17 3 3
Newborn 22 18 6 5
TABLE 2
Length of the unbranched sex cords
Outer tubules Inner tubules "‘,‘;}',;“ﬁ'
Age Number of A N o
. e Aml ae A s
mea ured <SE méaurd  =SE e
mm mm mm
17 Day embryo 13 119+025 4 078016 109029
18 Day embryo 12 200025 8 147031 179£038
Newborn 1 833162 5 592146 770=188
12 Day 1 126 00

Fig 1 Low power photograph of a section from a 17 day embryonic tesus The plane
of section 1s perpendicular to the Cramio-caudal axis of the organ and fs almost parallel o
the arches of the sex cords On the lower part of the pbotograph the sex cords connect
with the rete testis A crosssection of the mesonephric duct (MD) is scen at the right
PAS hematoxyln  » 120 Compare with figures 2 and 3

Fig 2 An outhne drawing of two complete sex cords from figure 1 showing an outer (0)
and an mer (In) sex cord

Fig 3 A diagrammatc three dimensional drawing of (e outer (O) and inner (In) sex
cords seen in figures 1 and 2 ‘These cords appear as smooth arches with tno connections
to the rete testis

Fig 4 Low power photograph of a section from a 19.day embryonic tesus in which the
plane of section 15 perpendicular to the long axis of the organ Each sex cord is now repre
sented by several oblique sections Sex cords enter the rete testis located at the bottom of
the photograph Loose connective Ussue (L) 15 seen n the central part of the testis TAS
hematoxylin

Fig 5 An outlhine drawing of figure 4 to show the position of an outer (O) and an per
(In) sex cord

Fig 6 A diagrammatic three<imensional drawing of an outer (0) and an inner (In)
sex cord szmilar to those seen n figures 4 and 5 These arched sex cords show some folding
upon themsel es

ig 7 Low power photograph of a scction from a newborn rat testis Here the plane of

section 13 more or less parallel to the long axis of the organ  Sex cords ate cut obliquely or
transversely and are therefore represented by numerous cross sections In the central portion
©of the section an extensne area of Ioose connective tissue may be seen (L) The rete teshs
is at the base of the photograph  PAS hematoxylin » 60

Fig 8 An outlne drawing of figure 7 to show the tubular fections belonging to an outer
(0) and an snner (In) sex cord Because the plane of section 13 perpendicular to the path
of the sex cords they are seen only over a part of their course

Fig 9 A disgrammantc three-dimensional drawing of an outer (0) and an janer {In)
sex cord sumilar to those seen in figures 7 and 8 Note that the arched sex cords have been
thrown into 2 number of tiny convolutions
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Fig 10 Two diagrammatic side views of a
17<day (A) and a 19-day (B) embryonic testis
showing arches which represent the approximate
distribution of outer sex cords The broken line
indicates the position of the rete testis In dia
gram A the paths of the arched sex cords are
mote or less perpendicular to the long axis of the
organ In diagram B as the testis becomes more
spherical the sex cords appear to fan out from
the rete testis and are no lonzer perpendicular
to the craniocaudal axis of the organ

forth in a more or less random dircction
although the general course of the limbs
of the convolutions (fe the portion of
the sex cord between the hairpin turns)
tended to run toward the interior of the
tesus (fig 7)

The architecture of the organ consisted
of outer and inner sex cords (figs 7-8 O
In) distributed consecutively and fanning
out from the rete testis 1n the manner de
scribed for the 19-day embryo (fig 10B)
The outer sex cords became closely packed
at the peniphery of the testis with the con
volutions of successive cords frequently
interdigitating with one another The in
ner sex cords were much less closely
packed and were separated by an exten
sive amount of loose connective tissue
(fig 7 L) Incidental fnspection of older
testes revealed that this remarkable fea
ture persisted until 4 days after birth
when the entire testis became filled vith
convolutions of tubules

The two testes reconstructed in new
born rats had respectively 20 and 22 sex
cords of which several were branched
(table 1) There was a four fold length
ening of each sex cord between 19 embry
onic days and birth the outer cords re
maining longer than the Inner ones
(table 2)

12 day rat

At 12 days the testis was elongated and
ovoid and had grown to one fifth the size
of the adult testis Two “outer seminifer
ous tubules” (as the outer sex cords were
called at this age) were reconstructed in
an attempt to find a condition intermedi
ate between that at birth and that in the
adult The tubule as a whole continued to
follow a circular pathway around the
testis but the imbs of the convoluted tu
bules undenwent extensive clongation
some of these limbs being three or 4 times
the length of others When the course
followed by an individual limb was ex
amined 1n some detail it was found that
the cranial end of each limb ran at first
from the tunica albuginea toward the In
tenor of the testis (fig 11) and then alter
2 short distance the limb suddenly slo
caudally and gradually toward the cranio-
caudal axis of the organ (fig 11) Thus
most of the limbs of a tubule coursed back
and forth in this fashion to give a tubule
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tubule usually ran caudally for a certamn
distance then after a harpin turn 1t ran
crarually Thereafter the tubule kept on
runming back and forth caudally and cra
nially to form a large number of regular
comolutions The long himbs (1e the
portions of tubules between the hairpmn
turns) of these elongated convolutions
were more or less parallel to each other
This resulted mn a fence or pahsade like
arrangement of the convolutions Follow
1ng the complete reconstruction of a tu
bule 1t soon became clear that its con
volutions were distrtbuted along a circu
lar path within the testis and that 1ts two
extrerties were connected with the rete
testis (fig 13) It was finally noted that
generally the cramal hairpin turns of the
convolutions were closer to the tumeca
albuginea than were the caudal ones in
such a manner that the circular pahsade
formed by the tubule was not straight or
parallel to the axis of the testis but was
sloped and at an angle with this axas (figs
12 13)

The completely reconstructed tubules
assumed two main geometnical shapes
funnel and cone The funnel shaped tu
bule showed the followng pattern mn seral
sections The tubular cross sections from
the cranial end of the palisade were seen
on the photographs to be close to or

the tunica alb and were

few convolutions from an outer semmmferous
tubule 1n a 12-day testis drawn from an oblique
€ranial view A heavy continugus line represents
the tunica albuginea and the outline of the testis
while the broken Line indicates the errcular path
followed by the tubule The cramal haupin turns
of a tubule may be seen apphed to the tuntca
albuginea As indicated by the arrows the hmbs
of the convolutions run inward and caudally

whose geometric pattern resembled a wide
mouthed funnel with a broad nm around
the mouth The outer tubule measured
had a length of 126 mm

No “inner semmiferous tubule” was re
constructed in this ammal

Adult rat

All the sermmferous tubules recon
Structed had a number of charactenstics
in common which we shall desenbe first
as we consider a re tubule

“outer tubules”™ (fig
14A) But in the more caudal sections of
the testis the tubular cross sections were
seen at a distance from the tunica albu
ginea and closer to the cranio-caudal axis
of the testis (compare figs 14A B and C)
and finally those from the caudal end of
the palisade were found even closer to the
cranto-caudal axs of the testis but with
out reaching it (fig 14D) Thus the shape
of the reconstructed tubule (fig 14E)
could be likened to a funmnel the wide part
of which was onentated toward the cramal
pole of the tesis and usually touched the
tunica albuginea

In a coneshaped tubule the tubular
cross sections from the cramal end of the
palisade showed a typical circular path
way in the semisenal photographs but
ll:l‘ese were at a distance from the tunica

T
(figs 12 13) Upon leaving the rete a

and ivere therefore “inner semi
niferous tubules” (fig 15A) More cau
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TUNICA ALBUGINEA

TUBULUS,
RECTUS'
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CAUDAL
TURNS
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SEMINIFEROUS
TUBULE

EPDIDYM!S

pUCTUL
EFFERENTES

AETE TESTIS

Fig 12 IDnragrammatic representation of a portion of a senunifercus tubule from an adult

Tat testis and 1ts connection to the evcretory duct system An outline of the testis seen from

e whic] the tuntca

a lateral aspect 1s by a

Between the cramal and caudal hairpin turns of the conveluted tubule long kmbs run more
or less parallel to one another to mve the tubule a palisade like appearance The semumf
erous tubule 15 connected to the rete testis by a shert narrow tubulus rectus The rete tests
15 an elongated sac applted to the nner surface of the turuca albuginea and connected to
the ductus epadidymus by 5 to 7 ductuls efferentes

dally the cross sections of the limbs were
seen closer to the cranio-caudal axis of the
testis Finally  the tubular cross sections
from the caudal end of the palisade ap-
peared clustered together w1 the central
portion of the testis (fig 15B) The geo-
metncal shape of such a tubule was there
fore a hollow cone with 1ts base onentated
tonard the cramal extrermty of the testis
(fig 15C)

The distribution of the reconstructed
tubules withmn the testts was represented
d acally m a k dinal section
along the aws of the organ (fig 16) In
such a diagram the longitudinal sections
of the tubules whether funnel (e g tubule
3)orcone(e g tubule 20) appeared as two
more or less symmetrical Zones on erther

side of the mudlme It was quite clear 1
the diagram that most of the funnel
shaped tubules (tubnles 3-12) were outer
semmferous tubules smce they had cra
mal extremitzes which came close to or
touched the tunica albugmeaz As an €Y
ception tubule 8 had half of its tubular
convolutions peripherally Iocated (lft)
and the other half centrally located (right)
All of these outer funmel shaped tubules
were regularly nserted into each other
Although the eramally located tubules 1
and 2 were considered as onter tubules be
cause of their contact with the tunca

buginea they did not assume the shape
of funnels Tubule 1 formed a solid struc
ture around which the other tubules were
concentrically arranged Tubule 2 en
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TUNICA
ALSUGINER

TUBLLUS,

SEMINFEROUS  TUBULE'

Fig 13 D of a

tubule and fts connection to the

Tete testis in 2 view laoking into the testis from above and medially The convoluted tubule
is seen to follow a circular path within the testis and has two connections with the rete testis
The cramal portions of the palisade are closer to the tumca albuginea than are the caudal
ones Several tubuli rect: ate seen In the lateral and internal aspects of the rete testis

circling tubule 1 had a narrow hollow
cone like shape At the caudal extremuty
of the testis tubule 13 which was obw
ously an outer tubule had a wide shallow
cup-like shape

The cone shaped tubules (tubules 14--
20 excluding 18) occupled the central
portion of the testis and their cramal ex
tremities were found at some distance
from the tumca albuginea These inner
tubules were also regularly inserted into
each other Of these there was one (tu
bule 18) which assumed the shape of a
funnel rather than that of a hollow cone

Length of adult seminiferous tubules

An attempt was made to obtain values
as accurate as possible for the tubular
lengths  Since the number of sections
traversed by a gnen limb of a tubule was
known as well as the thickness of the
section (§ u) 1t was casy to obtamn an
initial estimate for the length of this limb

An approximate value for the length of
the whole tubule was then calculated by
addmng the lengths of all the limbs of this
tubule This measure did not include
however the lengths of the short portions
of tubules involved 1n hairpin turns which
were cut longitudinally in the senal sec
tions Measurements on reconstructions
of turns showed that approximately 500 n
per turn had to be added to the sum of
the length of the himbs The length of the
tubule thus obtained was referred to as
the crude tubular length (table 3)

This value would be a satisfactory ap-
proxumation of the tubular length if the
tubules were running parallel to the long
axis of the tesuis and at nght angles to
the plane of sectiomng Reconstructions
of complete tubules clearly indicated that
this was not generally the case and that
most of the tubules ran obhquely to the
plane of sectioning The angles made by
the tubules and the 1xs of the tesus were
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Fig 14 Pictures A B C and D are low power (X 16) photographs of 4 transverse sec
trons of adult rat fests taken at intervals of about 13 mm Numerous tubular cross-sections
are visible 1n the background and the rete testrs 1s the space Jocated along the lower border
of photographs A and B On each photograph the cross sections belonging to one tubule
have been painted white It 1s apparent from this that the tubule fallows a circular pathway
within the testis and that the cranial portions of the tubule (picture A) are near the tumca
albugmea while the more caudal portions (pictures B C D) are progressively farther from
the tumca albuginea

Photograph E 15 of a tubule model reconstructed in plashc The tubule was sumilar to
the one seen in cross section In the preceding photographs The position of the tubuli recti
18 1ndicated at (TR) The geometnical shape of this tubule §s that of a funnel with its par
Tow part directed caudally

89

ulra.gulls Pictures A and B are low power (x 16) photographs of two transverse sections

t rat testis taken at two levels 3 mm spart The tubular cross sections painted n
white belong to the same tubule The cramal portions of the tubule (pho(oguphpk) [eolli,low
& crcular pathway around the festis but are at some distance from the tunica albuginea At
the more caudal le el (: ) the caudal of the tubul are clustered to-
gether in the center of the testis Photograph C 1s of a tubule model reconstructed 1n plastic
and similar to the one seen in pictures A and B The g ometrical shape of this tubule is that
©f a hollow cone the apex of which 1s directed caudall  Tubul rects are indicated (TR)
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Fig 16 D
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1 section along the axs of an adult

testis showing the areas occupied by 20 reconstructed tubules

Each tubule appears 35 two

zones (labeled with the tubule number) on either side of the midline Outer tubules are ind:
cated by white zones while inner ones are shown by pale gray zones The black spaces around
the labeled zones are occupsed by tubules which were not reconstructed The symmetrical
distbution of the areas occupled by the tubules allows the funnels (which are mostly
penpheral) or cones (which are mostly central) to mnsert into one another

small at the cramal end of the organ but
were progressnely larger as the candal
extremity was approached (fiz 16) Ob
viously the tubules runnmg at an angle
to the plane of section were longer than
previously recorded and a correction had
to be applied to the crude tubular length
Such a correcting factor could be deter
puned 1f the angle made by the tubule and
the perpendicular to the plane of section
could be measured

This information was obtained from the
graphic representation of the tubules 1n a
diagram of the tesus cut longitudinally

(fig 17) Straght lines were run through
the areas occupted by the tubule and the
angles made by these lines and the per
pendicular of the plane of section (a paral
lel to the long axis of the testis) were
measured (2 fig 17) A final tubular
length (L) could be obtained by usmny, the
crude tubular length (I) and the secant
of the angle according to the following
formula L=sec s x | which 1s derived
from sec 2 = L/l

As can be seen in figure 17 the angles
made by the tubule on both sides of the
testis were generally diffcrent  To obtain
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Fig 17 Diagram to illustrate the method used 1 correcting the crude tubular length The
numbers of the sermsenal photographs are mdicated on the right of the outline of a long
tudinal section of the testis The points correspond to the position of two tubules at vanous
levels within the testis The position of these points was determuned as follows the dis-
tances of the cross-sections of a given tubule from the tunica albuginea were measured on
the photographs (Only those tubular cross-sections on a diameter of the sectron parallel to
the Tete testis were considered ) Such distances were transposed to the diagrammanc out
line of the Jongitudinal section of the testis as a senies of pownts It was possible to measure
the angle («) made by the straight hne running through these points and a Line parallel to
the long ax:s of the crgan (broken Lne) Note that the angles made by the tubules on either
side of the testis differed hnowing the crude tubular length (I) and angle st was possible
to calculate the true tubular length (L) using the formula L =seca /1

a better correction the tubules were di
vided approxamately mn halves (the so-
called “site of reversal® served as a

of division see Perey Clermont and Le
blond 61) and each tubular half was
corrected by 1ts corresponding factor The

final tubular length (table 3 L) was the
sum of these two corrected values Obwi
cusly the above corrections did not take
into account the local xrregularities of the
tubule such as a sudden waviness or a
change of onentation of a given hmb ete
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TABLE 3

Morphology and length of the semsniferous tubules of an adult rat

Number of
L
Tubule Morphological ascending by ey
aumber characteristicst dercending  Umcorrected corrected
Soend ) (LY
om cm
1 Solid cope unbranched
one connection to R T €9 184 184
2 Hollow cone branched
3 connections toR T 168 465 465%
3 Funnel branched
3connections toR T 203 500 547
4 Funnel unbranched
2 connections to R T 97 288 325
5 Funnel unbranched
2 connections toR T 124 323 aso
6 Funnel unbranched
2connectionsto R T 28 327 379
7 Funnel unbranched
2 connections toR T 84 298 343
8 Funnel unbranched
2connectionsto R T 94 255 382
9 Funnel unbranched
2 connections to R T 86 256 380
10 Funnel unbranched
2connectionsto R T 89 281 368
11 Funnel unbranched
2 connections to R.T 104 284 3s6
12 Funnel, unbranched
2connectionstoR T &6 177 257
13 Funnel unbrancbed
2connectionstoR T 23 106 184
14 Hollow cone branched
3 connectionstoRT 115 258 454
15 Hollow cone unbranched
2 connections to R.T o4 348 474
16 Hollow cone unbranched
2 connections toR T 74 227 298
17 Hollow cone unbranched
2 connections to R 76 251 306
18 Hollow cone unbranched
2 connections toR T 83 249 296
19 Hollow cone unbranched
2 connections to R.T 66 271 287
20 Hollow cone unbranched
2 connections to R T 58 218 239
Averages for unbranched tubules 85 322

+ Locaton of tubules within the testis is given in figure 16
2 The lengths for the various portions of the branched tubules 2 3 14 are given In

figure 18

The values proposed here for each tubule
were thus still considered as approxiuma
tions (table 3) The average length of
unbranched tubules was found to be 32 2
em The inner tubules had a tendency to
be slightly shorter than the outer ones

(compare for example tubules 16-20 with
tubules 4-11 In table 3) several tubules
however did not follow this trend (tubules
1 12 13 15) The lengths of the various
portions of the branched tubules were
graphically represented in figure 18
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Tig 18 Diagrams showmg the lengths m centimeters of the vamous parts of the three
bxa;lihed tubules (tubules 2 3 and 14) and the bhnd ending tubule (tubule 1) found m the
adult teshs Each tubule and its branch were represented by smngle hnes

Correlation betueen the location of the
tubules tn the testis and of thewr
respectite opemngs tnto the
Tete testis

The rete testis of the rat formed an ir
regular flat cavernous sac (about 1 cm
long and 0 2-0 3 c¢m wide) closely apphed
to the mner surface of the tumca albu
gmea (fig 12) On the side applied to the
tunica albuginea the anly tubular struc
tures seen were the 5 to 7 ductuli effer
entes which connected the yete tests to
the ductus epididyrms  Tubuli xect: the
short and narrow tubules which joned
the seminiferous tubule proper with the
rete testis opened erther on the lateral
edges of the rete testis or on 1ts internal
surface (fig 13)

Ad e

rete although there were several excep-
tions to these rules (eg 18 at the top
left) Finally the order in which the tu
bular openings appeared from the cramal
to the candal extrermty of the rete cor
responded grossly—although there were a
few inversions—to the order in which the
tubules were dastrtbuted within the testis
(fig 19)

It was also found—and this s reflected
in figure 19—that while most of the tu
bules had two openings into the Tete testis
tubule 1 had but one opening, and tubuyles
2 3 and 14 were branched tubules each
having three connections with the rete
testis Tubule 1 was the only tubule to
show a blind end Examination of this

of the
connections of the tubuli recti to the rete
testis 2s seen from the intenor of the

1 portion led that the ascend
g mb of the last convolution ap-
proached the rete but by passed 1t and

testis 1s given m figure 19 This d
revealed that the tubules located at the
cranial extremity of the tesus (eg 1 2
3) had their operungs at the cramal ex
tremity of the rete testis and likewise the
tnbules located caudally within the testis
(eg 11 12 13) opened at the caudal
tp of the rete Furthermore the outer
seminiferous tubules (eg 5-12) were
usually connected to the rete testis on its
lateral edges while the inner semumferous
tubules (eg 16 17 19 20) had thexr
openings on the internal surface of the

te: close to the tumca
albugmea as a blind shghtly distended
pocket The histology of this last imb was
atypical the serminiferous epithelium was
composed of Sertol cells spermatogoma
and a few spermatocytes some of which
were degenerating The pochet hke ex
tremity was filled with a dense mass of
entangled spermatozoa (as if they had
flowed toward the blind end to b trapped
there) Such a structure observed here
for the first tme was considered as an
anomaly
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Fig 19 Diuagram showing the outhne of the
ete tests (broken Iine) and the connections of
he semumferous tubules (arrows) to the rete
sstis  The numbered black arrows belong to
econstructed tubules wlile the broken ne ar
ows 2re those of tubules mot reconstructed In
eneral outer tubules (1-13) were comnected to
he lateral aspects of the rete tesus while inner
ubules (14-20) were connected to the internal
urface of the rete testis but there were a fium
wer of exceptions (e g- tabules 8 14 etc ) Also
he order of the rubule openungs mto the rete
estis corresponded roughly to the order of the
ystribution of tubules within the testis although
here were several inversions (compare with posi-
fem of tubules wathin the tesus in Sz 16)

DISCUsSION

The sumple arch shape has been re
peatedly described for mouse and rat sex
cords (De Burlet and de Ruiter 20 Gruen
wald 34 RoosenRunge 57) and the
present Inestigation revealed that in the
rat testis the full complement of such
discrete and well formed C-shaped sex
cords was present Furthermore in rat
embryos (figs 1-6) as 1n the mouse (De
Burlet and de Ruiter 20) the sex cords
formed two rows of consecutnve arches
one mternal to the other and referred to
as inner and outer sex cords respectnely

It was of some 1nterest to see if these
basic morphologrcal features were mamn
tamed throughout development and adult
heod From the present study it became
apparent that despite an approximate 300-
fold increase in tubule length from the
17th embryomic day to adulthood the
basic plan of organization of the sex cords
was maintained m the adult Thus the
growing s$ex cords generally preseried
therr smooth arch shape until birth when
each cord folded upon 1tself to gne a
senes of about 90 comvolutions There
after the number of convolutions no longer
increased but the limbs located between
the turns of the existing convolutions
lengthened The growth direcnion of the
comlutions of the sermniferous tubules
(as sex cords were called once spermato-
genesis was mmnated) was mostly mnward
and candal so that these tubules progres-
sively assumed the shape of slanted pali
sades Consequently when taken as 2
whole each adult semuniferous tubule
followed within the tesns a curcular or
rather arch-shaped pathway which was
approvimately perpendicular to the cranio-
caudal axis of the organ just as was the
1mnal sex cord Furthermoare in the adult
testis outer and inner tubules could be
disinguished which were equnalent to
outer and inmer sex cords Most of the
outer tubules vhen considered as a whole
assumed the geometrical shape of a fun
nel the mouth of which was cramally
directed and which approached or touched
the tunica albuginca The inner tubules
on the other hand occupied the central
portion of the testis and had the geomet
rical shape of a hollow cone the mouth
of the cone was also cramally drrected
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but remaned at a distance from the tumca
albuginea All tubules retamed their two
connections with the rete testis (with one
exception tubule 1 which was considered
as an anomaly) It was observed that as
the outer sex cords did mn the embryomc
testes the outer tubules usually opened
mto the lateral aspects of the rete testis
whereas lke the inner sex cords the
ner tubules had therr junctions on the
mternal surface of the rete Additionally
the few branched cords found 1n the testis
of the embryomc sertes persisted as
branched tubules in the adult testis

The question arose as to how the tu
bules assumed the shapes of funnels or
of hollow cones regularly inserted into
one another and how the apices of these
funnels and cones came to point caudally
Only a tentathve and partial explanation
can be propesed here It may be recalled
that at birth the rat testts was almost a
perfect sphere which with time became

] (fig 20) M of the
dhstance of the rete testis from the cramal
and the caudal extremmuties of the organ
revealed that duning the post natal growth
of the testis the direction of expansion
was definitely caudal ie the distance
from the caudal extreruty of the rete
testis to the caudal extrermty of the tests
mcreased at a much faster rate than the
distance from the cramal extremty of the
rete testis to the cramal end of the testis
(fig 20) This would suggest that the
cramal end of the testis covered by em
didymis was more ngdly fixed and less
extensible than the caudal extrermty
which lay free in the abdormmnal cavity

Thus the growing tubules closely
pached side by side and applied to the
tunica albuginea would expand in the
direction of least resistance At first (from
0 to 4 days of age) this growth would
oceur 1n the direction of the central area
of the testis where tubules were found to
be less closely pached and separated by a
large amount of loose connective tissue
(fig 4) Then when this space was oc
cupied and as the internal pressure due
to tubular growth buwilt up the tunmca
albuginea would expand but mainly 1n the
caudal direction The growing tubular
himbs would follow this path of least re-
sistance and thus become onented caud
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Fig 20 Dragrams showing the outhnes of
newborn and 9-day old testes from the lateral
aspect The position of the rete testis 1s mdicated
by a broken ine Between birth and 9 days there
1s extensive elongation of the tests with lutle
change in ciameter Furthermore while the
distance from the cranial end of the rete tests
to the cranial extremuty of the testis (d d) does
not change appreciably dumng this tume the
distance from the caudal end of the rete tests
to the caudal extremity of the testis (D D) in
creases considerably This suggests that the
lengtherung of the testis was prmanly in a cau
dal direction

ally The tubular morphology 1n the 12
day rat testis 1e the mward path of the
cramal portions of the tubule followed
by a caudal and inward slope of the more
caudal portions would seem to support
this hypothests (fig 11) (This particular
angular shape of the tubular limbs ob-
served at 12 days but not seen in the
adult 1s apparently lost with the elonga
tion of the tubules ) The final distribu
tion of the tubules would thus be simply
the consequence of the growth of tightly
packed tubules wathin a membranous sac
the tunica albuginea which appeared to
expand more freely in the caudal direction

It was clear however that despite the
tremendous growth of the tubules theirr
architectural plan in the adult reflected
the distnbution of the arched sex cords
observed in embryos

SUMMARY

The sex cords from 17 and 19-day rat
embryos and of newborn rats as well as
the semumiferous tubules from testes of
12day and adult ammals were recon
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structed from serral sections and therwr
morpholegy and distnbution within the
testis was umvestigated

In the 17-day embryo the full comple
ment of distinct sex cords—20 to 31 per
testis—were present They appeared as
a senes of Cshaped arches which were
distributed along the Iong axis of the
test1s in the same manner as the cartilag
mous rngs of the trachea and which
were in a plane more or less perpendicular
to the long axis of the organ The cords
were clasaified as outer vhen they ran

diately b th the tunica alb

or as inner when they formed smaller
arches located at a distance from the tu
nuca alb At their les most
sex cords had two connections with the
pumordium of the rete testis but a few
branched cords (3-5 per testis) bad addt
tional connections

In the 19-day embryonic testis the sex
cords fanned out from the rete testis re
maining as simple arches which showed
some waviness and folding along their
course Sex cords were similarly distrib-
uted in testes of newborn rats but con-
comitant with their rapid lengthemngz
they each folded themselves fnto a2 num-
ber — abaut 90 —of tiny comsclutions
Thereafter the number of comvolutions
remained constant as‘the hm'bs connec

¥ CLERMONT AND CLAIRE HUCKINS

ented cramally and their narrow parts
directed caudally These funnels or cones
more or less regularly inserted into one
another Furthermore both outer and
inner tubules which had evolved from
outer and inner sex cords respectiely
could be found A definite correlation
could be established between the position
of a tubule in the testis and the site of its
connections with the rete testis

Although many morphological features
were deeply modified dunng the extensive
growth of sex cords into adult seminifer
ous tubules the architectural plan of the
tubules in the adult testis reflected the
distnbution of sex cords in the embryo
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Osteogenesis of Acellular Teleost Fish Bone!

MELVIN L. MOSS

Department of Anatomy Columbra Unitersity
Coltege of Physicrans and Surgeons New York

Bone m many hgher Teleost fish 15
totally devoid of enclosed osteocytes (Moss
60) The existence of this umque skele
tal tissue type poses many problems
among which are those regarding 1ts struc
ture and osteogenesis

holliker (1859) studied 289 species of
fish and divided them 1into two groups on
the basis of the presence 1n therr skeletons
of ether cellular or acellular bone  This
latter tissue he also termed “osteoid ” adds
tionally lkemng 1t 1ncorrectly to dentin
Schrnud Monnard (1883) 1n one of the
first papers dealing with the histogenests
of acellular bone declared that “cell free”
bone arose as a product of osteoblastic ac
tivity and that these osteoblasts frequently
become “enclosed n the formed bone sub-
stance” Tretjakoff and Chinkus (27)
were of the opmnion that the only differen
tiating charactenstic between cellular and
acellular bone was the lack of cells a con
cluston by Wi ki (33)

MATERIALS AND METHODS

Two species of the Famuly Cichlidae
were used Tilapia macrocephalus and
Aequidens latifrons both maintamed at
80 F in laberatory agquana These were
obtained through the courtesy of Dr Les
ter Aronson Department of Amimal Be-
havior Amencan Museum of Natural His
tory Both spectes possess acellular bone
The lower Jaw and the operculum were
used exclusively in the present study Sev
eral specimens of each size were obtamed
at 5mm intervals of body length which
ranged from 6 to 120 mm These were
fixed 1n neutral formalin embedded in
paraffin and cut senally at 6 u  All spec
mens larger than 30 mm were decalcified
1m a lactic acid mtne acid mixture In the
smaller specimens one senes was sumlarly
decaleified while another matching senes
\va: cut undes:'alclﬁed

was

Ougaroff (31) while agreemng that cellu
lar and acellular bones were sumlar both
“mn general and 1n detail " felt that there
were some undescribed ne dif

provided by Fundulus h Litus a ma
nne form having acellular bone and by
Carassius auratus  which has cellular
bone Thej age of these fish could not be

ferences between these two tissues A
more recent morphologic descnption of
this tissue 15 that of Enlow and Brown
(56

Acellular bone has long been known to
the palechistologist The work of Stensio
Gross Bystrow and Orvig have blished

y matenal was
obtained from Salielinus fontinalis Scom
beromorus maculatus and Porontus trna

canthus
Stmns  Selected sections of all fish
were stamned with hematoxyhn and eosin
Alternate senial sections were stained with
i h von hossas silver

that both types of bone were present in
the earliest Ordovician vertebrates (see
Orvig 51 for a recent comprehensie
Teview and a most complete citation of the
literature)

At the outset of a senes of investiga
tions concerning the structure and func
tion of acellular bone it was felt that a
study of its mode of osteogenesis was
warranted

mitrate  Prusstan blue (McGee Russell
58) Alcian blue Weigerts elastic and
Footes silier techniques Sections were
also stained by methylene blue extinction
and penodic acid Schuff techniques Addr
tional unstained and undecalaified sec
tions were studied by phase and polanza
tion microscopy

Ailded in part by grants A 1930 and D-1206
National Institutes of Health






ACELLULAR FISH BONE

1 Penosteal osteogenesis At sites of
active bone growth the penosteum may be
ather single or mulitilayered (figs 8 9
10) Osteogenic cells are intensely baso-
phiie and assume a wide varety of
shapes In very rapuly growing areas it
is occasionally possible to define an un
caleified layer of ostemd As in mamma
han bone some osteoblasts become incor
porated within a matnx of thewr own
production It is precisely here that the
differentiation between cellular and acel
lular bone begins At first and especially
n very young acellular bone fish the

Tosod b Bl

)]
cellular bope osteocytes (fig 11} Very
rapidly these cells undergo nuclear pycno-
sis Thenr cell spaces (lacunae?) become
filled with 2 faintly hak Y
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2 Chondroidal osteogenests  Many ar
ticular areas 1n the lower jaw are covered
with chondroid tissue (fig 13) The mor
phology of this tissue somewhat resembles
mammaban articular cartilage (fig 14)

Chondroid is a multilayered tissue of
varable thickness (5-30 cells thick)
Superficial cells are roughly elliptical with
their long axes parallel to the surface
The tells graduaily become more spher
ical as depth increases Deeper stll the
cells hypertrophy nuclear basophiha in
creases and the cytoplasm becomes highter

In cellular bone osteogenesis these en
larged cells change insensibly 1nto osteo-
cytes as the surrounding matrix becomes

Jeified When calaifi has d
the size of the enclosed osteocytes become
smaller and therr shape 11denuca1 with

(fig 12) Gradually tlus, cell space dis
appears and the area becomes indistin
guishable from the surrounding matnx
This obliteration was studied best in the
hondroidal mode of

that
(fg 13)
1 Nl

n

nuclear pyenosis occurs in the deeper lay

ers 1dentical with that observed m acellu
1 s 5

and
will be discussed further below Study
of undecalcified sections make it certan
that the ding matnix is calcified
pner to the obhiteration of the cell space
The pencellular matnx is more sntensely
basophilic It is not clear whether tis
localized vmodif: is homol with
a lacunar wall The penosteum of resting
(non growing) bone surfaces becomes ex
tremely attenuated In some

lar

of the matrix external to these pycnotic
cells 1s followed by a “calcification” of the
cell space {figs 14 15)

In the zone of calcification of the chon
droid tissue of both skeletal types the
penodic acid Schff reaction becomes espe
cally strong in the extracellular matnx
‘The intensity of this reacuon dunimshes
in the cellular bone following the trans

there is a thin layer of elongated fusiform
cells (ig 10) In others virtually no cell
layer is seen (fig 4)

It is extremely difficult to obsene the
mneorporation of osteoblastic cells 1n acel
tular bone formation In most cases even
m fish undergomng rapid growth the im
pression persisted that the osteoblasts
possibly played a role 1 the synthesis of
the ground substance and ats fibers (and
also a role in the leifi

of the chondrord into bone

while i the acellular bone this diminution

occurs when the empty cell spaces begin

to be “filled in ” Our present datfa suggest
1 of cal

an mtr

salts This 1s mdicated in the following

manner in undecalcified sections The
)| of these cells 1

stained by von hossa and Prussian Blue
techmques This stain is diffuse in the
cytoplas‘m Unstained sections viewed un

tion?) in a manner ) 1

der light show birefungent

to that of odontoblasts in the formation
of denttn  That is the cells did not seem
1o be entrapped at all but rather were
constantly “withdrawing™ from the acel
lular bone matrix Of course no cyto-
plasmic processes were left behind so that
the odontoblastic analogy is perhaps a bit
too strong

“ les " These same “granules™ appear
datk as does bone when viewed with
bnght phase contrast All these signs dis
appear in decalafied sections

The most convincing demonstration of
intracellul was ob by
the method of Hiyama and lchikawa
(52) Tilapia injected 96 and 72 hours
before sacrifice showed abundant extra
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TABLE 1
IDufferential stasmung vf chondrowd tissue and other fish and rodent sheletal tissues

Mucicarmune Thionme Methylene bine
Chondroid
(fish vanious) () [C) {(x)atpH466 (F)at
pH 5.36
Hyahn cartilage
(fisk vanous) (+) +) (+)atpH28
(rodent) (+) +) (+)atpH2s
Secondary cartilage
ent) (+) m pencellular (+) in pencellular {+)atpH2621npen
matnx only matrx only cellular matrrx
() atpH 3 88 m all of the
matnx
Bane
(fish rat vanous) (=) (&S] (+) at pH range< 4 66-5.36

cellular granules i the zone of calcifica
tion of the chondroxd matnx and some
intracellular granules in the deeper parts
of this same layer Tilapia injected 288
216 120 and 48 hours pnor to sacnfice
showed additionally many granules in
the empty cell spaces of the deeper layers

The superficial resemblance of chon
droxd to exther piscine or mammalian car
ulage 1s dispelled both by a careful mor
phological exammation (fig 16) and by
1ts differential stamning reactions (table 1)
Chondroid differed from the secondary
cartilage of the rat which also undergoes
an analogous transformation (metaplasia)
directly mto bone (Moss 58 60)

The h of Y ploy
were mcapable of demonstrating the sites
of these cell spaces 1n more mature acel
lular bone In the areas of newly calefied
acellular matrix such “ghost sites” could
still be visualized within the woven bone
of the area (figs 12 16)

DISCUSSION

Bone Little attention has been paid
to acellular bone Some may feel that ths
dy 15 2 C d n terms
A suniey of the comparative and phylo-
genetic aspects of the skeletal system (cf
Schaffer 30 Weidenreich 30 Petersen
30) reveals a wide spectrumn of skeletal
ussues including acellular bone which
exhibit great diversity and blend msen
sibly mto each other Bnefly they form
a coptinuum rather than a senies of dis-
crete entites While mammalian skeletal

this dnersity especially in pathological
situations 1n general they are a group of
evolied tissues whose histologic character
1stics are rather specific and self limting
For examples of the newer concepts and
hypotheses that anise when non mamma
Iian skeletal tssues are considered see
Orvig (51)

A brief review of earlier attempts at
classification of piscine bone 1s useful
holltker (1858) spoke of (a) “true” bone
as a nissue contaming cells (b) a bone
tissue “like dentin” without cells (presum
ably contaiming uncalcified fibers) and of
(c) an “osteoid” tissue which contaned
netther tubules nor cells In addition he
defined several other skeletal tissue types
which are not of immediate concern Tret
jakoff (24 25) regarded hollikers “den
un bone” as “true bone” and classified
piscine bone as  (a) true bone which
contamed cells (b) osteoid substance and
(€) “psendodentin” with and without cells
A more recent dichotomous classification
15 that of Bertin ( 58) who spoke of 0s
teord tissue (without cells) and of “bone
tissue proper” (with cells)

Most of this essentially semantic con
fusion arose from attempts to classify non
mammahan skeletal tissue types in terms
applicable to mammals alone Bone as a
ussue may be either cellular or acellular
(cf Orig 51) It consists of an essen
tally collagenous orgame fiber matrix
with assocrated mucoprotemns and is cal
cified by hydroxyapatite salts Despite
these essential simularities there are un
doubted differences When compared with

tissues Ties rate some of
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cellular fish bone the acellular bone has
crystallites of smaller size and also has
a significantly greater amount of orgamic
mass presumably collagen (Moss and
Posner 60) These data reject the ear
Tier contention of Tretjakoff and Chinkus
(27) that the only t
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attention This 1s the apparent with
drawal of the penosteal layer dunng acel
lular bone formation It was rare to find

d of bl 1ncor m
the bone matrix during this type of osteo-
genesis The]l.mpresslon exasts that these

cellular and acellular bone 1s the absence
of cells and support the thesis of Ougar
off (31)

Chondroid  Chondrod tissue 15 gen
erally composed of circumscribed com
pact masses of large \

cells p 1ve layers of acel
lular bone and contmnuously withdrew
from the front of matnx formation Itas
stressed that no evidence of enclosed pro-
toplasmme processes was observed which in
any way resembled odontoblastic proces

cells which appear to have a high flud
content These cells are non-capsulated
separated by vanable but usually sparse
hasnohil Tl b withm

which a fibrous framework ewists

Gen
erally the tissue resembles relativel:
young cartilage and has been 1

seg Bertin { 58) does mention
such a type of cell process 1n the “canalic
ulated” cellular bone of Holostean fish

Chondroidal osteogenesis on the other
hand does appear to be umque mn fish
Superficially there 15 a stmlanty between
the ::‘handrmda! osteogenesis  and Jthe
T: f l

termed pseudocartilage prochondral tis
sue vesicular supporting tissue fibrohy
alin tissue and precartilage (cf Stud
mcka 03) Schaiffer (30) describes 4
main types of chondroid tissue chiefly
charactenized by differing amount of mu
caid rich antercellular substance

Chondroid tissue stands in_an inter
mediate posihon between chordoid (noto-
chordal) and cartilagmous tissues It 1s
emphasized that a spectrum of tissues
exists these ly dis
crete entities

Our present data (table 1) indicate that
chondroid and cartilage may be tincton
ally differentiated by the mnability of the
former to stam with mueicarrmine and
thiorune and by ats inability to bind meth
ylene blue below a pH of 4 66

The speaific type of chondroid tissue we
are presently concerned with has been
deseribed by Lubosch (10) as a “sesic
ular tissue charactenstic of the joint mor
phology of the bony fish Nowhere else
n jomnt histology does it play such a role
In certain places 1t especially forms a
complete substitute for cartilage and car
nes out completely the vaned funchions
of these sites™ The mechamcal role of
this specific chondroid tissue is also
agreed to by Petersen ( 14) See hasch
!'o;x‘:ﬂ* (16) for further details

P 1

0! Y
cartilage to bone (see Moss 58 for a
recent review of this latter tissue) In
both tissues there 1s a metaplasia of the
ongmal tissue cells into osteoblasts (osteo-
cytes?) with concomitant alteration n
the surrounding matnx and ground sub-
stance ending n the calcificanen of these
extracellular areas The differential stain
mg reactions of these two tissues (table 1)
probably allows us to claim that a basic
dispanty exists between them
While there are sufficient mutually con
firmatory reports extant concerming the
transformation of secondary cartilage
there 1s but one prior report of the trans
formation of chondraid inte bone that of
Loewenthal (24) who further noted that
chondroid may also transform into hyahn
cartilage at appropriate sites
The observed process of intracytoplas
mic “mineralization” leading to the obhit
eration of enclased cells 1n acellular osteo-
genesis appears to be similar to the
obliteration  of osteocytes obsersed by
Belanger ( 59) 1n early osteclathynsm 1n
the rat and possibly to the process which
produces the human “mucropetrosis” de
seribed by Frost (60) Whatever the
actual mechamsm prosves to be these data
extend the earler position of Ougaroff
(31) who claimed that the osteoblastic
(csteo::)tic?)) cytoplasm became drrectly

15
a basic vertebrate process essentially ho-
mologous fn all forms One pant requires

nto bone matnx ™ We note
in passing that certain unicellular orga
rusms also possess the abihty to undergo
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intr
ca!cxﬁcanon (Ennever and Snyder 60
Scott and Wnight 60 Zander Hazen and

Scott  60)

SUMMARY

The microscopic morphology of acellu
Iar fish bone tissue was descnbed and
compared with cellular fish bone tissue
and found to differ at thys level of obser
tation only in the presence or absence
of osteocytes A semes of non-osseous
piscine tissues was also descmbed with
emphasis on a chondroid tissue type Tiwvo
modes of pscime osteogenesis were de
scnbed 3 penosteal and a chondroidal
both of which participated homologously
m the formanon of both cellular and
acellular bone The penosteal mode 1s
1dermcal with that obsened in higher ver
S with the p e that

in )
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may withdraw away from the site of bone
matnx formation Chondroidal osteogen
es1s involves a direct tr: 1on from
chondroidal to osseous tissue In acellular
bope formation this latter process was
abserved to include cellular pyenosis and
hyperchmmasxa m areas of extracellular

Thus was foll d by ob-
L of blastic (. ytic?)
sites by a process of intracellular caleifica
tion
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PLATE 1

EXPLANATION OF FIGURES

The fllustrations in both plates are of the lower jaw elements of the indrcated fish

The basophilic cement line sharply delineates the base of the newly formed cellular
bone Note the osteoblastic cells on the left and the generally loose appearance of this
tissue  Salvelinus fontinalis Approx X 100

2 In addition to demonstrating the morphology of newly formed cellular fish bone thrs

section shows the penetration of collagen fibers through the newly formed bone into
the older osseous tissue Salvelinus fontinalis Approx X 400

3 The continity of these lightly stained fiber bundles deep into cellular bone tissue

Approx X 400

4 Non growmg acellular bone is shown Note the absence of a periosteum The honi

zontal striattons do not stamn as distinctly as the cement Lines of the previous figures
although they may u Ap-
prox X 400

An example of extreme intnnsic vasculanty in compact acellular bone There are no
osteons 1n this tisswe Scomberomorus maculatus Approx X 100

A layer of acellular bone 1s seen Iymg horzontally beneath a rod of hyalin cartilage
Note that the skeletally active soft tissue layer lies between the carfilage and the bone
Scombergmorus maculatus Approx X 200

Endrochondral ossification  Note the general lack of trabeculae and the absence of 2
zome of caletficahon A single cone of hypertrophic cartilage 18 seen with an attached
area of cellular bone Carassius auratus X 100

FPeriosteal A s above an actively growing area
of acellular bone Note the absence of enclosed Dsteobhsts Telapic macrocephala
Approx x 400




PLATE 1

LLULAR FISH BONE

mL Ms

107



108

9

PLATE 2

EXPLANATION OF FIGURES

P te The of an actively growing area of cellular bone
Note lhc cnclosed osteocytes the arca of uncalcified matrix and the anclusion of many
collagenous fibers Carassius auratus Approx X 400

Penosteal osteogenests The tip of the growing acellular bone is surrounded by an
active thickened pertostenm while the relatively quiescent periostewm immediately
to the left 1s more attenuated Tiaput macrocephala  Approx x 400

Penosteal osteogenesis Acellular bone formation 16 a very young form The bone shows
enclosed osteoblasts which will quickly disappear Tilapia macrocephala  Approv
00

Periosteal osteogenesis The cell spaces of this acellular bone are ﬁ]led with a famny
eosinophulie matnx which stains s for Tilg,
Approx X 400

Chondral osteogenesis of acellular bone Note the gradual trans:tion of ¢ell morphology
of the chondral tissue The deepest cells show cellular changes and caleification
Tuapia macrocephala  Approx > 400

Chondral esteogenests of cellular bone These tissues are undoubtedly articular sur
faces Carasstus auratus Approx X 100

Chondral osteogenesis of acellular bone The sequence of changes are especially well
shown in this section Poronotus triacanthus Approx , 300

The unctorial differentiation between chondroid tissue (upper) and hyabn cartilage
(lower) 15 illustrated Tuapia macrocephalas APFrox >
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fistochemical Studies on the Histogenesis of the
omts in Human Fetuses with Special Reference
o the Development of the Joint Cavities

n the Hand and Foot'

HELGE ANDERSEN anp FREDE BRO RASMUSSEN
Department of Aratomy Unmersity of Copenhagen
Nerre Alle 63 Copenhagen Denmark

Since the publication of Bernays (1878)
Schulins (1879) and Hagen Torn's (1882)
classical studies on the development of the
jomts a number of comprehensive thor
ough and amply illustrated papers have
appeared The most important of the re
cent papers are those of Walmsley ( 40)
Whillis ( 40) Hamnes (47) Gardner and
Gray (50 53) Gray and Gardner (50
51) and Gray Gardner and ORahilly
(57)

A common feature of these and most
other studies is that apparently very httle
attention has been gren to the histological
technique Careful perusal of the papers
and #ilustrations indicates that a number
of the results regarding the formation of
the joint cavitles are undoubtedly misinter
pretations of artifacts caused by shrinkage
of the tissues during the preparation of
the sections

Furthermore no study using the most
recent histochemucal staining methods ap
pears to have been reported We have
therefore made a renewed study of the
development of the joints concentrating
primanly on techniques As the object of
our study we chose the formation of the
Joint cavities in the hands and feet fe
fairly simple joint cavities

MATERIAL AND METHODS

Material The matenal comprises 25
human fetuses removed from the uterine
cavity by Caesarean section in the course
of 1 operations A d to
crown rump length the material may be
grouped as follows 12 mm (1) 30 mm
{1) 8 mm (1) 61 mm (1) 63 mm (1)
65 mm (2) 75 mm (1) 78 mm (1) 80
mm (1) 90 mm (1) 99 mm (1) 102 mm

(2) 108 mm (1) 110 mm (1) 118 mm
(1) 125 mm (1) 127 mm (1) 135 mm
(1) 148 mm (1) 160 mm (2) 170 mm
(1) 178 mm (1)

Hands and feet were used to study a
interphalangeal joints b metacarpo and
metatarsophalangeal joints ¢ carpometa
carpal jomnts d tarsometatarsal joints e
intercarpal joints f intertarsal joints g
radiocarpal Joints and h talocrural joints

The follewing requirements must be
made on the material used

1 It must be as freshly removed as pos
sible in order to reflect the conditions m
the lning body as accurately as prac
ticable

2 Any artificial bending of the joints
must be avoided since this will inevitably
create a Jomt space Morcover any cut
ting out of tissue preces must be done very
carefully and far from the jomnts to be
studied If small tissue pieces are desired
during the scctiomng and subsequent
flattening of the sections 1t is recom
mended to cut out these preces after em
bedding the tissue 1 paraffin Using a
sharp razor blade we have successfully
practiced this procedure without causing
distortion in the tssue

Fixatton  The specimens were fixed as
soon as possible although experiments
have shown that even a penod of 6 hours
at roem temperature before fixation ap
parently does not affect the histochemical
reactions uscd in the present study (An
dersen 60)

This work was supported by grants from The
A ociation { r the Aid of the Crippled Children
New York and from the Ring Chnstian X Foun
dation Copenhagen Denmark
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As a fixauve we used Lillie s acetic acd
alcohol formalin (consisting of 10 ml 40%
formaldehyde 5 ml glacial acetic acid and
85 ml 1007 ethanol) (Lihe 49) The
choice of this fixative mixture was made
for the following reasons

1 Each component of a fixative mix
ture should as far as p 1

HELGE ANDERSEN AND FREDE BRO RASMUSSEN

charides and s recommended by Pearse
(60) as a fixatrve for these substances
Frxation pertod was 48 hours On com
panson with Lillies fixative nuxture we
did not find strtking differences
Decalcafication As soon as ossificaton
processes began to mamfest themselves

for a defect 1 another Ethanol results 1n
severe shrinkage of the tissue and does
not fix chromatin whereas acetic acd
compensates for both these defects Acetic
acid does not fix cytoplasm and karyo
plasm while ethanol fixes both Ethanol
fixes cytoplasm and karyoplasm in a fairly
coarse network whereas formaldehyde
gives a more even fixation of these com
ponents and involves less shrinkage of the
tissues (Baker 58)

2 Lihe ( 54) reports that this mixture
of fixatnes 1s excellent for glycogen pres
ervation 1if possible superior to Carnoy

3 Ths fixatise affords good fixation of
the acid mucopolysacchandes 1n fetal tis
sue (Andersen 61)

4 No ninsing 1s required after the fixa

1on was performed using 1
medium consisting of 2¢% catne acd and
20% sodium citrate (equal parts) with
pH of about 60 (Andersen and Balslev
Jorgensen 60 Andersen 81) This de
calafication apparently mvolies no loss
of metachromasia even after the lapse of
30 days A decaleification period of 12-18
hours 1s sufficient depending on the fetal
size and nnsing of the decalafymng me
dtm for %2 to one hour 1s fully sufficrent
Nuclear staining was not affected Appar
ently there was no difference between
specimens which were decalcfied and
those which were not decalcified
Embedding and sectioming  Shrinkage
of the tissue may oceur not only dunng
fixation but also during dehydration and

tion since all three comp are freely
muscible with a dehydrating medium such
as ethanol

It may be a disadvantage to use a mix
ture of fixatives where different compo
nents penetrate the tissue at different
rates Normally this disadvantage may be
compensated for by the use of small tissue
preces but this procedure was not prac
ticable 1n the present study in which the
main stress was to aveld any unnecessary
damage to the tissue In return the three
components 1n the mxture used are
fauly rapidly penetrating ussue fixatnes
(Baker 58)

In order to control the ability of the fix
atnne mmxture used 1n the present study
to fix acid mucopolvsacchanides we used
cetyl pyndintum chlonde which according
to Wilhams and Jackson ( 56) 1s a good
fixatne for these substances prior to meta
chromatic staiming and stamming  with
periodic acid Schiff reagent In the opin
10n of these authors this fixation 15 su
penor to 4% _aqueous formahn and Car
noys flud Cetyl pyndimum chlonde 1s
used as an 05¢ solution in 4 agueous
formaldehyde It forms ‘erv insoluble
complexes with the acid mucopolysac

In order to mvestigate this
aspect three experimental series were set
up

I Dchydration through 70% 96¢% and
absolute alcohol to xylene followed by em
bedding 1n paraffin as usual

11 Dchydration 1n an apparatus altow
g the alcohol concentration to mncrease
only by a drop per second Correspond
ngly the apparatus gives an even transi
tion from ethanol to xylene From xylene
the tissue passes through xylenc paraffin
mixtures to paraffin contuning 5% bees
wax (at 58 )

Il In order to evade the effect of alco-
hol the uissue was dehydrated for 5-6
hours 1 a mixture of Carbowax 4000 and
1500 (9 1) at 58 C (Blank and McCarthy
54) According to these authors even
4 days action of molten Carbownx does
not cause evident distortion in the tissuc
After dehydration the tissue was pissed
through Xylene xylene paraffin mixtures
to paraffin as wn expeniment II in order 10
cvade the difficulties of floating out Car
bowax embedded sections

After tnmming of blochs the spectmens
were cut mnto scetions of 7-15 n which
were presented from curling by breathing
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on them during the entire cutting process
and by supporting them by a fine brush

In each series the sections were flat
tened as follows (a) On the surface of a
thermostat regulated water bath at 37 C
(b) Directly on the “Meyer-coated” shdes
by a drop of 37 C aqueous 0 1¢z sodium
chromate (Heard 57) (c) Directly on
the “Meyer coated” slides without using
any particular floating medium

The sections were dried as follows
(1) In a desiccator at 40 C (2) at room
temperature and (3) at room temperature
under a glass case holding a dish with
phosphorus pentoade

The best results with a mmnmum of
distortion were cbtaned by dehydration
methods IT and ITII when the sections were
flattened wath 37 C aqueous 0 1% sodium
chromate or directly on the “Meyer-coated”
slides without a flattening medwma  Small
secttans are fairly easy to flatten by this
procedure whereas larger sections did not
flatten completely As already mentioned
this difficulty was overcome by cutting the
tissue Into smaller pieces after embedding
1 parafin  Except m the very small fe
tuses flattening on the thermostat regu
lated water bath at 37 C would mevitably
give rise to artificial joint spaces the car
tilages bending and becorming retracted
from the joint area By a thorough con
trol of each step of the preparation 1t
was found that the vulnerable step was
the drying of the flattened sections Too
rapid drying of the heterogeneous tissue
resulted in shrinkage leading to artificial
jomt spaces The best results were ob
tamed by drying at room temperature

Starming 1 Metachromatic staiming
was with 01 azure A in 30 ethanol
(hramer and Windrum 355} These au
thors recommend a stainne period of 10
minutes for demonstrating small quanti
ues of acild mucopolysaccharides and a
shorter staimng penod for demonstrating
larger of poly ‘hande
With the stain (GT Gurr) used 1n the
present study the optimum staining penod
has been found to be one minute (Ander
sen and Balslev Jorgensen 60 Andersen
60 and 61)
2 Stajning with 017 Alcian blue 1in

3< acetic aad (pH 27-30) (Mowry
36) followed by erdmary penodic acid
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Schuff  Between the penodic acd and the
Schiff reagent the specimens were washed
for 5 minutes 1 water This precaution
1s adequate for presenting recolonzation
of Schiff's reagent due to pertodate (Hale
57y

3 Stamng with penodic acid Schaff
reagent (Pearse 60) to demonstrate
partly connectine tissue and partly glyco-
gen For this purpose celloidm-coated sec
nons were used (17t celloidin 1n ether/
alcohol) 1n order to prevent the periodic
acid from remosing the glycogen These

were not decaleified

4 Staimng
(Romeis 48)

5 Phase contrast microscopy

With metachromatic statming shnnh
age may occur occasionally since after
stainng the sections pass from distilled
water directly to absolute alcohal The
other staiming methods did not insolse any
shrinkage dunng the staiming procedure
and the subsequent mounting As a mount
ng medium we used DePex highly diluted
with xylene mn order to avoid distortions 1n
the sections duning the rapid drving of De
Pex The influences of stamming upon the
sections were obseried by direct micros-
copy of the non-deparaffimized sections
and by phase-<contrast microscopy

In order to ascertain which substances
were ble for the h
reaction 1n the sections e performed an

test with hy usimng
1 mg per ml 0 9% NaCl at 37 C for 15
hours By way of further control sections
were 1ncubated 1n 0 9 NaCl without en
zyme at 37 C for 15 hours The alcohol
resistance of the metachromatic reaction
was studied by passing the sections briefiv
through 70¢% ethanol and 96 ethanol
(one mnute) after the staining

In order to control the presence of gly
cogen digestion tests with human salna
were run for 15 hours at room tempera
ture followed bv peniodic acxd Schuiff stamn
mg The sections were not celloidincoated
until after the treatment with salina since
celloidin would prevent the action of the
enzyme

with hematocilin eosin

OBSERS ATIONS
At the site of the future jomnt there 14
i early stages the so-called interzone
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serted between the adjoimng cartilages
This nterzone 1s three layered consising
of two chondrogenous layers each con
tinumg m the perichondrium of the car
tilages and i an intermediate layer of
loose avascular mesenchyme which con
tinues penipherally 1n a vascular mesen
chyme the socalled synowial mesen
chyme The lattcr extends wedge shaped
i between the adjoming chondrogenous
layers The cells of the intermediate layer
of the interzone are mrranged with thewr
long axes at night angles to the long axes
of the adjoiming cartilages and here m
totic figures are not as abundant as n
the two chondrogenous Jayers The latter
which are at the site of the subsequent
10t surfaces show pronounced y meta
chromasia 1o the Tlul. L

FREDE BRO RASMUSSEN

nary perichondrium At later developmen
tal stages the mtermediate layer has been
occupied from both sides by the chondro-
genous layers and the two chondrogenous
layers touching mn the central area of the
joint At the same time the two chondro-
genous layers cease to exist at this site
as growth zones for the adjommng cartt
lages and are mcorporated 1n the joint car
tilages which are now 1 contact by smooth
surfaces (fig 2) In the penpheral area
of the jomt the cartilages remaln covered
for some time still with a chondrogenous
layer From this layer the pernpheral seg
ments of the future joint surface undergo
continuous appositional growth n order
to keep up with the growth of the fetus
as a whole After the disappearance of the
hond layer the central area of

and this metachromasia merges evenly
nto the fainter metachromasia of the 1
termediate layer A symlar appearance
1s seen with Alcian blue which stams the
mntercellular substance a bnght blue In
the early developmental stages the inter
mediate layer of the interzone consists of
\1 zone which 1s 3-4 cells tinck but n
/laler phases this layer 1s occupred from
both sides by the chondrogenous layers
uts cells being converted to chondroblasts
depostting  hughly ¢ metachromatic sub
stances around them (fig 1) The same
result1s found wicth Alctan blue Thus the
cartilages bordenng on the Jomnt grow
appositionally 1n all drections  partly
through the chondrogenous layers in the
1nterzone and partly by the aid of the ordi

Jomnt carnilage undergoes only Interstitial
growth 1In the case of the foot s com
erdes closely with the occurrence of vascu
lar canals m the cartilages (at 80 mmcr
length) In the carpus the vascular car
tilage canals (at 100 mm cr length) do
not appear until long after the central
parts of the chondrogenous layers hate
been incorporated in the jomnt cartilage
This must be related to the fact that in
the hand the cartilages remain for a long
time of an order of magnitude which per
muts the necessary supply to the inside of
the cartilages by the perichondral vessels

securing interstitial growth Penodic acid

Schiff stams the intercellular substance
of the intermedate Iayer only very famntly

and the same applies to the mtercellular

Fig 1 Sagittal se ton

through the talocrural yoint at 65 mm cros nrump length  The

1 the twa chondro-

intermediate layer of the 1 almost

genous layers Staiung 01

azure A 1 30 ethanol

100
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Fig 2

interzone 1 chond:

of joint cannes a Threelayered

tayer layer b The

intermediate layer of the interzone has been almost completely incorporated in the twa

chondrogenous layers ¢ The newly formed jomt cavity

stage b

mn the chond layers
On the other hand this staining method
grves a strong reaction for glycogen 1n the
cells of the chondrogenous layers and also
1n the cells of the intermediate layer which
are gradually comerted to chondroblasts
and 1ncorporated n the chondrogenous
layers The synovial mesenchyme stretch
g wedge shaped in between the chan
drogenous layers in the penipheral parts of
the joint gradually shows increased vas
culamty The numerous ‘essels are em
bedded 1n a ground substance which stains
a bnicht blue with Alcian blue and 1s ¢
metachromatic and PAS-positine It 15 not
particularly cellular but at 110 mm the
first shighuv_granulated mast cells begn
to appear This correspands rather accu

d Aruficial rupture occurnng at

rately to previous findings (Andersen 61)
No glycogen 1s seen in the cells of the
synovial mesenchyme

The jomts of the foot from the talo-
crural jomnt and to the distal point develop
at approxamately the same ime Between
60 and 768 mm cr length the formation
of the jont caviues 1s completed 1n the
central areas (fig 3) whence they spread
penpherally where the vascular synovial
mesenchyme projects wedge shaped into
the jaint cavity In companson the joints
of the hand from the radiocarpal jomt
and towards the distal pomnt are someswhat
ahead 1n development the joint cavities
appearing at a crown rump length of be
tween 50 and 65 mm
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Fig 3 Samttal
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section through the talonavieul2r joint at 78 mm cxown rump Jength

m the two

1ayer of the
layers and 2 joint 2%ty 18 esible Q17

DISCLSSION

In a 5week-old human embrio the
sheletal blasterna in the imbs forms a co-
herent cord of condensed mesenchvme 1n
which the 1on of the prech
dral and later the chondral centers of the
mndisadual bones takes place  Gradually
as the centers develop and approach each
other parts of the non-differentiated blas-
tema are left between them the so<called
1mnterzone

At the outset the interzone consists of
a homogenous tissue but as already men
tioned 1t soon becomes three lavered  This
phenomenon 1s seen 1n 2all joints the sepa
rauon into three lavers appeanng first m
the large and proximal jomnts of the ex
trerittes  So far there seems to be agree
ment between the vanous groups of
vesngators The disagreement concerns
the formaton ard umc of formaton of
the joint cavittes

In the present sene w  found three
Javered interzones in the hand at the 30
mm stage Haines 37 fouand three

has n
azure A in 30 ethanol
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Iavered interzones sn the carpal and m
most Intercarpal jomnts at 25 mm and 1
all interphalangeal jomnts at 27 mm where
as Whillis ( 40) found three lavered 1nter
zones at the 30 mm stage In a comprc
hensne studv on the development of the
hand Gray Gardner and QOPahilly ( 57)
found somewhat varying umes of appear
ance of the tnterzones 1n the mdmdual
jomnts  On the whole howeser therr re
sults are comparable with those mentiored
above On the other hand there 15 2
marked conflict of oprnion regarding the
umes at which the joint cavines appear
Lewis ( 02) did not find ans joint cavities
before 20 mm Martin ( 39) found jont
casities 1n all jJoints of the hand at §1 mm
and Leboucq (1884) stated that all jomnt
cavities were present towards the end of
the 4th month Hames found complete
separation of the joint surfaces in th”
metacarpophalangeal jomnts at 43 mm
whereas the cawities of the wnsts and
(ntercarpal Jomnts did mot appear until
after the 50 mm stage Beau Semmelet
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and Cavotte ( 52) found radiocarpal cavi
ties at 25 mm and almost complete cavita
tion at 65 mm Gray Gardner and
ORahilly found cavitation in the jonts
of the hand between 30 mm and 50 mm
but they state at the same time that not
all the cavities were constantly present un
nl about 65 mm In many places they
found contact between the different car
tlaginous elements after the formation of
jomnt cavities had started Unlike Whilhis
however they never found fusion of the
Joint surfaces

Practically all authors agree that the
primordia of the joint cavities start at the
peripheral parts of the joints from which
they spread mnto the mtermediate layer of
the interzone by a process of hiquefaction
Faldino (21) on the other hand has
stated that the joint cavities start cen
trally 1n the radiocarpal joint at 35 mm
(although at 41 mm he found none) cen
trally in the intercarpal jowmnts at 45 mm
and n the mterphalangeal jomnts after 61
mm Faldinos view that the joint cavihes

F R W -

Fig 4 Frontal section i
vial fold m space bet cen
tlematoxylin-eosin

ght hand 12 mm crown rump length
lunate capitate hamate and triquetral
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appear in the central part of the interzone
has found practically no support in the
Iiterature nether 1n regard to the jomts
of the hand and feet nor to the large
Joints

Qur studies have not supported either
the primary appearance of the jomnt cavi
ties at the penphery or the liquefaction m
the intermediate layer This must be
seen 1 the hight of the histological tech
nique and the use of modern histocherm
cal reactions As mentioned above httle
attention has been given to the techmque
so far although a few authors are aware
of the t 1 difficul As
early as 1897 Hultkrantz called attention
to the fact that i one section the jomnt
cavities may be open while 1 a neighbor
ing section they prove to be closed Haines
states that “cartilages are motorious for
their liability to expand and contract as
they pass from one solution to another
both 1n the cellmdin and paraffin tech
mques " He adds that in the early stages
it 1s relatively easy to find out what are

showing vascular syno.
No artifeial rupture
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artifacts but dunng the latter stages this
difficulty 15 enormously mcreased To
Hames addition we must agree but as to
what are natural occurrences and what
are artifacts our expertence brings us mn
conflict with Hamnes Whills as well as
Gray Gardner and ORahilly By numer
ous methodical studies of sections from
the same hands and feet we have formed
the opmion that any primary occurrence
of the jomnt cavity 1n a penpheral situa
tion may be interpreted as an arufact
Espectally the drying of the sections prior
to deparafimzation and staiming (and
this was the more distinct the longer the
crown rump length) gave nise to the for
mation of peripheral jomnt cavities of ex
actly the same appearance as Hames fig
ures 28 43 and 45 as well as Gray Gard
ner and O'Rahillys figures 14 30 and 50
{which ought to be compared with our fig
ure 4) and Whilis figure 5 When ad
henng to a gentle techmque 11 all stages
of preparation we never see peripheral
joint cavittes  Moreover m contradistine
tion to Hames we never found signs of
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the carhlage expanding in the course of
preparation and causing compression of
the loose intermediate tissue mn the mter
zone On the other hand we observed that
at times the cartilages might retract from
the mtermediate layer of the Interzone
and this results i major or rmnor con
cavities of the cartilages (fig 5)
Accordmng to numerous authors the for
mation of the Joint cavities 1s preceded by
a hquefaction process peripherally as well
as centrally These liguefaction processes
are said to compnse the mtercellular
ground substance leaving a cellular net
work of scattered strands with irregularly
arranged nuclel Some of the cells in the
nner part of the cavities are sard to show
signs of cell death and the synowr1l flud
15 said to contamn remnants of cellular
debnis In our study we did not find any
signs of such hquefaction On the con
trary the histochemical retctions used by
us show that the cells of the intermed:
ate layer are able to deposit gradually
an amorphous cartilagmous ground sub
stance presumably chondroiin sulphate

Fig 5 Sagittal section th ugh the joint between the calcaneus and the cuboid bone at

65 mm crown rump length
30" ethanal x 180

Artihcial recraction of the two cartilages

o1 arure A In
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A and C as they are mcorported i _the
chondrogenous layer of the interzone Fur
thermore PAS stamnng reveals that gradu
ally these cells store glycogen in their
cytoplasm like the other chondrogenous
cells as well as the cartilage cells With
thiomne staimng Whillis reported less
stanng affimty 1 the so-called zone of
Liquefaction mo such signs were found by
us using metachromatic staimung Regret
tably Whillis does not mention the stain
ing concentration solvent staiming time
or after treatment Hematoxylin eosin
stamned sections do not afford any infor
‘matton about the intercellular ground sub
stance 1n sites where the lhquefaction 1s
reported to take place on the other hand
metachromatic staining shows a ¢ meta
chromatic ground substance 1n these sites

The cellular strands arching from one
jont surface to another and interpreted
by the aboive mentioned authors as a nor
mal occurrence represent In our expert
ence artificial distortions at a stage when
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the intermediate layer of the interzone 1s
present only as one single layer of cells
(cf fig 2d and fig 6)

It 15 agreed by most authors that the
vascular synovial mesenchyme partica
pates 1n the formation of the synovial
apparatus including synovial and sub
synovial tissue as well as in the for
mation of intracapsular structures such
as higaments At the same fime 1t must
be presumed that the mncreasing vascular
1zation taking place m this uissue after the
30 mm stage 1s of sigmficance to the sup
ply of the chondrogenous layers 1n the
avascular interzone so long as cavitation
has not taken place When cavitauon has
occurred the synovial fld may be formed
by transudation from these tessels As to
the composition of this early synovial fluud
the present study does not provide any
information According to Meyer ( 57) sul
phated mucopolysaccharides have never
been 1solated from the synosvial flmd al
though the latter does contain small

¥ig 6 Sagittal section throug
Artifhcial rupture with the format

layer 1s stll persisting an the intermediate layer thy
S wll g yer of the interzone

eh the talonavicular jaint at 65 mm crown tump length
tion of & false joint cavity at a stage while a single cellular

017 azure A in 30"~
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amounts of sulphate The only polysac
charide which has been 1solated from the
synosial fhnd 1s hyaluronic acid  Accord
ng to i uitro expenments (Meyer 57)
testicular hyaluromdase will remove chon
droiin sulfate A and C both of which
have been demonstrated 1n hyaline carti
lage The same applies to hyaluronic acid
which has never been d rated 1n

HELGE ANDERSEN AND FRLDE BRO RASMUSSEN

under certamn circumstances  However
hyaluronic acid 1s a much weaker chromo
trope than chondroitin sulfates Meyer
( 47) has demonstrated that a concentra
tion of hyaluronate in the tissues of 1%
is required for obtamning metachromasia
whereas Sylven and Malmgren (52) re
port 2-5% According to Schubert and

hyalme cartilage We therefore carned
out an extraction test with hyaluronidase
although Pearse ( 60) states that neither
bacterial nor testicular hyaluromdase will

I an (56) 1t 1s doubtful whether
this concentration 1s attained 1n tissues
and they doubt whether hyaluronates do
cause metach Finally hyal

acid appears to be a product of the least
3 ated  fibrobl

remove the ! from hy

1 (Meyer 57)

aline cartilage and that tins applies par
ticularly when the sections have been
fixed 1 media containing formalin and
alcohol He adds that mucopolysacchar
1des 1n tissue sections cannot be expected
to be as easily accessible to enzymic action
as 1n i vitro expenments  The control
experiments showed that 1 5 hours treat
ment with hyaluromdase caused 2 marked
loss of metachromatic substances 1n car
tilage ayers di
ate layer in the interzone and 1n the syn
ovial mesenchyme In other words the
mucopolysaccharides 1n fetal tissue must
be more accesible than those in adult tis
sue to enzymic action
In an attempt to establish the character
of the substance or substances which
caused the marked metachromasia in the
articular arca the alcohol resistance of the
b was iy d This test
15 based on Sylvens ( 41) finding that by
treatment with diluted alcohol a distine
tron may be made between metachromasia
caused by high molecular sulfated poly
saccharides and metachromasia caused
by sulfate free chromotropes (hyaluromc
acid) an obsemvation which has been
supported to some extent by hramer
and Windrum (55) The present experi
ments showed that treatment of the sec
uons with 70 and 96  ethanol after
metach did not

while the highly metachromatic sub
stances mn the present work were made
up of chondroblasts (in the chondrogen
ous layers of the mterzone) or of cells
which gradually become chondroblasts (1
the intermediate layer of the interzone)

But as also indicated by the tuntly
positive reaction with persodic acid Schifl
the interzone must be the site of forma
tion of other substances besides chondro
it sulfate A and C  According to Pearse
(80) recent studtes have shown that
hyaluromc acid as well as chondroitin
sulfates are PASnegatne  Moreover
Pearse reports that continued experuments
have shown that a faint PAS positine re
action 1n an intensely metachromatic
tissue 1ndicates the presence of carbo
hydrate protein complexes of the type
neutral mucopolysaccharides and muco
proteins as well as glycoproteins We are
now studying a possible process of stere
tion from the synovial mesenchyme as a
hink in a study of the larger jomnts and
carrymg out electron microscopic 1mestt
ganons

According to Mowry ( 56) Aleian blue
appears to be sensitive for the coloration
of glucuronic groups whereas Wagnes
and Shapiro (57) do not consider 1t a
specific mstochemcal reagent  stating
that posithve staimng strongly indicates
the of acid polysaccharides

the staimng result It would seem there
fore that the metachromatic substances
in the articular area are duce to chondroitin
sulfate A and C although 1t has not been
finally proved that alcohol resistance 1s
an exclusive indication of polysacchande
ester sulfate The metachromasia of the
hyaluronates 1s also alcohal resistant

SUMMARY AND CONCLUSIONS
On the basis of our investigations we
conclude that the joint cavities start cen
trally mn the jJoints after the intermediate
layer of the interzone in this sltc has
been incorporated in the two chondrogt
nous layers which in turn are incorporated
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1n the two jomt surfaces ceasing, to exast
as chondrogenous layers From the cen
tral articular area the joint cavity spreads
to the peripheral parts of the joint This
explanation of the participation of the
interzone 1n the formation of the jomnt
cavity 35 1n fair accord with Fells in utro
expenments (Fell 56) It 1s only i the
peripheral areas of the joint surfaces that
the chondrogenous layers stil persist g
g nise to appositional grawth of the mar
gmal areas of the jont surfaces whereas
the central areas show only interstizal
growth Dunng the de\elopmml oi the
Jount fairly large g

121

spreads to the penphery of the jomt In
the course of the Joint formation fauly
large quantities of chondroitin sulfate A
and C form in the three layers of the
mterzone and the cavity formanion was
nat preceded by any sign of higuefaction
or degeneration 1n the intermediate layers
of the interzone
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The Eur Apparatus of the Kangaroo Rat Dipodomys

DOUGLAS B WEBSTER
Department of Zoology Cornell Uniermity Ithaca New York

The kangaroo rat possesses sesveral
structural and functional modifications
which clearly adapt 1t to its desert environ
ment These specializations include 1ts
Jocomotor apparatus (Howell 32 Bar
tholomew and Caswell 51) 1ts vertebral
column (Hatt 32) 1ts excretory Sys
tem (Schmdt Nielsen and Schmidt Niel
sen 51 52 Vimtrup and Schoudt Niel
sen 52) 1ts slow turnover of body water
(Richmond et al  60) 1ts ability to with
stand elevated body temperatures (Daw
son 53) and 1its diestrous reproductive
cycle (Reynalds 58) Further speciahza
tions which may well be concerned with
survival 1n a desert environment are the
dorsal sebaceous gland complex (Quay
53 54) and the subcortical control of
hind limb mosement (Strauss 36) facil
matng a rapid escape mechamsm The
present study postulates that the ear ap-
paratus of the hangaroo rat may represent
an additional adaptation for hife in an and
environment whete there 1s hittle natural
cover

MATERIALS AND METHODS
Twenty five Dipodomys mernam: and 5
Drvod: bnlis were q

p ys Sp ere for
gross study of the external muddle and
nner ears and hustological sections of all
parts of the ear apparatus were prepared
(see table 1) haformacet formic acid and
the Bouns methods worked equallv well
and Peterfi s double embedding proved very
satisfactory and rminmmized distortion of
the more delicate structures  Skulls of the
nicochetal Jerboa Dipus and the spnng
haas Pedetes were also examined

In order to visualize the internal con
tours of the middle ear and to determune
Its solume quantitatinely Woods metal
casts were made of the muddle ear cavity
of D mernam: (10 casts) and D specta
bilis (two casts) To ascertain the rela
tionship of arteries and nerses passing

through the temporal bone and thewr pes1
tions relative to the inner ear a three di
mensional Teconstruction 40 X matural
stze was prepared using lustration board

External ear

Dipodomys merriam: possesses a mod
est sized piona 12 mm Jong from inter
tragic notch to tip of hehx with a maxi
mum width of 9 mm The entire antenior
nim 15 recurved and continuous with the
shghtly projecting tragus (fig 4) The
antihelix 15 a prominent nidge 8 mm prox
1mal to the tip of the hebx and 1s formed
by the auncles sharp bend toward the
concha 3 mm medial to the anuhehx
From the postenor end of the subhelix the
large shghtly bobed antitragus extends
anterorly to terminate just medial to the
base of the tragus Thus the intertragic
notch 1s a shallow slot between the over
lapping tragus and antitragus The con
cha lies flat agamnst the skull and con
tains the opening to the external auditory
meatus 1n its antenor ventral wall

The entire pinna 1s cosered by fine hight
hairs grouped more densely on the convex
than on the concave surface Along the
nm of the helix are dark longer hairs
which extend about 3 mm onto the con
cave surface of the pinna  Two rows of
long bhghtcolored hairs guard the en
trance to the concha——one row on the free
edge of the antitragus and the opposing
row on the antihebx The shin covenng
the auncular cartilage 15 thin and no hy
podernus 1s present (Rg 17) The em
dermis averages 22 u mn thickness sshile
the thickness of the dermus sanes from
40 u near the nm of the helix t0 450 v on
the medial wall of the anutragus The
derms 15 intimately attached to the aunc

Present address Dimsion of Riclogy Cali-
;mu Institute of Technology Pasadena Cah
ornia-
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TABLE 1
Histological techniques used in middle and tnner ear preparations

Serfes Pertused  Fixative Decal Cleatlng  Thickness Stain
P

D spec 1t + RK! FA? CWO* 10 H&E!
M 2l + RK FA cwo 25 H&E
M 3l + RR FA cWo 25 H&E
M 31t + RK FA cwo 25 H&E
M 7k + RK FA cwo 15 Mallory’
M 7rt + RK FA cWo 15 Mallory
MI5lt + RK FA MBB 15 &
M15tt + RK FA MBB 15 Orceln
M231t + RK FA MBB 15 allory
M23rt + RK FA MEB 15 Mallory
M251t - RR FA MBB 10 Mallory
M251t - RK FA MBB 15 H&E
M261e - Boumn's Bouln s MBB 15 Mallory
M267t - Boun's Boulns MEBB 15 Orcein
Ma7lt + Boumns Bouins MBB 15 Orcein
M27st + Boum s Bouins MBB 15 Orcein
M3l + RK FA MBB 15 Mallory
Ma6rt + RK FA MBB 15 Mallory
M38lt + RK FA MBB 15 H&E
M38rt + RK FA MBB 15 Mallory

! Forty-elght hours of fixanon in Romles kaformacet
*8 N formic acid buffered to pH 2 2 with sodium formate—for 36 hours (Kristensen 43)

2 Six months slow decalcification

4 Cedarwood oil for 24 hours then two hours in petroleum ether
3 One per cent cellofdin {n methyl benzoate for 4 days then 24 hours in benzene (Peterfis
57)

double embedding in Carleton and Drury
:Hnrrls hematoxylin and aleoholic eosin
s mod

of Mallory s

ular cartilage except where muscles in
tervene

The skeletal support of the external ear
is formed by two cartilages a large auric
ular cartilage having the same general
shape as the pinna and a small crescent
shaped “annular cartiflage intercalated be
tween the auricular cartilage and the nm
of the bulla against which it hes When
stained with orcein and Van Giesen s stain
these cartilages are deep brown indicating
elastic cartilage

Th of the

peripheral 0 § mm of the external auditory
meatus cartilaginous

There are 4 intrinsic muscles of the
auricle ‘The antitragicus major 15 a dis
tinct muscular band lying primarily 1 a
shallow groove along the base of the antl
tragus From its broad origin near the
mtertragic notch it curves obliquely
around the base of the antitragus to jnsert
opposite the caudal end of the antihelix

The less well defined antitragicus minor
takes origin under the belly of the ant
major and then fans out to Insert

e

auncular cartilage are 15 mm in length
and 9 mm In width The distal part is
pinnate whereas the proximal portion is
rolled into a tube with the anterior edge
overlapping the posterior

‘The “annular” cartilage forms a semi
circle with its concave edge bordenng the
cranfo-ventral edge of the external audi
tory meatus opening The maximum ex
ternal diameter of this cartflage is 5§ mm
and the jnternal dlameter 25 mm Its
rmaximum thickness is 0 5 mm making the

broadly near the free edge of the posterior
part of the antitragus

A small intrinsic muscle termed here
the auricularis is found just proximal to
the intertragic notch It courses betwee;\
the overlapping patts of the auricular cart
lage near its base

The diffuse obliquus auricularis is found
on the crantal side of the aurlcular cartl
lage It is subdivided into two p:u'ts—';
narrow band opposite the antlhellx an
another narrow band located 2 mm dis
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tally Most of the fibers are very short
but 2 few extend almost to the hebx.
The anterior and posterior auncular
artenes which branch from the external
carond supply the external ear The ante-
nor auncular artery supphbes the tragus
and the antenior part of the helix while
the p | plies the
vemainder of the puna The antentor and

RAT EAR 125
concha and extend up to the antihelix. A
few very small sebaceous glands Line the
osseous external auditory meatus

Middle ear

Smce Howell ('32) has previously de-
scribed the gross osteology of the kangarco
rat ear suffice 1t here to pamnt out that the
shape of the shull 1s distorted by the hy
pertrophy of the mastoid portion of the

postenor aunicular veins accompany the
artenes and dramn mndependently into the
postenor facial vemn

The external ear 1s mmnenated by
branches of the tngemnal and facial
nerves and the cervical plexus  The motor
nerve to the mtrinsic musculature on the
lateral surface of the auncle 1s a branch
of the temporal nerve (which 1s 1n turn a
branch of the facial) The obliquus auri
culans on the cramal surface of the pinma
is mnervated by the postenior auncular
nerve (part of the facial) Sensory in
nervation is from the great auncular nerve
of the cervical plexus and the aunculo
temporal branch of the mandibular nerve
The former accomparues the postenor au
ncular nerve and innervates the ant
tragus most of the hebx and most of the
base of the pinna. The auricul

1 bone (figs 5-8) and that within
the temporal bone the mddle ear 1s 1n
completely divided into three portions
Both the antenior and posterior mastord
portions which are separated by a thm
bony lamina, commumecate with the en
totympamic portion (figs 10-12)

In the present study the use of Woods
metal casts and histological preparations
have 1t possible to characterize more fully
the ear apparatus The mastoid walls and
the lamina separating the antenor and
postertor mastaid bullae are composed of
a single layer of compact bone varymg
from 25 u« to 41 u m thickness (g 21)
The total middle ear volume 1s 0 49 cm® in
Dipodomys mermnam: and 088 cm m D
spectablnlis  In each speczes the antenor
masterd 49 the

nene innervates the tragus and the ante
T10r part of the pinna. On the pinna these
nerves follow the same courses as the
artenes and veins

Except for the peripberal it

mastoid 33t and the entotympanic 18%
of the total muddle ear volume The en
tire cavity is lined by sumple squamous
mucous epithelium

the epuire external auditory meatus is os-
seous It courses obhquely medially an
tenorly and ventrally to the tympamc
membrane The roof of the meatus is
4 mm long its floor measures 8 mm Thus
the S 1s obliquel d and
forms an angle of 175 with the Toof of
the external auditory meatus and of 55
with the horizontal plane of the skull The
oval opening of the external auditory
meatus measures 3 7 mm by 2 9 mm. The
meatus then enlarges as it passes medially
to the tympani¢ membrane which meas-
ures 5 5 mm in diameter

Since there are no tubular glands pres-
ent in the external ear one cannot speak
of ceruminous glands Large sebaceous
glands 04 mm in height are found on
the inner surface of the antiwagus (fig
18) Slightly smaller sebaceous glands
(01 t0 03 mm high) cover the entire

Some logcal of the ear
are observable on the medial surface of
the temporal bone Just caudal to the in
ternal auditory meatus 1s the opeming of
the cochlear aqueduct into the subarach
nad space (fig 9) Slightly dorsal to
this foramen 1s the very tenuous slit-shaped
aperture of the sestibular agueduct The
shallow fossa continuous with this shit
lodges the distal portion of the endolvm
phatic sac A small portion of the cochlea
15 seen bulging medrally just antenor and
medial to the internal auditory meatus
(8g 9)

Tympanic membrane The tympamc
membrane 1s shaped like 2 flat cone whose
base is 55 mm in diameter whose apex is
directed medially and whose height js
10 run  Except for a small flaccid part
opposite the proximal end of the malleus
it s firmly attached to the ectotympanic
ning by a fibrous wedge-shaped igament
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‘The histological structure of the membrane
1s quite tvpical of mammals being com
posed of connective tissue fibers cosered
externally by an extremely thin sumple

qi epithelium e with the
epithehal hmng of the external auditory
meatns and covered internally by a thin
simple squamous epithellum contimuous
with the mucous ming of the muddle ear
cavity The b of the malleus is

DOUGLAS B WEBSTER

15 jomts observed a full distinct jomnt
cavity was present (fig 20) The pos1
tions of the 1ncus and stapes indicate thewr
relative movements The shapes of the
lenticular process head of the stapes and
footplate of the stapes are not symmetrnical
ovals they are narrower postertorly than
anteriorly The straight antenor crus of
the stapes 1s more directly under the

lar process of the incus than 1s the

embedded 1n the tympanic membrane and
lies between the fibrous layer and the in
ner epithelal layer
Auditory ossicles  The gross znatomy
of the kangaroo rat s auditory ossicles has
previously been descnibed (Ryder 1878
Cocherell et al 14 Howell "32) The
additional observations which follow are
particularly pertinent to a functional anal
ys15 of the sound transmiting apparatus
The three ossicles together hase a dry
weight of 2 7 mg (malleus 16 mg incus
09 mg and stapes 02 mz) The articu
lar facets of both the malleus and the 1n
cus have complex shapes When obsened
from a lateral viess the incus overlaps the
~ malleus 1n the dorsal part of the joint
ule ventralls the malleus overlaps the
: However when viewed from the
o/ medial aspect the relamve posiions are
reversed  Such a complex articulation
would appear to be capable of resistng
sheannz forces Ths 1 was ob-

arc-shaped postertor crus (fig. 16) Thus
1t appears that most of the force from the
ncus is directed to the antenior crus of
the stapes making the stapedial movement
a rocking one

The annular igament holding the stapes
m the fenestra ovale 1s composed of ex
tremelv fine short fibers which stain Iight
blue with aniline blue and very hght brown
with orcemn. These are probably fine col
lagen fibers Their lengths vary the hza
ment being 28 u wide in the posterior part
and 33 u wide 1n the anterior part thus
allowing more movement antenorly than
postentorly

The postenor higament of the wmcus is
divided 1nto two parts by the mnute fora
men n the floor of the fossa incudis Tbe
medial part 15 larger and stouter extend-
ing from the medial face of the distal end
of the short crus to the medal wall of
the fossa mcudis The lateral part of the
¥ which 1s a much narrower band

seried to be 2 trre jomnt with a thin space
between elements The facets of both os-
sicles are covered with a laver of cartilage
and 1n onlv ene case out of the 15 ob-
served was there anv connection between
these cartilaginous covenngs of the mal
leus and incus this was only 2 verv small
area 1n the lateral part of the jomnt. Stamn-
ing w1th oreemn showed a sery fine Line of
dark brown fibers along each arucular
facet thus indicaing elaste fibers A
fine connective tissue capsular ligament
having no elastic fibers holds the ossicles
together (fizg 19)

The joint between the mncus and the
stapes js an amphiplanar jomnt and Lle
the malleoincudo jont has a cartal

of fibers _extends from the lateral face of
the distal end of the short crus to the 12
eral wall of the fossa incudis Both parts
of the ) show true lig: s
structure and some of the fibers stain pos!
tisely with orcewn

The antenor Ligament of the mall’us
on the other hand 15 not a true higament
Histological examnation reveals that B¢
thin lamina of the anterior process of the
malieus here only 9 u thick actuallv ex
tends over a course of about 0 5 mm and
is continuous with the ectotvmpamc €l
ment of the bulla. Fine fibers extend alon?
each face of this lamina, but no nuclkd
were obsersed except m the thin epithe!
mucous covenng

layer on each facet Orcein staming in
dicated that unhke the malleoinendo
Joint there were ro elastic fibers along the

Muscles  The belly of the tensor ffﬂs’;
pam1 muscle bes within a bony canal Ju
dorsolateral to the cochlea which also

d1al artery and 8

facets howeier the capsul.
stained positnels for elasuc tissue In all

the P
greater superficial petrosal nerie Tre
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musele enginates from the dorsal wall of
the hypotympanic cavity about 1 mm an
tenor and medial to the tip of the cochlea
Its fibers comverge to a tendon while still
in this canal the tendon then leaves the
canal by way of the munute foramen n
the medial nm of the supertor tymp
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Of course there 1, some resistance to
movement that damps the sound trans
mitting system the amount of which 1s
determined by friction mass and elas
hicity of the component parts  Although
quantitative data were not obtamed sev

mastoid foramen This foramen acts as a
pulley for the tendon makes an angle
greater than 90 upon leaving the canal
then extends ventro-laterally for 1 mm to
msert onto the muscular process of the
malleus It 15 1nnervated by a fine branch
of the mandibular nerve

The tiny stapedius muscle takes ongin
partially on the osseous wall of the hon
zontal semicircular canal and partially on
the bony canal of the facial nene From
this onigin the fibers converge quickly to
form a tendon which then extends 03
mm antenorly to Insert onto the stapes
1t 15 innervated by a minute branch of the
factal nene

The suspension of the ossicles by the
antertor hgament of the malleus and poste
1ior higament of the 1ncus 1s such that the
center of grauty hes dlong the axis of
rotation In D mernam the manubnal
lever arm measures 23 mm from umbo
to the axis of rotation and the incudo
lever arm 1s 068 mm from the axs of
rotation to the center of the lentcular
process Therefore assuming no friction
a force on the umbo 1s amplified 3 38 times
at the lenticular process and thus at the
fenestra ovale Another 3 which

eral char: 1sties of the g rat ear
tend to decrease the damping
Factors affecting frictian of the appara
tus mclude the tonus of the intra aural
muscles the attachments of the ossicular
higaments and the flexablity of the tym
panic membrane and ammular hgament
Wiggers ( 37) working on the gumnea pig
and Wever and Lawrence (54) working
on the cat have shown that the pnmary
function of the intra aural muscles i these
animals 1s to protect the inner ear from
foud sounds by contracting and thereby
lessemng ossteular wibrations this seems
to be the case 1n most mammals ( Wever
and Lawrence 54) Since there 1s no
morphological evidence to indicate that
this 1s not the case 1 Dipodomys 1t can
be assumed that for most acute heartug
the muscles of this animals middle ear
are relaxed placing very little tension on
the ossicular system and thus producing
very little fricion  ‘The two ossicular hga
ments of the kangaroo rats ear—the an
tenor hgament of the malleus and the
af the 1p lie on the
axis of ossicular rotation as 1s true
most mammals (Dahmann 30 Wever
and Lawrence 54} However most mam
mals :‘ilso have 1n addition to these two
3

also increasts the effectne force at the
fenestra ovale insolves the relative sizes
of the k and stapedial
footplate A force on the large tympame
membrane (259 mm ) 1s resolved to the
small surface area of the stapedial foot
plate (060 mm ) Since only about two-
thirds of the mammalian tympanic mem
brane effectnely acts in moving the
malleus (Behesy 41 Wever and Iaw
rence 54) this hydraulic effect 1s a ratio
of 17306 or 287 1 Combiung the
338 1 cffect of the lever system with the
28 7 1 force of the hydraulic sys

a sypenor and a lat
eral ligament of the malleus (Kobayashi
55) wlich tend to 1ncrease the ngdity
of the ossicles Since these accessory hig
aments are lacking 1n the kangarop rat
1t follows that the ngidity of the ossicular
systemn and hence the friction 1s probably
less than 1n many mammals There was
no means of measunng the suffness of the
tympanic or annular 1
however nothing was seen 1n therr histo-
logical structure which would indicate ex
cessive suffness

The mass of the vibrating system of the

tem 1t 1s found that assumng no restst
ance to movement any farce applied to
the tympanic membrane would be magm
fied 97 2 times at the fenestra ovale

kangaroo rat ear 1s extremely small and
the relansely large tympame membrane
probably does not add appreciably to the
mass of the muddle ear complex The

weight of the ossicles of Dipodomys mer
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naru 1s only 27 g as opposed to about
10 mz in the guinea pig (Fermandez 52)
arcd 5mgin Venones (Legouix and Wisper
53) Of course these arumals are larger
than Dipodernys but this 1s not relesant
Tke mmpenant consideration s that the
ossicular svstern rust be mwoved by air
vibrations and that a lhghter ossicular
svs em vill vibrate with weaker atr pres-
The ratio of ocsicular weight to
l:odv weizht has ro effect on the part mass
plavs m the damping of the mddle ear
The elasuan of the svstem d-pends on
charactensncs of the same sBuCu.res lbzz
ahect fnction but 1n add,
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auncular arters  The ventral wall of the
entotvmpansc bulla 1s vasculanzed b a
tinv branch of the external carond which
Jeases the external carond at the same
pont as the posterior auncular The ex
ternal anditors meatus recenves 1ts arterial
supplv from a am branch of the postenor
auncular arterv this branch penetrates
the bone between the ventral nm of the
external auditoy meatus and the stvlo-
rmastord foramen and then it courses along
the sentro-caudal wall of the external avdi
tory meatus giing off mamy onv twizs
Tre cramal vsalls of the temporal bone
are 1 1. d bv branches of the sta

by the volumre of the mddle ear cavty
stree a larze air space permits free vibra
uons  As has already been stressed the
langaroo rats ruddle ear cavity is ex
tremely Jarge

lasculanzation  The vascular supple
to the terporal bone and ossicles 1s quute
compler  Most of the mastord elements
are supplied by a brarch of the cervical
trunk (which 1n turn 1s 2 branch of the
subclavian artery) This branch of the
cemiczl trunk reaches the skull at the pos-
Yteno~ sentral surface of the pos.emor
mastoid bulla courses up to the sventro-
cavdal edge of the extermal azuditom
teatus ard then fodows the nm of the
meatus as far 2s 11s ar.enio” dovs.l mar
z=n Alonz this couree 1t gnies of 6
brarches which radiate out onto the
masiod bulla 7fig 1, Tre pat of the
antener ras o°d rot sasculanzed bv the
cenizal trorh recenies 35 blood suppl
from two sm2ll branches of the antemor

anterior

pedial arters The more ventral prumm
recenes 4 unv branches as the stapeial
arterv courses through 1ts canal domso-
laterallv to the cochlea. The dorsal part
recenes munute twigs from cerebral and
cerebelar dural artenies which themerhes
are branches of the stapedial arters  The
tensor tvmpar and stapedius museles 2150
receive branches from the stapedial arters
as do the zuditory ossicles with the
branches to the ossicles and to the _tap”
dius muscle corung off the same stere.
branches to the ossitles reach them by wa¥
of the stapedius tendon and the postens”
lizarzent of the Incus

Inneriatton The facal nerve as 3

pases through the muddle ear cavity 15
completely enclosed by a bonv canal.

cana} enters the muddle ear canity 335
dorsal 1o the baw of the cochlea and 1
1ts lateval course runs ventro-caudally §75t
passing just ventral to the fossa inrucs
ard the

honzontal wermarcular canal It

 pron posterior

auriculor c,E‘,,e,,,a,aum:ular

Fir. 1

Skzu ¢f D =< Tys mrTiareL 8 Vg arvenal ¥

carotd
2yt e rasoad bullae
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then courses ventr dal to
the wall of the external auditory meatus
and finally emerges to the shull surface
through the styl d Along

bone varying from 14 u thick
at the apical turn of the cochlea to 62 n
thick 1n the medial part of the honzontal

this course 1t gives off two branches—the
fine branch to the stapedius muscle and
the chorda tympam The former leaves
the posterior face of the nerve and runs
medially mto the base of the stapedius
muscle where it spreads out and termu
nates [he latter the chorda tympam 1s
s fine that 1t could not be observed grossly
even with the md of a 27 X dissecting
mucroscope however 1ts route was traced
through semal histological sections It
emerges from the faclal canal antero-
medially through a small canal (026 mm
long 75 u 1n diameter) which opens onto
the medial face of the thin bony lamna
attaching Shrapnell s membrane It passes
antertorly along this Jamina between the
bone and mucous membrane of the tym
pame cavity At the level of the malleo-
ncudo joint it courses medially to the head
of the malleus It then travels antenorly
to the base of the manubnum turns 90
ventrally and follows the posterior face of
the manubnal lamina as far as the mus
cular process Here 1t passes around the
muscular process making a 180 tumn
and extends back up the antenor face of
the manubnal lamina  Along this route
the descending and ascending parts of the
nenve which 1s 20 1 1n diameter are only
85 papart At the base of the manubnium
1t passes anteniorly along the thin lamina
of the anterior process of the malleus
which 1t pierces it then enters a tiny
canal just medial to the attachment of the
anterior process of the malleus and exits
from the mddle ear

Internal ear

Bony labynnth  Much of the bony
labynnth bulges 1nto the ruddle ear cav
ity 1n such a manner that the outline of
the cochlea m the entotympanic cavity
the pasteriar and h

canal The dorsal and medial
walls of the cochlea and vestibule are
somewhat thicker and m histological sec
tions one can observe here the usual
three layers of bone—a dense compact
endosteal bone himing the penlymphatic
spaces a layer of loose bone and then a
layer of dense penosteal bone lining the
cramual cavity (fig 22) Nowhere m the
kangaroo rat were 1sclated 1slands of car
tlage obsersed 1n the rmddle laver (as
descnbed by Bast (30) in man) there
fore this cannot be referred to as ntra
chondral bone

The vestibule lies just medial and cau
dal to the ampullae of the horizontal and
antenor semicircular canals (fig 13) In
the ventrolateral wall of the vesnbule 1s
an oval openung filled by the footplate of
the stapes—the fenestra ovale Caudal to
this 15 the very large fenestra rotunda
covered by the secondary tympanic mem
brane The bizarre shape of the fenestra
rotunda (fig 14) has a depressed center
and medial extrematy held 1n posiion by
the base of the modiolus The vestibular
agueduct measunng 97 » by 109 pn
cross section exits from the medial dorsal
part of the iestibule and travels Just
medial to the crus commune to the pont
where 1t opens into the subdural space just
behind the ansenform lobule of the cere-
bellum

The cochlear aqueduct leaves the ven
tral caudal part of the vestibule 1mmed:
ately anterior to the fenestra rotunda
whence 1t traverses 1ts short course to the
cramal cavity Careful examunauon of
the cochlear part of the osseous labyrninth
shows that there are 4'i turns 1n the
cochlea

Membranous labyrinth  Except for
specialized areas the wall of the mem
branous labynnth 1z composed of an inner

canals i the walls of the postenior mas
tord and the antenior semcircular canal
n the walls of the antenor mastord por
tion are plamnly wsible (figs 10-12)

All parts of the osseous labynnth which
are outhined 1n the wall of the mddie ear
cavity are composed of a thin layer of very

layer of e ly thin epithe
lium and a fine outer Jayer of fibrous con
nective tissue In the cochlear portion of
the labyninth this condition exsts only in
R s b In the estbul
part of the labvrinth the typrcal condition
holds true 1n all parts except where as
sociated with the maculae and custae
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Iughly convoluted course along the coch
lear nere within the mediolus giving
off many sprral artenoles en route Each
of these spiral arterioles courses along the
internal wall of the scala vestibull fre
quently giving off the following branches
an external branch passing just over the
spiral higament an mnternal branch cours
g along the mmner border of the secala
vestibull and sending ternunal vessels to
the spira) crista spiral ganghon and ha
benula perforata There i1s no direct vas
cular supply to the organ of Cortz (fig 33)
The other two mamnt branches of the in
ternal auwditory artery course throughout
the 1estibular apparatus and thewr exact
routes could not be followed however a
concentration of artenoles and caplianes
1s seen n each of the maculae and cnstae
The membranous labynnth 1s dramed by
two pnncipal vemns the larger one Jeaving
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the hi d and the
smaller through the vestibular aqueduct
The former vern results from the jon
mg at the base of the aqueduct of twe
man branches the smaller of these
branches drains the first three-quarters of
the basal turn of the cochlea the saceule
and part of the utricle the larger branch
dramns the rest of the cochlea taling 2
spiral course along the lower mner comer
of the scala tympan: The spiral vemns re-
cene smaller venules m pawrs  The ex
ternal venule drans the stna vasculans
and sprral hgament then passes ayound
the lower edge of the scala tympans to
enter the spiral vein  The smaller internal
twig drans the cochlear nerve spiral
ganghion and sprral cnsta (g 3) The
kangaroo rat differs from most mammals
m that there 15 no vemn runmng under the
2ona tecta

fon tean

Fig 3 Third tm of cochlea of D

showng fts
section G spual ganghon OC organ of Cortt § stna wascula-is SV
scala tympam §% scala vesnbuli

1 scala media ST
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‘The second vemn of the membranous
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labyninth that of the bul Ll
drains the three semucircular canals and
most of the utncle One branch of this
vein dramns the crus commune the poste-
rior sermcircular canal and its cnsta and
the p half of the h wemi
circular canal ths branch enters the

1 Just to the
endolymphatic duet  Another branch
dramning the cnstae of the honzontal and
antenior semicircular canals most of the
utricle and the antenor parts of the hon
zontal and anterior semucircular canals
enters the vestibular aqueduct just ante
nior to the endolymphatic duct These two
branches course on opposite sides of the
endolymphatic duct up to the base of the
endolymphatic sac where the postenor
branch passes medial to the endolymphatic
duct to join the antenior branch thus form
ing the vein of the byl d

phenomena would occur  Electrophys
logcal studies (Webster 60) have shown
a very uregular spectrum of heanng n
dicating that resonance ewsts This In
vestigation also demonstrated that damp-
ng 15 increased by reducing the muddle
ear volume and thus indicated an aud:
tory sigmificance to the hypertrophied
mddle ear cavity
Of those ammals known to possess a
hypertzrophied mddle ear Menones 1s the
only genus whose nner ear has also been
described (Wisner Legowix and Petter
54 Legourx and Wisner 55) In the or
gan of Corti a stmking comvergence is
found Dipod and Me
In both forms there 1s a hypertrophy of the
cells of Hensen and a large hyahne mass
underlymg the organ of Corn The mnner
ear differs in the two forms in several
respects In the kangaroo rat the basilar
Y vides 3 a hvalme

DISCUSSION

Hypertrophy of the rmddle ear has oc
curred 1n several convergent famlies of
rodents and 1s Ly m

dre
mass whereas 1 Merones the basilar
membrane apparently 1s situated above the
hyaline mass Furthermore 1n the kanga
100 rat the cells of Hensen rest directly on

pr
some species of Heteromyidae Dipodidae
Pedetidae and Mundae One family of
the B 1 also pos

sesses enlarged ymddle ear cavites The
species which demonstrate this conyergent
evolutson extubit bipedalism with nicochet
al locomotion inhabit semiand to and
environments and are solitary mnocturnal
burrowing amimals  Howell ( 32) presents
2 good companson of their gross osteo
logical features except for the Macroscel
1didae whose osteology 15 descnbed by
Keen and Grobbelaar (41) and Evans 42)
Ind g the sys
tem of Dipodomys 1t was pointed out that
a force on the tympantc membrane could
(f it were a frictionless system) be magm
fied 97 2 times at the fenestra ovale This
called the transf ratio

is high compared to the cats ratio of
607 1 and mans of 183 1 (Wever and
Lawrence 54) Furthermore due to the
small mass of the ossicles and the unique
structure of their hgaments and articula
tions the resistance to wibration 1s very
shght  Such low damping 1ndicates not
only a very efficient sound transputting
system but also one 1 which resonance

the cells of Claudius and not on
the basilar membrane as they do in Mer:
ones and in most other mammals Mer
ones also lacks the eytoplismic processes
of Hensens cells which 1n the kangarco
rat support an elevated reticular lamina
Legouix and Wisner made no measure
ments mn Mertones to 1ndicate vanation i
the relative sizes of the parts of the organ
of Cort1 along the lencth of the basilar
membrane however Merones passesses
only two and one-half turns to 1ts cochlear
duct as contrasted to the 4 and one guarter
turns found in the kangaroo rat cochlea
In general 1t appears that the cytology of
the kangaroo rats inner ear 1s even more
specialized than that of Merones It
would be approprmate to imsestigate the
organ of Corti of other mammals with
hypertrophied middle ears

Pritchard s (1876) study of the organ of
Corti 1n man monhey sheep dog cat rat
guinea p1g rabbit porpoise and kangaroo
Teveals that the microscopic anatomy of
this organ is remarkably constant n all
the mammals he studied Shambaugh
(32) states that the cells of Hensen may
vary in size and shape in different species
but 1n all species they rest on the basilar
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membrane Thus the bizarre anatomy of
the organ of Corts in Dipodomys and Men
ones 15 exceptional

‘What special functions the bhizarre organ
of Corti in Dipodomys may serie 1s con
Jecture Legouix and Wisner ( 55) make
the suggestion that the hypertrophied cells
of Hensen 1n Menones have a protective
function They feel that in the case of
tery intense sounds these hypertrophied
cells may absorb most of the sound energy
especially at Jow frequencies and thus pro-
tect the delicate hair cells from injury

Such 2 function may be operant in Dipo-
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2 The muddle ear cavity averages 049
em® in D mernam: and 088 cm’ 1n D
spectabilis of which 18 15 entotympanic
33% 1s postenor mastord and 49% is an
tenior mastoid

3 The kangaroo rat lacks superior and
lateral ligaments of the malleus The os-
sicles are suspended by the anterior higa
ment of the malleus and postenior liga
ment of the incus which form the axis of
rotation This feature combined with a
large tympanic membrane (55 mm in
diameter) and lght ossicles (27 mg)
lowers the systems threshold of vibration

4 The transf ratic of the tym

domys whose organ of Cort1 also p
Jarge cells of Hensen and a hyaline mass
associated with the zona pectinata In
addition the fact that the kangaroo rats

pano-ossicular system is 972 1 This effi
clen d with a low damping of
the system indicates that resonance phe-
may occur

tectonal . is ded between
the elevated vestibular ip of the spiral
cnsta and the elevated reticular Jamina
over Hensens cells may be of functional
sigmficance With the tectorial membrane
suspended in this way only the apical
portions of the “hairs” of the hair cells are
embedded in the membrane Such a deli
cate mechanism could increase the sen
sty of the organ of Cort1 since it is
generally believed that a bending of the
hars” 1s an important factor in hearing
(Davis 59)

The protectise function proposed by
Legouix and Wisner and the increased
sensiuvity function proposed here are not
necessanly mcompatible In the case of
an intense sound the large size of the
hyaline mass and cells of Hensen and
Claudius (all associated with the zona
pectinata) may absorb enough energy to
keep the whale hasilay membrane from
moving far enough to damage the delicate
hair cells However in the case of an
extremely weak sound the more lightly
damped zona tecta may vibrate independ
ently of the zona pectinata and move suffi
clently to bend the “hairs™ that are em

5 There are 4% turns to the cochlear
duct The organ of Corti contains seseral
pecubarities The zona pectinata of the
basilar membrane splits — some of the
fibers pass above a hyaline mass and most
of them travel under this mass

6 The cells of Claudius extend inter
nally to the cells of Deiter forming a cup
upoen which the cells of Hensen rest The
cells of Hensen send large cytoplasmic
processes upward which elevate the renc
ular lamina
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membrane Thus the bizarre anatomy of
the organ of Cort: in Di:podomys and Men
ones 15 exceptional

‘What special functions the bizarre organ
of Cort: 1n Dipodomys may serve 1s con
Jecture Legouirx and Wisner ( 55) make
the suggestion that the hypertrophied cells
of Hensen in Meriones have a protective
funetion They feel that i the case of
very imtense sounds these hypertrophed
cells may absorb most of the sound energy
especially at low frequencies and thus pro-
tect the delicate hawr cells from njury

Such a function may be operant 1n Dipo-
domys whose organ of Cort1 also possesses
large cells of Hensen and a hyalime mass
assoctated with the zona pectinata In
addition the fact that the hangaroo rats

Y

DOUGLAS B WEBSTER

2 The rmddle ear cavity averages 049
cm' mn D merniami and 088 ¢m® 1n D
spectabilis of which 18%% 1s entotympamc
33¢% {is posterior mastord and 49% 1s an
terior mastoid

3 The kangaroo rat lacks superfor and
lateral ligaments of the malleus The os
sicles are suspended by the anterior iga
ment of the malleus and postenior liga
ment of the incus which form the axis of
rotatton This feature combined with a
large tympamic membrane (55 mm in
diameter) and light ossicles (27 mg)
lowers the systems threshold of vibration

4 The transformer ratio of the tym
panc-ossfcular system 15 972 1 This efi
clency ined with a low d ing of
the system indicates that resonance phe-
may occur

1
the elevated vestibular lip of the spiral
ensta and the elevated reticular lamina
over Hensens cells may be of functional
significance Vith the tectorzal membrane
suspended in this way only the apical
portions of the ‘hairs” of the hair cells are
embedded in the membrane Such a deh

<cate mechanism could 1increase the sen

y of the organ of Cort1 since 1t 15
generally believed that a bending of the

,~"hairs is an important factor i heanng
(Dawvis  59)

The protective function proposed by
Legouix and Wisner and the increased
sensitivity function proposed here are not
necessanly incompatible In the case of
an intense sound the large size of the
hyaline mass and cells of Hensen and
Claudius (all associated with the zona
pectinata) may absorb enough energy to

tectonial b d

5 There are 4% turns to the cochleal
duct The organ of Corti contans severd
peculianties The zona pectinata of the
basilar membrane splits — some of the
fibers pass above a hyaline mass and most
of them travel under this mass

6 The cells of Claudins extend inter
nally to the cells of Deiter forming a cuf
upon which the cells of Hensen rest The
cells of Hensen send large cytoplasmic
Processes upward which elevate the ret¢
ular lamina
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keep the whole basilar from
smoving far enough 1o damage the delicate
hair cells However in the case of an
extremely weak sound the more lightly
damped zona tecta may vibrate independ
ently of the zona pectinata and move suffi
clently to bend the “hairs” that are em
bedded in the tectorial L and
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EXPLANATION OF FIGURES

Pinna of Dipodomys merriam: transection X 110

Sebaceous glands on antitragus of the external ear of Dipodomys merriami y 136
Mall do joint of
facets Orcein stain X 265
Incud: 1

P joint of
sular ligament Orcemn stain X 265

Note the elastic fibers along the articular

Note possible elastic fibers in the cap

Wall of anterror mastaid bulla of Dipodomys merrtami{ H and E > 220

Thickened portion of the cochlear wall of Dipodomys merriam: X 259
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& Study of the Subgross Pulmonary Anatomy

m Various Mammals'?

RICHARD F_McLAUGHLIN 3 WALTER § TYLER

AnD ROBERT O CANADA®

Climical Investigation Center U S Naval Hospital Oakland Cahforma
and Department of Anatomy Schaal of Vetennary Medicmne Unuersity
of Califorma Davis California

The present study 1s part of an investi
gatve project designed to classify pulmo-
nary emphysema In the human being
One phase of the study called for an am
mal to be used expertmentally 1n an effort
to produce emphysema It appeared logt
cal to select an ammal possessing a lung
anatomically sumilar to that of man How
ever areview of the literature showed sur
pnsingly hittle precise information regard
g the comparative anatomy of the lung
n vanous specles of mammals although
for many years certain species differences
m lungs have been recogmzed (Aeby
1880 Narath 01) Degrees of lobation
and Iobulation have been noted to be
widely vanable (Sisson and Grossman
$6 and Hartman and Strauss 33) and a
disunction has been made between am
mals with thick and thin pleurae (Miller

07) It has been shown that the rabbit
does not possess k T

possible attendant differences in physiology
1 pathol Thewr

or
hm:ewr shght or marked therefore re-
mains largely unknown In additon the
presence of these known anatomical 1ana
tions has ly had hittle
on the choice of expenimental ammals 1n
pulmonary studies (Tucker and hrementz
57) This 1s especially notable in those
arumal studies which have been made in
substitution for studies 1n man sinee thus
far no species of lung has been demon
strated to be entirely suitable for such a
substitution

The purpose of this paper 1s to describe
the main subgross anatomical features of
the Jungs of various mammals to compare
these features and to discuss their pos
stble sigmificance

MATERIAL AND METHODS
Seven indimidual species of healthy

Y les
but that many other animals do (Loosh
38) Differences in the distnbution of
the bronchial artery have been reported
(Miller 07) but the extent of distnbution
of this vessel has been the subject of dis
agreement A parenchymal supply has
been clumed by some (Le Fort 1858
Cudkowicz and Armstrong 51) demed by
others (Miller 50) Similarly the exist
ence of precapillary bronchial artery pul
monary artery anastomoses had been
claimed by some (Ruysch 1721 Zucker
handl 1883) but denied by others (Guil
lot 1845 Miller 50)

To date little attempt has been made to
define the distnt of these eaff:

young s were studied 1n the proc
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between various mammalian species or to
inquire into the possible existence of added

ifferences  Also lttle attempt has been
made to corzelate these differences with
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ess of which a total of 45 pars of nor
mal lungs was used Most of the speci
mens were obtuned directly from animals
mn the laboratory mmmedintely following
sacrifice by pentothal anesthesia and ex
sangumnation A few of the larger spect
mens however were obttned fresh from
Jocal abattowrs The aumals studied were
as follows calves (10) cows (3) lambs
(5) pigs (5) dogs (5) cats (4) Rhesus
monkey (1) horses (12)

The usc of latex 1injection specimens
according to the thin shice technique of
Schalm and Haring ( 39) as modified by
Julian (58) constituted the principal
method of study but 1n addition several
vinylite’ corrosion casts were made for
comparative purposes (Narat Loef and
Narat 36) All specimens were inflated
priot to injection and then via cannulae 'n
the pulmonary artery the Jeft atmum and
the bronchial artery were washed thor
oughly with normal saline and or water to
clear them of blood No detectable differ
ence could be noted between those specr
mens washed with saline and those washed
with water The average interval between

\ sacnifice and 1njection was approximately
one hour Three bastc colors of Jatex—red
blue and yellow—were used A 4th color

/’ green was produced by blending blue and
yellow  Generally red was used in the
bronchial artery “blue in the pulmonary
artery yellow in the pulmonary vein and
green in the mrways  This also constituted
the order of injection of these structures
Injection pressures vaned from 2 to 5
pounds per square inch  Rapid solldifica
tion of the latex 1nd fixation of tissues
were accomplished by means of intratra
cheal injection of a 10¢ formalin solution
mived with small amounts of weak acetic
acid and immersion of the entire specimen
mto vats containing a similar fluid for 24
to 48 hours Following this the prepared
lungs were quick frozen and then using
an ordinary bacon slicer they were scc
tioned 1nto slices approximarely 3 to 4 mm
in thickness Lastly these sections were
studied serfally under 1 dissecting micro
scope Since all the structures listed above
were injected with different colored latex
it was quite easy to {dcnufy them Each
could be followed from the hilum to its
termination or origin as the cise might be

TYLER AND R O CANADA

Annstomoses between vessels eg  the
bronchial artery and pulmonary artery
could be readily identified if present
Penetration of the Ittex into capilliries
(figs 5 6) was regularly observed and as
an advantage of this technique in contrast
to vinyhite corroston techniques all injected
structures could be studied in relation to
intact surrounding tissues Measurements
were made with an overlying glass disc
ruled with divisions 100 p apart

In genertl we found this subgross thin
shice latex injection technique to be 2
satisfactory and comparatively uncomph
cated method of study Artefacts such 1s
blood vessel blow outs  becuse of thelr
charactenistic appearince were easily rec
ogmzible when present but were nfre
quent in occurrence

RESULTS

A tabulation of the data obtaned from
these specimens has permitted them to be
grouped into three distinctive rubgross
lung types (table 1) The cow shecp
and pig possess what has been arbitrnly
designated as subgross lung type [ The
monkey dog and cat lungs have beent
designated in common as type II and the
horse lung as type 1II

Lung type I (fig, 1) is characterized by
the presence of extremely well developed
secondary lobules marked interiobular
septa and a thick pleura (fig 7) Th
most distal airways are composcd of
merous terminal bronchioles (fig 12)Jead
ing either directly into alveolar ducts of
infrequently into poorly developed respira
tory bronchioles with only minimal alveolar
budding taking place just proximl to the
Junction with the alveolar duct (fig 11)
1t should be noted that each of these 5¢¢
ondary lobules because of their ¢xtreme
development  constitutes in stsclf “hn;
might be thought of as 1 small individud!
lung In addition the constituents of the
bronchovascular tree by virtue of (his
marhed septation havc only a limited X“"{‘
ber of 1 ys to follow and ¢ quent! ‘:
maintain a close relationship throughot

Water sofuble latex obtained from tthGlrmn
eral Latex and Chemical Corporataion
bridge Massachusetts

7 Acetone soluble vinylite obtalned from the
Bakelite Co New York City New York
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Calf, Cow,Sheep, Pig

GENERAL BRONCHOVASCULAR
RELATIONSHIP |

|
i
|

\
PV BR BA PA

ULMONAR} ARTERY

BRONCHIAL ARTERY

BRONCHUS
Fg 1

their intrapulmonary course (fig 21) The

Dragrammatic representation of essentfal subgrosa characteristics of lung type

intrapulmonary course winding about and

bronchus is foll d ly 1n this lung
type not enly by the pulmonary artery
but also by the pulmonary vein In general
the bronchus is Jocated centrally with the
pulmonary artery on one side and the pul
monary vein on the other (fig 20) The
bronchial artery after leaving the aorta or
the intercostal arteries proceeds to the pos
terdor wall of the main stem bronchi At
this point branches are ghen directly to
the hilar lymph nodes and the pleura The
bronchial artery can then be followed 1n jts

pplying the entire wall of the bronchus
(fig 20) Atintervals branches are ghen
in the form of vasa vasorum to the pul
monary artery a few also are seen to sup-
ply the pulmonary vein Numerous other
branches leave the vicinitiy of the bronchi
and after supplying the interlobular septa
progress to the pleura where they form a
rich arterial network of vessels anastomos
ing f ly with those from
the hilum (fig 7) The main portion of the
bronchial artery then continues along the
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bronchial wall and finally terminates 1
the distal portion of the terminal bron
chigle (fig 12) The major portron of bron
chial artenal blood 1s draned by tnbu
tanes of the pulmonary vemn but 1n the
first two to three divisions of the trachea
drainage 1s accomphshed by the azygos
system as shown by Liebow (53) The

der of the 1t hioles the

153

monary artenolar anastomoses (hg 25)
were found to exist normally at this level

Lung type I (fig 2) on the other hand
15 charactenized by the absence of second
ary lobules only ill-defined haphazard mn
traparenchymal supportise tissue strands
and an extremely thin membranous pleura
(fig 8) T?e most distal airways are

posed of

hy
alveolar ducts and alveoh are lied by

well developed

the pulmonary artery Pulmonary artenal
blood and bronchial artenal blood mix at
the level of the terminal bronchiole 1o a
common capillary bed but in additon a
small number of bronchial artertolar pul

T v Y leading 1nto large
alveolar ducts (fig 13) The monkey 1s
an extreme example of this possessing
only short large well alveolanzed bron
chioles which terminate in lengthy alveo-
lar ducts (fig 4) The diameter of the

TYPEL DOG, CAT, MONKEY

s BRONCHUS

GENERAL BRONCHOVASCULAR
RELATIONSHP

BA P8

Fig 2 Dugrammauc representation of essential subgross charactenstics of lung type I



156 R F McLAUGHLIN W S
the bronchial artentes 1n human beings

In 1951 this was reaffirmed by Cudkowicz

The opposition to this point of view bas jts
staunchest support 1n the work of Miller
{50) Apparently however Muller has ye

hed heavily on the anatomy 1n dogs and
cats and he has been cnucized for using
pathologic human matenal 1n s normal
study (Loosh 38) Although Mller noted
1n 1907 that a difference 1n the pleur:

TYLER AND R O CANADA

under pressure and then were injected with
vanous sized colored particles designed to
stop at the arteriolar level As early as
1913 Ghoreyeb and harsner demonstrated
with perfusion studtes mn dogs that bron
chial artery flow would reman constant at
a certam low Jevel when pressure was

d in the p y artery and
tewn but that increases in bronchial artery
flow would occur in response to a relathe
drop 112 pul! y Berry

blood supply ewasted between 1
nowhere 1n published works 15 1t
found that he did a comparatiie study of
the mntrapulmonary features of sarious
mammalian Jungs other than 1n the dog
and cat (Miller 13 "23)

The meamng of this vanation in dis-
tnbution of the bronchial artery as found
in the horse is not clear However this
artery 1s hnown to be a nutnent vessel
with a distribution prmanly to the prox:
mal airwass and supoortive tissues of the

artery

Bratlsford and Daly in 1931 and Nakamura
mn 1938 reaffimmed this Our own studies
1n which bronchial artery pulmonary artery
were d ated were ac

lished by the bronchial ar

tery first with no pressure on the pul
monary artery or vemn and then by inject
mg the pulmonary artery and vemn after
wards It 1s disunctly possible therefore
that symultaneous pressures in all three
sessels :‘vauld have rendered the shunts

lung The alveol and resp 3y bron
chioles are pnmanly diffusing tissues
Theoretically they are capable of extract
ing their required oxygen either from the
surrounding air (Ghoreyeb and harsner
13) or from pulmonary artenal blood

P and hence unnjectable This
viewpoint is further supperted by Ver
Joops (48) demonstration of thickened
bronchial artery and artenolar muscular
coats which are capable of acting asvahes
In other words the anastomoses between

{Comroe 58) Th an
of this alveolar bronchial artery supply
might be the nutntive requrement of an
increased amount of supportive tissue not
pnmanly diffusing 1n nature 1n the region
of the alveolus If this be true the pos-
sibility exasts that an occlusne lesion of the
bronchial arteries mught cause widespread
degeneration of supportise tissue similar
to that seen in generalized emphysema
One would not expect such an event to oc
cur 1n arumals possessing lungs of types
Torll

The presence of normally occurnng
bronchial artery pulmonary artery ana
stomoses was first noted in 1721 by
Russch and thereafter bv many others
Nakamura ( 58) Verloop ( 48) Marchand

/

the b hial artery and pulmonary artery
should be considered as functional or de
mand shunts

In additionn Iittle work has been done
on a comparatie basis 1 regard to the
normal estence of bronchial artery pul
monary artery anastomoses Verloop ( 48
49) found these shunts in the human be-
ing but was unable to find them 1n rats
Elhs Gnndlay and Edwards (32) also
were unable to find them in rats DNaka
mura (58) was unable to demonstrate
their exstence either by anatomic or
physwologic methods in dogs The pos-
sibility that the absence or presence of
these shunts is species-dependent is there
fore mnferred Certainly the mere fact of
faling to d ate them in one or an

Gilroy and Watson ( 50) von Hayek ( 33)
and Tobin (52) have all clumed therr
normal but relatinely nonfunctional exist
ence in the human being  Viller ( 50) is
the principal antagonist of this vicwpomt
In cnticism of the latters views his con
clusions svere based upon dog lung injec
tion studies in which all of the vascular

other species does not conclusively deny
their existence in that species It is how
ever highly suggestive and agrees well
with our own findings in which we also
failed to demonstrate normally occurning
bronchial artery pulmonary artery shunts
1n certain species especially the doz

In conclusion these findingzs suggest the

channels were first filled with a sal

need for a se physlology pathol
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ogy and histology of mammalian lungs In
additton a detailed interspecies survey of

157

is the case throughout the lung in type It
A small number of bronchial artenolar

the d of y
emphysema m mammals would be inter
esting and pertinent Also for the present
great caution should be exercised m the
chaice of an expenymental arumal for pul
monary studies 1f they are to be applted
to man This is especially so if the dog
cat or monkey are to be used m view of
their marked anatormcal differences from
man Finally 1t 15 suggested that 1n many
respects the horse lung may be anatom
cally more comparable to that of the hu
man than any other presently known spe
cies
SUMMARY

The main subgross anatormcal features
of the lungs of vanous mammals are pre
sented A tabulation of these features per
tuts the lungs to be grouped into three
distinctive subgross types  Type 115 repre
sented by the cow sheep and pig tvpe II
by the dog cat and monkey type III by
the horse Lobulanty 1s extremely well
developed 1n type I absent i tvpe 11 im
perfectly developed in type III The pleura
and interlobular septa are thick 1n types 1
and III ‘The pleura 1s extremely thin m
type II and septa are absent Artenal sup-
ply to the pleura 1 types 1 and III is pro-
vided by the bronchial artery ard mn type
11 by the pulmonary artery In types I 1l
and I the bronchial artery terminates in
a capillary bed shared 1n common with the
pulmonary artery at the level of the distal
bronchiole Intype 111 the bronchal artery
also provides blood directly to the alveolar
capillary bed True termunal bronchioles
compnse the most frequent form taken by
the distal airways in types I and I al
though small numbers of poorly deseloped
Tespiratory bronchioles are present vell
developed respiratory bronchioles on the
other hand appear to be the only form
taken by the distal aunvays 1n type 11 In
type I the pulmonary vein closely follows
the course of the bronchus and the pulmo-
nary artery from the penphery to the
hilum This may be due to the heayy n
terlobular connective tissue bammers pres
ent In type Il thus general relanonship
is mantained penpherally but not cen
trally where the pulmonary vein follows
a more independent path to the halum as

P y artenolar are seen
1n types I and JII None are found in type
hid

The functional significance of these an
atomical differences 1s unknown How
ever great care 1s urged 1n the choce of
expenmental ammals to be used 1n pul
monary studies made 1n substitution for
those m man On the other hand the
human lung and the horse lung seem to
be remarkably alike 1n many of their re
spective subgross charactenstics

There 1s a need for understanding these
differences on a basis of further study n
the fields of comparative mammahan phvs
jology pathology and histology
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PLATE 1

ZXTLANATION OF FICUAE

4 Thin slice of monkey lunl |ha\vlnx unusual :hanc(cr of diatal njrwayl Note

Remark
0st immedlately into

able early

two l-Irxc alveolar ducts Campare with ﬂzures 11-15 Scale IOO + 7division
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PLATE 2

EXPLANATION OF FIGURES

Thin slice of monkey lung type II Teased wccimen Note blue latex from pulmonary
artery filling alveclar capidlary network X 9

Histologte section of horse lung type III Note red latex injected jn bronchial astery
filling alveolar capillanes 200

Thin shice of cow lung type I Note remarkably complete development of lobules thick
pleura and interlobular septa rich bronchial artery supply (red latex) to pleura Inter
lobular septa and bronchi X 4

Thin shice of dog lung type II near hilum Note thin pleura absence of lobules and
limiting septa pulmonary artery (blue latex) supply and pulmonary vein (yellow Jatex)
dramnage of pleura nich bronchial artery (red latex) supply to lymph node not dramned
by pulmonary vein > 1

Thin shice of horse lung type Il Note incomplete development of lobules thick pleura
artery (red latex) supply to pleura

an septa y
interlobular septa and bropchi x 2
Vioylite corrosion cast of horse lung type II dorsal surface Bronchial artery yellow
vinylite pulmonary artery blue vinylite pulmonary vein red vinylite Note extreme de
velopment of bronchial artery supply especially pleural x 1/10



LUNG TYPES IN MAMMALS PLATE ¢
Juchard ¥ McLaughtin Walter § Tyler nd Robert O Can da

161



162

PLATE 3
EXPLANATION OF FIGURES
Thin shtee of pig lung type I Poorly developed respiratory bronchiole Note scanty

alveolanzation of distal portion of bronchiole (left mdportion of Agure) Scale 100
#/dpnsion

’nun shce or pig lung type I ’rcrmmal bronchlole Note unalveolarized distal portion
(red latex) supply at this Jevel

an:
Scalc 100 p/division

Thin shice of dog lung type 1I Not
of distal bronchiole prior to formation af alveolar duct tenmnman of bronchial
arteriolar (red latex) supply at this Jevel Scale 100 p/division

Thin slice of horse lung type II Termmnal bronchiole Note unalveolarized distal
bronchioles extensnve bronchial artery (red latex) supply with branches directly sup
plying the alveolar capillary bed Scale 100 g/division

Thin shice of horse lung type 111 Poorly developed respiratory bronchiole Note poor
alveolarization of distal portion of bronchiole Scale 100 u/drvision

\inyhte corrosion cast of horse lung type I Trimmed specimen Note the closcricss
with which the pulmonary artery (blue vinylite) is followed by the bronchial artery
(yellow vinylite) extreme degrec of prouumal and distal bronchual artery development
x1

Thin shice of horse lung type 11 Bronchial artery red latex pulmonary artery blue
tatex Note the presence of direct bronchial artery supply to the alveolar capillary bed
Scale 100 u division

Thin shce of horse lung type I Colors as in figure 17 Note the presence of direct
bronchial artery supply to the alveolar capillary bed Scale 100 w/division
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PLATE 4

EXPLANATION OF FIGURES

Thin shee of horse lung type Il Bronchial artery red latex pulmonary artery blue
latex Note the presence of bronchial artery supply meeting directly with pulmonary
artery supply in alveolar capillaries Scale 100 p/division

Thmn shee of calf Jung type I Glycenn cleared specimen  Bronchial artery red Jatex
pulmonary vein yellow latex Note general bronchovascular relationships with the
pulmonary artery to the left the bronchus in the center and the pulmonary vein to the
right pulmonary vein drainage of bronchsal wall Scale 100 x/division

Vanylite corrosion cast of calf fung Pulmonary artery blue vinylite pulmonary vein
red vinylite Note the close relationship and common course of the pulmonary artery
and vein both distally and proximally X 1/6

Vinylite corrosion cast of dog lung type If Pulmonary srtery blue vinylite pulmonary
vem yellow vinylite Note the independent course of the pulmonary vein and pulmo-
nary artery in companson with the common course scen in type

Vinyhite corrosion cast of horse lung type III  Bronchial artery yellow vinylite pulmo-
nary artery blue vinylite pulmonzry vewrn ud vinyhte Note central independence of
pulmonary vein from artery ive general b artery supply
bronchial artery supply to pu]manzry vein » 1/6

Vinylie corrosion cast of horse lung type Il Trimmed specimen Colors as in figure
23 Note close relationship of pulmonary artery and vewn distally pulmonary vein draws
away from pulmonary artery centrally following an independent course to the hitum ex
tensive distal bronchial artery distnbution ¥ 2

Thin sltce of lamb Jung type I Teased specimen Bronchial artery red latex pulmo
nary artery blue latex pulmonary vein yellow latex bronchiole green latex Note
pulmonary artery top with splotches of red latex brenchial artery winding along
b of arterjole with pulmonary arteriole top left (speci
men broken at site of anastomosis in teasing process) bronchial artery infected first
accounung for splotches of red latex in pulmonary artery pulmonary artery injected
secondly accounting for splotches of blue in bronchial artery by means of retrograde
flow  Scale 100 u dnvision

Thin slice of horse lung type J11  Colors as in fgure 25 Note anastomosis of pulmonary
arteriole with bronchial arterfole Scale 100 g/division
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Studies on Adrenal Transplantation
I HOMOLOGOUS AND AUTOGENOUS TRANSPLANTS

GERALD P RODEY! OLGA MIODUSZEWShA? ann GEORGE O GEY
Finney Howell Cancer Research Laboratary Department of Surgery
The Johns Hopkins Umizersity School of Medicine

Baltimore Maryland

While attempting transplantation of rat
adrenal tissue amtained 1 vitro for over
20 years into adrenalectormzed Tats our
1nterest was aroused 1n studymg the func
tional capacity of autogenous and homol
ogous transplants mamtained e wtro for
varying pertods of time  Although numer
ous attempts at autografts and homografts
of rat adrenals have been made few
ports concermung tissue culture t )|

planted 1nto the grown of one of the other
amimals along with some blood charceal
as a marker An 1ncision was made over
the nght femoral fossa and the whole
gland coated with the carbon marker was
mserted The ammals were mantained
on 3z regular diet wath no sahne supple-
ments

Autogenous transplants  This group

d of 15 !

are available

Lux et al (382 36b) attempted homo-
transplantation after growing fragments
of the adrenal 1in mecha contaimng the
hosts serum  Martinavitch ( §5) has suc
cessfully transplanted adrenal cortex mam
taned 1n organ culture but only when the
tissue was taken from rats 4 to 5 days old

The following expenments were deviged
to test whether the adrenal gland when re-
moved from a rat and grown in tissue cul
ture for 7 to 48 days can successfully sur
vive and maintain function when grafted
back into the same rat Whole adrenal

and some homal trans

plants of tissue mamntained in vitro from
10 to 77 days were also attempted Also
the effects of ACTH cn these cells 1n tis
sue culture was studied

METHODS AND MATFRIALS

The animals used 1n these expenments
were from 2 colony of hooded rats inbred
for 19 years The animals were pen mated
and every effort made to prevent litter
maung *

Whole adrenal transplants Eleven
tats of both sexes 25 to 44 days old served
as hosts and donors Both adrenals were

d on the day of tr and
placed in toto in balanced salt solution
One gland from each animal was trans-

of both sexes 37
to 75 days old One adrenal was removed
and cut 1nto 32 to 36 fragments about 15
mm in diameter Special care was taken
to include the capsule but the medulla was
ehmmated The tissue was explanted nto
two tubes coated with reconstuuted col
lagen (Ehrmann and Gey 56) and m
cubated m roller drums at 37 C The

d d of Geys bal d salt
solution  Eagles basal medium (without
glutamine) and human placental serum
(4 3 3) with the addition of pemacilin
(100 units per ml) and streptomyein (50
units per ml) The cultures were treated
three to 6 times per week depending upon
the ramdity of pH drop At a later date
(7 days 1 three cases 8 to 10 days 1 6
cases 13 days in three cases and 48 days
1n three cases) the remaining adrenal was
removed and the tissue culture fragments
from the same ammal were inoculated 1nto
the nght femoral fossa  This was done by
making a small ncision and inserting a
mpette through the subcutaneous tissue to
the femoral fossa These ammals were

50‘ Henry Strong Demson Fellow 1958-59 1959-

Rockefeller Foundation Fellow 1528-59

$We are indebted to Dr Eleanor Delts for
supplying these penbred rats These rats were
the only ones available which 1n any way resemn
bled those used in earlier studies of adrenal tissue
cultures in this laboratory
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maintained on a regular diet with 0 9%
saline supplements ad hbitum for 4 to
21 days

Homologous transplants  This group
consisted of 10 animals of both sexes 40
to 48 days old One adrenal was removed
and placed 1n tissue culture as above At
a later date (10 days 1n two cases 28
days In 4 cases and 79 days 1n 4 cases)
the second adrenal was removed and the
ussue culture fragments were 1noculared
as above The ammals were paired in
such a fashion that each pair exchanged
adrenal ussue These ammals were mamn
tained on a regular diet with saline sup-
plements up to three weeks

ACTH treated cultures  About 90 cul
tures (including some of the above) were
treated as described above In addition
ACTH* 1/125 or 1/250 I1U per ml of
medium was added to onchalf of the
cultures so that the tissue from one half
of the animals was subjected to ACTH the
remaimng half serving as a control If
necessary the tissue cultures were trans
ferred every two to three wechs

RESULTS
Whole adrenal transplants

Of the group of 11 rats only three Iived
longer than two weeks Autopsy of those
ammals which died showed necrotic ad
renal ussue 1n the nght femoral fossa with
no normal adrenal tissue  Microscopic sec
tions were not made of this necrotic mate
rial The following animals survised this
procedure

Rat 1249 Four months after trans
plantation the gromn was explored In the
right femoral fossa a purplish hypertro-
phicd adrenal gland was found having a
good blood supply via an artery demved
{rom the femoral artery  The adrenal graft
was removed and the incision sutured
The amumal was maintained on a regular
ciet and expired thwo weehs later  Autopsy
revealed no adrenal tissue remaining
cither i the groin or adjacent to the
Lidneys

Rat 1250 Four months after trans
plantation ther ight femoral fossa of this
rat was cexplored A tvpical appearing ad
renal gland was found with a good blood
supply from the femoral artery Twowechs

GERALD P BODEY OLGA MIODUSZEWSKA AND GEORGE O GEY

after removal of this graft the animal died
On autopsy no adrenal tissue was found
anywhere 1n this animal

Rat 1251 Nine months following
transplantation this anrmal was sacnificed
An hypertrophied adrenal was found in
the night femoral fossa No other adrenal
tissue was discovered

In all three cases the graft appeared ke
a typrcal adrenal adenoma However the
contral portion contamed no celis and no
meduliary tissue could be located in these
grafts (Seefig 1)

Autogenous transplants

The three rats whosc adrenal ussue had
remamed i witro for only 7 days re
mained healthy Two months after trans
plantation the night femoral fossae of
these ammals were explored and the pur
phish nodules of adrenal tissue werc re
moved All three animals died within 23
days after the removal of the adrenal
transplants

Of the 6 ammals whose adrenal had
been maintained 1 vitro for 8 to 10 days
two died within 21 diys Two of the ani
mals died 5 to 6 months after transplanta
tton  Examination of the graft sites re
vealed several nodules of healthy loohing
tissue It was not possible to ascertain
whether these rats died from adrenal in
sufliciency or from some other cause
However these grafts must have func
tioned up to the time of their demise for
the rats to have survived for that length
of time The remamning two rats wert
explored 7 months after transplantation
Several small nodules of purplish adrenal
tissue with a good blood supply from the
femoral vessels were found One animni
died 23 days after removal of fts grafts
The other was sacrificed and re-explored
and several more nodules were found in
the groin but none adjacent to the kidneys

The three rats whose adrenal tissue 1c
mained in vitro for 13 days and the three
rats whose tissue remained in titro for
48 days ail died within 20 days of trans
plintation  Tlssue was removed from some
of these animals for microscopic ¢ xamin1
tion Generally the nodules appear swall
and diffuscly distributed In the fomorat
fossa

Parke Davis and Company
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Microscopic sections of the autogenaus
ful
ul
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grafts (ﬁg‘l 4) It 1s possible that if tissue

transplants which were ap-
peared very stmlar There were several
nodules of varying sizes In some ammals
there was a defimte, tendency for the tissue
to form an organ structure (g 2) m
others the tissue was diffuse with no at
tempt at organ formanon (fig 3) Two
types of cells were present one was a
small foamy cell with small nucler prob-
ably glomerulosa and the other was a
larger cell with eosinophtlic cytoplasm and
ntensely stamed nucler resembling fascic
uwlata There was ne inflammatory e
sponst. to this tissue
It 15 interesting to note that the tissue
taken from autogenous transplants which
falled to maintain the ammal appeared
healthy on mucroscome examnation and
very simular to those desenbed above
There was no inflammatory response to
these cells exther
It appears from the information at
present that this tissue 1s capable of sur
wuving when transplanted autogenously
However the grafts mamtaned the life of
the ammals 1n 100% of the cases if trans
Planted within 7 days 1 677 of the cases
if transplanted within 8 to 10 days and in
no cases by 13 to 48 days Some transfor
mation apparently oceurs whereby the
tissue cultured cells lose therr functional
capacity when maintained in vitro longer
than two weeks

Homologous transplants
In thes series {n evety case except ane
the rats died wathin 25 days after trans

plantation In some cases the tissue was
removed on autopsy for pic exalu

n witro less than 7 days had
been homotransplanted better results
nught have been obtamed

ACTH treated cultures

Growth of the untreated control cultures
began on the thrd day and at this tume
three types of cells could be identfied
Most numerous were small round cells
contaming 2 few refractie granules and
a large puclens These cells grew sepa
rately surrounding the explants the
darkest most granular of these probably
represented degenerating forms The sec
ond type of cell was a rather infrequent
large polygonal cell formung epitheliond
cell spreads The nucleus was relatiely
small and the cytoplasm cantained nu
merous small refractive granules The
third cell types was the fibrablasts which
started their growth from the capsule but
after a few days spread radially around
whole fragments

The spread of the epitheloid sheets
ceased after a few days The fragments
were then surrounded with fibroblasts
mixed with the first cell type which often
lost therr granules and appeared as

ded el with clear cytoplasn
After 14 to 18 days 1n culture the whole
collagen slant was cosered with this mixed
fibroblastic and round cell population
Around the penphery of the colonues there
appeared numerous large polygonal cells
with small nuclei occasionally contaimng
a few refractive vacuoles mn ther cyto-
plasm  Heawly granular cells were also
Ppresent but few 1n number If transferred
tclee tissue grew more sla}vly and finally the

ation  Rat 8MB was sacnficed 50 days
after transplantation and a small nodule
was found 1 the night femoral fossa My
croscopic examination showed a large
hemorthame center with necrosis and lvm
phoeytic infiltration but no lving adrenal
tissue  No other adrenal uissue wis found
but an accessory gland may have been
overlooked

The microscopic sections of 4 of the
grafts showed healthy appeanng adrenal
ussue simlar to the zona glomemlosa and
fasciculata  There was some

The cell cultures grown in the presence
of ACTH differed from the above The
growth began at the same time but con
sisted of epithelioid sheets composed of
large polygonal cells with very granular
cytoplasm  Small round cells were also
present but they were not as numerous
After a few days of active spread the out
growth decelerated Starting from the §th
to 10th day of growth the morphology of
the cultures changed shghtly Large celis
formung epitheliowd sheets gradually lost

tory reaction at the penphery of these

thewr les so that after two
weeks the cytoplasm became almost clear
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Stained preparations shoved few vacuoles
persistent in the cortical cells

In addinon to the changes i morpho-
logical charactenstics of the adrenal cells
the rate of fibroblastic growth vared in
these cultures This difference was most
striking in the first 4 to 5 days when the
fibroblasue outgrowth was quite active in
the control cultures but was very shght or
completely unobservable in those tubes
treated with ACTH  After this mtial
pentod the dufference dimmmshed gradually
and the spread of fibroblasts increased in
the cultures treated witth ACTH A group
of cultures grown in the absence of ACTH
for 4 to 6 weeks were then treated with
ACTH Their morphology changed mark
edly and granulation of the cytoplasm ap-
peared in the cells which previously had

GERALD P EODEY OLGA MIODUSZEWSKA AND GEORGE O CEY

and still contams cells resembling glome
ulosa and fasciculata. Schaberg noted tha
regeneration occurred only when the caj
sule and adjacent zone were present an
that there 1s differentiation of cells r
sembling glomerulesa and fasciculata
Schaberg has reported that cells main
tained in the presence of 1/5 IU perm
of ACTH for three days showed decrease:
nucleus to cytoplasm ratio The amoun
of cytopl: d and inex
vacuoles We have found similar result
with the use of ACTH He further demon
strated that the same effect could be ob
tained if the adrenal was cultured adja
cent to the pitmitary
0

s pts at trans
plants have been made with varying re
sults Pencharz et al ( 31) reported 5 ou

1 1

clear or enly shightly lar cy

of 12 adrenal

The transplantability of the ACTH cultures
was no different from the controls in this
small senes
DISCUSSION

There bave been numerous contradic
tory statements made regarding cultiva
tion and transplantation of the adrenal
gland Marttnovitch ( 55) stated that to
culusate the adrenal 1t must be explanted
complete and should not be taken from
rats more than 4 to 5 days old He states
that the temperature of 37 C 15 unsuitable
for culture of the adrenal cortex Scha
berg (55b 57) howeier has reported
successful cultivation of fragments of ad
renal from 5-day-old rats maintained on
coagulated plasma medjum at 37 C Ve
hate succeeded in culturing adrenal frag
ments from 37 to 75-day-old rats on re-
constituted rat tail collagen at 37 C for
as long as 79 days

Schaberg found that after 5 days in cul
ture the fr became a

the ovary in the rat VWyman and Tur
Suden (32) found 93% of abdormna
transplants successful in rats adrenal ecto
mized at 45 to 120 days Eserett (49) re
ported 10 out of 11 successful grafts ir
non adrenalectomized rats and 13 out of
17 ful in hemi ) .
rats The grafts were transplanted beneath
the renal capsule and were removed 21 o
45 days later hroc ( 42) attempted trans-
plantation to the pinna of one third 1o one-
half of an adrenal in 104 rats aged 43 days
to © months He found 507 successful
grafts in males without supplementary
salt and 33% success with salt supple-
ments Of the females 7% of the grafis
were successful in ammals without salt
supplements and 38% with salt supple-
ments He found that a loss of 14 of
more of body weight after adrenalectomy
mndicated that the rat would not sunne

Willlams {47} attempted autogenous
to the cars of oneyear<ld

and the cellular structure varied from a
majority of Hbroblasts to a majonty of
epithehal cells  After 10 10 12 days the
central portion showead extensine degener
ation This degeneration occurred mainly
in the fascicular laver and typical fascicu
1ar structures were no longer present Cul
tures of the fasciculata alone showed very
Little acthviey and in two wweeks only fibro-
blasts remained A partion of fasciculata
from hooded adult rats has been maln
tained {n gur laboratory for oser 20 vears

transp
albino rats with one adrenal left intact
He placed the capsule in one ear and the
enucleated portion in the other ear One
weeh later the second adrenal was re
moted Within three months 12 of the 28
ammals died The graft comprising the
enucleated portion never sursived after 17
dass Of those surviving after three
months all died when the ear containing
the capsular graft was removed
Blodinger et al (26) using whole or
partial grafts to the kidney spleen
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omentum and rectus muscle of 14 dogs
reported total falure Coupland (57)
transplanted the adrenal medulla and
mner cortical cells 1n the antenior chamber
of the eye 1n partially adrenalectomized
rabbits He reported 79 out of 80 graft
survivals but 88% of those who subse
quently had the remamng adrenal re
moved died He concluded thit for a
graft to succeed the second adrenal should
not be removed for 7 to 28 days after trans
plantation Jaffe ( 27) reported 84% suc
cessful grafts of adrenal fragments ta the
abdormnal wall in gumnea pigs with the
second adrenal being d several
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renal cortex from rats one to 32 days old
mto the antentor chamber of the eye of
60 to 186 days-old non adrenalectormzed
rats He reported 51% recovery in 96
ammals with bilateral transplants and
64%% of 39 with uniateral transplants
He recovered about 90% of grafts in ad
renalectomized hosts but did not deter
mne Whether thest were functuiomng
Egdahl et al ( 57) placed adrenal grafts
in mulhpore chambers and inserted them
ntrapentoneally 1n two normal dogs  They
found that after two weeks 95% of the
cells were dead Using bilaterally adre

weeks later
Parkes ( 55) reported 88% ful

d rabbits they discovered 905
of the cells dead after two weeks Poor

rat adrenal autotransplants which had
previously been frozen to — 79 C These
were intrarenal transplants and 1ll am
mals were autopsi)d & weeks Ilater
Tranksson et al { 56) attempted antogen
ous transplants in 5 humans suffering
from carcinoma of the breast and two
with Cushings disease Three of these
grafts had been frozen to —~ 80 C They
were transplanted to the sartonius muscle
and all 7 were successful grafts

There has been a great vanation mn the
success of homologous transplants Ingle
et al { 38) reported that “close sumilanty
in the genetic constitution of donor and
host s essential for the regeneration and
function of homeografts of the adrenal
gland ™ They found 48 of 56 successful
grafts in an inbred rat strain and no suc
cesses is 26 unrelated ammals Gennger
(54) reported 100%% successful trans
plantations in a stramn of rats brother
sister mated for 40 years e felt that the
sex of the animal was not entical Wyman
and Tum Suden (37) found successful
grafts in 71¢ of female rats and only
207 in male rats They concluded that
the sex of the donor made no difference
but the sex of the was i

(58) d 14-day fetal adrenal
cortex mto the cheek pouch of three
month-old hamsters and 22 days later the
ammals were adrenalectomized Four of
the 6 grafts were successful and the re
mamng hamsters died when the grafts
were Temoved

Bailey and Reele (36) and Beer and
Oppenhemmer  ( 34) reported successful
homotransplants in humans but these re
sults appear doubtful Goldzieher and
Banshaw ( 37) successfully transplanted
hyperplastic adrenal tissue On autopsy
the patients own adrenals were replaced
by scar tissue but the graft appear healthy

On numerous occasions H S N Greene
( 60) has reported the successful homo-
transplantation of human adrenal tissue
The following information 1s guen with
tus approval A man suffenng from Ad
disons disease recened imto the rectus
muscle an adrenal transplant from a
three month fetl;ls All therapy was dis

inued e a

Nine months later the surgeon inadiert
ently removed the whole transplant when
talung a biopsy and the patients symp-
toms promptly reappeared

Parkes reported 50% successful homo-

Pomerat et al (44) transplanted the
adrenal cortex of newborn rats to the
brain of 100 gm rats from whom they
removed one adrenal at the time of trans
plantation and the second two weeks later
Fifty per cent of the grafts survived more
than 30 days after the second adrenlec
tomy but only 25 showed excellent
growtk  Tumer (39) transplanted ad

transpl 1n the rat after freemng the
graft to —79 C  Jost and Blumenthal
(58) compared the results of frozen and
non frocen homografts The frozen grafts
showed a dimimshed lymphocytie and
connective tissue reaction They con
cluded that the better survival of frozen
grafts was probably due t0 a2 dimirushed
elaboration of some injunous substance
produced by host donor meompatibilities
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Stained preparations showed few vacuoles
persistent in the cortical cells

In addition to the changes 1n morpho-
Iogical characteristics of the adrenal cells
the rate of fibroblastic growth vaned in
these cultures This difference was most
stnilng 1n the first 4 to 5 days when the
fibroblastic cutgrowth was qute active in
the control cultures but was very slight or
completely unobservable 1n those tubes
treated with ACTH  After tfus ininal

GERALD P BODEY OLGA MIODUSZEWSKA AND GEORGE O GEY

and still contains cells resembling glomer
ulosa and fasciculata  Schaberg noted that
regeneration occurred only when the cap-
sule and adjacent rone were present and
that there is differentiation of cells re-
sembling glomerulosa and fasciculata
Schaberg has reported that cells main
tamed in the presence of 1/5 1U per m}
of ACTH for three days showed decreased
nucleus ta cytoplasm m’tio The amount
Y

penod the diff y
and the spread of fibroblasts increased in
the cultures treated witih ACTH A group
of cultures grown in the absence of ACTH
for 4 to 6 weeks were then treated with

and
We have found similar results
with the use of ACTH He further demon
strated that the same effect could be ob-
tained if the adrenal was cultured adja
cent to the preuitary

ACTH Therr morphology ch d mark
edly and granulation of the cytoplasm ap-
peared in the cells which previously had
clear or only slightly 1 )

at trans
plants have been made with varying re
sults Pencharz et al (31} reported 5 out
of 12 ful adrenal tr ot to

ytof
The transplantability of the ACTH cultures
was no different from the controls 1n this
small senes
DISCUSSION

There have been numerous contradic
tory statements made regarding cultiva
tion and transplantaton of the adrenal
gland Martinovitch ( 55) stated that to
cultisate the adrenal it must be explanted
complete and should not be taken from
rats morc than 4 to 5 days old He state:
that the of 37 Cis )
for culture of the adrenal cortex Scha
berg (55b 57) howeser has reported
successful cultzsation of fragments of ad
renal from 5-day-old rats maintained on
coagulated plasma medium at 37 C  We
have succeeded in cultuning adrenal frag
ments from 37 to 75-daj-old rats on re
constituted rat ta collagen at 37 C for
as long as 79 days

Schaberg found that after 5 days in cul
ture the became psul

the ovary n the rat Wyman and Tum
Suden (32) found 95¢% of abdominal
transplants successful 1n rats adrenal ecto-
mized at 45 to 120 days FEaerett (49) 1e
ported 10 out of 11 successful grafts in
non adrenalectomized rats and 13 out of
17 ul in hemi ad. )} ized
rats The grafts were transplanted beneath
the renal capsule and were removed 21 fo
45 days later Rroc ( 42) attempted trans
plantation to the pinna of one third to one
half of an adrenal in 104 rats aged 43 days
to 9 months He found 50% successful
grafts in males without supplementary
salt and 33% success with salt supple
ments Of the females 7% of the grafts
were successful In animals without salt
supplements and 36 with salt supple
ments He found that a loss of 147 or
more of body weight after adrenalectomy
indicated that the rat would not survhe

Williams (47) attempted autogenous
to the ears of onecyearold

and the cellular structure saried from a
majority of fibroblasts to a majority of
epithelial cells  After 10 to 12 days the
central portion showed extensive degener
ation This degeneration occurred mainty
in the fascicular Jayer and typical fascicu
lar structures were no longer present Cul
tures of the fasciculata alone showed very
little activity and in two weeks only fibro-
blasts rematned A portion of fasciculata
from hooded adult rats has been main
tained in our laboratory for over 20 years

transy
albino rats with one adrenal Jeft intact
He placed the capsule in one ear and the
enucleated portion in the other ear One
week later the second adrenal was 1€
moved  Within three months 12 of the 28
animals died The graft comprising the
enucleated portion never sunvised after 17
days Of those surviving after three
months all died when the car contalning
the capsular graft was removed
Blodinger et al ('26) using whole of
partial grafts to the kidney spleen
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Schaberg ( 55b) reported 7 successes
out of 13 transplants of 5-day-old rat ad
tenal maintamed m titro for three weeks
when transplanted to young adult rats
Whereas m the cultures few fasciculata
cells were present the grafts consisted al
mast entrely of fasciculata

Martwoviteh (55 56 57) grew whole
adrenals from 4 to 5-day-old rats on watch
glasses at 32-33 C for three wechs to
three months He then grafted this tissue
into the antenor chamber of the eve of
two- to 7weeh-old rats adrenalectormized
up to 7 days prior to transplantation  He
concluded that grafted explants behaved
similarly to normal transplants but that
they regenerate better and Ine longer The
genetic relationship between the grafted
tissue and the host ammal cid not seem
to have z marked effect on the
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SUMMARY AND CONCLUSIONS

1 It 1s possible to mamtan adrenal
cultures e titro at 37 C for at Jeast 80

ays
% Whole adrenal homotransplants are
27% successful m Gweek-old adremalec
tormized rats The medulla however does
not survive
3 Adrenal fragments mamtained 1n
vitro up to 7 days and then autogenously
transplanted are 100% successful Tissue
mamntained i witro for longer penods
Iy Ioses 1ts fu I capacity un
tl at two weehs n tatro the tissue 3s no
fonger able to mantan the adrenalec
tomized host
4 Homol

ous tr r‘
1n uitro for 10 to 19 days prior to graftng
were umformly unsuccessful

Adrenal ussue i wttro demonstrates

tive capaaity  Explants kept tn 22tro longer
than 7 weeks showed steady dechne of
Tegenerative power After three months
1 ulro there was no regenerative power
and ACTH admunustered to the host had no
effect He concluded “Apparently a stage
m the aging process of the cell 1s reached
in uitro when no appropnate stimulus can
induce 1ts furtber dision”

To our knowledge no one has previ
ously attempted to transplant adrenal tis
sue back into the same anhmal after cul
ture i 1itro It 15 interestng to note that

i utro cultivation for one week has no
effect upan 1 aut I

a to ACTH stimu
Jation
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PLATE 1

EXPLANATION OF FIGURES

A successful whole adrenal transplant This section shows a wellencapsulated msss
of adrenal tissue Distinct cords of moderately granulated and sesicular adrenal cortical
cells are present There 1s no inflammatory reaction ¥ 300

A successful autogenous transplants This section shows an encapsulated adrenal mass
The cells are simular to those in figure 1 but there are fewer cells with Jarge vacuoles
Again no inflammatory reaction s present .~ 300

Successful autogenous transplants with adrenal tissue spread out diffusely rather than
organized into large nodules This section shows essentially unencapsulated irregular
adrenal cell masses No inflammatory response 13 present > 300

s The tissue s encapsulated and the cells are
well preserved. There §s a great amount of peripheral inflammatory reaction .~ 300



PLATE

Gerald P Bodey Olga Miodu zew k and George O Gey

ADRENAL TRANSPLANTATION

/fi“J

-4

. . |fl:

4,1 T o !1”
AT A
W%MMN spMﬂ wx?».m&, ..\mr%
» %4

/\-' ...r..ncxu.
.,.»wv\ a! .«?ﬁﬁ/&ﬂﬁ!%ﬂmﬂ

Wy
B

S

seie Ty
T N5 TN mwnav.q

3 »W‘w(i\wml:ﬁ Jte
¢ i ﬂ.A.\.a.V\;M MW\A&W\\I!\

e \Sv\\\“mfﬁmmnr\ T~

R
_ /.,, J.M

LA X Y-
o~ 3
ﬁnﬁauo/ﬂl\h Mw‘§$o

.
A :Z,-;ﬂ <

oyt > B D -
e NN R L RS
ml»vvbr.}trv&ur T»uEFE i N

&m\ﬂ



180

{Araldite Ciba Ltd ) or in a muxture of
methyl and butyl methacrylates

Thick sections from suitably onented
blocks were studied 1n the phase mucro-
scope and contiguous thin sections were
studied m an RCA 2E e}

ADOLPH I COHEN

matenal was unesenly distributed within
the cells and 1n general appeared to in
crease in concentration as a cell process
approached the vitreous humor In other
areas the cell processes possessed more

hond d of fi

following staiming with potassium perman
ganate by the method of Lawn {60) or
with saturated lead acetate (Watson 58)
Starning was unnecessary in the case of
permanganate fixed matenial Methacrylate
i were d on collodion cov
ered gnds and covered with a second layer
of collodion after stamnmng (Watson 57)
Retinal fixation by fixatives contaming
Os0, proved rather erratic both with re
spect to results obtained 1n different spec:
mens and in different blocks from the
same specimen These difficulties appar
ently result from the erratic penetration
of the vitreous humor by the fixatne The
impression was obtained that the fixatine
tended to form a channel and that a van
able coating of mucopolysacchande re
marnng on the retina resulted in Jocal
inequaltties of rates of fixatise penetration
While potassium permanganate fixation
seemned somewhat better than osmic fixa
tion with regard to penetration 1t too
gave somewhat erratic results  However
7 all the fixatives employed gave excellent
presennation when this was evaluated by
Iight microscopy

PESULTS

In matenal deemed to be properly fixed
by osmicchrome fixation (fig 1) vertical
scetions of the retina showed groups of

] cross af ) cell
axons and vertically mfiltranng glial proc
esses  These glial elements fully occupy
the surface of the retina at nts interface
with the sitreous humor  In poorly fixed
matertal the most striking change was a
loss of 1ntegnty of mamv ghal cefl mem
branes resulung tn a false impressson that
the axons of the ganghon eclls lay in
syncytial glal cytoplasm

The ghial cell processes which occupy
the inner reunal surface sary in ther
appearance {(figs 1 2 3) In some areas
particularly near the optic papilla the
cytoplasm possessed relauvely few mito
chondria and was rather clear except for
the presence of fibrous material  This

12
brous material and had in additon nu
merous small circular profiles and dense
particles (fig 2) Sometimes desmosomes
were obsenved between glial cells (fig 2)
Inasmuch as the full extent of any indi
vidual ghal cell 1 this arca could only
be determined by senal sectioming and
smce this was not carmed out it 1s not
clear whether this vanability of appear
ance 1s due 1o the presence of more than
one sanety of ghal cell among cells form
fng the inner retinal surface or to an
uneven distnbution of organelles within
the cells Well preseried mitochondna in

d, to glial pr njth
few mitochondna suggest that mitochon
dna are not being destroyed by poor fixa
uon  The generally distinctie appearance
of ghal cell processes provided a means
of identifying ghal cells and faciitated
the tracing of therr processes through
fields of axon cross sections  The circular
profiles 1n the ghal cells probably represent
cross sections of an agranular reticulum
and gave an unpression of a veswcular
cytoplasm

The ghal cell processes of the opuic fiber
layer were not tightly packed and appre
ciable extra-cellular spaces were ciident
(fig 2) In addition the rctinal surface
on the vitreous humor as constituted by
contiguous ghal cells was not sharply de
marked 1asmuch as the loose packing of
the cells freq ly permutted
of the sitreous chamber volume between
the cells (fig 3) A basement membrane
was obsersed to be interpased between
the vitreous chamber and the retinal cells
(figs 1 2 3 7) and occasionally this was
also folded fnto the crevasses between
ghal cclls In addition points of invagina
tion of the surface of the glial cells on the
vitreous chamber were observed (fis
and the basement mcmbrane was fold
into these invaginations

The glial processes extended about the
axons of the ganglion cells but this in
filtration appeared to be random It was
the rule rather than the exception that
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axons frequently abutted directly upon
one another without being separated by
ghal cell membranes Thus 1 figure 3
a complete ning of configuous axons can
be discerned On the other hand while
axons were commonly In contact they
were never distant from glial cells and
n certam areas most of the axons in a
given section possessed some surface con
tact with a ghal cell (ig 4) It 15 not
clear hawewver whether a given pair of
contiguous axons remain approxumated
for considerable d. A to
cut sections along the length of the axons
did not answer this question because un
dulation of the axens (fig 2) dd not
permt following extensive lengths

Occasionally 1individual axons were en
veloped by ghal cells in a manner sug
gesting restnction of axon to axon contact
(figs § 7) although 1t 15 not certmn that
this 1solation would continue for the full
length of the fibers When methods of
fixation become more reliable and a sys-
tematic exploration of the optic fiber layer
becames possible 1t may well be that i
certain areas of the retina such restnc
tion of avon to axon contigmty may be
more common than in others However
1t is already clear that m most regions
axon o axon contiguity 1s quite common
and probably usual

Some efforts have been made to deter
mune the distiibution of frequency in axon
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diameter classes 1n the fiber layer As
previously noted the axuns seen in cross
sections tended to occur in groupings (fig
1)} A number of such groups were photo-
graphed at magmfications of 2 000 diam
eters and photographic enlargements were
made at fications of 8000 d

All the axons 1n each of three groups from
3 temporal atea not far from the optic
papilla were measured with the results
seen in table 1 The axon diameters ranged
from 02-30 u with the most frequent
class bemng the 04-05 p class The gen

eral distnibution was skewed These te

sults should 1n no way be interpreted as
representing average Sber diameter distn

butions of the monkey retina  Whle they
rught ultimately prove to be representa

five they were obtained from one restnic

ted area of one ammal and are presented
as a sample of the probable ranges to be
encountered 1n a definitive imvestigation

DISCUSSION

As Horstmann and Meves (59) have
pomnted out in miestsgations of neunte
ghal cell relationships 1n the central nerv
ous system a senous obstacle 15 the dif
ficulty of distingmshing dendntie axonal
and fine ghal processes Howesver in the
area of the internal imiting membrane of
the monkey retina the predominant neu
ntes are axons and the predominant ghal
species possess a distincuve fibrous cyto-

TABLE 1

Diameter of ganglion cell axons

Range BW

Y 3 € Sum

¥
02-03 18 27 18 6
04-0 112 123 10> 30
0607 62 69 60 191
0509 TS 51 50 132
1011 4 a3 35 11
1213 23 8 19 50
1415 7 8 9 2
1617 5 H B 18
18-19 3 1 3 7
20-21 2 2 3 7
22.23 2 1 2 5
2425 0 [ 1 1
2627 1 2 4 H
2829 [ Q 0 °
30-31 1 ° o 1
310 330 a7
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plasm That fibrous astrocytes are the
predominant species of retnal glial cell
has been an early mnterpretation (Marche
sam  27) Polyak (41) lists the ecto-
dermal gha of the monkey retina as Mil
ler cells fibrous astrocytes protoplasmic
astrocytes and mixed (shghtly fibrous)
astrocytes The presence in the pnmate
retina of oligodendrogha he regards as
unproven and doubtful In wview of the
variance in fiber concentration of the ghal
cells encountered 1n this investigation and
i view of the fact that these ghal cells
of varying appearance are obhiously all
involved in the composition of the internal
limiting membrane (described by Polyak
as consising of “the juxtaposed vatreal
ends of Mullers fibers™) it would appear
that erther the cell of Muller 15 a species
of astrocyte whose cytoplasm may display
a vanable fibrous content or that more
than one vanety of glial cell participates
in the 1nner retinal surface Some of the
glial cells whose processes constitute the
internal limiting membrane were observed
to have their nuclei at the Jevel of the
optic nene fibers (fig 6) This might
constitute evidence that mere than one
glial species contribute to the inner retinal
j surface inasmuch as Polyak (41) states
that the typical location of the nuclei of
the ghal cell of Muller is at the level of
the bipolar cell nuclei (Polyak s layer 6¢)
However he also notes that they may
rarely occur in other levels including the
ganglion cell and optic nerve fiber levels
Syostrand ( 58) in a study of the receptor
bipolar synaptic area of the guinea pig
has called attention to the presence in the
Muller cells of distinetive particulate mate
nal The cytoplasm of the Muller cells of
the guinea pig as seen in Sjoslmn{‘s elec

ADOLPH I COHEN

cells of Muller but recognizes the existence
of an extraretinal “hyaloid membrane
interposed between the vitreous humor and
the Muller cells He mentions however
that certain nvestigators are using the
term for an extracellular entity Wolter
(59) in a study of the glial cell varictics
of the human retina employs the term
“mnternal Iimiting membrane™ to include
both the Muller cell processes and an in
cluded homogenous material Finally in
vestigators of the ciliary body (Pappas
and Smelser 58) seem to employ the term
for an extracellular membrane “the base
ment membrane As the above investiga
tion shows there is a basement membrane
interposed between the cellular surface of
the retina and the vitreous chamber As
superficial extensions of the vitrcous cham
ber penetrate between the surface proces
ses of the glial cells the basement mem
brane is likewise infolded and lines these
M the b mem
brane may line invaginations of the glial
cells of the retinal surface Since the
mucopolysacchanide of the vitreous humor
and basement membranes in general are
periodic acid Schiff positive these obser
vations tend to account for a dense PAS
positive band delimiting the inner retinal
surface The fnterdigitation of basement
membranes and of fibrous cell processes
suffices to account for the distinctive mem
brane like appearance scen in the light
microscope In the mouse (unpublished
observations) the embryonic optic vesicle
" letely encl b ‘mem
brane before the formation of the lens and
this arrangement persists in the adult
where the basement membrane of the
inner retina proves to be continuous with
that of the ciliary body Iris and pigment
1 This 1s probably the case in

tron micrographs strongly the
particulate and reticular glial cytoplasm
described abose Finally the more fibrous
glial cells of the internal limiting mem
brane of the monkey strongly resemble
fibrous astrocytes of other areas of the
central nervous systerm as demonstrated
in the electron micrograph (58)

There is some ambigu: use of
the term “internal win
the literature on the ¢ 4’1)

n

employs this term for

ner ends of the ierticall 1

the primate retina

If the penetration of extensions of the
sitreous body between the cells of the
retinal surface results in a greater adhe

snend: rctina to the vitreaus body
then ] ¢ sftuatlon may proside a
in the etlology of retinal
quent to movements of

the v
Cu ¢ elxtionships of ncu
rites arly In pe
«~ f been 10
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viewed by Schmutt (58) In the well
known examples of medullated peripheral
and central neuntes and non medullated
peripheral neurttes sheathing cell mem
brane (or membrane denvatives) separate
1ndivadual neuntes so that the neural proc
esses are physically 1solated from one an
other However with the continued appls
cation of electron microscopy to nervous
tissue a nuinber of examples of contiguous
neuntes have come to light In the spinal
cord of the lamprey Schultz et al (56)
found fields of neunte fibers with a rela
tive paucity of ghal elements In the
clfactory nerves of mammals Gasser{58)
and De Lorenzo { 57) found that the axons
were collectively emveloped 1n fascicles
contaimmg numercus axons Except at the
peniphery of the fascicle most of the axons
were contiguous with and completely sur
rounded by other axons Simlarly in the
case of the unmedullated components of
the frog optic nerve Maturana (60)found
that these axons were collecttvely envel
oped 1 ghal elements m a manner sumlar
to that 1 the olfactory nerves In insects
Hess ( 58) and Gray ( 60) have reported
nstances of contiguous axons in the cock
roach and Jocust respectively Funally in
the retina of the mouse contiguity of some
portions of the receptors has been reported
(Cohen

In the case of the axons of the fiber
layer of the monkey it 1s well known that
these are 11 3} and that
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nerves Arvamtali comned the term ep
haptic transmission to describe the induc
tion of a propagated transmussion mn one
neurte by a propagated transmission In a
contiguous neurtic element While there
1s httle doubt that the expenimental ev1
dence suggests neuntic iteractions In
terms of mhbitions and faciitations eph
aptic finng” of neurites has generally re
quired prior facilitation by chemical or
electric means and generally may not
occur m physiological situations  On the
other hand the unmedullated nerves
(crab) used 1 some of the mentioned
nvestigations may well have possessed
Schwann sheaths and accordingly 1n

stances of true neurtiic contiguity may
not have been put to the test Maturana
has pomted out ( 60) that the hinear ex

tent of contiguity of axons is also of
tmportance 1n considering whether they
mteract Moreover as he further suggests

the retinal location of the ganglion cells
from which two axons have arisen may be
of some significance 1n considening prob

lems of signal interference The tendency
observed for the axons 1n the fiber layer
to occur in clusters might suggest that
these are functional umts of some sort

Indeed a reconstruction analysis of these
clusters after serial sectioning mght re

veal a tendency for particular ghal cells
to belong to particular clusters This might

they become myelinated 1n the optic nerve
(Polyah 41) Preliminary observations
with the electron microscope have con
firmed the absence of unmedullated fibers
n the monkey optic nernve

Since fibers may be contiguous 1n the
retina that become separated when they
acquire their myeln sheaths in the optic
nerve 1t 1s probable that myelin 1s not
required for insulation between neighbor
ing fibers but that it serves some function
necessary for accelerating the rate of con
duction

Contiguity of axons suggests a poten
tiality for interaction Interactions of ex
per cf non tated
nerves have been studied by Jasper and
Monnier (38) hatz and Schmutt ( 40)
and Anamtaki (42) Rosenblueth ( 41)
has made similar studies on medullated

P a subtle form of collective en
velopment Polyak ( 41) notes that there
15 Indeed a tendency for fibers emerging
from a minute temtory of the retina to
preserve their relative position with re
spect to other fibers However he also
notes that there 1s often an exchange of
fibets with 1mmeduately adjacent bundles
Interactions between fibers dered from
munute retinal territories may not be of
great importance particularly if the infor
mation being conteyed by the signals 1s of
a general sort (eg bnghtness) rather
than of an epicntic quality One mght
expect that axons of the small ganglon
cells 1n the foveal information path might
require more shielding  These axons
which constitute the socalled papille-
macular bundle may contain more ex
amples of instances where the fibers are
physically separate from one another
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Where fibers are contiguous the distances
betw een osmiophilic ines were of the order
of 150-200 A and the osmuc fixed retina
conforms to the rest of the central nenous
system 1n 1ts apparent paucity of extra
cellular space about neurttic elements

Axons of less than one micron diameter
were indicated by the early electron mi
croscope report of Fernandez Moran (53)
and subsequently confirmed by the work
of Gasser ( 58) De Lorenzo ( 57) Horst
mann and Meves (59) and Maturana
( 60) among others

Maturana { 60) found 1n the frog optic
nerie an unmedullated axon d
range of 0 15-0 6 u with a peah at 02-03
i and a medullated axon diameter range
of 0 7-5 1 with most axons below 15 ¢
It would apoear from the prelimimnary
measurements of the pre-medullated axons
of the monkey rctinal fiber layer that the
diameter range 1s also largely below 15
but with a pcak at 05 o

It has been suggested that the oligoden
drogha arc responsible for myehnation
(Del Rio-Hortega cited by Penfield 32)
Polsak ( 41) beheves that oligodendroglia
are probably absent from the primate ret
ma  Accordingly an opportunity may be

)nﬂ'ordcd to scttle the controversy over

which ghal cell seen 1n clectron micro-
scope preparations corresponds to the ol
godendroghal cll of the hight microscopist
(sce Luse 60) The primate retina would
provide ¢xamples of the spectrum of ap
pearances of astrocvtes  These are also
found in the optic nene  Accordingly any
new and disinctive ghal ol appearing 1n
the optic ncnve would presumptinddy tend
ta be assoctated with the process of myels
nation and accordin, Jv be a hhely cholce
for the ohgodendroghal cell

SUMMARY

The optic Bbxr luver and internal limit
ing membrane of the Rhesus monhey were
studied with the dlectron microscope  The
priman purposc of the imvestigation was
to ascertain the relanon hips to one an
other and to glal cdis of the axons of the
retinal ganglion cdlls prir o the acquist
tion of their myelin sheaths  In addition
the gencral estoarchitectire of the inter
nal hmiting membrane was of ntcrest

ADOLPH I CONFN

The retina was seen to be separated
from the vitreous humor by a basement
membrane This membrane together with
witreous humor “space ™ penetrated to a
moderate extent between the glal cells
occupying the mner retinal surface and
nto :mvaginations of retinal ghal cells It
1s conceisvable that some degree of adhe
sieness of sitreous humor and retina
mught result from these arrangements

The ghal cells consututing the internal
lLimiung membrane all possessed a gener
ally fibrous cytoplasm such as to suggest
their classification as fibrous astrocytes In
certain areas agranular reticulum and
dense particles were also noteworthy cyto-
plasmic features The degree of fibrosity of
the cells varied considerably both in dif
ferent regions of mdmadual cells and be
tween cells  Since these cells occupy the
wnner surface position of the retina the
classical position assigned to the ghal cell
of Muller it is Iikely that cither the glial
cell of Muller is a fibrous astrocyte of
varsable appearance or that mere than one
ghal spceies contnbute to the inner tetnal
surface

Axons of the fiber layer occurred 1n
gToups within which axons very frequently
were contiguous with neighboring axons
However the linear extent oser which
contiguity was maintamed could not be
ascertained  On the othcr hand  axons
were usually not distant from infiltrating
ghal processes Some few samphlings of
groups within which axon diameters were
measured gave a skewed distnibutfon with
most of the axons being less than one
micron in diameter and with a peak at

S5u

Some of the implicatons of these find
1ngs for retinal morphology and physiology
are discussed
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PLATE 1

EXPLANATION OF FICURE

A low power electron micrograph of the internal limiting membrane and optic fiber
layer » 4650 Between the ghal cells (G) and the vitreous humor (V) lies a basement
membrane (B) A ghal nucleus (N) and a portion of a ganglion cell (GA) are 2lso
evident Nete the variation in fibrosity of the glial cells
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PLATE 2

EXPLANATION OF FIGLPE

2 A macular area of the internal Limiting membrane 2nd optic fiber Jayer showing circular
profiles (V) and particulate (P) clements in the cy!ophvm of the surface gllal cells in
addition to some f brous material A d (D) Is present between
two ghal cells and large extracellular spaces (S) as well as smaller spaces (arrons)
are not rare A basement membrane (B) separates the cells from the vitreous chamber
and extends into invaginations of glial cell membrane Undulating axons (A) are sern
in a Limited extent of contigmity » 193
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PLATE 3

EXFLANATION OF FIGURE

3 A view of the internal miting membrane at an area where Rbrous matersal ds charac
teristic of the cytoplasm of the glial cells x 11900 Note the penetration of vitroous
humer (V) and basement membrine (B) between the loosely interdigitating surface
portions of the ghal cells (G) Note also the random manner fn which the axon (A}
area is infiltrated by glial processes In addition to the fibrous matenial in the cytoplasm
of the ghal cells note the paucity of mitochondria as contrasted with axon cross sections
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PLATI 4

EXILANATION OF FIGURE

4 A vew of cros sccuons of axone of ganghion cells in the fiber layer x 66680 Note
the fibrou compenents in the cvw‘hsm of the gilal cells (C) A sing of contiguous
axons including axons A B c o lustrate % of axons and
ghal proces e The glial cells of Ao o \L'"l('zlly in the retina while the axons
Tun hortzontally
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PLATE 5
EXPLANATION OF FICURES
5 An example of an axon (A) of 2 ganglon cell which s apparently isolated through
envelopment by a glial cell (G) This was rarely encountered A retinal capillary (C)
with fts typically thick basement membrane 15 also in evidence .~ 25,300

Evidence of the location of some of the nuclel (N) of the ghal u-n; whose processes
(G) infiltrate the ganglion cell axons 1n the optic fiber layer 8000
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PLATE 6

EXPLANAYION OF FICLRE

A wiew of permanganate fixed retina 12000 M\ost of the rmutochondna are some
what swollen “ote howeser the example of three axons which appear to be physically
separated from one another with connecting mesaxons (MA) The surface basemen
memlbrane (B s also evident
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The Ultrastructure of Human Cardiac Muscle and

its Associated Tissue Space’

CHARLES G BATTIG anp FRANR N LOW
Department of Anatomy Lowstana State Unnersity School of Medicine

Net Orleans Louisiana

Investigation of the ultrastructure of
sectioned cardiac muscle was wutiated by
Rasch Grey and helsch ( 48) on tissue ob-
tained from a child shortly after death
Ths proneer work was followed by that of
Weinstein ( 54) who used more refined
techmques to examune cardiac tissue from
the cat dog guimea prg frog snake turtle
and chicken as well as human tissue
Durning the next few years the subject was
studied with increasing technical profi
ciency with notable contnbutions by
Lindner (summarzel in 57) on dog
frog and guinea pig by Moore and
Ruska (57) on dog rat and mouse
and by Fawcett and Selby ( 58) on turtle
atrium  Specialized topics were imvest
gated by Hibbs ( 51) who described car
diac muscle histogenesis 1n the chick and
by van Breeman ( 33) and Sjostrand and
Andersson (51) who examned the in
tercalated disc  The fine structure of the
contractile mechanism of striated muscle
has been studied chiefly 1n sheletal muscle
(Huxley and Hanson 60) but 1s essen
tially the same 1n the heart The non.con
tractile elements emphasized 1t Bennetts
review { 60) may hikewise be interpreted
for cardiac muscle The ultrastructural
norms established by Lindner ( 57) and
others provided a mecessary background
for expansion 1into related basic sciences
as 1llustrated by the correlated patholomeal
and physiologieal studies of Poche ( 57a

57b 582 58b 59

The lterature now offers several re
views of cardiac ultrastructure and closely
related topics  The work of the Dusseldorf
group more actine than any other 1s suc
cessinely summanzed with comprehensive
bibliogriphies by Lindner (57) Poche
( 58b) and VMeessen ( 59) A small volume
on the ultrastructure of the cardiosascular
system 1n general by Risch ( 37) recently

appeared 1n English translation (60) Two
articles 1n Bourne ( 60) on contractile and
non-contractle elements (cited above) are
supplemented by a chapter on the inter
calated dis¢ by Sjostrand and Andersson
Cedergren { 60) A current Russian con
cept of ultrastructure in striated muscle
may be found m Stuiitsky s “Expennmental
Surgery of Muscles” ( 59) whuch presents
a scholarly account of the subject In
Studitshy s cntique there are coprous ref
erences to the pubhshed work of the
western world but 1t appcars that very
little ongnal work on cardiac ultrastruc
ture has been done 1n eastern Europe The
miestigation of Rhnstolyubova (58) on
frog ventnicle 1s the only one that has come
to our attention

An mmproved means of study 1s provided
by polyester embedments (Ryter and hel
lenberger 58) The thermostable nature
of these embedments permuts the attain
ment of a sigmficantly improved level of
1mage resolution and clanty In additton
the insolubility of the polyester matrix in
orgamic solvents permits the use of such
solients for clearing mounted sections and
as vehicles for the usual heavy meral
stans (Low 6lab) The possibility of
better preparations and the routine avail
abihity of human biopsy matenal from
open heart surgery prompted the present
mnvestigation  This paper accordingly de
scnibes the electron microscopy of human
heart tissue with special emphasis on
ultrastructural charactenistics not previ
ousl:l demonstrated or extensnely ana
lyze
v MATERIAL AND METHODS

S$mall biopsy specimens of grosslv nor
mal rnight aurfcular appendage or night

Aded by grant H1663 from the United
States Puthc Health Service

ard oy cular Tralnee (USPH S HT 2133)
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ventrrcular wall were obtaned from 7
pattents during open heart operations *
The specimens were flooded with buffered
0sQ (Palade 52) and cut into strips ap-
proximately 1 mm by 5 mm Each stnp
was attached to a small square of dental
wax with glass pins and immersed in
fresh fixer at approaumately 0°C  The
muscle strips were thereby maintained un
der gentle hinear tension dunng fixation
and the ongmnal ontenttuon and length
presernned  Less than 15 seconds elapscd
betseen the surgical removal of the tissue
and 1ts inittal flooding with osmic acid
Following fixation for 2 to 2% hours the
muscle stnips were cut into smaller blochs
of known onentation and embedded in
Vestopal W (Ryter and hellenberger 58)
Sectioning was done on a Porter Blum
microtome using small angle glass hnives
Scctlons were mounted on copper grids
covered with fornmiar or carbon formvar
membranes A number of grids were heat
cleared (Low 61a) Others were cleared
and stained by immersion in a misture of
equal parts of acetone and cther contain
ing 01%¢ PTA 05% PTA or DO05%
Thonium nitrate by weight (Low 6Gla)
A few grids were stuned with aqueous
lead hydroxide (\Vatson 58) or 17 PTA
The particular procedure used for cach of
the fllustrations is ghen within its own
caption The micrographs were taken on
an RCA FNL-IB electron microscope

OBSERVATIONS

The tissue space and the
conmnectt e ltissues

Figures 1 and 2 show the major stromal
components of the tssue space and therr
relationships to muscle cells A large pro-
portion of the tissuc space often appears
empty (figs 1 2 5) Capillanes un
myelinated nerves and two cell types
distinctive but unidenufied are frequently
found together in close proamity (fig 2)
One of the unidentfied cell types is char
acterized by the absence of a boundary
membrane (sce page 208 for explanation
of terminology ) and the presence of long
thin sheets of cyteplasm (figs 1-5) The
other cell type is round in cross section
possesses scant €ytoplasm lies next to a
capillan and is enclo «d tn a boundan
membrane (fig 2)  Abundant bundles of

CIIARLES C BATTIG AND FRANKR N
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unit fibers clastic fibers and microfibnls
are frequently present and pass through
the tlgs)ue section in many directions (figs
14

The capillary structurc of human car
diac muscle corresponds to established
ultrastructural patterns seen in  other
forms (Moore and Ruska 57 Bennett
Luft and Hampton 59) A dense gran
ular boundary membrare surrounds the
outer plasma membrane It measures ap-
proximately 200-250 A 1n thickness and
1s scparated from the plasma membrane
by a zone of lesscr density measuring about
the ssme  Desmosomal junctions are ob-
served at lines of contact of adjacent endo-
thelial cells (figs 3 4 5) The nucleus
displays the usual granular structure and
1s surrounded by a double nuclerr mem
brane (fig 5) Numerous small vesicles
are seen In various stages of formation
along both the inner and outer walls of
the capillaries (figs 3 4 5) These ves
1cles are 1lso present free in the cytoplasm
of the endothchal cells (figs 3 4) The
density of the wall of the vesicles is simi
lar to that of the plasma membrane and
that of the contents resembles the bound
ary membrane

Small cytoplasmic extensions ire fre
quently seen in close contact with the
capillaries (figs 1 2 3) Such cytoplism
is surrounded by its own distinct plasm1
and boundary membranes and appears
oval in section  No points of commumca
tion with the cytoplasm of the capillan
endothelial cells have been observed but
at points of contiguity the two boundary
membranes appear fused As jet eien
though many sections have becn cxam
ined the nuclel assumed to be associtted
uith these fslands of eytoplasm have not
been observed in continuity with them

Another cell type found in close assocla
tion with many capillaries appears spindl
shaped in section (figs 1 2 4) The ob-
long nucleus is large 1nd may posscss an
irregular margin (fig 4) A thin tm of
cytoplism surrounds the nucleus except
t the nuclear poles  Here the cytoplism
s more abundant and contains numerous

Furnished through the courtesy of Dr 0 M
Albert Departmen of Surgery Louisiana State
University School of Medicine New Orl ant
Loutsiana



HUMAN CARDIAC MUSCLE

large vacuales of uregular size and shape
(fgs 1 4) Insome sections many dense
mnclusion bodies are seen in_association
with these vacuoles (fig 2) Vesicles are
usually not present along the plasma mem
brane The d )| at the

201

mg of the plasma membrane forms 2
mesaxon The neuraxons are surrounded
by separate distinct plasma membranes
A boundary membrane surrounds the en
tire mene but does not dip down nto

Y

nuclear poles abruptly attenuates into
long thin extensions which border adja
cent capillanes or extend between muscle
cells At their points of greatest attenua
tion these appear

the the neuraxons
(hg 6)

Unat fibers of collagen seem to be ran
domly dispersed throughout the tissue
space and do mot bear any constant rela

almost as thin as double membrane sys-
tems (fig 2 arrows) Here they measure
only 300400 A across thereby beng un
resolvable 1n lLight microscopy At times
these cytoplasmic extensions are seen With
out their corresponding cell bodies (figs
3 5) This cell type 1s umgque in being
the only one found in human cardiac
muscle that does not possess a boundary
membrane In some ecthions howeier a
buas cut creates the llusion of such a
membrane (fig 4 arrows)

The second cell type 15 charactenized by
constant close association with a capillary
2 large round nucleus and a very thin nm
of cytoplasm (fig 2) The densely gran
ular nucleus possesses nucleoh and the
usual double membrane Its contour usu
ally has a single thin cleft at one pomnt
along 1ts periphery (fig 2) Both a plasma
membrane and a boundary membrane are
present The scant cytoplasm contains
small vesicles which appear to arise from
the plasma membrane Much larger cyto-
plasmic vacuoles are alsa present but
netther myofibnls nor myofilaments are
demonstrable  Although many sections
have been examined no cytoplasmic ex
tersions have been observed In particu
lar no cytoplasmuc communucation has
ever been observed between these cells
and the 15ofated islands of cytoplasm lying
next to the capillanes as described abose
This cell type has not been observed in the
absence of a capillary

Unmyehinated nerves are frequently seen
in close association with the capillarics
(figs 1 2 % They conform to the
classical pattern described by Gasser ( 53)

e nerves are com of typical
Schwann cells and neuraxens (fiz 6) The
plasma membrane of the Schwann cell
may be followed and ¢en to form indenta
tions in which are contained the $ndisidual
neuraxons In places the double infold

to other structures (figs 1 4 8)
In these preparations a dense outer wall
gives them a tubular appearance 1n cross-
section The diameter averages approxi
mately 210 A The elastic fibers are Jess
numerous (figs 1-3 5 8) They consist
ofat matnx ded by 2
dense outer shell and possess an irregu
lar branching structure (fig 8) Micro-
fibnls (Low 61bc) appear as thin some
times granular filaments of about 80 A
diameter (figs 5 8) Although they are
randomly distrzbuted they are 1n close as-
sociation with the elastic fibers At times
they appear to be matted within the elastic
fiber network (fig 8) Another conspicu

ous localization oceurs along the boundary
membranes surrounding the cellular com

ponents of the tissue space Although the
boundary membrane 15 conventionally re

garded as a somewhat unorganized gran

ular Jayer adjacent to the plasma mem

brane many micrographs suggest that jt is
composed of a multitude of matted micro-
fibnls (figs 3 4 5 8)

Muscle fibers

Figures 9 and 17 jllustrate the typical
electron morphology of cardiac muscle cells
seen in longitudinal section at low power
The myofibnils are crowded to the ¢d.c
of the cell in the region of the nucleus
The relatively large amount of non fibril
lar cytoplasm at th. nuclcar poles con
tains mitochondria greups of lipid drop-
lets den ¢ hodies (dichte horper) and the
Golgi zone all of which will be dr crited
later Th nuclri of human cardiac mus-
cle tend to be oval n shape but may often
possess irregular proct @8 espreially at
the poles At frvegular fntervals abont the
periphery of the nucleus nuck ar pores ore
found in the double membrans (f » 13
16) In some sections the outrr ot
nent of the nulear membrane ¢ b
sen to wparate from the no {rus and to
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through the cross section 1n various direc
tions ind that not all myofilaments

y
the 1oner component of the nuclear mem
brane there 1s oftent recogmzable a dense
zone of 200400 A thichness It 1s char
actenzed by an accumulation of marhedly
dense granules These granules are denser
than those observed within the accumula
tions of chromatin 1n the remainder of the
nucleus (figs 15 16) In low power mi
crographs the true nuclear membrane 1s
not evident and the “membrane of the

of an individual muscle cell are in perfect
parallel array At times spiral arrange
ments of myofilaments have been ob-
senned (fig 14) High power ficlds (fig
13) demonstrate the now familiar hexag
onal array of myofilaments in cross sec
tlon (Huxley and Hanson 60) The
primary filaments have a tubular appear
ance and sugpgest the presence of rod ke
E?dxes m therr walls The sccondan

nucleus appears to be del d by this
dense zone (figs 9 16 17) One or more
nucleoli may be found in some nuclet
They are oval round or serpuntine and
are composed of a compact accumulation
of very dense granules At times small
vacuoles or areas of decreased denstty re
present within the nucleoli (fig 9)

In longitudinal section the myofila
ments are grouped inte myofibnls which
run chiefly parallel to the long axis of the
muscle cell (figs 9 11 12 17) Both
primary and secondary myofilaments are
idenufiable (figs 11 12) The larger
primary myofilaments mesure 120-150 A
in diameter and are separated from each
other by intervals of 160 A The smaller
secondiny filaments are located in the
lincar spaces between the primary fila
ments and measure approximately 50 A
The pnimary and secondary filaments are
connected to each other at discrete paints
along their lenath by cross bridges  The
charactensic Z 1 A M ind H bands of
striated muscle of other forms are lso
present i human cardiac muscle fibers
(figs 11 12 171 In rcdaxed muscle the
A band appears most prominent (fig 11)
The M band 1s charactenzed by increascd
granulimny and thichness of the myofila
ments  In the I band thc myofilaments
become thinnar and tend to lose thar
discrete indmadul structure (figs 11
12) This less erderlhy arrangement in the
I band gives the impression of a network
of filaments  Indiidual myvofilaments
howeser can be triced frem A band
through the I band and icross the 7 band
(fiz 11 arrows)

Although borders of myvofibnils are tvp-
ically llldefined in cross section the con
stituent myofilaments urc «uadent fig 13,
The filaments arc often seen passing

are Ily Jocated fn the
spaces between adjacent primary fila
ments No nternal structure has been
obseried

Groups of lipid droplets are usualy
present 1n the cytoplasm oppostte one or
both nuclear poles (figs 9 16 17) The
groups tend to be oval Some of thest
scem to be surrounded by a single dense
membrane and others not At times the
membrane appears to have ruptured
releasing the internal hpid droplets
(fig 18) The droplets forming a single
Iipid mass vary in size and density The
smaller droplets arc the most dense the
largest droplets are the least dense \ost
of the droplets appear distnbuted towards
the periphery of the surrounding mem
branc This configuration gives the ap-
pearance of a central vacuole to mans o
the pd masses (fig 18)

Groups of sacuoles representing the
Golgi zone are usually found in close
assocition with the lipid masscs net to
the nuclear pole (figs 15 16) The vac
uoles 1re characteristically focated in close
proximity to the nuclear membrane No
other structures are obsened to separal®
these vacuoles from the nuclear mem
brane 1In a few scctions collections of
these sacuoles have been observed 1t sev
cral discrete points about the periphen
of the nucleus (fig 17) supgesting that
the Golgi 7onc occurs at locations other
than the nuclear poles The number o
vacuoles comprising a group vanes e
usually 40 to 100 vacuoles c1n be counted
The sire and shape of the constituent
vacuoles vary considerably howerer ‘r‘qn"
vacuoles appear oval 1nd range from 250~
1230 A in section The vacuoles have 2
single miting membrane no character
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1stie structure or material has been idents
fied within the vacucles

The mitochondna (sarcosomes) of hu
man cardiac muscle are found mn the
sarcoplasm at the nuclear poles i rows
between the myofibnils and at the periph
erv of the cell At the nuclear poles they
are mtermixed with the groups of hipd
droplets and are located distil to the
Golgr zone and dense bodies (figs 9 16)
In this location mo charactenstic pattern
of distnbution has been observed The
mitochondna lying between the myofibnils
are arranged i long chans and often
appear to be compressed nto oblong
shapes (figz 9) Other hondna ap-
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and the urudentified cells The boundary
membrane of human cardiac muscle cells
(penmembrane) measures between 200-
250 A It 1s separated from the plasma
membrane by a zone of lesser density
measunng about the same The plasma
membrane can often be seen to dip down
mto the sarcoplasm and contact the Z
band of a myofibnl (fig 17) Numerous
vesicles are frequently observed m vanous
stiges of formation along the plasma
membrane (fig 7) These vesicles show no
organized nternal structure and appear
morphologically similar to those seen
withmn the cytoplasm of capilanes
1 1

pear tound oval or tear shaped n sec
ton  The internal cnstae exhibit no one
charactenstic pattern Scme cnistae have
a complex branching pattern (figs 15
16) while others have a more umform
lamellar structure (figs 12 16) The
cnstae exhubit the usual double membrane
structure  No attempt has been made to
determine statistically the relative distn
bution of mtochondna in the ventrcle
and atnum Howeier a subjective ym
pression of a greater number of mito-
chondna per unit area of ventnicular heart
muscle has been noted 1n our sections
Groups of dark bodies (dichte horper
Poche 58b) are charactenstcally found
within the sarcoplasm usually lying be
tween the Golgi zone and the bordenng
mtochondna at the nuclear poles (figs
15 16) These dense bodies are rather
uniformly oval in shape and measure
1250-4000 A along the long axis They
possess a granular matnx and may appear
to have internal lamellae (fig 15) Their
appearance 13 quite distinct from that of
the mitochondna (fig 15) In some sec
tions they are observed to he In a some
what semicircular distnbution about the
Golgi zone Thur number 15 mot con
stant but usually 6 to 8 are seen in sec
tion
Surrounding the muscle cell are the
plasma membrane and the boundary mem
brane (figs 7 9) These two membranes
have been referred to Jointly as the exo
membrane (Lindner o7 Poche 58h)
The boundary membrane appears identical
o the corresponding membranes which
capillaries unmnel d nenes

d discs (Sjostrand and An
dersson Cedergren 60) are clearly 1dentz
fiable 1 human cardiac muscle (figs 10
17) The dise 15 a double membrane sys
tem formed by the infolding of the plasma
membranes (sarcolemm ie) of two contigu
ous muscle cells The perimembrane
(boundary membrane) does not fold in
with the plasma membranes (fizg 10)
‘The space between the membranes 1s of
decreased density except m the §” re
gions (fig 10 arrow) Here there 1s an
mcreased accumulation of dense granular
matenial m the sarcoplasm These gran
ules form one or moare lamellae parallel to
the plasma membranes In addition a
sertes of thin fibnls run perpendicularly
across this space and join the plasma
membranes of the two cells Although the
intercalated discs often pass irre gularly
through the ussue section the classical
staircase pattern 1s observed (Syostrand
and Andersson Cedergren 60) In some
sections a disc can be completely traced
from one cell border to the next

Small aggregations of protoplasm for
which there 1s no descriptive term at pres
ent 1n general use are randomiv scattered
throughout the cytoplasm (ITM 1n figs 7
12 14 15) These masses although pos
sessing vanable form and highly wregular
contours are clearly structural in their
orgamzation The purely descriptive term
- tubulo-membranous
(ITM) bas been chosen to designate this
system of formed elements (Batng and
Clevenger 61) The basic structural or
gamzauon of ITM 1s well dlustrated m
places where the cytoplasm lacks a high
concentration of other visible structures
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(figs 7 12) ITM membranes are about
30 A thich or less and the tubular element
possesses a near mimmum diameter of
about 100 A The Iatter may be under
stood to constitute the basic form or stem
of the ITM Sacculations and branchings
along the course of the stem are often so
numerous that the basic form of the ITM
15 rendered obscure These swellings and
branct are also resp ble for its
highly srregular contours Wherever RNP
granules (Palade 55) are present they are
assoctated with ITN  However most of
the ITM possess varnable densitses that are
corsiderably less than the sery high den
sity of the RNP granules

DISCUSSION

The ultrastructure of human cardine
muscle revealed by the newer techniques 1s
essentfally a confirmation of earlicr work
on human (Poche 58) and animal tissue
(Weinstein - 54 Lindner 57 Fawecett
and Selby 58 and others) However
some new features have been demon
strated and others ment interpretation in
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tions This has not attracted the atten
tion of other investigators although it is
noticeable 1n an illustration of frog heart
by Lindner (57 fic 4) and conspicuous
m a myocpithehal cell illustrated by
Meessen (59 fig 7) This band m licht
microscopy could be mistaken for the nu
clear membrane and give rise to crroneous
1deas about jts thickness

The sarcoplasmic reticulum is charac
tertstic and may safely be interpreted
along the lines rccently mndicated by
Bennett (60) It is heavy and consplcu
ous whercver obseried and conforms to
the patterns described by Porter and
Palade (57) in the rat and by Lindner
(57) in the dog Its proximity to the
sarcolemma and the Z-bands was empha
stzed by Peachey and Porter (59) who
interpreted it as an intracellular conduc
tion system that facilitated rapid contrac
tlon in cross stmated muscle However
the spiral pattern of attachment to the
nucleus reported by Moore and Ruska
( §7) was not observed in our prepara
tions

accord with our rapidly growing h ledg:
of ultrahistology

The finer structure of the contractile
clements corresponds well to the pattern
characteristic  of cross striated muscle
(Jluxley and Hanson 60) All established
fi ! ture Tud both
kinds of protein filaments (primary and
secondary ) are recognizable in human
tissue  There s no reason to behieve that
the molecular basis of contraction in hu
man cardiac muscle differs in any way
from that of cross striated muscle in gen
eral  Although of less fundamental in
terest the spiral course and profound
directional changes of the individual myo-
filaments within a «ngle myofibril are
consy This is esp 1ly notable
since the tissuc was fixed and dehydrated
under conditfons that prevented gross posi
tional changes

The non-contractile formed elements of
human cardiac muscle resemble those
described by Bennert ( 60) for sheletal
muscle in general The ultrastructure of
the nucleus ftself 1s undistinguished
Howeser the dark band of granules some
times obsened just inside the nuclear
membrane is striking in many prepara

The correspond well to those
illustrated by Poche ( 58b) in human heart
and Lindner ( 58) in the dog The resem
blance between certaln of the dense bod
ies (figs 15 16) and mitochondria was
noticed by Lindner ( 57) who called them
“cytosome B” Poche (58b) referred to
them simply as densc bodies (dichte
horper) and observed them close to the
Golgl zone Very similar structures that
are also very dilicult to distinguish from
small mitochondna are common fn bl
monocytes (Low and Freeman 58 pp
78-85) and in other ccll types Palade and
Farquhar (60) have demonstrated the
segregation of ferritin by certain depsc
bodies tn the siscerd epithehal cclls of
the renal glomerulus of nephrotic rats
However the much larger size of those
bodles and their lack of internal lmellac
distinguish them from the dichie horper
of human cardiac muscle

The Golgl zone has been recognized in
cardiac muscle by several authors (Lind
ner 57 Fawcett and Selby o8 and
others) but has usually been interpreted
to He at one or both of the nuclear poles
In our preparations the larger and mor¢
conspicuous representatives of the Golzi
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zone are indeed at the nuclear poles  how
ever except for the total s1ze of the aggre
gate there 15 no difference between these
and smaller groups of membranous vacu
oles scattered randomly around the nu
clear circumference  As many as 7 sepa
rate aggregates around a smngle nucleus
hase heen cbserved (fig 17)

The eroups of hpd droplets so conspicu
aus m our preparatons (figs 9 16 18)
hase recened considerable attention from
others They are the “cytosome C” of
Lindrer (57) Poche ( 58b) adopted this
designation and identified them as hpo-
fuchsin (Poche 57b) He believed that
although present 1n normal muscle they
ncreased 1n atrophic muscle In hypertro-
phy they arose chiefly from dense bodies
{dichte Korper) and 1n atrophy from de
generating mutochondria  This general
ommon has been supported by others
(Meessen 59 see discussion at end of
his paper) These groups of ipid draplets
are morphol 11y aind hable from

¥
¢ of pigment elsewh mn the
body a» for example m Leydig cells of
the human testis {Fawcett and Burgos
56} These authors point out that this
form of ipochrome or cerord 15 very com
mon 1 most cells of steroid producing
endocrine glands
The wrregular tubulo-membranous com
ponent (ITM) has recemed very lttle
critical attenuon although 1t 1s conspicu
ously recognizahle 1n many of the cytologi
cal electron mucrographs pubhished dur
1ng the past few years In general the fre
quency of stnking demonstration has de
telaped 1n direct proportion to improve-
ments 1 specimen quahty At low magm
fications the ITM appears as an essentially
amorphous mass of coagulated material
that hardly ments descnption However
good micrascope resolution at higher
magmﬁc:mon:1 brings out aJstmcmrzl or
that
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and Palade 58 60) On the o her hand
observations made 1n this Jahoratory (Bat

tg and Clevenger 61) indicate that a
“granular” mterpretation 1s not well swuited
to the ubiquity and protean characteristics
of ITAf The term “irregular tubulo-mem
branous component” was chosen not only
to describe 1ts appearance as presented m
this paper but also to be apphcable 1o a
much more extensive system of proto-
plasmic formed elements In the hyalo-
plasm of human cardiac muscle 1ts “basic

structural orgamzation 1s well exemphfied
(Rgs 7 12 14 13)

The ultrastructure of the intercalated
disc has been exhausmely analyzed
(Syostrand and Andersson Cedergren 60)
and our own obseniations are essentially
a confirmation of previously recogmzed
patterns In human cardiac muscle as in
all forms examned by others both of the
cells imvolved retain therr structural dis
tinctness (Meessen 59 Kisch 60 and
fig 10 of this paper) However the lam
mation of the S regions and other parts of
the disc in man 15 less complex than in the
guinea pig and mouse (Sjostrand and
Andersson Cedergren 60) although more
complex than 1n the turtle (Fawcett and
Selby 58) and frog The basic structure
of the disc 1s formed by a double mem
brane with clear interspace (fig 10) This
was designated mesomembrane by Lind
ner { 57) who distinguished it from the
exomembrane covening the free surface
of the cell The exomembrane 1s also
double (fig 10) but 1n a very different
way Both meso- and exomembranes con
tam of the
(plasma membrane) of the muscle cell
(Bennett 60} In each intercalated dise
the sarcolemmae of two muscle cells are
represented each cell coninbuting one
lamina to the mesomembrane On the
free surface of the cell the sarcolemma

Wheneer mentioned 1t has usually been
described as granular (Fawcett and selby
58 Bennett 60) It cannot be denied
that this interpretation 18 appropriate in
view of its close assoctation with RNP
granules a relationship that has been
clearly demonstrated 1p  whole cells
(Palade 55) and 1n {ractionated prepara
tions (Palade and Siehevnz 56 Stehevicr

called by Lindner ( 57)
Poche ( 58b) and others forms the inner
dense member of the exomembrane Here
the inner surface of the sarcolemma is
studded with numerous vesicles of ptno-
cytosis (fig 7) the caseolae ntracellu
lares of Yamada ( 55) The outer member
of the e b dner s

brane is not a part of the muscle cell It
15 stromal rather than parenchymal and
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is best considered along with the other
formed elements of the tissue space

Gersh and Catchpole (49) :md‘ Gersh
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port was demonstrited by Farquhar and
Palade (60) in the glomerular capillaries
of the rat hidney

The unmyel d nerves of human ear

(52) working with the PAS
and the hight microscope demonstrated a
system of Hotchhiss positine membranes
that formed the imats of the connective t1s
sue space These were located basal to
epithelia and also enclosed certain formed
elements (blood vessels muscle nerve
fat cells) These structures arc usually
called basement membranes but the term
boundary ntembrane has also been used
(Low 61b) The latter name was chosen
because the boundaries of the tissue space
are determined by this membrine system
externally by the membrne basal to ept
thelia and internally by the membranes
surrounding the 2bove menuoned struc
tures The tissue space proper cxists
within the physical hmits thus defined
and contains numerous formed elements
(connective tissue fibers and cells) that
ly lack any branous en
sheathment
‘The above concept is to s

diac muscle present no new features The
classic pattern described by Gasser (55)
prevalls with typieal Schwann cell 1%on
relationships that are now recogmzed to
be characteristic of nervous hssue 1n gen
eral (Robertson 58) The investing
boundary membrane is also typical Con
cerming the ultrastructure of the mo-
neural junction 1o new evidence is offered
here  However the work of Robertson
{ 58) on reptihan material and the recent
review of Couteux ( 60) indicate that the
investing boundary membranes of nene
and muscle fiber are definitely present
although combined at the synaptic gut
ter” where nerve and muscle are in most

intimate contact
The small cytoplismic extensions ob-
served close to capillaries have no struc
tural characteristies which might help
tdentify them But they do posscss a con
L d b whicl often

suc space and connective tissues in gen
cral and his been used in this paper to
describe the stromal tissucs of the Fuman
heart  Since no surface epithelium 1s
present the external boundan membrane
is of course not imohed Intcrnal bound
ary membranes howcier surround mus
cle fibers (figs 2 7-9 10) capillaries
(figs 1-5) 1nd unmvelin ited nenves  figs
1 2 1 6) The tssue space itself con
tains connectine tissue fibers (fins 1 3-5
8) nd certain cells (figs 1-5) all of
which exist frce and uncovered in 1 struc
tureless matnx  The electron microscopic
appearance of those stromal formed ele
ments 1s interpreted below in somewhat
greater datail

Human carduic cipillanes possess tvp-
{en) ultrastructure  \ccording to the classi
fication of Bennctt Luft and Himpten
(59) they belong 1 tvpe A1z which
indicates that there 15 1+ continyous bound
any membrane no fonestrations or pores
in the endothelal cvtoplasm and 1n in
complete pericapllary cclular investment
‘Their sesicles cormispond to those de
scribed bs \foore and Ruska ¢ 37) These
workers assigned the function of c¢yto-
pempsis (transmisslon by ol to thesc
vesicles  More recentls thy tvpe of trans

blends with that éf the neighboring endo-
thehum  The round unidentified cells also
have a boundary membrane  Although
cytoplasmic continuity between the eXten
slons and the round cells has not been
observed the presence of a bound1ry mem
brane about both makes them clearly dis
tinguishable from the spindle shaped cells
In the absence of more conclushve ol
dence it is tempting to identify the mem
brane-ensheathed round cells and exten
slons as Rouget cells of primarily myold
identity The spindle shaped cells could
then be undiffercntlated mesenchymal
cells or fibroblasts and any unclothed cytor
plasmic extensions would beleng to them
It 2ppears that the presence or absence O
an jnvesting boundary membrane 311
provide 1 uscful criterion for fdenufying
cell types 1t the leve] of ultrastructuse
Rarrers study of the loose conncetive
tissuc in the bronchiolar tunica propria
the mouse ( 58) described patterns o
fibrillar organization that m1y be pplicd
without essential change to our prepi?d
tions Unit collagen fibers exist In agsre
gates of varying size all the way from Jarke
ones forming the collagen filxrs of light
microscopy (fig 1) through ali fntermedt
ate sizes tfigs 4 5 G 8) to fsolated Hters
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an arrangement typical of loose connective
tissues 3n general Also charactenstic 1s
the occasional but mnconstant demonstra
tion of axial penodicity n 1 dinal
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(7?) cells representing the stromal tissues
and the cardiac muscle cells as the paren
chyma The complex of relationships in

secuon (fig 6 upper left) and the ‘hol
low appearance In €ross sechion (fig 4)
These fibers have been 1nterpreted as sohd
(homogeneous) by some and hollow by
others (discussed by harrer 58) Rhodin
and Dalhamn ( 55) state that the dication
of an “outer hmuiting membrane 1s vague
n longitudmnal sections but _more pro
nounced in transverse ones This is prob
ably the most acceptable interpretation of
unit fiber structure as seen n sectioned
embedded tissue
Elastic fibers m Joose connective tissue
tend to be very irregular in their form and
spatial disposiion (Karrer 58 Rhodin
and Dalhamn 55) and those of the hu
man heart also follow this pattern (figs
1 3 5 8) The generally homogeneous
matnx and the somewhat darker margin
both vary considerably in density The
matrix in particular may vary from light
gray n some areas to nearly black
others The very uregular contours of the
fibers cut 1n section 1s particularly con
spicuous
A smaller flamentous element of con
nective tissue has been observed by nu
merous authors (Jakus 54 Robertson
56a harrer 58) These became so con
spwuous 1n human lung tissue embedded
in Vestopal W that o special descriptive
name microfibrils was 1ssigned to them
(Low 61b) Inhuman cardiac tissue they
have therr greatest ations about

volving ma stroma tissue space
and the connective tissues areat the Jevel
of ultrastructure fundamentally the same
1n the heart as they are elsewhere 1n the
body
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PLATE 2

EXPLANATION OF FIGURE

2 Four structural elements of the ti sue space frequently found in close association 7 3
muscle cell (mc) are the capillary (¢) unmyehnated nerve (un) unidentifed rot nd
cell (re) and mesenchymal cell (me) The mesenchymal cell contains an aggregation
of ostdophilic bodies (ob) as well ay many large vacuoles The long attenuated cyto-
plasmic extension of the mesenchymal cell is striling (arrows) Thce unidentified round
cell fs ch by & thin rim of cytopl. and a single cleft (<l) in
the nuclear outhne A distinct boundary membrane surrounds the para capullary cyto
plasmic extension (ce} Note also the identical appearance of the boundary mem
brane (bm) surrounding the capillary and the muscle cell Grid immersed in equal
parts of acetone and ether containing 05 PTA by weight for 45 minutes . 13 000
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PLATE 3

EXPLANATION Of FICURES

‘Thy capillary contains a portion of a blood cell (bc) Desmosomal junctions (dj) are
prominent  Many vesicles of pinocytosis (p) arc present In various stages of formition
along the plasma membrane of this capiliary  The boundary membrane (bm) appears
to be composed of a m=2ss of matte ! smicrofibrils rather than granules Other micro-
fibrils (mf) are dispersed randomly throughout the tissue space (1s) or surround 1 tic
fibers (ef) Isolated cytoplasmic extensions (cc) ln.- adjacent to lhc cnpmary 'ﬂ'f
mesenchymal cell (me) can
Grid Immersed in equal parts of acetone and ﬂhtr contalning 01  PTA by \\th(h! for
45 minutes 6000

Boundary membranes surround the capillary (c) unmyellpat d nerve (un) and mus
cle cell (mc) A bias cut of lhe plasma mcmbranc of the me enchymal tcll (rnc)
creates the dlusion of & boundar: (arrows) N ml)
and unit fibees (uf) pasy lhrvugh this section Some of the unit fibers which are In
almost perfect crosssection appear tubular  Grid immersed in cqual parts of acefone
and ether containing 05  PTA by weight for one hour ~ 17000
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FLATE 4

EXPLANATION OF FIGLRES

5 Three capillanies (c) are seen here in cross-section Adjacent to one capllary is 2 cyto-
plasmic extension which lacks a boundary membrane (arrow) According to the in
terpretation in the text it therefore belongs to either a mesenchymal cell or fibroblast
In contrast the cytoplasmic extension between the two remaining capillaries 1 en
sheathed by a boundary membrane which eircumstance suggests its identity as a Rouget
cell Unit fibers of collagen (uf) elastic fibers (ef) and microfibrils (mf) are identifi
able in the nssue space of this nd & in equal parts of
acetore and ether overnight followed by 250 C for 14 hour < 14 000

This cross section of an unmyelinated nerve displays the typlcal jdentations of the
Schwann ¢ell (sc) plasma membrane (pm) in which are contained the jndividual nesr
axons (na) A mesaxon (ma) s formed by the double infolding of the plasma mem
brane The bo y {bm) the entire nenve but docs not dip
down into the indentations Grid 1mmersed in equal parts of acetone and ether over
night then 220 C for 13 hour followed by immersion in equal parts of acetone and
etler containing 017 PTA for '3 hour ¥ 20000
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PLATE 5

EXPLANATION OF FIGURES

7 Two closely adjacent muscle cells are separated by a parrow tissue space (ts) measur
ing 400 A The boundarv membranes (bm) and plasma membranes (pm) appear quite
dense in this thick section  The thickness of the section also displays to advantage the
irregular tubulo-membranous component (itm) of the cytoplasm and fte typical varia
tlons in density  The ITM has & distinct saccular structure which can be contrasted 1n
appearance with the vesicles of pinocytosis (p) In some areas (arrows) the ITM ap
pears to form chains  Cnd immersed in equal pasts of acetone and ether containing
017 PTA by weight for 3'2 hours % 73 000

Typical features of unit fibers (uf) elastic fibers (¢f} and microfibels (mf) are illus
trated by this micrograph  The unit fibers pass obliquely through the sectlan  Ilanc
fibers consist of a homogeneous matrix surrounded by a dense shell The filamentous
microfit s exhutat a linear granularity and are seen enmeshed in the elastic fiburs In
this section a matted layer of microfibrils appears te contribute to the boundary mem
trane of an adjacent cell (arrow) Two hundred fifty degvees centigrade for one hour
foll wed ty flotation of the gnd on a 1 aqueous solution of ITA for one hout
43 000
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PLATE 6

EXFLANATION OF FIGURES

This low power micrograph shows two adiacent muscle cells in Jongitudinal section
The entire width of the lower cell is included Many structural elements are represented
in this micrograph nucleus (n) nucleolus (nu) lipid (1) Golgt zone (g) mitochon
dria (m) and myofibnls (mb) The centrally located nucleus may contain one or more
nucleoli of varfed shapes The groups of Lipld may be single or multiple and may be
present at one or both nuclear poles The mitochondria lying betwcen adjacent myo-

fibrils are crowded into long chains (arrow) Two hundred fifty degrees centigrade for
13 hour x> 5100

An Intercalated disc runs horizontally across the field The boundary membrane (bm)

docs not fold In with the plasma membranes (sarcolemmie) which form the dise

Typical S-regions (S) are present along the course of the disc At one S region (arrow)

there is a transverse bridging of the disc by small filaments The lamellar branching

nature of the mitochondrial eristac membranes is striking as they pass diagonally

through this section Grid floated on 1T aqueous lead hydroxide for 50 minutes
33000
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PLATE 7

EXPLANATIOV OF FICLRES

These sarcomeres are partially but not totally contracted as shown by the narrow I
bands (1) At the single arrow both primary and secondary myofilaments are visible
At the double atrows there is continuity of the myofilament through the Z-band In
the space between these two myofibrils are mitochondria and small vesicles of sarcoplas
mic reticulum  Grid immersed in equal parts of acetone and ether for 1z hour fol
Jowed by immersion in equal parts of acetone and ether contalning 01 PTA by w ight
for € hours .~ 30 000

In the A band (A) the myofilaments (f) possess a tubular appearance and arc casily
followed However in the Iband they become lacy in appearance and the orderly array
s not d The ITA is in this (itm) and is
clearly distinguishable from the much larger sarcoplasmic reticulum (sr) The tubular
and saccular phases of the ITVM are well sepresented  Two hundred fifty degrees centl
grade for k3 hour then grid immersed in equal parts of acetone and ether for 2614
hours followed by immersion in equal parts of acetone and ether containing 017
PTA by weight for 12 hour » 43000







PLATE B

EXPLANATION OF FIGURES

13 The primary myoflaments (pf) appear subular fn cross section and possess an outer
granular shell In some areas the secondary myofilaments (sf) are also fdentifiable
Howerer theic intemal structure {8 not evident A mitochondrion (m) lies at_the
junction of these mvofibnils €rld floated on an aqueous solution contalning 1 TTA
by weight for 65 minuates followed bv 250 C for 30 minutes X 87 D00

13 These myofibrlls exhibit no uniform orientation as they pass through the section Two
adjacent spiral arrays of myofibrils show the primary myofilaments {n cross section a3
well as in longitudinal spiral section Secondary myofilaments (sf) can also be ident!
fied in cross scction The ITAf component (itm) here displays its tubulyr branehing
structure tts form contrasts sharply With that of the sarcoplasmic reticulum (sr) Crid
immersed in equal parts of acetone and cther for one hour followed bv immersion in
oqual parts of acetone and ether containfng 005 Thorfum nitrate by weight for one
hour > 40 000
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PLATE 9
EXPLANATION OF TIGURES

Dense bodies (dk) are usually in close assoclation with the Gelgl zone (g) at a nuclear
pole (np) The bodies are densely granular and several exhibit internal lamellae (1)
Typical mitochondria {(m) arc present and appear quite distinct from the dense bodics
The i Utm) is h, in this p 1
and is noticeably less dense than the RNP granules An aggregation of particularly
dense granules along the Inner surface of the puclear membrane creates the fmpression
of a secondary membrane (arrow) Two hundred fifty degrecs centigrade for b4 hout
io\l(.r'woro% by flotation on a 17 agueous solution of lead hydroxide for one aout
X 42

The Golgt zone (g) consists of an aggregation of small membrane Uned vacuoles of
varied sizes Typically located 2t a nuclear pole it §s closely assocfated with mitochon
dria () lipid droplets (1) and small granular dense bodies (dk) The mitochopdria
in this field illustrate the typlcal non uniformity of internal structure seen Jn human
heart muscle  Some possess elaborately branching cristae shile others postess cristae
.";;RO:)?J in parillel array (arrows) Two hundred fifty degrees centigrade for 12 Youf
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PLATE 10

EXPLANATION OF FIGURES

17 This large_central muscle cell nucleus (n) fs surrounded by sever1l groups of sacucles

(v) resembling Golg: zones At one point (arrow) the outer component of the nuclear

membrane extends out into the Pl as a lated

dise (id) is present in an adjacent cell Two hundred fifty degrees centigrade for 34
our x 7300

These groups of Lipid droplets contain droplets of two main densities superimposed on
a8 dense granular e ipld masses
Other mas cs appear somewhat dispersed and lack a corresponding membrane Note
the den e bodies (dk) and mitochon iria (m) The close assocfation of the R\P gran
ules and the 1rregular tubulomembranous component (ftm) as well as thelr conspicy
ously different densities is well exemplified by this micrograph Two hundred fifty de
grees centigrade for 12 hour  ~ 37 000
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Use of Colchicime for the Measurement of Mitohic Rate

m the Intestinal Epithehum

CATHERINE E STEVENS HOOPER
Department of Anatomy McGill University Montreal Canada

Colchicine has been used as an mvest
gatne tool 1n problems concerning cell
proliferation smce the early 1930s The
earliest and some of the most comprehen
sie studies on the qualitauve and quanti
tative effect of this drug n causmng the
arrest 1 metaphase of cells undergomng
dvision were made by P Dustin Sr_( 36)
Brues (36) Ludford (36) and Bucher
(39) who showed that at certan dose
levels and within a certain penod of time
colchicne acted only to arrest m meta
phase and did not 1nterfere with the nor
mal rate of entry of cells into mutosis  Fol
lowmng these early imveshgations colchi
cme was used 1l J

Furthermore the tendency of arrested
‘metaph to d and e 1ty
to disappear 1n mammakhan tissues of high
mtotic actnvity may be avorded The desir
ability of a rapid and complete action of
the drug prompted an investigation of its
effects m the tissue soon after imjection
and of the best route of admimstration
The effects of single and repeated doses of
colchicine were compared as to therr effi
clency mm mawntaimng the effect of the
drug The results were analyzed to deter
mine whether colchicine could be used to
measure the normal mitotic rate m the

sttes of normal cell dnision or the action
of hormones and other compounds on 1
totic actity More recently interest has
been revived 1n use of the drug i quant
tative studies It has been employed mn
attempts to measure the rate of prolifera
ton of the intestinal epithehum of rats
(Leblond and Stevens 48) and cats
(McMinn  54) and also of the emdernus
(Storey 49) alveolar cells of the lung
(Bertalanffy and Leblond 53) and the
epithehum lining the unnary bladder of
rats (Vulpe 54)

The work to be reported 1n this paper is
an examnation of the action of colchicine
and its suitality as an agent in the quan
titative esumation of the mutotic rate
using the imtestinal epithelium of rats as
the test tissue

The epithelium of the intestinal crypts
was selected because of 1ts high mitetic
actvity Thus significant increases m the
number of arrested metaphases may be
expected to appear within a relatively
short period of colchicine treatment A
short experimental period also has the ad
vantage that the effect of the drug is less
likely to wear off during the experiment

A—

1 epithelium and also to calculate
the duration of the stages of mmtosis

MATERIALS AND METHODS
Colchicine

USP Colchicine (Inland Alkaloid Co
Tipton Indiana) was punfied on a chro-
); column d to the
method of Ashley and Harns (44) About
half the original weight of material was
recovered the crystals having a very pale
yellow color as compared with the stronger
shade of the starting matenal The melt
mg pomnt of the orniginal colchicine was
about 150 C following chromatography
1t rose to 153 C A companson of the
action of both samples in arresting meta
phase in the ileal crypts of rats 4 hours
after the mjection of 0 1 mg per 100 gm
of body weight showed no significant dif
ference (ongnal colchicine mean num
ber of metaphases per crypt in three rats
275 “punfied” colchicine mean number
of metaphases per crypt in 4 rats 267)
In all subsequent experiments the “pun

Present address Department o
Umnversity of Ottawa Ottawa Onhrifo Histology
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fied” colchicine was used as a solution in
distilled water made up immediately be
fore injection

Ammals and lustological procedures

Healthy rats of Sherman stock fed on
Purina Fox Chow were used when their
body weight reached approximately 260
gm (range 216-308)

Each group consisted of 4-11 rats and
all experiments were conducted in the
morning to minimize any possible effects
of diurnal variation on mitotic activity
Control uningected animals were sacrificed
at approximately the same time as the
expenmental animals

While the animals were under chloro-
form anesthesia about 1 ¢m of the aleum
proximal to the caccum was removed as
rapidly as possible and placed in Susa
fluld  After 5-6 hours fixation the Susa
was replaced with 4% formalln ovemnight
For cach animal three non-consceutise
longitudinal 4 ¢ paraffin sections were
mounted and stained with Harris hema
toxylin and eosin

Counting technique

Areas of the sectlons were selected for
counting in which the crypts were cut ap-
proximately throughout their Jength and
also appeared fairly strafght and close to-
gether fe regions where the mucosa was
not stretched At 800 X magnificatlon all
stages of mitosis and all Interphase nuclel
of the epithelial cells Mning the crypts
were counted except when less than half
the nucleus was included in the section
This meant {n practice that nuclear fra
ments that were too small to be identifi

CATHERINE E STEVENS HOOPER

finely dispersed chromatin becomes much
weaker 1n early prophase as if the siain
able material had become attached to the
chromatin clumps Thus the prophase
nucleus stands out from the interphase
ones by reason of the greater contrast in
staiming intensity of the sap and chro-
matin clumps [hese changes fncrease
in degree until they become very ob-
vious and at the same time the nuclel
begin to move aplcally tosards the erypt
lumen This stage passes gradually inlo
mud prophase in which the nucleus is sull
large although tending to become smaller
The chromatin becomes more defind ely
arranged into strands rather than in
clumps Late prophasc Is a bricf stage In
which the short thich and often spiral
chromosomes are scattcred fafrly uni
formly about the nucleus The nucleus
becomes much smaller at the end of this
stage and the nuclear membrane 9 onlv
faintly scen The nueleolus may or may
not be visible By the end of prophase
the mitotic nuclef arc located abore the
raw of interphase nuclel

Metaphase is very well defined as the
stage in which the chromosomes lic elosely
clumped at the equatordal plate In polar
sew they appear as an frregular clrcle
often having a paler center and in ¢qu2
torial view as a short oblong Colchicine
metaphases differ widely Some are hke
normal ones or more closcly clumped In
others the chromatin mass may be broked
into two or as many as 7 or 8 irregulat
picces  Generally in the most disrupted
metaphascs the pleces are scattered fuf
ther apart than In metaphases which are
only fragmented into two or three parts

with certainty were left out of the counts

The stages of mitosis were identified as
follows

Prophase  The change from an inter
phase to a prophase nucleus fs usually
shown by an increase in nuclear diameter
The chromatln instead of being rather
finely dispersed In the nuclear sap with
sotne accumulations around the nucleolus
and nuclear membrane collects in slightly
targer clumps which are more difinitely
concentrated on the nucleolus and nuclear
srembrane The background staining of
the nucleus presumably provided by very

may show signs of
dissolutlon and pyknosls The chromatih
material appears as dark staining dml’"t‘"
the cytoplasm becomes Encreasingly cos'®
ophilic and may also esentually round up
in droplet form These slgns of ccll death
siere rarely seen fn the Intestinal epiihe
lium of normal contral animals
Anaphase was judged to extend {rom
the first signs of separation of the metd
phase plate into two parts until the chroe
matin of the daughtcr nuclet hat yeach a4
the poles and the fiest slgn of rnm:'}[‘g(
of scparate eell membranes was sectt e
reappearance of the puclear membed
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was not used as a cnterion as 1t 1s difficult
1o detect

Telophase Early telophase was defined
as the stage in which the chromosomes of
the daughter nucler are present as one in
tensely stamung clump Thus stage ‘merged
with mud telophase when the chromatin
mass became larger as the chromosomes
seemed to lengthen and Le twisted and
tangled together This looserung proceeded
until 2 small oval or somewhat oblong nu
cleus was formed cnsscrossed with strands
of chromatin and having a famtly stained
nuclear membrane This passed gradually
mto the last stage or late telophase in
which the nuclear appearance returned
gradually to the normal The nucler be
come rounder and sink towards the base
ment membrane the chromatin 1s more
dispersed and the nucleclus and nuclear
membrane more evident

An average of about 1200 cells was
counted per anmmal although the range
was between 933 and 1698 cells The re
sults are expressed as nucler 1 division
per cent of total nucler and Students “t”
test was used to determne the significance
of differences between paurs of mean
1alues

EXPERIMENTS

Exp I Previous exp had
shown that a dose of 0 1 mg of colchucine
per 100 gm of body weight was successful
m causing arrest of ) m rats

233

3 hours after mjection and portions of the
1leum removed for measurement of mitotic
actaity Two control uminjected groups
were also sacrificed The results are shown
1n table 2

Expeniment Il The possibility that the
adminustration of several small doses of
colchicine mught have a more consistent
effect than a single dose 1n arresting meta
phase was imvestgated One group of
‘male rats recened a single subcutaneous
njection of 0 1 mg of colchicane per 100
gm of body weight Amncther group ve
cened 1/6th of this dose by subcutaneous
mjection every %2 hour for 6 imjections
The ammals were sacrificed three hours
after the first injection The expenment
was repeated usmg female rats sacnificed
112 hours after a single dose or 1%2 hours
after the first of three mjections of 1/6th
of the standard dose The mutotic actiaty
was measured 1 the ileal crypts of these
groups and 1 control unnjected male and
female rats and 1s reported m table 3

RESULTS AND INTERPRETATION

If one could select the properties de
sired 1n a drug colchicine would possess
the following, charactenstics Firstly the
drug would have no effect on the 1mtia
ton of mitosis or its duration prior to the
precise pomt at which arrest 1s effected
Secom‘ily ‘thetqfug would act on all cells

The changes in mitotic activity were ex
amined in groups of male rats sacnficed
1 1% 2 2% and 3 hours after subcu
taneous mjection of colchicine in this
dose All groups were sacnficed between
900 aM and 120 M ncluding one
group of control uninjected rats sacnficed
at 9 30-10 00 A » and another at 12 30—~
100 ™ The mutotic arrest in female
Tats was e d 1 groups ficed
1% and 3 hours after subcutaneous in
Jection of a similar dose of colchicine and
in control uninjected rats sacrificed in md
mormung  The results are shown 1n table 1

Evxpentment I[  The effect of 01 mg
colchicine, per 100 gm of body weight was
compared in three groups of female rats
which recened the drug by sub

g wjection  Thardly
the effect would continue evenly for sev
eral times the duration of metaphase so
that for statistical reasons a large enough
number of arrested divisions would beac
cumulated (For practical reasons the du
ration of the expernment must be Jess than
the intermitotic time of the tissue so that
there 1s no shortage of cells avalable for
mitosis)  Under these circumstances
what would be the changes n the mitotic
counts in the tissue following the admm
stration of colchicing? Let us imagine a
tissue in which 10% of cells are normally
seen in division at any one tme Let the
duration of mutosis be 50 minutes pro-
phase 20 h 10
anaphase 5 ‘minules telophase 15 min

or intrapentoneal injection or sia the
femoral vein (under ether anesthesia)
The amimals were saenficed 12 hour and

utes and act to prevent cells
from passing from metaphase to anaphase

en the distribution of cell divisions in
the tissue will be as follows
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e Metaphase

 Prophase % Anaphase % Telophase

PP Normal Hlocked - o0 g
o time 1 2 0 1 3
5 mins colchicine 4 F 0 3
10 mins colchicine 4 2 2 0 H
15 mins colchicine 4 2 3 0 1
20 mins colchicine 4 2 4 0 0
40 mins colchicine a 2 8 0 0

Once colchicine has begun to act the
per cent metaphase In the tissue should

the early afterncon but this period was
not included in our experiments

increase by 2¢% (normal % pt

every 10 minutes (normal metaphase du
ration) Anaphases will begin to disap-
pear coincidentally with the arrest of
metaphases The telophases should de
crease by 3% (normal <% tclophase)
within 15 minutes (normal tclophase dun
ration) after the anaphases disappear As
the cells in one stage of mitosis do not
all enter that stage 1t precisely the same
moment there would be for example a
gradual disay f telopt which

2 The p ge of cells in prophase
in the colchicine injected groups fs not
significantly different from that In the
control groups In the 13% hour colchicine
group the per cent prophase Is on the
borderline of being significantly higher
than the early morning control group
(002 <P <005) and the later morning
control group (0 05 < P < 0 1) largelydue
to a slightly but not significantly higher
percentage of carly prophase It is pos
sible that if colchicine had sln‘mltancously

T of
would be complete after 20 minutes of
colchicine treatment in this scheme
Let us now examine the results of ex
periment I in which the effect of colchi
cine on the crypt mitoses was measured
from one hour to three hours after sub-
cutaneous injection  The results are
shown in table 1 Figure 1 also shows
the mean values for percentage meta
phase plotted as the ordinate against dura
tion of treatment as the abscissa Taking
the results from the male rats first the
following concluslons may be drawn
1 Comparison of the percentage dis
tribution of the stages of mitosis in the
two control uninjected groups should show
whether there is any diumnal varfation in
mitotic actistty during the moming The
per cent prophase in the control rats
Nlled late in the morning is on the border
line of being significantly higher than in
the group Mlled around 900-930 A
(002 <1 <003) There Is no significant
between the of cells
in the other stages of mitosis  These fig
ures indlcate that there has been no major
fluctuation in mitotic activity in the erypt
eplthelium during the moming  The in
crecase in per cent prophase towards the
end of the moming may indicate the
beginning of a rise tn mitotic activlty in

lated and Jed prop or in
hibited and slowed this stage the per
centage appearing in the tissuc would be
unchanged as compared with normal con
trol animals However such alterationt
in the normal course of prophase woul
be expected to cause initfally some change
in the ratios of carly middle and late pr>
phase  As no significant disturbance ©
the percentage of any of the stages ©
prophase was scen it may be conclud
that one of the requirements of colchicin®
action has been fulfilied in that it did
not cause any change In the normal rate
of initlation of prophase nor its dunl!or;l
3 The percentage of metaphase in 2
groups of colchicine injected rits is :lzl
nificantly higher than in the contr®
groups The difference between the con
trol 1nd the one hour group has a P value
of <00001 to <001 and for all lh:
other groups P < 0001 Thus the effec
of colchicine in arresting metaphase ¥
scen from one to three hours after Injec
tion  Whether the effect §s COmP‘f!:'
throughout this period of time will
shown by the rate of accumulation Dr
blocked metaphases and the presence ©
absence of anaphascs and telophises he
The results in table 1 show that ‘n
mean pereentage of metaphase docs -
crease  progressively  wlith §ncreas
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length of colchicine treatment The dif
ference between the one and 172 hour
groups Is not statistically significant nor
is the difference between the 24 and 3
hour groups but between all the other
groups P<002 In figure 1 an imam
nary line drawn through the successive
1alues for mean per cent metaphase indi
cates a fairly constant rate of accumula
tion of bloched metaphases although it
may fall toward the longer periods of
colchicine treatment (This relationship
s treated mathematically in the Discus
swon )

One possible cause of a decreased rate
of accumulation may be the loss of ar
rested metaphases by pyknosis degenera
tion and Qisintegration Examination of
the counts shows that the number of
pyhnotic and degenerating metaphases in
creased progressively with greater length
of colchicine treatment However as the

CATIIERINE E STEVENS II0OPER

If there werc a decrcase In the tissue
concentration of colchicine with the pas
sage of ume after injection so that some
of the mitoses were not permanently held
i metaphase some anaphases and telo-
phases would appear in the tissue How
ever examination of the counts showed
that by one hour after injcction of colchl
cine all anaphases and carly telophases
had distppeared from the tissue The
mean yalue for total telophese was onc
fifth that of the control groups which
showed a significant decrease (P < 0 001)
By 1% hours after injection tclophase
was further decreased (P=002) Inanl
mals recetving colchicine for longer per
ods of time very few or no telophases
were scen  Such few as were rarcly found
were in the late stage and were probably
cells having an unusually long telophase
rashﬂ- than cells which had escaped the

P of pyhnotic
crypt remained below 04% this could

} n the blockade
The conclusion may be drawn that there
is an 1 of arrested meta

account for only a very small d in
the mectaphase number

" }4

(N

9 MITAPHASE
-

a . 2 3
HOURS AFTIR IUTCTION OF COLOMONE
Fix 1 FEach dot Indicates the mean of the
percentage metaphase in one group of animals
The vertical lines on either side of the dot indl
cate the standard ervor of the mean

phases for one to three hours following
colchicine administration without €scape
of the cclls from the influence of the drug
or fable loss by d fon
One of the characteristics desirable in
colchicine is that of effective action im
mediately following {njection Such a re
sult did not seem too likely following sub:
cutancous administration of the drug
Experiment II was conducted to discorer
how soon after subcutancous Injection an
effect of colchicine could be shown and
whether the intraperitoneal or intrasenous
routes were more sultable to our needs
Table 2 shows the mean percentage of
crypt epithelial cells in varfous stages of
mitosis 3¢ hour and 3 hours after Inje¢
tion of colchicine by onc of these three
routes fnfo groups of rats The drug did
not cause any signlficant change In the
percentage of cells in prophase In any of
the groups as compared with the valu¢
found In control uninjected animals as
thus did not fnterfere with the fnitiation
or duration of prophase One half hout
following subcutancous fnjection of €0
ehicine no difference from control valued
was observed In the percentage of any ©
the stages of mitosts and thus the rreal
ment had fafled to cause metaphase 3¢
rest during this period  Following intra
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pentoneal injection of colchicine the
percentage of metaphases present in the
tissues (220029 SE ) was again not
sigmficantly different from that of the
control group (142+015 SE) How
ever there may have been some meta
phase atTest in these ammals Firstly the
per cent metaphase is sigmficantly higher
(0001 <P <001) than that of the sub-
cutaneous injection group (which showed
less ammal vanation than the control
group) Secondly there were no ana
phases or early telophases present and
the percentage of the later stages of telo-
phase was significantly reduced In rats
sacrificed half an hour after fntravenous
admumstration of colchicine there was no
doubt that metaphase arrest had occurred
The per cent metaphase (415 2 011SE)
was sigruficantly higher than the control
and other colchicine injected groups
there¢ were no anaphases or early telo-
phases and the later stages of telophase
were much reduced in number There
fore it seems probable that intravenous
colchicine fulfilled our onginal require
ment that the drug be effective tmmedi
ately following injection

Despite the more rapid onset of the ac
tion of iIntravenously administered col
chicmne at the end of a three hour period

)of treatment there was no significant dif

ference between the % metaphase in rats
gnen by any of the three routes of injec
ton There was no reappearance of ana
phases or telophases nor difference in the
prknotic metaphases One explanation of
the lack of difference may lie in the rela
tively long period of treatment Since the
duration of metaphase is probably 10-15
minutes (see later discussion) in three
hours 12-15 metaphase periods would
elapse Thus the expected difference in
per cent metaphases due to the failure of
subcutaneous or {ntraperitoneal colchicine
to block one or two sets of metaphases
immediately after injection may be over
lald by the animal variation or other un
known factors

Another requirement of colchicine was
that it should act evenly over the experi
mental perfod It was thought that it
might be easier to maintain an effective
concentration over a period of time if sev
eral doses of the drug were ghen rather

CATHERINE E STEVENS HOOPER

than a single one Table 3 shows the effect
of a single dose of colchicine at 132 and
3 hours after injection and the effect of
gving one sixth of this dose every half
hour and killing the rats 132 hours (three
injections) and three hours (6 Injections)
after the fnitfal {njection It is apparent
that by 1% hours the divided dose had ar
rested some mitoses since there were about
twice as many metaphases as in the con
trol rats However the blockade could
not have been complete since there were
still considerable numbers of early to late
telophases present The single dose of
colchicine caused the appearance of nearly
4 times as many metaphases as in control
rats and only a few of the late telophase
stages were seen In other words there has
been metaphase arrest for most of the ex
perimental period However, 1t is interest
ing that when the expenment was carned
to three hours the blockade by the divided
dose is Just as effective as that caused by
the single dose there is no significant dif
ference between the percentage of metd
phase blocked by either means One would
expect that even if colchicne became
fully effective from 1% hours onward in
the divided dose experiment by three hours
the accumulated metaphases would still be
about 30 %less than in the single dose ex
periment whereas the difference is less
than 109  There are slightly more
pyknotic metaphases in the single dose
three hour group though this hardly seems
enough to fndicate a significant loss by this
means An unlikely possibility is that the
tissues of female rats such as used in the
1% hour experiment react differently to 3
divided dose than the tissues of male
rats which were emploged in the three
hour experiment In any event it was con
cluded that no advantages were attained
by giving a divided rather than a single
subcutaneous injection
DISCUSSION
Time of osnset of colchicine action

Although histological examination has
shown that most sites of mitotlc actlvity in
the animal body are affected by CO’Ch'Cg;”
there s little precise information avaﬂﬂl e
on the rate of penetration of colchic! ni
into the tissues and the time of onset 0!
#ts mitotic blockade The casly effects ©
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colchicine in regenerating hiver of partially
hepatectomized rats were examined by
Brues and Jackson (37) The drug was
gnen by subcutaneous injection at 2 trme
when mitotic activity was beginmng and
the effects were seen at once or within
one hour ” In our own work the effect of
ntr. ly d h was
seen n the intestinal crypt half an hour
after injection A sumple calculation ind:
cates that the action of the drug probably
started almost immediately after injection
Since nearly three times as many meta
phases were present m the injected am
mals as in the control group (of which one
set of metaphases may have been present
at the time of mnjection) at least two meta
phase durations must have elapsed during
the 30 mnutes of treatment As these
figures agree with other estimates of the
duration of metaphase (see later discus
ston) 1t 1s fauly certmn that colchicine
starts to act immediately following intra
1enous injection
The extent of the delay mn onset of col
chicine action following subcutaneous m
Jection may also be calculated If meta
phases continued to accumulate at the
same rate following mntravenous injection
there should have been 8 5% 1 the crypts
one hour after injection The figure ob-
served after tins interval of colchicine
) treatment was 6 39% or 77% of the theo
retical value Thus the delay period was
about 23% of one hour or about 15 mm
utes In the experiment i which anmmals
were sacrificed half an hour after sub
cutaneous injection of colchicine no arrest
was seen Thus the delay in onset of col
chicine action following subcutaneous 1
Jection may vary from 15 mnutes to half
an hour and represents about one or two
metaphase durations
The rate of accumulation of arrested
! 11 g sub injec
ton of colchicine is indicated by the slope
of the curve of number of arrested meta
phases plotted against the time elapsed
since wnjection  If metaphase arrest began
immediately after injection the number of
mitoses present at zero time should be in
cluded in the curve As there 1s a delay
in the onset of action of subcutaneously
administered colchicine this point should

CATHERINE E STEVENS HOOPER

subcutaneous value should be moved over
on the graph by a distance equivalent to the
delay or for greater ease of plotting sum
ply reduced by 2355 A method for finding
the line of best fit to a series of points was
applied to the colchicine figure alone and
to the colchicine figures plus the corrected
zero time and %2 hour points (Lewis and
Lewss 17) In the first plot the calcu
lated rate of accumulation of metaphases
1s 3 38 per hour, by the second 4 13%
per hour the difference in these two rates
bemg well within the error of the method
The fact that these points may be fitted
to a straight ine and that there was no
evidence of change 1 the rate of initiatton
or duration of prophase nor escape of
arrested metaphases indicates that there
was an even rate of accumulation of meta
phases from the time of onset of col
chucine action lasting for three hours after
mjection

Duration of colchicine effect

These conditions of colchicine action in
the gastrointestinal epithellum of rats
may not last for muych longer than three
hours after injection In some unpublished
work on the action of colchicine in mrtotic
activity of mucus contaning cells in the
gastric mucosa 1t was observed that the
number of pyknotic metaphases was small
up to three hours after 1njection but
nearly half the metaphases showed some
pyknotic change by 4 hours The percent
age of cells i prophase also decreased
during this time possibly mdicating sme
intubition or perhaps speeding of this
stage Thus the colchicine results would
not be reliable 1n the gastnc epithelum
later than 4 haurs after injection  Leblond
and Stevens ( 48) estimated the mutolic
actwity 1n the ileal epithehum of rats 53¢
nficed 6 hours after injection of colcht
cne In this case also nearly half !1:16
metaphases were seserely degenerate
and there was a reduced proportion of pro-
phases However all the tissues of the
body are not equally sensitive to the de}e'
terious effects of colchicine For examp: ;
Storey ( 51) observed no change in the
percentage of cells in prophase nor any

gnifi f pyknosis of arreste
st cant dengreee of pyknos fayer of the

be left out of the Alterna
trvely the starting point and the %2 hour

: ¥ fter
plantar epidermis of rats 6 hours 2
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mjection of colchicine Brues ( 36) ex
amsned the mutotic actisity 1n the regener
ating liver of partially hep zed Tats
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mated the mtermitotic time (same as our
turnover time) in the crypts of the rat

using colchicine njected every 8 hours
Compansont of the numbers of arrested
mmuto es indicates that all dinding cells are
arrested 1 metaphase without inhibition
or stmulation throughout this remarbably
long period of tume Thus the conditions
for the use of colchicmne as a quanutative
tool must be examined separately for each
tissue
Mutotic rate

Smee 1t has been concluded that under
certain conditions colchicine causes the
arrest 1n metaphase of all cells entenng
dmsion 1n the normal course of cell forma
tion 1n the intestinal epithelum of rats
these results may be used to calculate the
‘mitotic rate 1n the epithehum  The mitotic
rate will be equal to the rate of accumula
tion of blocked metaphases The mitotic
Tate can also be expressed as the tine re
quired for a given percentage of cells to
undergo mitosts In the mtestinal epithe
Lwm the new cells formed by mutosis are
used for the renewal of the epithelium _cell
formation 1s counterbalanced by cell loss
crypt cells move 1nto the villus epithehum
and are eventually lost from the tips of the
will Thus there is no over all m

as 335 hours which 15 also 1
good agreement with our results

It 15 of 1nterest to compare these results
with those of radioautographic studies 1n
which labeled substances have been in
corporated into diiding crypt nucler  As
epithelinl cells divide fanly close to the
moouths of the crypts the tume for the first
labeled cells to mgrate to the tips of the
villi approamates the renewal tume of the
villus epithellum rather than that of the
whole epithebum Thus Leblond Stevens
and Bogoroch (48) noted that nucler
labeled with P had mugrated about half
way up the villus epithehum of rat deum
and duodenum by 24 hours after mnjection
The renewal tune of the villus epitheliumis
therefore probably about 48 hours Walker
and Leblond (58) obtamned radioauto-
graphs of mtestinal epithelum labeled
with adenine C* 1n ymce They observed
that mn the duodenum labeled cells had
already reached the tips of some vl at 24
hours after injection whereas in the lleum
cell migranon was slower The renewal
turte of the villus epithelium was therefore
about 24 hours 1n the duodenum and was
accomphshed witton 72 hours m the
deum . Also 1n muce renewal of the jejunal

cell population size so that the matotic rate
15 equal to the rate of cell loss and also
to the rate of cell renewal Thus the m:
totic rate may be expressed as the theo-
retical fength of time required for 100¢%
of the cells to dwvide or be renewed which
is called the “turnover time™ of the ¢pthe
Hom I 338% of cells dinde and are
renewed in one hour 100% of the cells
will be renewed 1n 29 6 hours Sumilarly 1t
may be caleulated that i 4 13¢% of cells
dnide and are renewed in one hour the
tumover time is 21 2 hours in the crypts
of the rats fleum

These figures may be compared with the
estimate made by Leblond and Stevens
that the tumover time of the crypt plus
villus epithehum of the rat lenm was
equal to 34 hours Sunce crypt cells make
up about half the cell population of the
Beal epithelium the tamnover time In the
crypts would be about half that of the
whale epithelium namely 17 hours
Vodner Storer and Lushbaugh ( 51) esti

about three days as
shown by experiments wath tntum labeled
thymdine (Leblond and Messier 58)
Presumably the renewal time of the crypts
was roughly of the same duration The
results of the various techmgques all inds
cate that the renewal of the small intestine
epithellum of rats and mice 15 accom
phished 1n about 2-3 days with some re-
gonal differences

Duration of matosis
The colchicine results may also be used
to calculate the duration of the stages of
mitosis The calculations are made in the
following manner
Duration of stage x =
< _mrucled 3t stage x in pormal tissue
"7 nucler in metaphase of £ munutes colchicing
X t minutes of
colchicine
treatment
We wll first consider metaphase since

this stage is very sharply defined Caleu
latzons using the two curves previously de
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scnbed gve values of 19 2 and 21 75 min
utes respectively for the duration of meta
phase Storey ( 49) also using colchicine,
obtained a value of 11 minutes in rat plan
tar epidermis  Observations on tissue cul
ture of chick mesenchymal cells by Levi
{ 16~17) gave figures of 8-11 minutes
while Lewis and Lewis ( 17) found that
20 minutes was the average duration All
of these results are in reasonably good
agreement

Widner Storer and Lushbaugh (51)
estimated mutotic duration in rat tissues
as the time for mtoses to disappear fol
lowing admrnistration of a dose of x rays
which prevented the appearance of new
mutoses These authors give a value of 27
minutes for the duration of stages that
probably correspond to our stages begin
ming of late prophase to the end of ana
phase The sum of the durations of these
stages from our figures 1s 29-34 mnutes
McMinn ( 54) used 5 hours of colck

CATHERINE E STEVENS HOOPER

minute delay before subcutaneously in
Jected colchicine begins to arrest division
and this perfod should be included in the
expected time for anaphases and telo-
phases to disappear making it 65-75 min
utes In actual fact the percentage of
telophase enther lasts 2 little Jonger than
calculated or does so in the circumstances
of colchicine treatment or the delay in on
set of colchicine action Is slightly longer
than calculated

Suggestions for future studies

The foregoing experiments have re
affirmed the validity of the colchicine tech
nique as 2 method for the quantitathe
estimation of the mitotic rate in the intes-
tinal epithelium of the rat The author i
confident that this method may be used
with equal success in other tissues and
in other species However in each in
stance the proper conditions for expert

fon must be blished Animal

treatment in the 1mestigation of the mi
tottc actvity of the small intestinal epi
thelium of cats For stages which may
correspond to our stages beginning of mid
prophase to end of mid telophase the cal
culated duration was 75 mnutes The
corresponding value from our results in
the rat is 63 mnutes

It s not possible to the dura

species vary In their sensitivity to colchl
cine and the rate of penetration of the
drug the viability of the affected cells and
therr normal life span may alter the re
sults The more obvious problems of varia
tion in mutotic activity during the day and
the sex cycle must also be considered

In most instances a lttle educated

¢ tion of early prophase and late telophase
with estimates made by other workers be
cause the limits of these stages are too
difficult to define Our own results indi
cate that the stage we recognize as the
whole of prophase lasts about 1-13%% hours
Evidence from other sources indicated that
this may be only a fraction of the time re
quired for a cell to double s content of
desoxynt leic a fon for
division

g k can contrive a pilot expcrlmtn;
which comes fairly close to the desle
result For example the approximate dosle
may be gleaned from the literature on ¢0
chicine and one would expect that a ts-
sue with an extremely actlve mitotic rate
would respond best to intra 1”‘
jected colchicine and a short treatmen
dod  wl 1

inj
and a longer experiment might benefit in
a tissue with a slow mitotic rate The sci
tigns may first be examl‘neé for the 1;’0

Stages of were
whose duration was calculated to be 43~
53 minutes If the effect of colchicine
were to arrest all the metaphases present
in the tissue and any further cslls Fmering

Py 1 an Py

ence of anaph an P If these
are present the dose is too small or 17:
treatment too short If the pilot expe f
ment is successful In causing signlﬁc;Y;
metaphase arrest without escape Of ol ‘t
ous d fon of the cells one mus!

p the

present at the time of injection should
have become completed and become inter
phase nuclei within a time interval which
was equal to the anaphase plus telophase
duration (50-60 minutes) We have al
ready estimated that there s roughly a 15-

i
then compare the counts of prophases ¥
that of the control group If the nu’r;:;f
of prophases §s depressed by colch! e
the dose must be reduced If there i; o
or no difference in the number o u‘:{tl
phases {e little or no change in the
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ation and duration of prophase one may
then devise expenments to determine the
exact dose and best route of admurustra
twon In these trals counts of metaphase
and intermitotic nutler will suffice  How
ever the numbers of prophases should be
checked 1n the group finally chosen Yf 1t
appears that there 15 no alteration of the
normal mitotic rate except to cause arrest
then the effect of the drug should be meas
ured soon after wjecton (half an hour)
and at several times afterwards This will
show if there s a period of steady incre
ment 1 the pumber of arrested meta
phases and the extent of any mnal delay
I possible the ammals should be sacn
ficed at tmes after injection that are sev.
eral times the duration of metaphase AUl
stages of mutosts should be included in the
count AWl being well when the results
are plotted as a graph at least the first
pottian. showld describe a straight e
The cafculations of the mitotic rate of the
tissue may be made from the slope of this
line or from pomts towards the middle of
it with correcuons for delay 1 onset of
action if necessary

SUNDIARY

The effect of colchicine on matosis 1n
the intestinal epubeliom of rats was n
to d the bty of
this drug for the quantitative estimation of
the mutonc rate  Under certain precise ex
1\ d 1njected h
causes the arrest at metaphase of all cells
undergoing mitosis Mitomis 13 nexther stim.
ulated nor mhibited nesther hastened nor
prolonged There is little delay 10 action
of the drug after imjection nor escape
from s effects for at least three hours
Consequently the proportion of nuclei mn
metaphase counted in tssue sections at
certain umes after colch i
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the mntestine was caleulated to be 24-29
hours

1t 1s felt that the colchicine techmque
outhned in this aricle may be used with
equal success for the measurement of the
mutotsc rate of other tissues and n other
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A Study of the Artenal Vematons n the Limbs, with
Special Reference to Symmetry of Vascular Patterns

J A KEEN

Department of Anatomy Unwersity of Cape Toun

Cape Town South Afrc

The descniptions of the artenal trunks
of the limbs and of the arrangement of
therr man branches found mn anatomy
textbooks represent the patterns encoun
tered in a majonty of subjects a;nd suc}:
patterns are then accepted as the “normal
or average arrangement Vanatons of the‘Se
artertal patterns ot lled *:

a

together on the same sheet The follow
g ponts of information were noted
{a) The drameters of the artenal trunks
and of therr man branches (b) The
pomts of ongin of the mamn branches
along the parent trunk (c) The levels
of the vanous bifurcations with reference

ties” have recened Jerable m

to llevels eg radio-

anatormical Iiterature The terms “abnor
Tal” “abnormality” are recogmzed to be
unstatable ones but have become sanc
tioned by use An “abnormality” does not
any way imply an imnfenor or less effective
blood supply of the region but 1s sumply
a variation or departure from the “normal ™
Studhes of varations of artenal arrange-
ments are usually based on the analysis of

h 1 joint lower border of pophteus
medial tubercle of the calcaneurn  Special
notes were made of any abnormahties
The measurements were made with a
pair of shding calipers When measunng
the dameters of artenes the comcal en
largements at the pomt of ongn of
branches must be avorded (Adach1 28)
Ia‘rge artenal t‘ninks m dissecting room

a large number of dissected night and left
lumbs but the authors seldom der the

) av out this must
be corrected because otherwise the meas

question of biateral symmetry 1n individ
ual cases When a departure from the
normal pattern 1s met with 1 one limb
1t 1s often assumed that the particular
vanation is bikely to be present also on
the other side In other words a certan
symmetry 15 accepted a priort because we
believe that the nght and left imbs of an
embryo tend to develop as mirror images
of each other However the present study
will show that this assumption 1s far from
justified In fact the opposite tends to be
the case an artenal anomaly m one lunb
is more often than not absent in the other
and rare anomalies are unhikely to be pres.
ent bilaterally

METHODS AND MATERIAL

Methods A scheme was devised for
recording the arrangement of the artenes
in the limbs one for the upper hmb and
another for the lower lumb the nght and
left sides of each subject being recorded

of the would ke too
large When recording the pomnt of engm
of a branch the distance along the parent
13 measured from the beginning, of
the trunk to the distal angle of the branch
The distal angle Is more acote and offers
a defimte point for the caliper tip while
the proimal angle 1s more open and less
well defined (Adachi *28) A branch
which leaves the parent trunk at 1ts com
would be ded as ansing
at 0 mm When determuung the distance
between two branches at thew ongm
Adachi recommends measunng the dis-
tance from the distal angle of one branch
to the distal angle of the other for the
same reason
Matenal The matenal for the investt
gation were dissecting room cadasers after
!};eh l:mb ha pl the d
of the s It 15 preferable to make the
tecordings while the hmbs are still at
tached to the trunk when the levels at
which the axillary and femoral artenes
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commence ar¢ more easily determined
The data were entered on the T d.

J A XEEN

imvestigation no cadavers of Astatic origin

sheets nght and left sides being done

1 ly or one i diately after

the other The axm was to obtain a suffi
lete record

were wncluded among the d & room
matenzal and thus the racial differences
noted by Adachi could be ignored Fur
ther the impression gained from Adachis

blications was that racial differences are

cient number of P o
the artenal patterns in the 4 limbs of
individual subjects

The nvestigation was begun in South
Afnica where I obtained data from 90
subjects The majonity came from the
Durban medical school a certain number
from the Pretona and Cape Town medical
schools and I wish to thank Professor
T Muller of the Umversity of Pretoma
and Professor L. H Wells of the Univer
sity of Cape Town for permission to use
matental from their departments The ma
jonty of these subjects were Bantu but
a certain number of Cape Coloured are
included

Duning an 18 months stay i Geneva
I continued to collect data at Swiss ana
tomical nstitutes a total of 56 European
subjects I wish to express my gratitude
to the heads of these various anatomy
departments for pernussion fo use this
matenal _Professor J A Baumann of
Geneva Professor A Faller of Frbourg
Professor E Hintzsche of Bern Professor
G Tondury of Zunch Professor G Winck
ler of L and Prof Wolf

not very important Whenever a particu
lar abnormality 1n the present series was
iny d and its 1 f
was compared with that given by Adachi
the difference was usually of such a na
ture that 1t could not be considered as
bemng statistically sigmficant

However racial differences if any as
between Negro and European must be
taken into account here because the ma
terzal is very mixed racially vz a pre
ponderance of Bantu and Cape Coloured
subjects (90) with a considerable propor
tion of European subjects (56) Sesers!
publications by Amencan authors discuss
racial differences in the arterial patterns
of the imbs as between the American
White and Amernican Negro Charles (31)
made a study of the types of origin of
the profunda brachit artery in the two
groups (300 dissections) and came to the
conclusion that racial diufferences were
slight Trotter (30) investigated the
branchings of the axillary artery in Whites
end in Amernican Negroes based on 384

¢ Heidegger of Basel

The age and sex of the individuals
were entered on the recording sheets but
no differential groupings were made on
those grounds In all countnes the dis
secting room subjects are elderly persons
and tend to be largely male Increased
tortuosity with lengtheming of some ar
tennes as well as increased diameters in
some regions are pathological features
seen in old people These were allowed
for when making length or diameter meas
urements such artenosclerotic changes do
not affect the fundarnental pattern 1n each
indivzdual Among the total number of
146 the data for the 4 limbs were avail
able in 136 subjects 1n & subjects I had
the data for the upper limbs only and win
4 subjects only for the lower limbs

Ractal differences  Adachi ( 28) estab
lished certain racial iff in the ar

No raclal differences were
found 1n the male series shight differences
m the female series (10 Whate 27 Negro
femnales) The numbers in the latter ser
fes were so small that the differences noted
are not significant statistically In another
study by Trotter (40) the level of terml
nation of the popliteal artery was imvestl
gated 1n a sertes of dissections (123 White
169 Negroes) The differences between
the two racial groups were not significant
statistically
De Gans and Swartley ( 28) studied the
axillary artery in White and Negro stocks
based on 512 dissections (129 White 127
Negro subjects) The term “Negro in
cluded all subjects classed socially as such
but many were admittedly hybrid The
authors recognized 23 different patterns
of the axillary artery and of its branch
ngs a method which complicated fhe
1 ly The tables show that

teries of the limbs as between the Japa
nese and the European In the present

there #s more diversity of patterns In A]le
groes” than in the White group Actudlly
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his only applied in the case of the authors
mstemz Xpand B the difference here
eing an independent origln of the lateral
horacle as agalnst an origin in common
vith the acromiothoracic In the other
)1 subgroups the diffcrences were npt
ignificant statlstically Among the ind!
viduals classed as Negro there was a high
degree of hybridity and the analysis can
not claim to be a satisfactory onc as be
tween European and Negro stocks The
authors themsclves suggest that a high
degree of hvbridity may be associated with
the greater frequency of variations

On the whole it is probable that racial
differences are minimal fn respect of the
limb artery patterns Varlations follow
much the sames lines in Luropean and
Negro stocks Thus for the purposes of
this study 1 declded to leave aside any
question of racial differences more par
ticularly because the 1
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point of origin of the subscapular artery
If the subscapular arises from the third
part of the axillary at a mean distance of
47 em from the acromio-thoracic (calcu
lated In the present series) and more or
less on a level with the circumflex humerat
arterfes thlg is looked upon as the nor
mal  When the subscapular arlscs much
nearer to or perhaps on a level with the
acromio-thoracic this is spoken of as a
“high origin” of the subscapular For pur
poses of a statistical study in the present
serles it was necessary to make an arbl
trary definition of high origin™ Thus
whenever the subscapular artery arose ata
point 10 mm or less from the acromio
thoracic the variatlon was called a high
origin

On this basts “high origin of the sub
scapular occurred 82 times in 284 dissec
tions that i3 29% = 27% Included are

s prl
marily concerned with establishing the
existence or non-existence of right and
left sided y in the arr
of the limb arterfes

AWTERIAL VARIATIONS IN THE
UPPER LIMB
1 The axillary artery and

its branches
The acromio-thoracic artery is an extra
ordinarily constant branch and without
exception emerges opposite the upper bor
der of the pectoralis minor (Adachi 28)
In my scheme of recording 1 have pre
ferred to define the acromio-thoracic artery
in terms of its point of origin along the
axillary artery The mean distance of orl
gin measured from the outer border of the
first rib was 2 6 cm The superior thoraeic
the lateral thoracic and the anterlor cir
cumflex humeral arterles are cxtremely
variable and inconstant and should be
left out of any statistical study The an
terfor circumflex humeral ardses in com

two 1 where the {o-thoracic
and the subscapular had a common trunk
and one instance where the two arterics
arose at the same level Coulouma and
Bastien ( 34) described one case (104 dis
scctions) where the subscapular arose at a
point above the acromio-thoracle Huelke
{59) divides high origin of the sub
scapular into two categorles (a) an origin
of the subscapular from the sccond part of
the axillary ie from the part lylng decp
to the tendon of the pectoralis minor this
oceurred in 15% (178 disscctions) (b)
An origin from the first part of the axil
lary 06% In the latter variation the
trunks of the subscapular and of the con
tinuatlon of the axillary can be of the
same thickness Under these conditlons
the author speaks of a ‘high division of
the maln trunk Into a brachial and
“decp brachlal® arterles the second and
third parts of the axillary belng then con
sidered to be absent

Posterior clrecumflex humeral artery A
common tr’unk ‘,E" “lc subscapular and

attery in about 30% (Adachi
present series showed a common trunk
for the two circumfiex humeral arteries in

ly the same fon of

mon with the posterior
28) the

cases
Sub

pular artery The varl
atlons tn the arrangement of the benches
of the axillary artery sevolve around the

1 arteries 13
another frequent “abnormality” It oc

curred 88 times in 284 disscetions f¢
31¢% ~27% There was no correlation
between this abnormality and the *high
origin” of the aubscapulir A common
trunk wan obscrved 05 thmes In the case
of submeapulrr arteries 815Ny at a low
level and 23 tmes in the case of subscap
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ulars with 2 ‘high ongin” If the lesser
frequency of the “high ongm” 15 taken
into consideration this shows a very stm
ilar f; y d 10n as the
two types of subscapular artery Huelke
( 59) states that the posterior circumflex

XEEN

lar space and a subsequent downward
course bekind the teres major tendon 19
times in the present series of dissections
(7%)

Charles ( 31) lists 7 types of ongm of
the profunda brachf: artery The profunda

humeral artery anses as an independ
branch from the third part of the axillary
1 80% (178 dissections) and in 20%
from the subscapular The frequency of
this particular anomaly appears higher in
the present semntes 319 =2 7% aganst
20¢% *=30% The percentage difference
15 11% =4 0% The actual difference 1s
less than three tumes the standard error
and fore cannot be dered as be
1ng statistically sigmficant

Another important and rare variation
of the posterior circumflex humeral artery
1s the ongm of this vessel from the axil
lary at alow level 'The artery then travels
below the tendons of the latissimus dorsy
and teres major muscles and ascends be
lind these tendons to join the aircumflex
nerve The abnormality occurred 8 times
in 284 dissections 1e 28% Skopakoff
( 59) found this abnormal course of the
posterior circumilex humeral artery three
times in 610 dissections (05% ) Cou
louma and Bastien ( 34) saw the same
abnormality three times 1n 104 dissections
(29%) The existence of an anastomosis
between the posterior crreumflex humeral
and the profunda brachni arteries behind
the tendons of the teres major and latis
simus dorsi allows several patterns of
these vessels to anse (Adachi 28)

I} Artenes of the arm

Profunda brachu This artery is ex
tremely variable It 1s often represented
by more than one trunk which follow the
radial nerve In 26% (284 dissections)
the profunda brachii arose from the ter
minal part of the axillary artery that is
the ongin was from the main arterial
trunk at a level above the Jower border
of the teres major tendon In 6% the
profunda brachii arose as a branch of the
posterior_circumflex humeral or of the
subscapular in the case of 2 common trunk
for these two vessels A third abnormality
of the profunda brachii is its ongin from
the posterlor circumflex humeral after this
artery has penetrated into the quadrangu

brachii app d as a single vessel arising
from the upper part of the brachial artery
in only 55% of the cases (300 dissections)
The ulnar collateral and supratrochlear
branches are so vanable that they do not
lend themselves to a statistical study

The “superficial braclial artery” The
brachal artery normally runs deep to the
median nerve  When a large arterial trunk
runs superficial to the nerve this is the
“artenna brachialis superficialis” (Adachi
28) It may replace the main trunk or it
may be accompanied by an equally impor
tant less important or more mmportant
trunk runmng parallel and deep 1o the
median nerve 1 the normal position Is
these cases the superficially placed vessel
may continue as the radial or more rarely
as the ulnar artery Adachi further sub
divides the “artena brachfalis superficlalis
mto superior media and inferlor a
1ng to its point of origin from the maln
artenal trunk

The pownt of origin may be from the
axillary most frequently it is from the
upper part of the brachial but a “super
ficial brachial artery” may also arise from
the lower part of the brachial artery
nearer the elbow Adachi gives fusther
subdivisions which concern its relationship
to the ulnar nerve In the analysis of my
dissections I have limited myself to three
types (a) Those “superficial brachfal ar
teries” which continue into the cubital
fossa and then bifurcate as usual (b}
the = ficial brachial attery” {nues
as the radial called “high ongin” of the
radial artery (c) the “superficial brachial
artery” continues as the ulnar called “high
origin” of the ulnar artery Both radial
and ulnar arteries run a superficial course
1 the forearm in such cases

In the present series (284 dissections)
the “superficial brachial artery ™ includil;g
those which continued as supesficially
placed radial and ulnar arteries was foun
35 times (123%) A few of these I Y
2 special description In a left upper hm"
I found a comparatively small branch (2
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mm diameter) which arose from the upper
part of the brachial (5 mm diameter)
passed superficial to the median nerve and
then rejoined the maimn trunk a short dis
tance ahove the bifurcation m the cubital
fossa This 15 an example of so-called
Inselbildung” (Adachh 28) The meq'lan
nerve ran through this artenal “island” or
nng  The case was not included among
the “superficial brachial arteries ” because
the mam brachial artery had the usual
course with a bifurcation at the mormal
level mevertheless 1t 1s related to this
type of abnormality

One “superficial brachial artery” arose

in the axlla from the thud part of the
right axillary artery a httle more than
2 em distal to the ongin of the acromo
thoracic At this level the mam arterial
trunk Wifurcated wnto (1) a  superficial
brachial artery’ (6 mm diameter) which
crossed superficial to the medial oot of
the median nerve (2) a deeper trunk
(5 mm diameter) which passed deep to
the medial root of the nerve and gave nse
to the subscapular the two circumflex
humeral artenes and the profunda brachu
Another dissection of a right arm showed
a superficial brachal artery” arising from
the upper part of the brachial Actyally
it was a bifurcation because two trunhs
of equal diameters (3 mm) continued
downwards one superficial and the other
deep to the median nerve The “superficial
brachial artery’ descended 1n the super
ficial fascia and in front of the bicipital
aponeurosis it hifurcated into radial and
ulnar arteries both vessels runnung down
wards mn the forearm superficial to the
muscles The more deeply placed trunk
of the brachial artery supplied the interos
geous artenes the recurrents and muscu
lar branches Such instances have the
charactenistics of the three types defined
above a superficial brachial artery” with
a bifurcation as well as radial and ulnar
arteries with “high ongins »

Another example of “Inselbildung” was
found 1n g nght arm A large “superficial
brachial artery (6 mm diameter) left the
upper part of the brachial artery while a
small paralle] artery (2 mm diameter) ran
downwards deep to the median nerve At
the level of the radiohumeral Joint the
0 vessels united again to form a single
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trunk This artery hifurcated as usual in
the cubital fossa at a normal level below
the radio-humeral Joint When all the 1n
stances of superficial brachial artery”
were considered together and sorted into
the three types the results were as fol
lows 10 mstances belonged to type (a)
1e 36% 17 nstances of type (b) 1¢
59% 8 nstances of type (c) 1e 28%
Thus 1 the present senes of dissections
“lugh ongn” of the radial was the com
monest type next the “superficial brachial
artery with a normal bifurcation the
least common type bemng “mgh ongin” of
the ulnar

The “superfictal brachal artery has re
cerved considerable attention in the hitera
ture on artenal vanations Miller (39)
believes that the superficial brachal ar
tery 1s an atavistic condition since a
main brachnl artery crossing superficial
to the median nerve s said to be the usual
arrangement 1n the pnmates Singer (33)
believes that the “superficial brachal ar
tery’ 15 a persising embryome vessel 1ts
continuation m the forearm being a super
fically runnung median artery The “su
perficial brachal artery” has anastomoses
with the radial and ulnar artenes 1f these
persist the result 15 a “high ongin of
either of these vessels

Skopaloft ( 59) gives the percentage
frequency of all types of “superficial bra
chial artery” as 19 75 (610 dissections)
The author 1ncludes several nstances of
comparatively small branches of the bra
chial which ran superficial to the median
nerve and resolved themselves 1nto mus
cular branches without 2 downward con
tinuation  This probably explains the
higher percentage frequency as compared
with that found 1n the Present series In
Poiriers text book of anatomy the “super
ficial brachial artery” 15 discussed In 100
dissections the brachial artery crossed su
perficial to the median nerve 6 times
“Highongin of the ulnar artery was found
20 times in 440 dissectians “high ongin”
of the radial according to Porrier is rarer

I Artertes of the forearm and
pralm of the hand
Some of the abnormalities of the fore
a1 artenes have already been dealt with
under the headings of “high origin® of the
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radial and ulnar arteries In the scheme
for recording the arteries the level of the
bifurcation of the brachial artery was re
lated to the level of the radio humeral joint
which is easily felt In order to avoid any
errors Adachi ( 28) advises an incision to
apen the articular capsule The bifurca
tion in the cubital fossa is always a little
lower and the average distance below the
joint level was 16 mm calculated over a
large number 1n this series ‘The variations
1n the level of the bifurcation were com
paratively slight and seemed of no particu
lar sigruficance The diameters of the
radial and ulnar arteries were entered on
the recording sheet the ulnar being prac
tically always the stronger artery At the
wrist level the relationshrp is usually the
reverse since the radial gives off few
branches 1n the forearm while the ulnar
has given off the interosseous vessels and
many muscular branches  When the ulnar
passes into the palm of the hand various
kinds of superfictal palmar arch result
according to the type of anastomosis
Superficial palmar arch  Adachi ( 28)
gives three types of superficial palmar
arch (a) The “ulnar type™ in which the
contnibution by the radial artery is absent
or 1 the “radio-ulnar” type
(c) the “medwno-ulnar” type in which a
median artery is sufficlently strong to
reach the palm of the hand and to take
part in the formauon of the arch  Accord
ing to Adachi the ulnar type is the most
frequent (59% ) next the radic-ulnar
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mar branch of the radial erther superficial
to or through the muscles of the thenar
eminence or the radial contribution may
be an anastomotic branch coming from
the princeps pollicis or radialis indicls
(sometimes called the deep radio-ulnar

type) A very rare type of superficfal
palmar arch is a large median artery which
anastomoses with the radial the ulnar
contnibution belng suppressed or very
small In the present series of dissections
there was one Instance of this in a left
arm it may be called the “mediano radial

type However in many cases of mediano-
ulnar type the radial artery also has 2
share In the night and left hands of the
same 1ndividuals there was a general ten

dency towards symmetry where the ulnar
and radio ulnar types were concerned al

though slight differences were not uncom

mon (noted 19 times)

Strong median artery  The median ar
tery i3 an important vessel in the embryen
ic circulation of the forearm The contin
uation of the main “axis artery” is at first
the anternor interosseous When the latter
recedes it is replaced by the more superf
cially placed median artery The median
artery in turn becomes replaced by the
radial and ulnar arteries (Starck 55) A
strong median artery which reaches into
the palm and takes part in the formatlon
of the superficial palmar arch is an im
portant anomaly and represents the per
sistence of an embryonic vessel This
anomaly was noted 27 times in 284 dis

(32% ) and the d ulnar type the
least common (9% )

The differentiation between the ulnar
and radic-ulnar types is obviously a diffi
cult one as it depends on the observer’s
estimate as to what constitutes a minimal
contribution by the radial artery If only
very obvious superfi palmar b h

that s 95% The median artery
in its forearm course sometimes perforates
the median nerve this was seen three
times among my dissections In one In
dividual on both sides on the right side
the median artery pierced the median
nerve twice on the left side only once
The th; was on the right side

of the radial running superficial to the
muscles are looked for then the “ulnar
type” is undoubtedly the most frequent
Potrder states_that the varjations in the
superficial palmar arch are so numerous
that it is difficult to establish a type Fur
ther the importance of the superficial pal
mar arch varies inversely with that of the
deep palmar arch The radioulnar type
may be divided into subgroups according
to the coursc taken by the superficial pal

ird

only Adachi (28) also mentions this
feature

Arteria antebrachialis dorsalis supeth
clalis Under this heading Adachi de
scribes a rare abnormality which was secnt
8 times In 698 dissections (11% ) Itmay
be called the “superfictal radial artery” 10
distinguish 1t from “high origin” of that
vessel The radial artery glyves off a powes
ful branch at varying levels in the for¢
arm This branch is often thicker than
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the conunwuing trunk It travels dorsally
across the surface of the brachioradiahs
muscle and Tuns downwards 1t the super
fictal fascia over the thumb tendons but
ends like the norrmal radial artery by pierc
1ng the first interosseous space The con
tnung smaller trunk of the radial takes
a normal course to the wnst then deep to
the thumb tendens and usually ends in
the postenor carpal arch

In the present senes of 284 &
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flex and lateral circumflex must be con-
sidered as independent umts which can
anse in 2ll knds of combmauons and
vanatons of pomts of angan  Adachi looks
upon the arcumflex artenes as the two
maiy branches of the femoral the pro-
funda femons being a submdiary vessel
linked with the crrcumflex artenes The
two circumflex artenies may anse by a
common trunk with the profunda femons

a “superficial radial artery” was seen three
times (1% ) In one indinidual the whole
rachal artery hecame superficial about the
muddie of the forearm and then travelled
in the manner descnibed as far as the first
Interosseous space whach 1t prerced n the
usual way the abnormalty was present
on both sides Thas anomaly must not be
confused with “hagh ongm” of the radial
where the course of the artery 1s super
ficral 1n the upper part of the forearm but
the artery becomes deep once the wnst 15
reached In the above {nstance of bilateral
superficial radsal artery ” the brachal ar
tenes on both sides had a normal course
deep ta the median nerve with bifurea
tions in the cubital fossa at the usual
level The third instance of “superficial
1adial artery” was on the right side only
the abnormal radial artery (4 mm diar
eter) left the trunk of the radial a little
more than halfway down the forearm and
Tan a course in the superficial fasama to
the first interosseous space winch it tra
versed as u ual The much smaller deeper
trunk of the radial had a normal course to
the wrnist then deep to the thumb tendons
and ended 1n the postenor carpal arch
In this general survey of artenal vama
tions 1t has obviously been impossible to
deal with all the deviations from the
average arrangement Table 1 presents a
selected list of the important arterial vana
tions in the upper mb and these have
been grouped in such a way as to show
their frequency distnbution on the night
side feft side or on both sides in individyal
subjects
ARTERIAL VARIATIONS IN THE
LOWER LIMB
1 The femoral artery
™ and its branches
e three main branches of the fe
artery profunda femons medial cm

as a c on this 15 Adachi s trumcus
profun flexus perf the type
usually descnbed as the “normal” arrange-
ment The profunda femons may be asso-
crated with the lateral curcumflex called
truncus profund A his It
may be associated with the medial circum
flex truncus profundo-circumflexus me
dialis The level of ongin of the profunda
femnons along the femoral artery 1s of con
siderable interest When the profunda
femons g@ves off both circumflex artenes
(truncus profundo-cireumflexus perfectus)
1t anses nearer the ingumnal hgament than
in the case of a truncus profundo-circum
flexus lateralis or mediahs In my dissec
tions the mean distance of ongmn of the
truncus  profundo-circumflexus perfectus
was 38 mm Adach: guves the distance as
31-40 mm 1n the majonty of cases

A more practical subdivision of the fem
oral artery patterns 1s that suggested by
Pommer who gives 4 types (1) The pro-
funda femons gves nise to both circum
flex artentes corresponding to Adachis
truncus fund 1]
{2) The medial crrcumflex axte'ry anses
from the femoral corresponding to Ada
chis truncus profundoe-circumilexus later
ahis  (3) The lateral circumflex anses
from the femoral corresponding to the
truncus fund a Sl
(4) Both medial and lateral circumflex
arteries anse from the femoral Pomer's
method of classifying these vananons is
more in lme with the usual anatomical
description of the vessels and will be used
for the analysis of my materal

The percentage distribution of these 4
types §n the present series of 280 dissee
tons (140 subjects) was as follows
type 1 118 times or 42
tmes or 31%
type 4 19 times or 7 Paoirier found
type 1 the so<alled “normal” much more




252

J A KEEN

TABLE 1

Shoutng the frequency dutribution of 12 tariations of the arterial patterns in the tuo
upper lunbs of 142 subjects (284 dussections)

Right Percent
% arlations Hide Hae naes Trequency
2
1 Subscapular artery arising
from third part of axillary 29 81 7
2 *“High ongin”™ of
subscapular artery (p 247) 11 21 29
3 Common trunk for subscapular
and postenor circumfex
humeral arteries 22 26 1
4 Post cucumfiex humeral passes
belaw teres major and ascends
behind teres major (p 248) 2 2 28
5 Profunda brachii arising from
third part of axillary 20 17 18 26
6 Profunda brachi ansing from
post. circumBex humeral 6 a [
7 Prof brachif from post
circumflex bumeral and passes
bebind teres major {(p 248) s 3 7
8 “Superficial brachial artery™
including all types (p 248) 1 5 123
9 “High ongin” of radial
artery (p 248) 10 3 2 59
10 “Fhgh origin” of ulnar
artery (p 248) 3 1 28
) 11 Strong median artery reaching
palm of hand (p 250) 6 8 95
12 Superficial radsal astery” (p 250) 1 1

often ie 124 umes in 200 dissections
(62¢ ) but this author wmcludes 26 in
stances where the medial circumfiex arose
from the femoral at the same level as the
profunda femoris in my senes these were
counted as type 2 Semor ( 24) states that
the “normal” pattern occurs in approx
mately 50% of cases in the other 50
the medial and lateral circumflex or both
arise from the femoral A fauly rare ab-
normality Is the absence of a medial cir
cumflex the vessel is replaced by the first
perf or by an d obturator
artery 7 times or 25% For purposes
of the general classification these were
counted among type 1 provided the lateral
circumflex came from the profunda fem
oris

Adachi gives a table of the percentage
distnbution of the various femoral artery

patterns in 7 sertes of observations 4
European series two Japanese and one
Amencan senies which included Negroes
The percentage distubution of the 4 types
of femoral artery patterns fn the present
senies closely corresponds to the American
series of White and Negro (Lipschutz)
which appears in column 1 of Adachis
table (vol I p 152) The percentage
differences In the 7 serfes are considerable
and often significant statstically Apart
from possible racial differences it fs cleat
that a certain arbitrariness in the interpre
tation of these patterns has played 2 ole

Eg the lateral circumflex may present it

self as two branches called by Senior (2%)
art circumflexa lateralis and art 1_clm.ml

flexa di d one of the b mg7
arise fram the femoral the other from U ?
profunda femorls The Jevels of origin O
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the circumflex artenies further complicate
the analysis and can lead to differences i
interpretation

When the cucumflex arteries are
branches of the femoral their levels of
origin are usually above the ongin of the
profunda femons the medial curcumflex
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the posterior branch becomes the posterior
tnal which gves off the peroneal as usual
An abpormality of the popliteal artery
whuch is alhed to Tgh division” is the
formation of an elongated arterial “islang
on the posterior surface of the pophiteus
muscle (Adachz) A thin vessel leaves the

arising nearer the 194 than
the lateral eircumflex Exceptions are not
uncommon the medial flex atose the

popliteal near the upper border of the pop-
Titeus muscle runs downwards parallel to

at the same level as the profunda femorns
1 three instances and fin three other dis
stchions its level of ongin was ahtde below
that of the profunda The lateral circum
flex arose at a lower level much more
often m 18 dissectons 1t was found to
leave the femoral artery at the same level
as the profunda and there were 9 m
stances where 1ts level of ongin was below
that of the profunda The origins of the
superficial branches of the femoral artery
and the arrangement of the perforiting
arteries are so vanable that they do not
lend themselves to a statistical study

1I The popliteal arteryy and 1ts branches
Varatnons 1n the pattern of the popliteal

P 1 artery and joins the posterior
tibwal artery a hittle below the bifurcation
or 1t may unite with the vessels at the bifur
cation or with the anterior tibial artery One
instance of such “Inselbildung” was found
in the present series 1 a night leg The
thin artery (1 mm diameter) was 43 mm
long 1t left the popliteal artery at the
upper border of the popliteus ran down
wards close to the poplteal artery and
fused with the postenor tibial 8 mm be
low the bifurcation “fnselbddung” has
already been mentioned 10 connection with
the superficial brachial artery” In the
case. of the pophiteal it 15 a form of “mgh
dwisfon” i which the nermal bifurcation
at the Jower border of the poplteus has
become preckixomm:mt and the thin artery
e

artery revolve around the ‘high division” of
that trunk and the resulting differences in
the ar of the 1b h

the posterior tibial anterior titial and
peroneal arteries  According to Adachs any
terminal division of the popl artery

P 1! ofa thal
artery which arose at a higher level
“High dwvision” of the popliteal artery
was found 14 times m 28C lunbs (5% )
Of these 14 instances 10 belonged to type
(a)‘ with the vessels running behind the

which takes place at a level above the md
dle of the posterior surface of the popliteus
muscle must be considered as a “lgh
division ” Actually the majority of “high
divisions” take place at a level a liztle above
the upper border of the popliteus muscle

Three types of “high division® of the pop-
fiteal artery are recogmized (a) The pop-
Ineal artery sphits into two branches a
lateral branch which continues inta the
anterior tibial and a medial one which
becomes the common stem for the poste-
rior tihial and peroneal arterles  (b) The
splitting of the popliteal artery is the same
as1n type (a) but the antenor ibial gives
off the peroneal artery (c¢) The popliteal
artery sphts into two branches above the
upper border of the popliteus an anterior
branch travels downwards in front of the
popliteus  between the muscle and the
tibia and continues as the anterior tiblal

pop! and the L artery coming
rom the postenior tibial three belonged
to type (b} with the peroneal artery ansing
from the anterior tibial In these the
branchings occurred opposite the lower
border of the popliteus muscle One in
stance of type (¢) with the high dwvision
well above the upper border of the pop-
Iiteus and the antenor tibial artery pass
ing in front of the popliteus between the
muscle and the tibia In three subjects
“tugh division” was noted on both sides
in one of these the peroneal artery came
from the posterior tibial on the left side
(type 1) and from the anterjor tiial an
the right side (type b) In the remaining
8 instances “high divisfon” of the popliteal
artery was present on one side and not on
the other The frequency of occurrence of
“high division” of the popliteal given in
anatomical literature is as follows Poirier
found *high division™ 10 times in 227 cases
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(44% ) Trotter ( 40) gives the incidence
as about 5% Adachi gives 2 8% for the
Japanese (770 lunbs) These p
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(40) gives the average level of orizin of
the peroneal artery as 25 cm below the

e

are not ’A
An embryological study by Semor (29)
provides a clear explanation of the way in
which this at ity of the popliteal
artery can anse In the embryo before the
14 mm stage the “axis” artery of the lower
Iimb 15 the art. ischiadica, At the knee
Joint level the “axis™ becomes the
popliteal which at thus stage runs fa front
of the popl {“deep popliteal™

of thep tibjal The
toean length of the postenor tibial artery
above the origin of the peroneal the tronc
tibfo-peronfer of French anatomists Is
given by Adachi as 26-30 mm
The peroneal artery is the key to the
variations in the patterns of the leg ar
terfes Stieda ( 16) considers that the pr
oneal artery is the main continuation cf
the popliteal artery the antenor tibal and

and then continues as the anterior tibial.
At the 14»1‘nm stage the art ischadica is

p tibial being side L;b;:la;)iches flthf
view provides an easy explanation of the
varjatfons If one or other or both side

betng supr d by the ft I artery
Two longitudinal arteries which traverse
the leg in the embryo the future postenior
tinal and peroneal artenes arise from the
amal vessel at the upper border of the pop-
Iiteus A gradual proximo-dista! ummon of
the posterior tbial and peroneal artenes
occurs and is vell advanced in embryos
of 20 mm Thus union forms the part of the
defimtve poplteal artery that lies belund
the popl muscle A 2z
branch from either at the lower border of
the popliteus enlarges to become the de
ﬁmt'ire antenor ubal while the “deep

hes are weak or absent they arere
forced or replaced by the p 1 artery
at the ankle level in the case of the ax
terior tibial and dorsahs pedis by a strong
perforating branch and in the case of th*
postenor tibial by a strong communicating
branch Rarely a strong peroneal arterf
may take on the functions of both anten™
and posterior tibal arteries at the ankl?
jount level one instance of this was found
in a left leg When noting these zboor
malittes on the recording scheme

perforating or commumicating branches
were not considered only vessels of 2 50

pop artery P
Another vanant of the popliteal ar
/) tery pattern is the socalled “trifurca
tion™ (Adachi) where all three terminal
branches arise together at the level of the
lower border of the pophiteus muscle The
three arteries may anse from the termina
don cf the poplhteal at exactly the same
level o> the peroneal may branch off 2 few
millimeters Jower down. As long as the
point of onzin of the peroneal artery fs
5 mm or less from the main bifureation
Adachi still classes the case as belonging
to thus vanation Tnfurcation of the pop-
liteal artery was seen 12 times in my se
nes (43%)

HI Artenies of the leg and foot

Peroneal artery  The peroneal artery
except fn the case of trifurcation and in
some fnstances of “high division ~ leaves
the postenor thial at a mean distance of
2.7 cm below the lese! of the bifurcation
at the lower boder of the poplitens the
maximum distance noted as an orizin be
low the bifurcation was 59 mm. Trotter

or more_which obwiously eftber
reinforced a weak artery or replaced it
entirely

A stronz peroneal artery which replaced
or reinforced the terminal piece of &°
antenor tibial continuing as the dorsalts
pedis was found 14 times in the presen!
series of dissections (5% ) Huber (11)
found 6 cases in 200 dissections (3%)
vhere the dorsalls pedis artery began a5 2

of the perf branch o

the peroneal artery There were 7;1;
stances where the peroneal artery replac
or reinforced the posterior tibial (25%)
Among these were two subfects in whih
the tibial artery was sbsent o0
both sides In each case the vessel '31:
replaced by a strong peroneal artery whlix
turned medially at the ankle joint lev
and then assumed the functions of 2 Po%
terior tibfal artery b

Arteries of the foot Variations of the
arteties of the foot resolve around the Pf;
dominance cf the arteries of the darsum
and of the sole The dorsalis pedné_!xbu
sariable fn fts course and fn the dis
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tion of 1ts branches that 1t 35 useless for
purposes of statistical analysis Adach
describes and 1llustrates no less than 17
different patterns Huber (41) made a
very careful study of the artenal network
on the dorsum of the foot and confirms the
enovmous variability of the artenal ar
rangements in this region Although thas
author recogmzed a basic artenal pattern
on the dorsum of the foot the variations
within this pattern were so numerous that
the “textbook picture” was present mn de
tail fn only 5 5% of the 200 feet dissected
4 main types were defined with 7 other
subgroups diffeing m varying degrees
from the main types

As regards the termination of the pos
terior ibial artery a mote was made on the
recording scheme as to the level of its
bifurcation into lateral and medial plantar
artenes This corresponded to that of the
medhal tubercle of the calcaneum 1n most
cases occasionally a Iittle abose or a Iutle
below that level Adach: gves 7 types of
bifurcation of the posterior tibnal artery
but the vanations refer to d ana
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were noted in each dissection Agamn a
visnal impression of the two vessels was
relied upon rather than caliper measure
ments and three possiblines exast (a)
The dorsalis pedis predomunates (b) the
lateral plantar 1s larger than the dorsahs
pedis and makes the more 1mportant con
tnbution to the arch (c) the two vessels
are equal 1 importance In the present
280 dissections the dorsalis pedis was
noted as the more ymportant artery 134
times (48¢%) the lateral plantar artery
was judged the more 1mportant vessel 48
times (172 ) the two vessels were noted
as equal 98 times (35% )

Table 2 presents a selected list of the
1mportapt artenal vanations i the lower
hmb As in the case of the upper limb
these have been grouped so as ta show
therr frequency distnbution on the nght
side left side or on both sides 1 ndivnd
ual subjects

SYMMETRY OF ARTERIAL VARIATIONS
IN THE LIMBS

A 71

tonucal rvelationships between the two
plantar arteries and the corresponding
nerves Adachis llustrations all show the
Irfurcation at about the same Ievel as that
of the medial tubercle of the calcaneum

Companson betueen lateral and medial
plantar arterles  The relanse fmportance
of the two plantar artenies {s Judged by the
eye which is a more accurate method than
measuning with the calipers in fractions of
a millimeter (Adachi) In my senes the
lateral plantar artery was noted as the
more fmp the d: ex
cept 1n 4 instances where the two plantar
arteries are descnbed as equal in import
ance  Adachi found the medial plantar
artery the stronger vessel 6 times in 223
feet Dubrewl-Chambardel ( 05) made a
study of persisting superficlal plantar
arches which he found 5 times in 101 dis-
sections The medial plantar arteries were
obviously strong essels in thase tnstances
but the author does not state whether the
medial plantar artenes were actually the
Stronger vessels as compared with the
lareral plantar ones

The plantar arch  The relative import
ance of the lateral plantar and of the dor
salls pedis in the formation of the arch

t In the many ac
counts of arterial vartations hittle attention
is pad to the question as to whether a
vanation which exasts in one Iimb is likely
to be present in the corresponding other
lumb or not In Pomners text book of Hu
man Anatomy vanations of the hmb ar
tenes are fully discussed Some tables
show the distnbution of vanations on the
nght and left sides but not with reference
to mndividual cases it appears that asym
metry of such varations is assumed Du
brewj-Chambardel (0S5} descnbes 5 in
stances of superficial plantar arches in 101
human dissections The findings were 10
the right and left feet of § different 1ndi
viduals and mot one of them presented
the abnormality on both sides etry
seems to be the rule with rare abnormali
ties
Skopakeff (59} in his fmportant and
careful studies on the branchings of the
ary artery and on the “superficzal
brachial artery " nowhere considers hilat
eral symmetry although the distribution
of the various anomahes in right and left
limbs is analyzed The same applies to
Huelke (59) Pierson ('25) descnbes 7
arterial anomalies of the human leg and
foot Of the 7 only one was present on
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TADLE 2
Shouing the frequency distribution of 12 varlations of the arterial patterns in the tuo
lower limbs of 140 subjects (280 dissections)

Right
Varlatlons side site S e
2
1 Both circumfiex asteries arising
from profunda femotis 27 23 34 42
2 Medial circumflex arising
from femoral artery 17 26 22 31
3 Lateral circumflex ansing
from femoral artery 22 20 7 20
4 Both circumfiex artenes
arlsing from femoral artery 10 7 1 7
5 Absent medial circumfex artery 2 1 2 25
“High division of popliteal
artery (p 253) 3 5 3 5
7 Trifurcation of pophteal
artery (p 254) 5 5 1 43
8 Peroneal artery replaces
dorsahis pedis (p 254) 8 4 1 5
8 Peroneal artery yeplaces posterior
tibial artery (p 254) 3 2 25
Formation of plantar asch
10 Dorsalis pechs is the
more important artery 20 18 48 48
11 Lateral plantar is the
more fmportant artery 14 10 12 17
12 Dorsals pedis and lateral
plantar are equal in size 14 20 32 35

both sides of the same subject all the
others on one or other side Trotter ( 30)
in a study on the branchings of the axillary
artery based on 384 dissections states that
in approximately half the cases the ar
rangements resemble each other on the
right and left sides in the other half not
A greater frequency of variations on the
right side is noted in a table Schwyzer
and others ( 35) describe three driverse pat
terns of the “superficial brachial artery™
all were one sided anomalies

Finerty ( 47) records a case of persist
ing Ischiatic artery which was present on
the right side in a male Negro the left
side being normal Accerding to the au
thor this very rare abnormality has been
recorded 16 times in the literature How
ever it Is not stated whether a strong
ischiatic artery taking the place of the

femoral has ever been observed on both
sides in an individual Adachi found ont
instance of a nght sided arteria jschiadica
1n a Chinese subject the left side being
normal In the present series there»wa!
one instance of “artena ischiadica” In
the left lower limb of a female Bantu 3
large inferfor gluteal artery (5 mm diam
eter) continued into the popliteal aricry
the latter was jolned by a branch i"’“‘“
the femoral (2 mm dlameter) The Tight

side showed no abnormality
De Garis and Swartley ( 28) refer to
ding to individual records

Y

In one group (113 subjects) the patterms
were sixﬁlnrpon the right and left sides l{l
66 dissimilar in 47 Statistteally there :
no significant difference and 1t mel:!l\
roughly that similarity and dissimia ny
occur equally frequently “The authors €0
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clude that there 15 a tendency towards sym
metry to this extent that a gven vana
tion occurring on one side 15 a hitle more
Likely also to occur on the other side This
conclusion 15 not justified on the figures
given  Huber (41) discusses bilateral sym
metry Among the 100 cadavers dissected
there were only 4 1n which both feet gave
artenal pictures which were exactly abke
when all the details were dered
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significant and cannot be due to fortuitous
samphung

Results tn the present series  The nght
s1ded left sided or bilateral distnbution of
artenal vanations 1 ndindual cases are
shown in tables 1 and 2 (pp 252 and 256)
Vapation 1 (table 1) 1s the “normal” ar
rangement of the subscapular artery this
was observed m 71% of the dissections

These facts according to the author gne
a wrong mpression of the degree of bilat
eral similanty In 65 of the 100 cad.

bl 11y 1n 81 suby: and erther night
or left side only in 40 subjects Thus a
symmetrical or bilateral occurrence 1s

both fect gave prctures which fell mto the
same main group thus showing a defirate
tendency towards ilateral symmetry Hilty
(55) 1n a dissertation on the termination
of the long saphenous vemn (52 cadavers
104 dissections) refers to certain artenial
anomalies 1n two lunbs the profunda fe
'mons and in two others the medial cireum
flex crossed superficial to the femoral vein
ust above the termination of the long
saphenous vein  In each instance the ab-
normality was one-sided

Adachis monumental research into the
arterzal system of the Japanese was pri
manly concerned with establishing the
different patterns vanations in ongin of
the branches from the man trunks the
frequency distnbution of vanations ac
cording to the sides of the bady accordmg
0 sex racial differences et¢ In the case
of some artenal variatons Adachi ana
lyzes their untlateral or bilateral occur
rence in mdwidual subjects Eg 1n such
a senes of 187 subjects 3 strong median
artery was seen nght side only an 7 sub-
jects left side only 1n 9 subjects on both
sides in 8 subjects Thus 16 subjects in
the senes showed asymmetry and 8 sub-
Jects shoned bilateral presence of the ab-
normality or symmetry In another m
dividual semes of 345 subjects “hugh
dwision” of the popliteal artery was seen
night side aply in 7 subjects left side only
in 6 subjects on both sides in two Sub-
jects In both seres there 15 a consider
able preponderance of subjects with ung
lateral presence of the arterzal sbnormal
ity thatis atendency towards asyrametry
In the first example the numbers are
hardly significant statistically but in the
second example the difference is highly

more than an asy trical or
unilateral one This will chviously be the
case with all the “normal” patterns *Ab-
normal” patterns or varations (nos 2-12
table 1) on the other hand show a tend
ency towards asymmelry This becomes
clear when the totals of columns 1 and 2
(table 1) are added together and compared
with the total of column 3 leaving out
vapaton 1 which 15 the “normal™ The
totals for columns 1 and 2 are 195 aganst
91 for coluran 3 In other words the
11 vanations (nos 2-12) taken together
were encountered on both sides 91 tumes
and on one side only 195 tmes that 1s
more than twice as frequently These fig
ures are highly sigmificant statistically and
cannot be due to random sampling

‘The figures appearmng in table 2 may
be analyzed 1n the same way Vanation 1
appears in most text books as the “nor
mal” 1n this series of dissections it was
seen 118 times (42% ) The pattern shows
no tendency towards symmetry (i 50 sub-
Jects umlateral 1n 34 subjects bilateral)
and can therefare be treated as a vama
tion On the other hand vananons 10 11
and 12 show a tendency towards syrmetry
and are very evenly distrabuted they really
are subdivisions of the “normal” pattern
For thus reason I have added the totals of
vanations 1-9 only gmiving for columns 1
and 2 a figure of 188§ aganst 73 for col
umn 3 This agamn shows a highly sigmfi
cant tendency for vanations to occur uni
laterally rather than hlaterally \With
sartie vanations e g ‘anation 12 of table
1 and vanation 5 of table 2 the tendency
13 not obvious but as the number of cb-
servations is so small the distnibution here
13 almost certamly fortutous and due to
random sampling
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Right sided preponderance  Three of
the vanatfons in table 1 viz ‘high ori
gin of the subscapular (vanation 2) the
superficial brachial artery” (vanation B)
and “high ongin of the radial (vamation
9) show a sigmficant tendency to occur
more frequently on the nght side than
on the left This has been found by other
observers Eg Trotter ( 30) noted the
greater frequency of arterial vanations on
the right side in general Adach showed
that the “superficial brachial artery’ and
‘high ongin of the radial artery occurred
much more frequently on the nght side
than on the left In 187 cadasvers dissected
on both sides a “superficial brachial ar
tery” occurred 22 times on both sides 33
fimes on the right side only and 15 times
on the left side only a difference between
the nght and Ieft sides which is undoubt

J A KEEN

network the large arteries are formed Ac
cording to Broman ( 21) the artenes of the
upper imb are formed at the end of the
second month and have a pattern which
corresponds to that of the adult In the
case of the lower limb the adult pattern
is completed somewhat later that is dur
ing the third month
Senior s embryological studies ( 24 '29)
confirm that the adult patterns are Jaid
down at an early developmental stage
eg, at the 13 mm stage there exists a
rete femoralis or capillary network In
the thigh and a primary arterial trunk or
“axis artery which runs along the dorsal
surface of the thigh andJeg At the 14 mm
stage a large direct channel through the
rete femoralis has made its appearante
and this represents the femoral artery In
the 19 mm stage the axis artery (ischl
atic artery nferior gluteal) has become
lexaf and the posteriot

edly sigruficant

‘The night sided d of “high
origm” of the subscapular artery has not
been mentioned by other observers i the
lterature at my disposal As both ‘high
origin” of the subscapular and the super
ficial brachial artery show this greater
nght sided frequency some correlation ap-
peared possible Counting the 5 subjects
where the superficial brachial artery” oc
curred bilaterally that gave 24 instances
of this abnormality on the night side Of
these 14 were found 1n upper limbs which
presented a “normal onigin of the sub
scapular (variation 1) and 10 in upper
Irmbs_with a “high ongin” of the sub
scapular (vanation 2) Considering that
vanation 1 represents 71% of the total
and vanation 2 represents 29% the distn
bution suggests some positive correlation
but certainly not of a high degree

DISCUSSION

Numerous radiographic studies of the
arterial patterns in the limbs of new born
infants and full term fetuses (Belou 34)
clearly reveal the adult arrangement of the
arteries at or near full term Therefore
the factors which produce departures from
the so-called “normal” patterns must be
active either at the fetal or at the embry
onic stage The early embryonic circula
tion consists of capillary networks in each
region By the enlargement of certain
channels across this pre-eisting vascular

aspect of the adductor magnus is supplied
through another enlarged channel in the
rete femoralts which becomes the pro-
funda femons and elther the first or se-
ond perforatmg When in rare cases the
1schiatic  artery persists as a Jarge chan
nel continuous with the popliteal arte:ny
and the femoral artery is reduced in ¢
ber such an anomaly is almost certainiy
a genetic mutation In view of the esr));
developmental establishment of the a r‘f‘al
patterns it is probable that all n:teh "
vanations are of genetic ongm and it 2!
been shown that these genetic factors a]c
more often in an independent mannerb;‘
nght and left mbs and less often
laterall
A stuydy of the arterfal variations h]ldlgz

Iimbs of a pair of fdentical twins wou py
of great interest For instance if :md o
portant arterial variation were foun %
one lumb of a twin its symmetrical Pf:ﬂ
ence in the corresponding limb of the ol e
twin of the pair would show that this}}: ol
ticular variation had 2 genetic origin ?n
a difficulty arises as some authors m:lrl!
tain that the symmetry in unfovular 5 .
1s of the mirror image charactes ( re"e’fm
symmetry) while others state that e
ordinary symmetry arrangements ar¢
rule
Weber ( 23) was able to study (wo P:‘:’
of unfovular twins both at the fetal 138
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The relationship of a coronary artery and
vein on the anterior aspect of the two
hearts showed “reverse” symmetry The
same applied to the arrangement of the
cerebral sular a deviation of the conflu
ence of the sinuses mn the skull and the ap-
pearance of certain papillae m the tongue
Weber concluded by staing that the ex
istence of “reverse” symmetry must be
taken as proof that a pair of identical twins
are truly monozygetic A priori an art
abnormality of genetic ongin say i the
nght arm of one of a par of wdentical
twins could be expected to be found n
the left arm of the other twn provided
they are really uniovular Other writers
do not agree Ludwig (22) who studied
hair hnes papillary ndge patterns etc in
twins came to the conclusion that mrror
Image of “reverse” symmetry is rare and
that normal symmetry arrangements are
mare common

There 15 no question that the distnbu
tion of arterial abnormalities 1s more often
unilateral than bilateral and that these
varations seem to anse mdependently in
either night or left mbs Neverthel
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Such explanations would be quite specula
tve 10 the present state of our knowledge
The right sided preponderance of the “high
ongin” of the subscapular of the “super
ficial brachial artery” and of the “high
ongu” of the radial (vanations 28 9in
table 1) remain unexplained

SUMMARY AND CONCLUSIONS

‘The artenal patterns of the upper and
lower hmbs were mvestigated 1 146 sub-
jects The diameters of the prncipal ar
terzal trunks the pomnts of ongin of the
mamn branches along those trunks and
therr relative s1zes Were noted on specrally
designed recording sheets There were
separate recording sheets for the upper and
lower Limbs but each sheet contained the
information relatng to the night and left
sides of an mndividual. A note was made
of any abnormalities encountered

A general sunvey 15 given of the different
artenal patterns 10 the upper b with
a review of the Literature on the subject
The variations are discussed under the fol

the frequency distnbution on either nght
or left sides or sometimes on both sides
is not completely haphazard If the bi
Iateral f as

loming

1 The axllary artery and its branches
1 which section a special importance 3s
zttaclzed to the “high ongin” of the sub-

O e Vi
aganst therr nght or left sided distribu
uon s studied by the x* test 1t becomes
clear that a bilateral appearance is more
frequent than can be explamed as a for
tuitous occurrence on the nght or left side
or sometimes nght and left sides 1n an
fndiidual  Thus apples to all the vana
tions except no 10 in table 1 and nos
3 4 7 and 8 in table 2 Thus if each
variation 15 considered as a genetic muta
tion such mutations do not occur entirely
haphazardly in either nght or left limbs
but appear on both sides significantly more
often than can be evplained as a purely
chance phenomenon In other words the
genetic influence that produces the varia
tion does not act entirely ind dentl

p attery and the vanations in the
ongin and course of the postertor cireum
flex humeral artery

If Artenes of the arm with special em
phasis on the “superficial brachal artery”
and 1ts allled “mgh ongin™ of the radial
and ulnar artenes

I Artenes of the forearm and palm of
the hand 1 which section the varieties of
the superfictal palmar arch are discussed
also the strong median artery and the rare
abnormality of the superficlally running
radjal artery at the wnst level In table 1
the artenal vanations of the upper himb
are listed their frequency distnbution
the nght and left lmmbs or on both sides
m indwidua} subjects are noted and therr

P on
the nght and left sides but has a certain
tendency towards symmetry

In the causation of artenal variations
locally operating factors might perhaps be
invoked such as the position d b

P q 15 given

Sumlarly there is a general survey of
the artenal vanations in the lower limb
under the headings

. I’ zhe femoral artery and 1ts branches

the fetus in utero early of lhey

ed *

s unusual muscular development

‘notmal®

e the
ing tn
Teabity one of the vanations €
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11 The popliteal artery and ats branches
with special emphasis on the “high dv1
s1on” of the pophteal artery The resulting
vanations in the ongin and course of the
marn branches are discussed and the em
bryclogical explanation of this ab ity
is mven

In section III Artertes of the leg and
foot there 1s a special emphasis on the
role of the p ] artery 1n lani.
the different patterns As regards the
artenes of the foot a note was made of
the relatise sizes of the dorsalis pedis and
of the lateral plantar arteries in the forma
tion of the plantar arch The percentage
frequency of the three resulting types was
established as these presented themselves
in thus senes of dissections Table 2 lists
the artenial vanations encountered 1n the
Jower imbs gues therr nght sided left
s1ded or bilateral distribution in individual
subjects as well as the percentage fre
quency of the vanations in the whole
seres

J A REEN

Although the genetic mflucnce manifests
itself more often jndependently in the two
Limbs nevertheless there is some tendency
towards symmetry
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ocalization of Acid Phosphatase, Nonspeaific
sterases and 8D Galactosidase i Parotid
nd Submaxillary Glands of Domestic

md Laboratory Anumals'
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Department of Researck Tufts Unitersity School of Dental Medicine

Bostont Massachusetts

Due to the accessibility of pure saliva,
nammalian salivary glands provide a
mmuque opportumty for the study of secre-
tory cell metabolism  Secretion rate stud
es (Coatsetal 56 hay 58) ochemical
analysis of the secreted Awds (Coats and
Wnght 57 McDougall 48 Reid and
Huffman 49) and hstological staiming
techrques (Hauser 37 Jacoby and Lee-
son 53 Siver 54 Stormont 32 Zeigler
’29) have been employed 1n an attempt to

blssh { between

evaluating the effect of local and systenuc
disease on the salivary glands

The current publication on the localt
zaton of acid phosphatase nonspecific
esterases and beta D-galactosidase 1n cow
sheep hog rat Tabbit and dog sahvary
glands 1s part of a senes of articles dea)
ing with the comparanve histochemsiry
and biochemistry of mammalian salinaty
glands Observations noted 1 the study
of enzyme reactivaty of the parond and sub-

the different glands of a single species or
the same gland in several different species
Whde hiochemical analysts of salivary
flurds is a valuable tool for deterrmumng
overall glandul it discl
Iittle information concerning tissue activity
at the cellular level Furthermore husto
lTogical examination of tissues using con
tenuonal dyes and stains only permuts
d of el o
or nuances Thus there 1s a paucity of
information concerming the metabolic ac
uwnity of the various histological compo-
nents of mammalian salivary glands
3) h A\ when d

1 l" Y
n with the
procedures present a promusing Means
{for studving cellular metabolism A senes
of imestiganons therefore was under
taken to determine the enzymane reactie
ity of the major salnary glands from sev
eral species of mammals It 1s the opion
of the authors that studies of this type will
prove of md 1n understanding the metabo-
Lism of the \arious secretory cells compns
Ing these glands In additon the deter
E_nlnnuon of a normal hydrolvne enzyme
Pattern” may also senies as a basis for

y glands of and the meta
y of the sub 1),
gland 1n 7 species of mammals have been
previcusly detaled (Chauncey and Qumn
tarelll 59 Quntarelh and Chauncev 60)

METHODS AND MATERIALS

Collection  and  fixation of fissues
Specimens of parotid and submaxallary
glands were obtatned from freshly slaugh
tered cow sheep and hog Tissue from the
rat rabbit and dog were obtained 1mmed:
ately after sacnifice  All tissues were cut
wmto blacks approaamately 2-3 vam thich
and fixed for 18-24 hours at 4 C m
chloral hydrate formaldebyde (CHF ) solu
tionr The blochs were then washed 1n run
ning tapwater for two hours embedded 1n
gelatine (Fisbman and Baker 356) and
teplaced 1n the fixanve solunhon for 2-3
days The specimens weze cut from the
surrounding  gelatite  retaming only a
minimum coating around each tissue and
washed for 30 minutes Sections 1015 ¢

Thus work was supported by grant D402 of the
Nayonal Institutes of Health Unsted Spates
Pudlie Health Service

Present address Umwersity of Rome School
of Medicine and Surgery Rome Italy
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thick were prepared on a freezing micro
tome and placed in appropnate substrate
solutions

Histochemical techmques Acad phos
phatase activity was localized employing
the post-coupling method of Rutenburg
and Sehgman (55) A 25 mg/100 ml
solution of the substrate sodtum 6 benzoy!
2 naphthyl phosphate was prepared i1 0 1
M acetate buffer pH 50 Diffusion of the
tissue phosphatise into the incubating
flud was prevented by adding 20 gm of
sodium chlonide to each 100 ml of sub
strate solution Representative scctions of
parotid and submaxllary gland from each
animal were incubated at 37 C for periods
rangng from 30 ymmnutes to 212 hours
With this substrate 30 minutes was the
optimum Incubation time for permitting
an evaluation of the comparatie activaty
of the glands from the different spectes
Tissues which exhbited a moderate to
1ntense reaction during this time were too
heavily colored 1f the incubation was
lengthened while tissues which exhibited
only weak or no activaity dunng the first 30
minutes were not greatly enhanced by
creasing the length of mcubation

After incubation the sections were
washed for several minutes in distilled
water and placed 1n a freshly prepared
cold (4 C) solution of diazotized 0 dianisi
dine (1 mg/ml) which had been alkalized
with sodium bicarbonate The action be-
tween the diazomum salt and the enzy
matrcally hiberated 6 benzoyl 2 naphthol
was usually complete after one munute

HOWARD H CHAUNCEY AND GIULIANO QUINTARELLI

net GBC salt Tissue sections were fncu
bated for 30~60 minutes at 37 C A 60 min
ute incubation pertod provided an optimal
color density for evaluating the compara
tive esterase activity of the vanous specles
employed Therefore the reaction herein
described was the result of a standard 60
munute 1ncubation pericd Reaction sites
were visualized by a red purple dye while
nonreactive areas were colored yellow Fol
lowing ncubation the sections were
washed 1n distilled water and mounted
Beta D galactosidase activity was local
1zed using the post coupling techmque de
scribed by Cohen et al (52) The sub-
strate (6 bromo-2 naphthyl 8 D galactopy
ranoside) was prepared by dissolnng 15
mg in 10 m! of methanol Complete dis
solution of the salt was insured by adding
15 ml of boiling water Twenty milliters
of 01 M acetate buffer (pH 50) was
added to adjust the pH to the desired Jevel
Five and eight tenths grams of NaCl was
then placed 1n the volumetric flask and the
mixture was diluted with distilled water to
produce 2 final volume of 100 m} Spect
mens of fixed salivary gland tissue were
incubated at 37 C for 18 hours Following
removal of the test sections aliquots of the
incubatng solution were tested for the
presence of free 6 bromo 2 naphthol By
making the substrate hypertonic with s0-
dium chlonide it was possible to fncubate
for 18 hours without having a significant
amount of free hydrolysis products or free
enzyme in the incubating solution Enzy
matically liberated 6 bromo 2 naphthol v/!‘li’l\S
Tized b 1

Sites of activity were 1 by the

wit,
Y 3 N de

dianisid il

purple azo dye formed The were
then rewashed in distilled water and
mounted on glass shides
Nonspecific esterase actinity was dem
onstrated using a modified Gomort method
( 52) The substrate employed was naph
thyl AS acetate Eight tenths mulliliter of
a 1% stock solution (half and half pro-
pylene glycol and acetone) was dissolved
in 12 ml of propylene glycol Thirty seven
milliliters of distilled water 50mlor02M
phosphate buffer (pH 686) and 20 mg of
ized 0 amino 1 * were added
successively After shaking to ensure com
plete mixing the solution was filtered
through \Whatman no 1 paper to remove
the larger undissolved particles of the Gar

the p
senbed for acid phosphatase
RESULTS

Acid phosphatase

Parotid glands ~ From among the three
species of domestle amimals tested only the
bovine parotid gland cxhibited acid phos-
phatase actiity (fig 1) Acinar and duct
cells were moderatcly reactive showing 3
homogencous red violet staln which wis
granular in character Rat parotid gland
Acinl and ducts exhibited marked activity

3 Brentamine fast blue B Imperial Chemic
Industries Ltd Manchester Englind 1eal
4 Brentamine garnet GBC Imperial Chemic

Industries Ltd Manchester England
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(fig 2) The same components In the rab-
bt (Gg 3) were moderately reactive C]
noticeable difference 1 reaction ntensity
was observed among the intralobular
Iotedlobular or excretory duct tYPeS or be-
tween acin and duct epithelium In con
trast the acmnar cells i the camne t1ssué
(fig 4) were ‘only weakly reactive while
the entire duct system of the dog was
markedly staned bemng quite simalar 1
reactity to Tat and rabbit tissue

Submaatlary glands A Tagh degree of
vanability was noted 1 submasxallary gland
tissue This was m part due to basic histo-
logecal differences occurnng 1n the glands
of the vanous ammals studied Cow
sheep hog and dog submaxillary tissue
contams mucous acim & charactenistic
found 1n most gher mammals Although
certain structures bear 2 morphological T&
semblance to mucous cells the same
glands 1n Todents seem to be devoid of
Taucous bearng components For this rea
son these cells have been called “mucod”
or “special” serous cells Recently Jacoby
and Leeson (39) have confirmed that
these elements are actually tubules which
contaln secrction granules Following the
example set by previcus authors this com
ponent will be referred to as secretory
tubules

Cow and sheep submaxllary glands
were weakly positive (figs 5 6) Noac
tvity could be demonstrated 1n hog glands
Only the ducts of the bovine tissue stained
while 1 the sheep gland the ducts and
demilunes were colored However the
color intensity of the latter celis was eX
tremely weak

Rat secretory tubules were unreactne

SALIVARY GLANDS
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1obular and excretory ducts were equally
colored

Nonspectfic esterases

Parotid glands Activity 1n the cow
and sheep parotd was generally confined
to the ducts (intralobular interlobular and
excretory) with a very light scattenng of
dye granules present in the acind (figs 10
11) Thusthe shape and istological char
actensucs of only the ducts could be dis
cerned The difference 10 reaction be
fween ducts and acim 11 the bovine tissue
was heightened by the high degree of e
activity exhibited by the ducts basement
membrane Contrary to the above findings
the acinar epithehum of porcine gland was
markedly reactine while the duct cells
were only weakly posiuve (fig 12)

Parotid gland duct cells showed a strong
esterase reaction 1n rat rabbit and dog
The reaction 1n rodent tissue was concen
trated prumanly n the basal portion of
these cells (figs 13 14) while 1n the
dog (fig 15) the deposiion of granules
was evenly dispersed throughout the duct
cytoplasm  Serous acim of all three am
mals were moderately stained and provided
a homogenous background for the more
heavily colored ducts

Submaxillary glands Cow mucous acint
appear to be positine even though their
principal content 18 muecmogen The dem
jlunes previously revealed to be serous
structures (Quintarell and Chauncey 59)
were intensely staned and had clearly vist
ble basal membranes The mucous cells
although extubiting a lesser degree of
stamng  were definitely colored Dye
granules were presentm 21l epithelial com

except for theb t of these
cells which was hightly stamned (fig 7)
This presented a noticeable contrast to the
acinar and duct cells which were markedly
Yeactive Rabbit secretory tubules (fig 8)
were moderately reactive and could not be
disunguished from the serous acim which
had a similar intensity of color In the
dog (fig 9) the serous demlunes were
moderately colored while the mucous acim
were unsatined

The ducts of the three laboratory ani
mals were reactive intensity of staining
increasing in the order dog abhit and
rat In each ammal the intralobular inter

P mucous acmi and
duct cells The latter showed only weak
activity as evidenced by the presence of a
hight scattering of colored granules (fig
16) Sheep gland (fig 17) also exiabited
an intense Teaction but in this ammal the
activity was confined to the ducts Dem
Junes and mucous cells were at best only
weakly posiave In the hog submaxallary
gland (fig 18) the serous demilunes sur
rounding the mucous acim were Intensely
stained Ducts were moderately colored
and evidenced a far number of granules
Exarmnaton of the esterase actvity in
the submaxillary tissue of the laboratory
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anmmals revealed a defimte vanmation mn
the reachwitv pattern among the three
species Ducts and secretory tubules in
the rat were quite strongly stained espe
cially mn the basal poruon of the cytoplasm
Acinar cells showed a moderate reaction
(g 19) Serous acim and secretory
tubules 1n the rabb:t exhubited a moderate
degree of actmity both bewng shghdy less
intense than the ducts (fig 20) In the
dog the serous demtlunes and basement
membrane of the mucous acame vere only
shghtly reactive (fig 21) Intralobular
interlobular and excretory ducts were
marbedly positive All duoct types con
tained an even dispersion of stained mate
nal

Beta D-galactosidase
Parotid glands  Of the three domestic
species onlv eov parond gland exhibited
g-D-galactosidase acuwity (fig 22) The
acim and intralobular ducts were moder
ately reactive and were homogeneousl

HOWARD H. CHAUNCEY AND GIULIANOG QUINTAPELLI

secretory tubules (fig 29) The serous
demilunes in dog d were weakly
stamed while the ducts showed moderate
activity (fig 30)

PISCUSSION

CL on of salivary
glands 1s generally based on the presence
or at of n cells

Glands are thus divided into serous mu
cous and nuxed types The parotid glands
of the 7 species studied in the present azd
two pnor investigatons (Chauncey and
Quntarelll 59 Quintarelh and Chauncey
60) are all considered to be strctly serous
glands The submaxllary gland 1n 5 of
these specles—dog cow sheep hog and
human-~15 a mixed gland (table 1) Frem
among these 5 mammals only the human
gland contains both serous alveol: as well
as mucous aleolt with serous demulunes
In the 4 other species the serous cells 2t
found only 1n the form of demilunes Rt
and rabbit submaxllary gland are devod

stammed making 1t difficult to d h
betsveen these two components  Interlobu
lar and excretorv ducts appeared nonre
acnie

ARl cellular components of the rat paro-
td were unreactise  Activity in rablit tis-
sue was weak acmm and ducts extubiing

~a hght homogeneous stam (fiz 23) Dog
s paroud gland was mare reactine than the
rodent ussues the duct bemng moderately
stained and clearlv vimble against the
bachzround of weallv staiming sevous acim
(fiz 23,

Submanllary glands  All duct cells 1n
the submaxall.rv glands of the cow sheep
angd hog were moderately colored (zs 23
26 27) In the cow and sheep the demu
lunes were 2also reactise but to a lesser de
gree than the ducts  Mucous gein: In these
two antmals were unstained  Mucous cells
n poreine gland were weally colored with
the stamn generallv being seen in the dermu
Iunes and ducts

Serous 2cam and ducts 10 the rat sub-
maxillary were weakly responsise swhile
the secretory tubules were unstained (fig
28) Sections of rabbit gland were also
weakhlv stained the color density being
homozeneous throughout Ducts could be
discerred  but 1t was not possible to dis-
anguish betireen the serous aam and the

of beanng el (a
1stic shared by several other rodents—
mouse hedgehog muskrat gophber 304
guinea p1g)  The submaxllary glands of
these rodents except for the gunea F'3
have secretory “granular” tubules wh b
contain “secretory granules” but differ
cytologically from the acinar cells presect
1n the parotid and submaxillary glands of
these and other species (Stormoent 32)
(table 1)

The discovery of an active enzvme
{amylase) 1n the secrefions emanaurl
from salnarv glands which contain sefous
1 lted yn the p that
all serous acinar components are zymo:
gemie  The termunology ozeruc 2nd
serpus have thus been ysed synonymously

TAELE 1t

Serous and mucous components of vammallz®
submanillary glands

{

3 peoy

acny demitutes aciaf rabales
Par = p = -
Ratbn < Z - -
Sheep - -~ - -
Hr = - - -
- ke -

F
8
v
2
4
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even I those ammals where it has not
been possible to demonstrate amylase ac
tvity exther m the saliva or salivary glands
(table 2}

The term serozymogenic thus may
well be a misnomer especially if one con
siders the enzyme content of sheep parotid
gland In this anymal it has not been pos-
sible to the of sall
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‘The morpt 1 plan and cy ical
appearance of the salivary glands from the
vanous species of mammals studied may
seem similar (n many respects However
these sumilanties should not be interpreted
as in i 1 lari om
panson of parotid and submaxatlary gland
enzymatic activity of the three domestic

vary amylase (Scheunert and Trantmann
21 Schwarz and Rasp 28) Furthermore
the present investgation indicates that
sheep serous actnt are devad of demon
strable acid phosphatase and beta D galac
tosidase and cxhibit only shght esterase
activity (table 3)

studied in the present investiga
tion (tables 3 and 4) shows that the en
zyme actity patterns of these animals
are quite different Perhaps the best in
dicator of functional difference is the
amount of saliva seereted by the varlous
animals It has been estimated that the
cow secretes about 56 liters of mixed saliva

TARLE 2
Amylase actraty of mammalian salia

Farctd S bmaxillary M1 rd~
i Baid bt
Rat (Coatsetal. 56 Schwarzand Rasp 28) + ~ +
Pabbit (Schwarz and Rasp "28) 7 7 +
Daog (Gomon 52 Roseboom and Patton *29) 7 + bt
Sheep (Scheunert and Trautmann '21
Schwarz and Rasp '28) - - -
Cow (Palmer 1 7 ? +
Hog (Schwarz and Stemmetzer "23) + ? +
Human (Schneyer +6) + + +
+ Pressnce demonstrated — not demonstiated 7 Bresence hrd defirit 17 eatattite 1
TAZLE 3
Parotid gland
Acid G -
Phorsh tiam fXetes o1 s
Cow -
Acini 2
Ducts ! z
Intrafofutar 2 214
Interlobular 2 274 o
Excretory 2 2z a
Sheep
Acmy 0 1 0
Dructs
Intralebulat Q 214 [
Interlobular 0 213 o
o pa% [
Hog
Acinl o 2
Ducts * ¢
Intral bular 0 A
Snter] bular o 1 o
I 2 0

Heactvity 4 intemse 3-335 marked 2213 modrats 11V w ak v

0 negauve

2t
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TABLE 4
Submaxillary glend

Shomistase e
Cow
Demilunes o 4 1
Ducts
Intralobular 1 1 2
Interlobular 1 1 2
cTetory 1 1 2
Mucous cells o 2 L]
Sheep
Demilunes 1 1 132
Ducts
Intralobular 12 4 2%
Interlobular 1% 4 21
Excretory 1z 4 2%
Mucous cells 0 o [
Hog
Demilunes o 4 2
Ducts
Intralobular o 2 2
Interlobular 4] 2 2
‘Excretory [} 2 2
Mucous cells o 0 1

per day while the sheep secretes about 4

Liters per day (Dukes 55) The daly out
. put for man s esumated to be 15 liters

(Dukes 55) Differences in glandular
- joutput cannot attnibuted solely to size
/but must imply f 1 duffe

ferences 1n cellular “actvity pattems
both between the different major salsary
glands of a single species and the same
gland among several species 1t may be

ble to blish certain [ and

This assumption 15 supported by the find
ing that the parotid secretton in rupunants
s almost contuinuous (Duke 55) bemng
at most only shghtly affected by chemcal
(Dukes 55 hay 58) ana psychic sumult
(Scheunert Rhrzywanek and Zimmerman
‘29) Ths conunuous paroud flow is nec
essary to ensure an adequate amount of
fluid buffers and phosphate for the proper
function of the first three stomach com
partments On the other hand the parotid
gland of man does not secrete continuously
and a copious flow can be elicited by the
application of gustatory olfactory and psy

chic sumult (Chauncey and Shannon 60

Schneyer et al  56)

Although Ditle 1s known about the bio-
logical function of acid phosphatase non
specific esterases  and beta D galactost
dase evaluation of tssue reactivity allows
the imesugator to establish an “activity
pattern™ for the various cytological com
ponents being studied By comparing dif

Y
Some evidence has been obtained indl
cating that acid phosphatase is related t0
nucleoprotein metabolism in nenve cells
(Bodian and Mellors 45) In addion
Junqueira et al ( 49) have noted a sexual
drmorphistn in the acid phosphatase actrs
ity of mice submaxillary gland greater
actwity being observed in glands of males
Similarly Lacassagne ( 40a b) and Jacoby
and Leeson ( 39) have noted that the s¢
cretory tubules in male mice and rats were
larger than in females They contend 1hat
this might be the result of the tnfluence of
sexual hormones on these glands produc
ing an action similar to that obsened in
the prostate gland (Gutman and Gutman
39) This contention of an interrelation
ship between male sexual organs and 53!
vary gland phosphatase activity is Sup
ported by the observation that the parotd
saliva acld phosphomonoesterasc activity
Is Increased in persons having prostatc
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(H Ct y and Her
rold 59)

Noback and Montagna (49) m a study
of the histochermstry of mammaban pan
creas and sabivary glands obsened that
the cytoplasm of rat parotid acmnar and
duct cells was weakly positne for acid

hosph: In the sub lary gland
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ducts The submaxillary glands of the
three species presented a more varnable
picture This was 1n part due to cytological
differences between the glands of rodents
and the glands of the dog which contamn
mucous cells In the submaxillary gland
of all three species the ducts stained more

the cytoplasm of the ducts and serozymo-
geme cells was moderately reactive while
that of the secretory tubules was at most
only famntly reactive Jhll and Bourne
(54) imvesthgating the stochemstry of
salhary gland duct cells noted that the
cytoplasm of both ducts and acim 1n the
rabbit paronid gland gave 2 posiive yeac
tion the activty of the ducts being some
what less than that found in the acm
However they were unable to demonstrate
this enzyme 1n the rat parotd gland The
submaxillary glands of both rat and rabbit
were posiive  The ducts 1 both species
were sad to extiubit less activaty than the
serous acim

In the current mvestigation the aad
phosphatase reactivity of duct and acinar
epithebum of rodent (rat and Tabbit)
parotd glands did not differ appreciably
(table 5) In contrast the acimi in the
camme uissue were less active than the

than the acim (table 6) The
mucous cells of dog gland were negahve
as were rat secretory tubules Rabbit se-
cretory tubules were moderately positive
The heit 1 v

e y o

sahivary gland duct cells has been noted
previously Burstone ( 56) observed that
the duct cells 1n the rat parotid gland were
quite active In contrast with the acni
which were only shghtly reactive He fur
ther noted that the submaxllary gland did
not appear as reactive as the parond

Ducts were both posiive and negative At
best the “mucad cells or secretory tubules
were lightly staned while acinar cells
neyer demonstrated activaty

and Bourne ( 54) had samilar re

sults with rat issue  These Jatter authors
found that rabbit parotid reacted in the
same manner as rat tissue On the other
hand rablit submaxillary gland was
strongly posiive the deeply stamng red
granules bemng concentrated 1n duct cells

TABLE 5
Parotid gland
Acd N &
ph ph ta e ™ car domidase
Rat
Acmi 3
Ducts e °
Intralobular 3 3
Interlobular 3 3"2 g
Excretory 3 3. [}
Rabbat
Acima 21e
Ducts 2 ve
Intralobular e
Interlobular 24y 4 372
Excretory 2%y 12
Deg
Acini 1
Ducts v 2 !
Intralobular a
Insalobar 3 3 b
cretory 3 4 2%
 Reactivity 4 smtense 997: marked 2000 medent D e ———

0 negative

4 antense 3-3'% marked 2-21% moderate I-1% weak ¥ occasional
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TABLE €
Submaxsllary gland
Acld Nonspecific 8D
phosphatase esterase galactosidase
Rat
Serous acin 3 2 e
Secretory tubules 0 a 0
ucts
Intralobular 3t 4 1y
Interlobular 312 4 1%
Excretory 3% - 1%
Rabbit
Serous acim 2 214 1%
Secretory tubules 2 212 1%2
Ducts
Intralobular 3 3 1%
Intertobular 3 3 112
Excretory 3 3 1%z
Dog
Demulunes 2 Y2 132
Ducts
Intralobular 21a 3 215
Interlobular 2v2 3 2%
cretory 214 3 21
Mucons cells o Y2 [J

The present 1nvestigation confirms these
prior findings of intense duct

acinar epithehum having the same color
y h in dog glands the ducts

Y

Yowever the parotid gland serous cells of
all three spectes were moderately reactive
(table §) Rodent submaxilary glands
) were also heawily stained (table 6) Of
particular interest was the finding that rat
secretory tubules reacted with the same
intensity as the duct cells while rabbit
secretory tubules were less reactive than
duct cells 4 ly the

were moderately reactive and the aoni
showed only weak activity The submax
Iary gland cytological components in botl
rodents were only weakly positive except
for rat secrctory tubules which were color
less The ducts of the dog gland were
moderately stained while demilunes were
weakly colored and mucous cells were

same degree of colaratton as the serous
cells In the dog submaxllary the reac
uon was generally confined to the ducts
Mucous cells and demulunes exhibited
only occasional actinty

Beta D galactosidase actwvity has been
found tn homogenates of rat and dog sah
vary glands (Cohen et al 52) Ruten
burg and Seligman (55) mah h

ined (table 6)

‘The results obtained in the present in
sestigation thus both confirm and con
tradict the findings of previous workers
The dispanities may result from differences
m the tvpe of substrate and/or method of
tssue fixation or both Noback and ]\Im:i
tagna (47) Junqueira et al (49) an
Hull and Bourne ( 54) used sodlun: bt':’;

1y hosnl tion

jcal study of the enzyme in rat tissues
obsenved that the serous actm and ducts in
rat submaxillary gland were quite actiie
The secretory tubules were only lghtly
stained except for the basal aspect of these
cells which exhibited a dark blue color
In the current investigation parotid tissue
showed a marked species difference (table
5) Rat glands were nonreactive rabbit
glands were weakly reactve duct and

for the o
acid phosphatase activity This melhm
used extensively in the past is subject
numerous artifactual errors such a3 T;D“
enzymatic staining and enzyme diffus! ulr,\
and has generally been superseded h)’
techniques employing substituted nap
thols as the substrate b

Naphthy! AS-acetate the esterase 51; >
strate uscd in the present study was ?x;c
employed in the insestigations of Burst
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(56) and Hill and Bourne (54) Our
findings of activity Jn components which
1w prior studies were reporsted to be nega
tive or only weakly positive may be due to
dufferences 1n fixaton techmques Un
1wtunately Hill and Bourne ( 54) do not
desct he the methods whereby their tissues
were prepated  Burstone ( 56) used freez
ng and 1n vacuo paraffin embedding ‘wuh

q! depar: mn pf
ether and acetone While this latter pro-
cedure may produce enzyme mactivation
or loss due to the deparaffimmzation proc
ess Burstone ( 58) upon companng the
effect of freeze drying and formalin fixa
tion noted that formalin fixed liver showed
suppression of several esterase actuwity
bands On the other hand Baker Hew
and Fishman ( 58) have shown that with
Chloral Formalin® fixanve (CHF) 1t 1s
possible to fix tissue for extremely long
periods and shll maintain a high degree of
enzyme activity Our results would thus
tend to confirm the excellent preservative
qualities of this fixation techmque

In conclusion 1t can be stated marked
differences 1n glandular function appear
to exist even between the glands of phylo-
gencucally related species Rat and rab-
bit sabvary glands exhibit different en
Zyme activity patterns In addiion there
15 hutle sitmlanty between sheep and cow
glands The current state of knowledge

concerrung the action of salv: and
acid _phosph s
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rabbit and dog paroud glands cow sheep
rat rabmt and dog submawllary glands
Nonspecific estera es were present un both
glands for all 6 species Beta D-galactost
dase actiity was observed mn cow rabbit
and dog parond glands while the sub-
maxilary gland for ail 6 ammals was ob-
served to be reactne

Enzyme actinty was generally confined
to the cytoplasm of serous cells and ducts
Nuclel connective fissue adipose tssue
and blood yessels usually extubited httle or
no actiity Mucous cells were generally
unreachve except for bovine cells—moder
ate esterase activity hog mucous cells—
weak beta D galactosidase activity and dog
mucous cells——occasional esterase actvity
In all mstances the colored matenal pres
ent was concentrated 1n the basal area of
the mucous cells and may have been the
result of diffusion of enzyme or free naph
thol from the adjacent dermliunes

P 1 1

n
the parotid and submaxiliary gland dem
onstrated varying degrees of enzyme re-
activity among the 6 ammals studied In
addition these components exhibited spe
ofic “enzyme acuwvity patterns” which
were different for each species
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TABLE 6
Submaxillary gland

Acid Nonspecific £D-
phosphatase esterase galactosidase
Rat
Serous acini 3 2 1
Secretory tubules o 4 o
Intralobular 3% 4 11z
Interlobular 3% 4 1%
Excretory Nz - 1%
Rabbut
Serous acini e 2Vp 1%
Secretory tubules 2 21% 1%
Ducts
Intralobular 3 3 1%
Interlobular 3 3 1z
Excretory 3 3 12
Dog
Demilunes 2 173 1%
Ducts
Intralobular 214 3 252
Interlobular 25 3 2Lz
Excretory 22 3 2%z
Mucous cells o 1 [

The present imvestigation confirms these
puor findings of intense duct reactivity
However the parotid gland serous cells of
all threc specles were moderately reactive
(table 5) Rodent submaxillary glands
were also heavily stained (table &) Of
particular interest was the finding that rat
secretory tubules reacted with the same
mtensity as the duct cells whle rabbit
secretory tubules were less reactive than
duct cells containing approximately the
same degree of coloration as the serous
cells In the dog submaxillary the reac
tion was generally confined to the ducts
Mucous cells and demilunes exhibited
only occasional activity

Beta D galactosidase activity has been

acinar epithelium having the same color
mtensity however in dog glands the ducts
were moderately reactive and the acint
showed only weak activity The submavl
lary gland cytological components in bot!
rodents were only weakly positive except
for rat secretory tubules which were color
less The ducts of the dog gland were
moderately stained while demilunes were
weakly colored and mucous cells were
unstained (table 6)

The results obtalned in the present in
vestigation thus hoth confirm and cont
tradict the findings of previous workers
The dispantics may result from dxﬂercnce;
1n the type of substrate and/or method of
tissue fixation ot hoth Nobach and Men

found 1n homogenates of rat and dog sali  tagna ( 47) Junqueira ct al (49) [-::d
vary glands (Cehen ot al  52) Ruten  Hill and Bourne ( 54) used sodiurp o:;
1 (55) in 2 hustock { hosphate for the on

burg and

ical study of the enzyme in rat tissues
obscred that the scrous acimi and ducts in
rat submaxillary gland were quite active
The secretory tubules were only lightly
stained except for the basal aspect of these
cells which exhibited a dark blue color
In the current investigation parotid tissue
showed a marhed species difference (table
5) Rat glands were nonreactive rabbit
glands were weakly reactive duct and

gly
acid phosphatase activity This mclhl:g
used extensively In the past fs subject n
numerous artifactual crrors such as 1;011
enzymatic staining and enzyme dilfusto?

ami has genem'lly been 5UP“53“‘;‘33P‘!?

su
thols as the substrate
Naphthyl AS acetate the ester2se :;xs‘;
strate used fn the present study 1‘3”5!0!“:
employed in the fnvestigations of Burs
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PLATE 1

EXPLANATION OF FIGURES

Figs 1 through 9 Acid phosphatase fixation in chloral hydrate formaldehyde Substrate
6-benzoyl 2-naphthyl phosphate > 200

Bovine parotid gland  Acinar and duct cells are moderately reactive

»

Rat paroud gland Acinar and duct cells exhibit marked activity Greatest actlvity fs
present {n basal arca of the duct cells Nucler appeat to be nonreactive

3 Rabbit parotid gland Moderate acid phosphatase activity is present in the acinar and
interlobular duct cells Epithelial cells Lining the intercalated ducts appears to be
highly reactive Connective tissue and fat cells are nonreactive
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PLATE 2
EXPLANATION OF FIGURES

Dog parotid gland  Acinar cells exhibit weak activity Ducts are markedly stamed
Bovine submaxillary gland Only the ducts cells are stained Serous and mucous cells
are negative

Sheep submaxillary gland Mucous cells negative Serous cells weakly stained Ducts
cells shightly more reactive than demiunes
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PLATE 6
EXPLANATION 0F FIGURES
Bovine submaxillary gland Demulunes are intensely stained Mucous cells are also

cotored Ducts show weak actrvity as evidenced by the presence of a light scattering of
colored granules

Sheep submaxillary gland Ducts exhibit an intense yeaction Dermlunes and pucous
cells are only weakly positive

Porcine submaxillary gland Serous demilunes are intensely stamned Ducts are moder
ately colored and contamn a falr number of granules AMucous cells are negative
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PLATE 7
EXPLANATION OF FICURES
Rat submaxillary gland Intense reactwvity of secretory tubules and intralobular ducts
is noted Dye appears to be concentrated 1n basal portion of these cells Acinar cells
show a moderate degree of activity

Rabhit submaxillary gland Serous acini and secretory tubules exhibit moderate cuvity
both being less heavily colored than the ducts

Dog submaxillary gland Weak esterase activity present in demilunes and bascment
membrane of mucous acin1  Ducts are markedly reactive
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PLATE 8

EXPLANATION OF FIGURES

Figs 22 through 30 Beta D galactosidase fixation 1 chloral hydrate formaldehyde Sub-
strate 6-b 2 naphthyl # D X 200

22 Bovine parotid glands Acinar cells and intralobular ducts are moderately reactive
Homogenous reaction causes difficulty in identifying the varous components

23 Rabbit parotid gland Acinar and duct cells show a weak staining which is stmilar in
intensity for both components

24 Doy parotid gland Ducts stain moderately and stand out against the background of

weakly stamning acinar cells

2
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PLATE 9

EXPLANATION OF FIGURES

Bovine submaxillary gland Mucous cells are nonreactive demilunes weakly positive
Ducts exhibit moderate coloration

Sheep submaxillary gland Duct cells are moderately reactive Demulunes show a weak
stain while the mucous acinl appear to be negativi

Porcine submaxillary gland Mucous cells appear slightly reactive Demilunes and
ducts exhubit a moderate amount of color
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PLATE 10
EXPLANATION OF FIGURES

Rat submaxillary gland Acinar and duct cells show a weak to moderate re ponse
Secretory tubules are unstained

Rabbit eak # stain  Ducts can be ident!
fied but 1t s not pzmible uo distinguish bclwten nclnnr cells and seeretory tubules

Dog submaxillary gland Ducts show moderate activity Demllunes exhibit a weak
stain while the mucous cells appear to be nonreactive
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The Composition of the Anal Glands of

Dasypus novemcinctus'

JULIAN ¥ HAYNES ann ALLEN C ENDERS
Department of Biology Rice University Houston Texas

The mnebanded armadillo (Dasypus
rotemcinctus) is monestrus (Hamlett 32)
h 5

abrupt vertebral fracture and therr anal
glands removed ﬁxfd dehydrated double
bedded m cell

and apparently p Y
(Talmage and Buchanan 54) The vagma
s separated from the extenor by an exten
Stse urogenital sinys and cormficatson does
Tot oceur at any stage of the reproductine
¢ycle (Enders and Buchanan 59) The
maccessibility of the vagina and lack of
Promunent cycle make the use of vaginal
;mears n ths animal of hinuted value
urthermore no changes 1n the external
gemtalia of sufficient magmtude to serve
29 an uidex of the reproductne cycle have
by n observed It has long been known
daﬁt mammalian cutaneous glands serve
IC nite functions 1n markang territory and
lica“hg trails and appear to play 2 part i
(Be reproductive cycles of many mammals
a‘s’“‘)’;‘ere 54) "Recently Bruce (60)
P Shown that 1n mice the scent of 2
n Nge male can disrupt an ear  preg
“‘:Y and Parkes (60) has emp-a ~21
lh:n‘ense of smell may be more important
b 1t had previously been considered to
B Tl;e armadillo possess= ax  f highly
¢ eloped ana] glands (Owen  .6~) which
‘hed"CE a characten 1c scer  Athough
s evelopment and 1 tolegy of the .ateg
€0t of the nine b nded arm.2.llo have
N examned (Wiison 14) a1d a s
2cal study has also been given (Ceoper
to ® mtegumentay demvatines w Jh
stug, the anal gland cc~ _ex have not been
Uded It wasthetn  1d purpose of thus
¢stgation to studs _e structure of this
fomplex and to det srme whether there
. ¢ldence of vanat n n secretion in rela
O to the reprodi. 1ve cycle

1o

MATERIAL AND METHODS
A total of 20 ar adillos from alt stages
of the reproducts cycle were hiled by

and para and
sectioned The histology of the glands was
studied using 10 p senal sections stamed
with hematoxyhn and eosn  and rep-
resentatiie sections from other glands
staned erther with Ehrlichs hematoxylhn
chromotrope 2R orange G and fast grecn
or with Wergerts hematoxylm and fast
green WWhole mounts of several glands
were prepared by stmmng the mtact gland
with paracarmine dehydrating and clear
ing in cedar otl and then dissecting away
the outet connective ussue capusle  Glyco-
gen was demonstrated by the application
of the periodic acid Scmff test to secuons
from glands fixed 11 Carnoy s or Rossman s
fluids and controlled by dugesuon m a 16
malt diastase solution at pH 6 Cytoplas-
mic ba.erhilia was observed using Zenher s
fixed ma enal stamned with eosin methyl
ene blie at pH 52 For the demonstration
Of ip @s pieces of the glands were fixed
m buffered formalin and sections were
cotored w h Sudan black B phospholipids
were revealed by the Elftman method
(Elftman 57)

To nduce r ' tion pregrant mares
serum (Equnev) was admnistered to 5
ammals for a ™ rod of three days i doses
ranging from - to 500 I' U Subsequently
a single mject n ¢® 2350 IU of chonomie

gonadotropin  Ar ntna S  -~as admims
tered The . r s weve Lilel after an
intersal of 1t 23 koy  Ev.mination
of the ov_ = 1d ha 7 onple pvo
lation had  » ce 12 e

T e an
shaped -

Su p - ETar 59113 fr m the
United " 11 ta S s T pr o

oa
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PLATE 2

EXPLANATION OF FIGURES
Sebaceous gland The dark (osmiophulic) matersal is lipid Flemmings tetrachrome
x 110

PAS-positive substances in an anal gland of a non-expersmental female Note the ab-
sence of demonstrable glycogen and presence (especially n the upper left corner) of @
PAS positive luminal fringe Pertodic acid Schiff  ~ 435

Glycogen in the apocnine gland of an animal in which ovulation was induced The posi
tion of the glycogen against the cell membranes s a diffusion artifact Pertod ¢ atid
Schiff x 435

Clycogen In sebacceous glands Glycogen is abundant in a duct (left of picture) A

small amount fs also present in the peripheral cells of a lobule (lower right ¢ net)
Perfodic acid Schiff > 10

Cytopl in col

cells of the apocrine glands Note that between
the juxtanuclear and apical reglons there Is interposed a non basophilic reglon Eoslnt
methylene blue ~ 435

An electron micrograph lhmugh part of a region of basaphﬂu of apocrine gland cells
note the orderly with d RNP particles
in the cell at !he upper left G GColgi zone S lmeﬂon droplet M cell memorane
Buffered osmium tetroxide sucrose »~ about 15000
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On the Fine Structure of the Parotid Gland

of Mouse and Rat’

HAROLD F PARKS

Department of Anatomy Unersity of Rochester
School of Medicine and Dentistry

Rochester New York

The parotid gland of the mouse has
Ee\er been the subject of extensne cyto-
gical mnvestigation possibly because 1n
:Wl:me histologieal preparations 1t seems
1: 4ve R0 unusual features or because 1t
Rot as convemiently accessible as other
gandular organs Howeser the mouse
sl{utxd has been found to be more amen
dmi fo good electron microscopic fixation
— otllller saltvary glands with which the
oy dﬂ s had experience and has been
u n our laboratory for expernimenta
“cam and for basic cytological studies It
m: therefore felt that a detailed descnip-
wmdof the secretory portion of the organ
d not be unduly supererogatory

rel(gmexutz (1885) briefly describes the de
menl:ment of the gland Oppel ( 00) com
b s briefly on a tendency for acinous
3 to be binucleate or have grant nucler

nd refers to an early 1 descrip-

MATERIALS AND METHODS

This description 1s based on obsert ations
made on the paroud glands of approvi
mately 100 mice and 40 rats For electron
microscopy parotid tissue taken from nem
butal or urethane anesthetized anwnals
was fixed 1n cold (0-5 C) modified Pal
ades fixatine contaimng 022 M sucrose
(cf Caulfield 57) and buffered to pH
7 4 dehydrated 1n ethyl alcohol and 1m
bedded 1n butyl methacrylate catalyzed
with 1-1 5% benzoyl peroxade and poly
menzed at 50 C  Sections were cut with a
Porter Blum mucrotome usimng glass knites
stamned for 20-30 mnutes with lead hy
droxtde (Watson 58) sandwiched with
formvar (Watson 57) and examined with
a Stemens Elmshop Ia operated at 60 kv
using 50 u objective apertures Polystyrene
latex spherules® were sometimes used as

Uon by Asp (1873) re
porting that only
f;:e kind of secreting cell was found 1n
¢ gland  Schultze (11) studied the
and at the ytol 1 level bing

a aid For light microscopy the
glands were fixed n Regaud s or formalde
hyd 1 solutions t d 1n par
affin sectioned at 3-5 u and stained with

:::;'Cﬂ.lular secretory canals m the acim
concluding that mitochondna 1n the

acid hematoxylin  acid
hematemn (Baker 46) toluidine blue or

stri; with the PAS reaction controlled by malt
ated ducts ¢ £ nto d and d with

g:lﬂdnu]es More recently the mouse par  hematoxylm

X has been the subject of a bref histo- OBSERVATION:

pocal deseription by Fekete ( 41) and SER S

kzasl b:En touched upon 1n a few histochem Mouse gland histological structure

\ tudies (Noback and Montagna 47
Shz“u:l 53 Hill and Bourne 54 and

Kar et 41 58)
m ¢ recent publication of an electron
b Icroscopic study of the rat s parotid gland
Y Scott and Pease (59) furmishes an
OPPottunity to compare the parotid glands
of twg closely related species and also

ords occasion for the wnter to record
‘ery briefly some independent observations
©f the parotid gland of the rat

‘The mouse s parotid gland possesses the
three secretory segments typical of most
major salinary glands acim intercalated
ducts and stniated ducts The actm are
sumilar to pancreatic acimi  the cells are
pyramidal in shape contain chromophilic
material 1n thewr basal pants often are

This work was supported by research grant
D-689 from the NID.R. U S Public Health Serv

ice
Courtesy of Dow Chemical Company
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L )} or have an 1ty large nu
cleus and are packed with secretion gran
ules in therwr apical parts A majonty of
the granules stain blue with phosphotung
stic actd hematoxylin while the other gran
ules remain unstained The unstained
granules are usually Jarge refractle and
homogeneous while the blue staining gran
ules show a great vanabiity in size and
often appear ning shaped mn optical sec
tion There 15 a tendency for indnidual
cells to contain only one kind of granule
but in some cells the granule types are
mixed mn varying proportions A majority
of granules show a positive Teaction to
PAS that 1s not abohished by diastase di
gestion while the remaimng granules are
PAS-negative The PAS-positive granules
exhibit the same morphological character
istics as blue stamng granules descrbed
3 et

HAROLD ¥ PARKS

The columnar epithelium lining these
ducts 1s characterized by radral striations
m the basal cytoplasm of the cells The
striate appearance is due in part to the
presence of radially arranged mitochon
dria however fine PAS positive striations
are also demonstrable in the bases of cells
1n secttons 1n which mitochondna are not
stained thus showing that mitechondria
are not solely responsible for the strdate
appearance Although the term striated
duct 1s commonly used to designate an
intralobular segment of the duct system
1 salwary glands it should be noted that
interlobular ducts of this gland also hawe
basal striations

Phosphotungstic acid hematoxylin and
acid hematemn often but not imvariably
stain a number of granules in the apical

with acd
and are therefore presum

n
hematoxylin
ably identical
The acini appear on superficial exam
nation to be solid masses of cells but
intercellular canals are numerous and a
central or main acinous lumen one or two
u mn diameter (usually no larger than
intercellular canals) can occasionally be
found The central lumen despite its
/small diameter may have as many as 5
cells bordening jt in a single sectional
plane
Intercalated ducts are small tubules
about 10 u 1n dameter with a 3 u lumen
lined by a single layer of low cuboidal
cells Proximally te near the acimt these
cells resemble minzature acinous cells in
having basophilic basal cytoplasm and ap-
jcal secretion granules Most of the secre
tion granules stain blue with phosphotung
stic acid hematoxylin but a few remain
unstained With PAS red staining gran
ules are sery prominent but it is not
possible to ascertain from our materjal
whether PAS negative granules are also

ytopl in striated duct cells It is &f
ficult to decide with these “mitochondrial
stains whether stained granules are mito-
chondna or secretion antecedents The
only conspicuous PAS positive granules in
these cells show no preferred pattern of
localization and fail to resist diastase di
gestion these therefore probably repre
sent glycozen deposits The lumina of
ducts often contain a homogeneous PAS
positive material which Is presumably 2
secretion product of acinous and intercal
ated-duct cells None of the secretion ante
cedents in the gland stains metachromati
cally with toluidine blue

Mouse gland electron microscopic
structure

1 The acinous cell and its histological
relattonships  The acinous cell of the par
otid gland resembles that of the exocring
pancreas in the general appearance of its
nucleus endoplasmic reticulum and Golgh
apparatus its secrction antecedents how
ever exhibit marked differences from the
densc‘ ): it

present Distally the d ducts

have a slightly larger lumen (5 u) and

the cells are devold of secretion granules

The distal segment {s usually short and

occasionally absent None of the secretion
1

ymog!

Three morp fcal types of
secretion antecedent have been obsened
(1) The most numerous type of secretion
granule (fig 2) fs usually lnhcmagcntﬂﬂ;
In‘lcv«ure consisting of a dense peripher

in acinl or lated ducts

a lessddense ccft

is stained by acid hematein
Intralobular striated ducts are 3040 n
in diameter with an 8 to 10-u lumen

sur
tral portion that occaslonally contains cni
or more masses of dense material simﬂl:.
to that of the periphery of the grant
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This appearance probably represents a fix
stion artifact 1n figure 7 a number of
granules are seen one of which is “typical”
{1e whomogeneous) and another homo
geneously dense while others appear to
be almost umformly dense but show a
subtle diference 1n texture between periph
erdl and central parts This sertes of ap-
pearances suggests that the secretion gran
e 15 a rather dense homogeneous struc
ture that imbibes water and swells durmg
fixation (2) A less frequently occurning
seeretion granule 1s relatively h
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The endoplasmic reticulum takes the
form of fattened membranous vesicles
that are commonly known as cisternae
(Palade and Porter 54) The most con
spicuous morphological feature of these
membranous structures is the presence of
nibonucleoprotein (RNP) particles on therr
outer surfaces On cisternae that have
been sectioned in a plane perpendicular
to their broad surface no pattern of dis
tribution of RNP granules 1s apparent but
broad surface views show the granules to
be arranged in crcular or splml‘groups

us In texture and low in density These
granules are rather unstable and tend to
¢oalesce dunng fixation forming large
iregularly shaped masses (fig 3) It will
be noted that both types of secretion gran
ule are contained within a membrane s1m
& to the plasma membrane of the cell
(3) The least frequently observed secre
thon antecedent takes the form of a small
mass of cytoplasm that 1s demarcated and
partually separated from the rest of the
€ells eytoplasm by a group of tiny mem
anous vesicles arranged so as to enclose
2 spherical inclusion and appeanng in
Section as a carcular or oval array (fig 4)
s ¢ cytoplasm unmediately surrounding
duCh a group of vesicles 1s often of a
‘ensity greater than that of the cytopl

usually 5 to 10 (cf
Palade 55) Cisternae tend to be ar
ranged parallel to one another 1n the base
of acinous cells (fig 9) but are more
randomly distributed elsewhere 1n the cell
(figs 2 3 4 8) It should be mentioned
that all the RNP particles 1n the cytoplasm
are not attached to the membranes of the
endoplasmic reticulum many particles lie
free 1n the cytoplasm (figs 5 9)

‘The Golg: bodies several of which may
be present 1n a cell resemble the endo-
plasmic reticulum n bemg membranous
structures but differ from 1t 1n being de
void of RNP granules (figs 6 10) Two
morohol 1 p 4 h
able for purposes of description small
spherical membrfmous vestcles 300-600 A

and

Bside the group of vestcles ante

md Nlae which are larger
vesicles of vanable

tttdents of this kind are destined to be ex
uded from the cell as cytopl blebs

length and width and about 200-300 A in
The lamellae tend to occur

€ nucleus of the acinous cell exhibits

73 remarkable features As in the nuclei

g‘ most cells the nuclear sap contams a

Spersion of granules sumilar to the ribo-
Buel; of the 1

compact groups stacked parallel to one
another while the vestcles are randomly
distnbuted 1n the vicmnity of the lamellae
Sphercidal bodies interpreted to be imma
ture are almost invan

Protemn ytop
¥hile the nucleol appear to be dense ag
%;e“‘-‘(’ns of somewhat smaller granules
128 8) The nuclear membrane 15 a two-
d¥ered structure containing fenestrations
caough which the nucleoplasm communt
ates with cytoplasm The outer layer of
“9 Nuclear  membrane which 1s often

udded with mbonucleoprotein particles
{heS not always run a course parallel with
b, fnner nuclear membrane but occasion
the Jorms plications that project out into

¢ cytoplasm These projections are some-
1 3 seen to be continuous with the endo-
""’mc reticulum of the cytoplasm (ef
Watson 55)

ably seen in close relation to the Golgu
bodies (figs € 10) and it is cbvious from
some electron micrographs that these gran
ules arise by a swelling and enspherulation
of the Golg lamellae

A it group of cy
to be

o d with
out detailed description Mitochondna the
structure of which is too well known to
require description appear i1 most cases
to be 1} in the cytop!

but have frequently been seen to he in
close proxamity with long axis parallel
to the basal or lateral cell membrane
b a num
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ber of much smaller vesicles a hind of
incluston first described m mnerve cells
(Palay and Palade 55) and later descnibed
in numerous cell types are seen rarely in
adult glands but are numerous 1n the
glands of very young anmmals Funally a
type of inclusion that probably represents
a degenerative body consists of a mem
branous enclosure 1 u or less in diameter
contaming membranous formations (fig
6) some of which are myelin like (fig 10)

HAROLD ¥ PARRS

the lateral surface of the cell Occasionally
a group of small vesicles is seen in the
cytoplasm next to an nfolding where
their position suggests that they arose by
mvagmation and pinching off of the
plasma membrane (fig 5)

The plasma membrane at the base of
the cell 1s covered with a thin layer of
amorphous material that is commonly
called the basement membrane” (fig 9)
This “membrane ” which appears to be a

Some degeneratne bodies are h
ous or vacuolated masses of material con
taiming no internal membranous forma
tion
The surface of the acinous cell usually
but not always sends microvillous exten
sions mto the lumina 1e the central
lumen of the acinus and the mtercellular
canaliculi (figs 7 and 8) In one group of
mice of unknown strain the lurmina con
tained virus ike bodies similar i appear
ance to the leukerma virus described by de
Harven and Friend (59) These bodies
could often be seen budding off from the
surfaces of microvillt In some cases they
were so numerous as to occlude the lumen
completely
Acinous cells appear to be firmly at

tached to one another mn the vicmity of
the lumina  This 1s apparent 1n histologi
cal preparations in which the basal parts
of cells often shnink apart while the apical
parts remarn attached around the lumen
In electron micrographs numerous desmo
somes are seen near lurmina (fig 7) The
cytoplasm rmmediately adjacent to the cell
membranes of two apposed cells in the
vicinity of a lumen often exhibits 2 marked
increase in density (fig 8) The dense
matenal is rexealed in some micrographs
to be fibnllar 1t character and the fibnls
are sometimes scen termunating at the cell
membrapne where it 15 modified 10 form
half a desmosome In more basal parts of
the lateral surfaces of cells where desmo
somes are seldom seen | digitation and

d layer of

tissue ground substance 1t not reflected
between cells for any appreciable distance
at intercellular boundaries but bridges the
gap between cells to become continuous
with the b )i of hb
ing acinous cells Thus the basement mem
brane might be said to form a barrier or
a landmark separating the acinus from
extra acinous structures  Qutside the base
ment membrane the mamn tissue elements
to which the acinus 1s related histologically
are nervous and vascular

The nerves appear to consist mainly of
postganglionic autonomic fibers myell
nated axons having been scen only near
the hilum of the gland or in conncctiie
tissue septa dividing 1t into major sub
divisions At the level of striated ducts the
nerves appear to run mn fascicles of about
30 fibers accompamied by numerous longl
tudinally disposed collagenous fibnls in
addition to therr Schwann-cell investments
the whole being surrounded by a thin sheet
of cytoplasm from 2 connectite tissue cell
whose relation to the nerve fascicle is
analagous with that of an endothelial cell
to the capillary lumen At the inter
acinous level (fiz 9) the nene fasicles
are smaller have fewer fibers and are
devoid of connectisc tissue clements  Here
some nerve fibers are often only partially
jnvested by Schwann-cell cytoplasm and
their d parts are sep d {rom
the acini only by connectlve tissue ground

) Although the definitive rela

interfoliation of cy oc

hip b nerve fiber and acinous

cur and occasionally profiles are seen
which indicate that villous processes from
one cell are fitted into appropriately shaped
excavations in a neighboring cell (fig 6)
The basal surface of the acinous cell {s
sometimes smooth but often has infoldings
or leaf like processes much like those of

cell is usually achieved by the axon s pen¢
trating the basement membranc of the
acinus and passing between secretory cells
to form a terminal expansion charactel
ized by its content of numerous tiny mem
branous vesicles (¢f Scott and Pease 59)
it is not uncommion to sce axons contaln
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g large numbers of these vesicles while
coursing through the nteracinous con
necuve tissue space (fig 9) This obser
vation 1s € var te:
that are seen 1 the classical light micro-
Scopic preparations designed to show nene
it acd endngs 1 salnary glands
(Amsten 1895 Boehe 31)

Capillanies are mntrmately related to the
acm (fig 9) there appears to be nothing
Separating acmous cell from endotheltal
cell except a small amount of conmective
bssue ground substance mcluding the
haimie?l membranes of the twocells The

Y
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ticles that are not attached to membranous

structures  The overall paucty of cyto-

plastic mclusions gives the mmpression that

the cytoplasm 15 of unusually low density

No preeise account of the shape of this cell

can be given It appears to be stellate hav
1

mg cy proc
esses that Ire adjacent to or between the
bases of acmous cells and thus 1n some
sections can be difficult to distingsh from
processes of nerve cells or smooth muscle
cells The cell body contauning the nucleus
appears to be Iocated at the periphery of
the acinus either between the bases of

cells are by the

1ng acmnous cells or between acm

Presence of numerous membranous vest
cles and flask ke mvaginations of the cell
membrane at both lummal and basal sur
faces (cf Palade 60 Moore and Puska
57) In some places there appear to be
fenestrations 1’ the endothelal cell about
50 mu 1n diameter these are accasionally
50 to have a single membrane stretched
across them  suggesting the possibility
that falure to see membranes across all
fenestrations” 1s due to imperfect fixation
Inside the basement membrane enclos
g the acinus the acinous cells are asso-
clated with three hnds of “mntra acmous™
celllar elements the endings of merve
;EUS myoepithehial cells and a third tvpe
OF which there 1s no special name The
::ne endings have been described above

cell cy P

(fies 1 5) resemble the cytoplasm of tvp1
€l smooth muscle cells showing fant
longitudinal stniations and having at places
along therr plasma membrane flash like
Magmanoens or “pmocytotic vesicles”

O%ever the stnations are not so conspicu
O nor the pnocytotic vesicles so numer
0Us a5 m typical smooth muscle Simce
1 oceastonal section through the nucleus
Seems to show more than two cvtoplasmc
Processes radrating from 1t the ump:

ous cell and basement membrane

2 The wntercalated ducts constitute a
relatnvely small portion of the mass of the
gland and therefore are not frequently en

d m The helial cells

hming the humen in the part of the duct
near the acint are similar to acinous cells
1n that they contam secrehion granules and
have a relatnely large amount of endo-
plasmic reticulum (figs 11 12) The chief
qualitative difference between the two cell
types 1s 1 the character of their secretion
granules Whereas the great majonty of
secretion granules i acinous cells are 1n
h m fixed d materral
the granules m ntercalated duct cells are
homogenegus There are apparenty two
lands of granules some Light and some
dense The granules Dike those of acinous
cells are d from the
ground cytoplasm by a membrane Tesem
bling the plasma membrane of the cell
The luminal surfaces of duct cells send
short microvillous projections of cytoplasm
mto the lumen No pene endings have
been seen 1n relation to intercalated duct
cells but the two other non secretary cellu
lar elements of the acinus are present as
pans of the intercalated ducts The tenu
ous cytopl of cells char

bas been ganed that the cells are stellate
f spider shaped The third type of cell
OCturnng mnstde the basement membtaxle

acterized by a low-density “empty” cyto-
plasm bie between the basal parts of ept
thehal cells as they do mn the acimt  Myvo-

of the acinus 15 perhaps best char

3t the present stage of the wniter s knowl
edge in negative terms 1t is non-secretory
Ton nervous and non muscular  Its cyto-
Plasm contains a few mutochondna a fesv
Membranous vesicles and some more or
less evenly d 1 par

lal cell p; often appear to be
longitudinally disposed along the basal
surface of the duct the overall shape of
these cells ie whether they are fusiform
or stellate cannot be ascertained from the
matenal stydxed The distal segments of

the d ducts appear to be much
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ber of much smaller vesicles a kind of
wnclusion first descnibed mn nerve cells
(Palay and Palade 55) and later descnibed
1n numerous cell types are seen rarely in

F PARKS

the lateral surface of the cell Oceasionally
a group of small vesicles is seen in the
cytoplasm next to an infolding where
their position suggests that they arose by

adult glands but are in the
glands of very young ammals Fmally a
type of inclusion that probably represents
a degenerative body consists of a mem
branous enclosure I i or less 1n drameter
contaimng membranous formations (fig
6) some of which are myelin like (fig 10)
Some degenerative bodles are h

my and off of the
plasma membrane (fig 5)

The plasma membrane at the base of
the cell is covered with a thin Jayer of
amorphous matenal that 1s commonly
called the “basement membrane” (fig 9)
This membrane ” which appears to be a

ous or vacuolated masses of matertal con
tamning no internal membrancus forma
tion
The surface of the acinous cell usually
but not always sends mcrovilious exten
sions into the lumma fe the central
lumen of the acinus and the intercellular
canaliculi (figs 7 and 8) In one group of
mice of unhnown strain the lumina con
tamned virus like bodies sumilar 1n appear
ance to the leuhermia virus descnbed by de
Hanen and Tnend (59) These bodies
could often be scen budding off from the
surfaces of microulli In some cases they
were so numerous as to occlude the lumen
completely
Acimous cells appear to be firmly at
tached to one another 1n the vicinity of
, the lumina  This is apparent 1 histologi
" cal preparations in which the basal parts
of cells often shrink apart while the apical
parts remain attached around the lumen
In el T desmo-
somes are scen near lumma (fig 7) The
cytoplasm immediately adjacent to the cell
membranes of two apposed cells in the
vicinity of 2 lumen often exhibits a2 marked
increase in density (fig 8) The dense
matenal is revealed in some micrographs
to be fibrillar in character and the fibnls
are sametimes seen terminating at the cell
membrane where it fs modified to form
half a desmosome In more basal parts of
the lateral surfaces of cells where desmo-
somes are seldom seen di and

d layer of connective
tissue ground substance it mot reflected
between cells for any appreciable distance
at intercellular boundanes but bridges the
gap between cells to become continuous
with the b 1 of neight
ing acinous cells Thus the basement mem
brane might be said to form a barner or
2 landmark separating the acinus from
extra acinous structures OQutside the base
ment membrane the main tissue elements
to which the acinus is related histologically
are nervous and vascular

The nenves appear to consist mainly of
postganglionic autonomic fibers myeli
nated axons having been seen only near
the hilum of the gland or in conncctive
tissue septa dividing it into major sub
divistons At the leved of stnated ducts the
nerves appear to run in fascicles of about
30 fibers accompanied by numerous longl

dmally d d coll: fibrils in
addition to their Schwann-cell fm estments
the whole being surrounded by a thin sheet
of cytoplasm from a connective tissuc cell
whose relation to the nerve fascicle is
analagous with that of an endothelial cell
to the capillary lumen At the inter
acinous lesel (fig 9) the nene fasicles
are smaller have fewer fibers and are
devoid of connective tissue elements  Here
some nenve fibers are often only partially
invested by Schwann-cell cytoplnsT an
therr sered parts are scy from
the acini only by connecthe tissue ground
Although the definitive rela

interfoliation of cytoplasmic processes oc
cur and occasionally profiles are seen
which indicate that villous processes from
one cell are fitted into appropriately shaped
excasvations in 2 neighboring cell (fig 6)
The basal surface of the acinous cell is
sometimes smooth but often has infoldings
or leaf ike processes much like those of

tonship between nene fiber and acinous
cell is usually achleved by the axon s pene
trating the basement membranc of l};e
acinus and passing betwcen sceretory €€ s
to form a terminal expansion character
ized by jts content of numerous tiny mt'gm
branous sesicles (cf Scott and Pease S )
1t is not uncommon to sce axons contain
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the desmosemes consist largely of a finely
fibnllar substance and appear denser than
the ground cytoplasm The most apically
situated desmosomes which are approx
mately 45 y from the luminal surface tend
tobe assocrated with more coptous amounts
of the dense cytoplasmrc matenal than are
lower desmosomes This condition prob
ably accounts for the appearance of termi
nal bars” 1n histological preparations It
also gives the false impression 1n some
sections that a “diaphragm” of the dense
matenal remumiscent of the terminal web
of the mntestinal epithehal cell (Palay and
Karlin  59) 15 passing across the upper
part of a cell (cf figs 14 18) Itis poss1
ble that the most apically d desmo
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tainly there are ne obvious myoepithelial
cells here of the sort that invest sweat
gland tubules The basal nucleus mn fig
ure 12 appears too large to be a muscle
cell nucleus However one very occasion
ally sees cells in the stnated ducts which
resemble the external shape of smooth
muscle fibers to the extent that sections
through the nucleus show very little cyto
plasm surrounding it and longitudinal sec
tions through the cytoplasm indicate a
slender tapering shape (fig 19) The cyto-
plasm of these cells 1s denser than that of
the regular epithelial cells but it shows
none of the frank charactenistics of smooth
muscle such as longitudinal stnzations or

somes are really sections through a single
elongate desmosomal formation that ex
tends entirely around the cell at a level
about 4 s below ats lummal surface (cf
Palay and harlin 59)
basement membrane sumlar to that

Surrounding acim 1s present at the bases of
duct cells (figs 15 18) Despite the hight
microscopic observation that a PAS post
tve substance can sometimes be seen as
thin basa] stnations electron micrographs
do not show any evidence that basement
membrane or any other connective tissue
element passes up between the cell proc
;sses It therefore seems Likely that the
ASpositive element in the histological
Preparation 1s the cell membrane itselt
b e relationship of stnated ducts to

ood capillanes 15 essentially the same
28 that of the acim (fig 13) No mene
endings have been seen in relation to
stiated duct cells

fl' Will be recalled that the epithehum
of the striated ducts in salvary glands
olten appears pseudostratified rather than
Smple”je one layer of cells in thickness
(see fig 12) In fact 1t Is generally true of
¢ :nds denving from surfaces lined with
3 atified squamous epithehumn that the
luﬂ has exther a pseudostratified or two-
3yered epithelium while the secretory ele

P ytotic” vesicles at the cell membrane
It seems possible that these cells represent
a transitional form between epithehial cells
and muscle cells but the mformation
available at present will permit only the
most casual speculation on this pomt

Brief note on parotid gland of rat

Histological examination of the rats
parotid gland shows 1t to be very stmlar in
structural orgamzation to that of the
mouse The secretton granules of a rela
tively small number of cells are stained

lue by pt 1c acid
hematoxylin or black by actd hematein
but the granules 1n the great majorty of
cells show no affimty for these stains Con
versely the secretion granules in all but
a few of the cells are PAS positine while
those of the remaining cells are not Inter
calated ducts like those in the mouse paro-
tid have two segments The cells of the
proximal segment contain secretion gran
ules which are not stammed by phospho-
tungstic acid hematoxyhn or acid hematemn
but stain more bnlliantly with PAS than
the acinous cell granules All PAS positive
granules 1y acim and ducts resist digestion
with malt d Fine lar dep
of a PAS-positive substance are present in
widely vanable amount in the stnated duct
cells These granules are removed by malt

Eems have a single layer of glandular epi and are d to

ebum the basal layer of cells having glycog None of the

Eerged with or transformed into myoepi  antecedents in the gland stains metachro-
ehal cells These suggest ly with tolwdine blue

:‘ge question in what form is the myoepi
chal cell represented (if indeed it is rep-
Tesented at all) in the striated ducts? Cer

The rats parotid gland has been de
scnbed in detail at the electron mcrocopic
level by Scott and Pease ( 59) Inasmuch
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as the writers observations are generally
1n accord with theirs only a few isolated
points are noted here wherein the writers
interpretations amplify or vary with
theirs (1) A strong 1mpresston was gained
that secretion granules take origin 1 the
Golg: apparatus of the acinous cell This
was demonstrated to the authors satisfac
tion in the gland of an ammal whose tis
sues were tahen for exammation one hour
after an injection of plocarpine hydro-
chlonde (2) Non granular secretion ante
cedents of the type lustrated in figure 4
are oceastonally seen mn acinous cells of
the rat parotid as well as i the mouse (3)
Myocepithehal cells were found to be pres
ent m relation to the acini and intercalated
ducts of the parotid glands of Wistar rats
(4) Scott and Pease find that endoplasmic
reticujum and Golgl matenal are present
only in mimmal quintities in intercalated
duct cells The writer fully concurs with
this description as it applics to the distal
non secretory  segment of the duct but
finds these organciles to be relatively plen
tiful in the proximal secretory scgment

DISCUSSION

The acinus of the parotid glnd is not
properly described by any of the adjectives
usutly applied to salinary glands Except
for the presence of a few mucous acini fn
the parotids of some spectes the mam
mahan parotid glands are describcd as
“scrous glands in the major reviews
(Oppel 00 Zimmermtnn 27 Stormont
32) In routine histological sections and
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fixation and thus appear not to resemble
many secrction granules that are frankly
mucous or Bensley s “tropochrome gran
ules (Stormont 32)
The parotid acinus of the mouse 15 not

a homogeneous secretory unit but contains
three different types of sccretion anteced
ent The most numerous type wlich s
stained by PAS and phosphotungstic acid
hematoxylin exhibits a charactenstic fixa
tron artifact at the electron microscopic
level an which a layer of dense material
at the periphery of the granule surrounds
a relatnely empty central part that may
contain an uregularly shaped mass of
dense material This artifact Is manifested
in hight microscopic preparations by the
nng hke appearance of many secretion
granules and thus shows that the dense
component of the fixed granule is respon
sible for its tinctornal affinitics A Jess
frequently encountered granule 5 ho io-
gencous and low in density in clectron
mcrographs and is in all probability the
secretion antecedent that is negaitive to
the stans hsted tbove In electron micro

scopic structure and density this granule
resembles the majority of granules in the
rats parotld but differs from them histo-
chemically in being PAS negathe The
least frequently encountered sccretion an

tecedent is not a granule but 1 quantum of
cytoplasm The details of the extrusion of
these vanous secretion antecedents will
be reported in a future publication
Apart from the peculiarities of its scere
tion antecedents the parotid acinous cell

in some cytol 1 pi the mouse

no major d from acinous

parotid displays all the charactenstics as
soclated with serous glands but since the
term “scrous mmplies a sceretion devoid of
mucous elements (Stormont 32) it does
not_suitably describe a gland containing
PAS positive secrction antecedents The
mouse parotid is not unusual in this re
spect howerer Junqueira and Hirsch (56)
report PAS positive secretion granules In
the parotids of 18 specits  Also since no

cells in the well-deseribed mouse pncreis
(e g Spostrand and Hanzon 5ia bz or
the rat parotid (Scott and Peasc 59)
Therefore beyond reiterating that secre
tion granules become recognizable morph
ological entitles in relation to the Colgli
apparatus rather than in the endoplasmic
reticulum (as is the case In the guinea pig
pancreas Palade 56) no further discus
ston will be devoted to these important
11, ) Yot

enzyme has yet been d ated In the
sceretjon of the mouse parotid to the au
thor s knowledge the term “scrozymogenic”
seems to be inapplicable on two scores
The sceretion granules of the mouse paro-
tid do not stain metechrcmaucally with

or tailed mory i study
of the endoplasmic reticulum and fis rela
tionship to nucleus and Golgl apparatus
will be reported in a separate paper

it is pointed out in the deseription abave
that the intercalated duct of the mouse

tolujdine blue after li

parotid ists of two the prox
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imal segment being composed of secretory
cells and the distal part of undifferent1
ated cuboidal epithelial cells It 1s inter
esting 1 this connection that Ellenberger
(11) 1 a general descniption of parotu
glands speaks of an “Alveolengang lined
with glandular eprthellum and having bas
ket (myoepithehal) cells as well as the
acim 1nterposed between acimt and nter
calated ducts This account 1s somewhat
paralleled in Pischinger s ( 24) observation
of les 1n lated ducts
of the human submaxillary gland The
presence of secretory cells within inter
calated ducts 1s evidently not a general or
unnversal condition among salivary glands
however Stormont ( 32) cutes several au
thors who found an abrupt change from
secretory to non secretory cells at the junc
tion of 1ntercalated duct with acinus
lectron micrographs show that stnated
duct cells of the mouse parothd contain
granules and vesicles n thewr apical cyto-
plasm These are mterpreted to be secre

31

rating wndividual cells This study has
merely shown that the varous cell proc
esses have numerous secondary append
ages too small to be seen with hght m
croscopy It seems indeed that one of
the functions of electron microscopy is
to redirect attention to the discoveres
of the ancients that have gradually been
dropped from text book accounts

It will perhaps be noticed that while
this description of the bases of striated
duct cells mm mice has emphasized the
presence of large processes of irregular
shape and therr mtermmgling with parts
of other cells the account of Scott and
Pease (59) m rats has emphasized an
mtercellular relationship charactenized by
a more or less regular serpentine configur
ation of the ntexlocked surfaces of two
adjacent cells It 1s the wnter s impression
that the latter type of intercellular rela
tionship occurs 1n more distal parts of
the stnated ducts (including interlobular
ducts) while the former type obtamns in
mote proximal parts of the duct

tien antecedents It 1s possible that the
granules are stamned by phospt 10
acid h and acd } but

one cannot always be sure with hght mx

y 1 cells are present around
the acim and intercalated ducts of the
mouse parotid but are not abundant Fur
it 1 1 ch

croscopy whether these stains are 1

mitochondnia or secretion granules It 1s
the wnter s that the

e Cy
that help to identify smooth muscle are
often

antecedents 1n these cells are PAS negative

The unusual features of stnated duct
epithehum are 1ts large content of radially
arranged mitochondna and the pecuhar
shape of 1ts cells the basal cytoplasm of
which 15 divided 1nto numera.s leaf ke
or cyhindncal processes The latter condi
tion of course increases greatly the area
of basal cell membrane and mmtochondna
are 50 situated that any given area of basal
cell membrane 1s closély related o a mite-
chondnon  Since d are the

as 1n the case of myo-
filaments or even absent 1n parts of the
cell as1s the case with pinocytotic vesicles
assoclated with the cell membrane Scott
and Pease ( 59) comment on this latter
point in connection with the myoepithelial
cells 1n rat submaxillary and sublingual
glands It seems probable that the appar
ent absence of myoid elements n their
parotid gland matenal was due to the fact
that their work was done before the ad
vent of staimng with lead hydroxide In

energy factorie of the cell it sc ~>
hikely that mutocrrndnia furmsh the ~r
ergy for a large —lount of transfer of
Matenals (wat - nd or lons) across the
cell membrane n a preferred direc ton
A simlar signu cance for stmated duct
Mmitochondna was postulated by Heden
hain (11) A to the shape of tnated
duct cells Zir mermann (32) demc-
strated as muc  of their complicT d mc

phology as co 'd be seen with a light
microscope by macerating glands «ad sepa

dd to being difficult to find with the
electron mmicroscope some other negative
attributes of the myoid cells 1n the mouse
and rat parotrd are apparent from lght
microscope sturlies It has been observed
by the author that phosphotungstic acid
hematoxylin  stans  mycepithehal cells
proximally 1n_certain cutaneous glands
of the dog (Pavke I T unpublished
study) In the cytological prrparations of
mouse and r~ pirctuds stained vith phos
photung t1 ' hematexylin  however
the smooth ~ ¢ cells of blood vessels
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stamed a deep blue color but myoepithe
hal cells were unstamed Also Sihver (54)
reports that myoepithehial cells n the
sheep are d ated by an alkal

phosphatase reaction but published ac
counts of alkaline phosphatase tests on
the parotid of mouse and rat do not men
tion a positive reaction in myoepithelial
cells (Noback and Montagna 47 Hill and
Bourne 54) Silver (54) also remarks
that myord cells 1n the cows parotid do
not give a postive reaction From these
divergent results 1t 1s apparent that dif
ferences exist among myoepithelial cell:
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would mve the impression that a large
number of nerve fibers were present in
the tissue That aggregations of synaptic
vesicles” can oceur at sites other than
nerve endmgs is obvious from figure 9
On the other hand if we are to beheve
all that the classical histologists show us
we must believe. that there 1s a profusion
of nerve endings between strtated duct
cells (Arnstemn 1895) In this study how
ever a careful search was made for mira
epithehial nerve endings and none was
found 1f indeed there are no nenve end
1ngs 1n direct contact with duct epithellum

It will be led that an ay 1y
undifferentiated non secretory non nerv
ous nonmuscular cell type 1s described
n the aci and intercalated ducts of the
mouse parotid Beyond rerunding the
reader that this cell apparently has a shape
similar to that of myoepithelial cells and
may therefore represemt a tramsitzonal
stage between epithelial cell and muscular
cell further speculation would be 1dle
The mnervation of the mouse parotid
seems to be esscnially the same as that
m the rat fe there are nerve endings on
the acint but none on the ducts (cf Scott
and Pease 59) Nerve processes are in
our expenience most often seen between
acmous cells 1n the mouse but structures
that appear to be nen e endings filled with
“synaptic vesicles are frequently seen at
the base of acinous cells 1n the rat  Scott
and Pease found these latter structures so
plentiful as to suggest a one to one ratio
of fibers to cells This apparent abundance
of nerve fibers especially at the base of
cells may possibly be explained 1n terms
of the observations of histologists on salt
vary gland nerve fibers stained with meth
ylene blue and the Golgi method (see
Arnstein 1895 and Boche 31) In some
of therr preparations a single nerve fiber
running at the peniphery of an acinus is
related to more than onc cell and some
times to more than one acwys and may
show numerous vancosites along 1ts
It 1s not improbable that each

the p bihity again p self that the
aggregations of “synaptic vesicles” occur
ring 1n the course of nenve fibers (fig 9)
are sources for the release of acetyl choline
or whatever the chemical stimulating sub
stance for duct secretory activity may be
The electro phystological werk of Lund
berg ( 58) indcates that strated duct cells
are capable of reacting to nervous strmult

The virus like bodies illustrated in fig
ure 7 (and also present 1n figures 3 and
4) are clearly different from the salnary
gland viruses of Luse and Smith ( 58) in
point of both morphology and relationship
tocells However these viruses resemble
the leukema wirus of DeHarven and
Friend ( 59) in size (these are about 1100
A in diameter theirs averaged 870 A) m
behavior (both form by “budding from
the plasma membrane of a cell) and in
internal morphology (both sometimes
show a third membrane between the inner
and outer shell)

Comparnison of mouse and rat_parotid
glands  Both glands are essentially siml
lar in point of gross anatomical relations
vascular relations distnbution of nerves
and myoepithellal cells lutar rela
tionships of epithelial cells and the gen
eral organization of the vanous speciatized
cellular elements constituting a gland and
its duct structure A conspicuous qualita
tve difference betsveen the two glands is
found 1in the secretory granules of thelr
acint and tntercalated ducts Phospho-

caurse

s arncosity P an of
“synaptic” vesicles within the axis cylin
der If such were the case a relatnely

small number of nene fibers could in
nenate a large number of acinous cells
and sections taken through the tissue

ic acid h ylin stains the great
majority of secretion granules in the
mouse parotid acinus the majority of
granules in the rat parotid are negative in
this respect On the other hand the great
majority of granules {n both glands are
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PAS positive  The minenty of granules in
the rat gland that stain with phosphotung
ste acid hematoxylin are also staned by
acd hematem (and thus resemble pan
creazc ymogen granules 1n terms of their
behavior toward these two dyes) How
ever the granules in the mouse parotid
gland that stain with phosphotungstic acid
hematoxyln are not stamed with acd
hematemn (and thus fail to resemble pan
creatic zymogen granules tinctorially) Ap-
parently the only common feature of the
aam m the two glands is that a large
fracton of their secretion contains poly

hande (mucoid) sut The n
tercalated ducts of both species contain
secretion granules that are PAS positive
but only those 1 the mouse are stamned by
phosphotungstic acid hematoxylin  and
none 1 exther species 1s stawned by acid
hematein

SUMMARY

Cytological features and certain histo-
logical relationships 1n the mouse parotd
gland are described m detal at Light and
electron microscopic levels A brief note
on the rat parotid 1s added to relate the
auther s electron microscopic obscrvations
on this organ with those of Scott and
Pease (59) and to permit comp 11 on of
the glands in mouse and rat The a~m
of these glands are not homoger.ous
Creting umits but have three recozmzably

erent secretion antecedents The least
Dumerous secretion antecedent is a small
Quantum of 1 d and
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tural and tinctonal characteristics of the
secretron granules 1 acim and intercal
ated ducts
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PLATE 2

EXPLANATION OF FICURES

Note All lllustrations are clectron micrographs of sectlons of mouse parotld gland stalned

with lead hydroxide

Tertically through the

Tangential section of acinus showing a tenuous segment of myoepithelial cell passing
¥ are

vesicles” and

not as plentiful or conspicuous as in the smooth muscle fibers of blond vessel walls

Portions of acinous cell are seen on cach side of the myold cell segment ¥ 28 000
2 The sccretion granule in the center of the the most
type in acinl of the mouse parotid It I3 inhe belng ch by a

pesipheral layer of dunse substance sursounding a Jess dense center which occasionally
contains @ mass of dense material slmilar to that at the periphery The granule is en
closed by a memlrane not visibly different from the plasma membrane of the cell
¥ 21000

3 This shows a less 1 type of secretion granule of the
yarotid aclnus  The ¢ granules which are homogeneous and Jow in denslty are less
statle than those shown In figure 2 despite thelr cnd;nlnz mcn;b,lknnc and cpylul ta
coalesce durlng fixation to form larger structures In the upper left corner an Inter
cellular secretory canal is scen It contains a few virus like bodles (ef fig 7) x12000

-

In the center of the micrograph fa the least numerous type of sccretion nn!‘rrcdcnl n!
the parotid aclnus It is a small ap mans of 1 which Js
from the surrounding cyteplasm by a group of tiny membranous veslcles These struc
gures are ultimately extruded into the fumen as cytoplasmic blebs The mantle of cyto-
plasm tmmedlately surrounding the secretion antecedent {s free of endoplasmic reticn
tum and other cytoplasmic inclusions  Below and (o the right of the sccretion lnlu‘edcn‘;
15 an Inferceliular secretory canal that shows some microviill cut In cross section an
some virus like bodies ¥ 22
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PLATE 2

EXPLANATION OF FICURES

Oblique scction through a segment of myoepithelial cell at the periphery of an acinus
In this example and pi y vesicles are more noticeable than
in figure 1 Above and below the myold cell arc parts of an acinous cell (or acinous
cells) The basal membrane of the upper portion of acinous cell exhibits Infoldings
(arrows) one of which appears to be pinching off small vesicles Into the cytoplism
(dotted arrow) The bracketed portion of a cell at the right cannot be Identifled in the
section it might be a process from a nerve cell or another myoeplthelial cell > 28 000

Tangential section of an acinus passing through the bases of several cells  Thiv micro
graph jllustrates the interrelationship of the lateral surfaces of the basal parts of acinouts
ceils which is characterized by a rather intrleate interdigitation and jnterfoliathn of
short cytoplasmic processes and by a paucity of desmosomes (one desmosome fs secn in
the lower right corner)  The nucleus in the upper left corner contains a nucleolus which
appears to consist of a dense aggregation of granules somewhat smaller than those div
persed the beneath this nucleus fs 2 deger cra
tive” body a Five small Golgl bodies are present in
the ficld  ~ 7500
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PLATE 3

EXPLANATION OF FICURES

7 Section of an acinus passing through the main lumen (above) and Jumen of intercellu

lar canal (below) Both Jumina contain virus ke particles which are double shelled
bodres that appear to form by budding from the surface of acinous cells Two desmo-
somes are seen on the apposed cell membranes passing between the two Jumina

typical inhomogeneous appearance of the secretion granule in the upper right probably
represents a fixation artifact resultng from imbibition of water by homogeneous gran
ules of the kand seen in the lower part of the field X 28 000

Longitudinal scctron throngh an intrecellular secretory canal showing numerous micro
villi in lumen  An increase in the density of the cytoplasm immediately bordening these
canals 1s often seen at sites where parts of two adjacent cells are apposed The greater
density is due to the presence of a fine fibnllar substance which is probably related to
desmosomes 1n the vicinity X 18 000
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PLATE 4

EXPLANATION OF FIGLRES

Section through the base of an acinous cell a capillary and some unmyelnated nene
fibers The c15ternze of the endoplasmic reticulum show a more or less parallel arranges
ment m the base of the acinous cell The endothelial cell cytoplasm contains 3 Jarge
number of membranous vesicles and exhibits flask Lke invarinations of the plasmi
raembrane at basal and luminal surfaces It cannot be determined whether the layer of
cytoplasm applied to the upper side of the capillary represents an overlapping part of
an endothelial cell or 2 part of a connective tissue cell Many of the nerve fibers con
tain “synaptic” vesicles A of tssue groun called
the “basement membrane is seen on the surfaces of acmous cell endothelial cells and
the outer surface of the nene fiber—Schwann cell complex X 20000

Golg apparatus of 2n acinous cell The Golgi matenial consists of elongate flattened
membranous lamellae and small spherical vesicles Secretion granules appear to aris
by swelhng of the hmellae In the lower left corner a nuclcus is seen In the upptt
night 15 a " body a myelinfe ¥ 30 000
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PLATE §

EXPLANATION OF FIGURLS
Junction of acinus with duct The lated duct (two cells st lower
left) has light and dark secretion granules all homogenecous Three Intercellular canals
are secn in the acinus (arrows) Two membranous bodies are scen in the duct Jumen
at the left these are probably remnants of cytoplasmic blebs extruded by the acinous
cells (cf fig 4) ¥ 9000
Low power view of intercalated duct showing Light and dark sccrction granules and
coplous amounts of endoplasmic reticulum  The cell at the lower left was Identlfied 33
a myoepithelial cell in a higher powered micrograph of this ficld X 4500
Low power view of a striated duct showing acinous elements at the periphery of the
micrograph and a capillary at the top The rectangles indicate the ficlds shown n
figures 14 and 15 ¥ 1700
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PLATE ©
EXPLANATION OF FIGURES

Apical portion of strsated duct cell (higher magnufication of field indicated in figure 13)
The duct lumen is on the nght side of the nucrograph Granular and veslcular secretion
antecedents are present mn the apical cytoplasm  The section pa<ses through two centro
somes (arrows) The base of thus cell 1s seen in figure 15 ¥ 16 000

Basal portion of striated duct cell (higher magnification of field indicated in figare 13)
‘The basement membrane is seen at the Jeft side of the mucrograph The infoldings of
the basal cell membrane do not fold back directly on therselves but arch oser a piece
of cytoplasm belonging to another cell In thus picture the cell containing the nucleus 3t
the night sends 5 down to the b, b the spaces
between these processes gre occupred by duct
cells The tenuous basal cytoplasmic processes of these cells are largely filled wi h mito-
chondnia The smallest black granules in the cytoplasm are nbonucleoprotemn particies

the larger granules are believed to represent glycogen > 16,000




FINE STRUCTURE OF PAROTID GLAND PLATE &
Hurold F Parks

J
<
)
¥
gty 3
l"L: "‘”‘csi"i'
.:\;,Y«G} S
LA
”»’4425“_,"\
-
gl Wi R
AN
’t“." r



L 1:%

16

3

PLATE 7
EXPLANATION OF PICURES

Tangentlal section of striated duct passing somewhat obliquely through striated duct
cell near the level of the nucleus The overlay traces the outline of the cell containing
the nucleus At supra nuclear levels a cross section of a cell appears hexagonal fn out
line In the jevel shown the near<ross scctional outline of the ccll Is mote complicated
being characterized by numerous tepuous lateral cytoplasmic extensions x 0000

Tangential section of striated duct passing somewhat obliguely through basal cytoplasm
of duct cells  The plane of this scction iy appmxlmarcly perpendicular to that ahown in
figure 15 At this Jevel the profuse produces a
complicated picture The profile of a single mass ot protoplasm fs trzccd on the overlay

¥ 9200
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PLATE 8
EXPLANATION OF FICUEES

Apical portions of striated duct cells showing the microvilll on the luminal surface that
are usually but not always present (cf fig 14) The cell on the Ieft contains numrrous
secretion antecedents of various densities

Section showing basal region of stristed duct epithellum Two cells (A B) are present
from which it can be inferred that the cell population in the walls of stnated du ts is
not a of cells The of these cells is d nser
than that of ordinary stnated duct cells Their profiles in section suggest a spindle like
shape which in turn suggests that they may represent a transitional form between epl
thelial cell and myoepithelial cell .~ 9000
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The Fme Structure of Capillanes m the Cerebral
Cortex of the Rat at Vanous Stages

of Development'
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The structure and the function of capl
lanes 1n the central nervous system have
been of special 1nterest since the existence
of a selective barrer was described by
Ehrlich (1885) An extensive lterature
&Xsts on the differences between imma
fure and mature anmmals 1 permeabihity
of the central nervous system to sub
stances entering 1t from the blood stream
" ter parenteral mjection of certam am

Nle dyes mnto adult amimals all the tissues
of the body are stamed except the major
Pportion of the central nervous system The
Melinges the chorord plexus the area
Pastrema  the region of the tuber cn
¢teum the neurohypophysis and the preal
gland are stamed Trypan blue mjected
nto young rats (two to 8 days postpartum)
Stans the same areas of the bram as it
would i the adult but appears to penetrate
o 2 greater distance beyond these areas
(Millen and Hess 58) Similar obsera

ons have been made mn the mewbom
Mouse (Behnser 27) The lack of stain
g of the central nervous system follow
Ing mnjection of trypan blue into rat em

T30S Tanging 11 age from 10% days of

amined Bakay ( 56) has shown m rab-
bits that the embryomc and early post
natal brain concentrates more radioactive
phosphate than the adult bramn but the
uptake 1s low when expressed 1 absolute
values and when compared with other us
sues The concentration decreases steadily
with increase 1n age and at about 7 weeks
after brrth 1t 15 the same as 1n the adult
He suggests that the different rate of up-
take of phosphate 1s due to mncreased met
abolic activity of the developing nervous
system and to a greater permeability of the
blood brain barrter 1n embryos and young
ammals

Thus there 1s evidence that a selective
bamner exists from an early age Ths bar
rier mcreases 1n efficiency with age until
the properties of the adult blood bramn bar
nier become evident It 1s probable that
this selection takes place 1n or about the
capillanes mn the central nervous system
Examunation of the cerebral cortex of late
fetal immature and adult rats with the
electron microscope was undertaken to
study the fine structure of the capillanes
and therr surroundings to determine
whether there are also morphological
h

8estation until birth the p
of a barner between the blood and the
bran at “ths e.1ly stage of development
(Grazer and Clemente 57) Sodwm fer
Tocyanide 1nje~ted intravenously 1nto adu
anmals does r ot enter the central nervou
Sistem  Stern and Peyrot (27) showed
however th 1t does enter the central
Dervous syste 1 of very young ammals of
many different species They concluded
at 3 barr  between the blood and the
bramn 15 not present unul a certan stage
of development 1s reached This pomnt in
Maturation vares with the species e€x

watl age
MATERIAL AND METHODS

Rats from our stock colony (Sherman
strain) arbitranly bred as a closed colony
for at least 15 generations were used
They were sacrificed on the 20th day of

This work was supported in part by training
grant 2B 5062 (C551) and fes arch grant B 1620
from the National Inst tute of Neurological Dis
eases and Blindness USPILS and by grants
from the Association for the Ald of Crppled
Children and the Lyfe Insurance Medical Re
search Fund
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gestation on the day of birth and on each
day thereafter up to the 15th postnatal
day Delvery was usually on the 22nd day
The shulls were opened rapidly and sam
ples of dorsal parasagittal cerebral cortex
were placed in cold 1% buffered osmic
acid (Palade 52) The ussue was then
cut 1nto blocks of approximately 1 mm
and fixed for a further 30 minutes in cold
1% buffered osmic acid pH 81 or 82
The tissues were dehydrated through an
ethanol series and embedded in 2 mixture
of 9 parts of butyl methacrylate to oune
part of methyl methacrylate with 2%
Luperco added Under nembutal anes
thesia (4 2 mg per 100 gm body weight)
similar samples were taken from adult
rats approxumately 5 months old and
weighing about 250 gm Sections were
made with glass knives on Porter Blum
and Lk B microtomes Lead stains were
made on all sections following the methods
of Watson (58) and Dalton and Zegel
(60) They were studted with an RCA
EMU 3C electron microscope

OBSERVATIONS
% This study was confined to the structure
S

~
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branes of its own The basement mem
brane 1s usually slightly wider than the
distance between other cells 1n the central
nervous system The intercellular distance
is approximately of the same size in these
animals as in the mature rats Pencytes
(perticapillary cells) are present although
they are sometimes diflicult to outline
The term pericytes 1 this study applies
to cells embedded in the basement mem
brane but not forming part of the wall of
the lumen

In the newborn (fig 3) and the three
day old (fig 4) rat the changes in these
structures are only in degree The ende-
thelial cell cytoplasm is abundant and
contains  numerous vesicles and many
RNP granules The basement membrane
15 generally broader and denser than in
the fetal cortex However it is often no
wider than the adjacent intercellular dis
tance and variation m density is evident
The bodies of cells in the neural tissues
rather than their processes arc more fr
quently 1n contiguity with the basement
membrane in the immature rat

In the 8dayold animal (fig 5) the

dothehal cell is still thick

,Of the capilanes and their surr

in the cerebral cortex of the adult and im
mature rat Material from all ages fe
20 day fetus to 15 days after birth and
adults 5 months old (approx 250 gm)

i
Microvilli which are present at all ages in
this series of animals and are often as
soctated with the terminal bars arc prom
inent in this micrograph Vesicles are

were ¢ d but only sel d ages are
here described and illustrated to demon
strate the changes observed

In the 20-day-old fetal rat (figs 1 and
2) the dothelial cell has abund

and the packed smooth sur
faced membranes and vesicles of the
Galy plex can be distingulshed from
the rough surfaced endoplasmic reticulum
Dilated liculi and vesicles arc pot as

cytoplasm The endoplasmic reticulum is
widespread and consists of dilated cana
licul and vesicles The ribonucleoprotein
(RNP) granules (particles of Palade)
(Palade 55) are usually unattached to
these membranes and appear as particles

d ¢ } the cytopl. The
pp cell b are
thickened forming well defined tortuous
terminal bars The endothchal cells are
separated from the cells and ccll processes
of the nervous system by a narrow region
filled with an amorphous substance of
variable electron density that forms the
jmmature basement membrane This 1¢
gion is delimited by the cell mr mbranes of
the endothelial cells and thosce of neural
and glial cells It has no marginal mem

npumerous as in the fetal endothelial cclllls
The b i

is g

sider and denser as a result of this
change the pericyles arc more conspicu
ously outlined Thelr cytoplasm remains
similar in structure to the cytoplasm of
the endothelial cells

By 12 days of age (fig 6) the endo-
thelial cell ¢ytoplasm fs less thick and con
tains fewer dilated vesicles The basement
membrane is usually denser and thicker
than in younger animals The caplliaries
are surrounded predominantly by cell proc
esses but cell bodles are l:,llso in appos!
tion to the basement membrane

In the 14-day-old rat (fig 7) the b”‘g
ment membrane 5 usually well-defin
and of intermediste density The thicl



CATILLARIFS IN THE

ness of the endothelral cell and the thick
ness and density of the basement mem
brane are vanable There are places at
whick the basement membrane even at
tus age 15 as narrow as the distances b
tween the cells of the neural tissue

In the adult rat (fig 8) the cytoplasm
of the endothehal cell 1s thinner and con
taws fewer vesicles than in the immature

The terminal bars are less con

Spicuous The basement membrane 1s now
much thicker and denser than m the
Jounger ammal It 35 also relatively um
form 1n 1ts width and density around any
gven capillary although 1t vanes 1 these
Tespects from vessel to vessel

DISCUSSION

Alterations 1n the structure of the cere
bral cortical capillanes have been observed
In rats Tangmg in age from the 20th fetal
day to the 15th postnatal day and com
Pansons have been made with adults ap-
Proximately 5 months of age There 1s a
generally d mn 1
1y and fhickniess of the endothelial cells
;\mh ncreasing age untl the more um
orm and thimner adult cell 1s seen  Micro-
4re Mmore numerous i the younger
ammals where they are often closely as-
Soctated with the termmal b.rs  With the
reduction in thichness of the vytoplasm 1n
e adult arumal the terminal bars are
shorter and their structure simpler than

CEREBRAL CORTEX 333

The absence of pores 1n the endaothelial
cells of the central nerious system of the
adult animal has been described (Maynard
Schultz and Pease 57 Bennett Luft
and Hampton 59) We have found no
evidence of the presence of pores in the

dothehal cells of the € nervous
system Indeed the thin endothehal cell
of the adult mervous system suggests a
more favorable condition for the presence
of pores but none was seen m our
materzal

The fine structure of elements surround
1ng the capillanes of the bramn of the adult
rat has been studied by Dempsey and Wis-
lockz ( 55) These workers studving rats
fed silver nitrate 1n thewr dnnking water
found that silver was depoesited 1n the con
nective tissue around the basement mem
brane of the capillanes of the body and 1n
Lnown permeable sites 1n the central nerv
ous system but not around the capillanes
in other areas of the central nervous sys-
tem They demonstrated that there was no
connective tissue around capillanes where
silver was not deposited Instead the cells
and cell processes of the nervous system
were separated from the endothelial cells
of the capillanes by a narrow area filled
with an amorphous substance of moderate
density the basement membrane The
close mvestment of the basement mem
brane by cell processes mn the adult rat was
also d bed by these authors Our ob-

the termina] bars of the cells
N Immature rats Pericytes are present

pl alters

servations of the cerebral cortex in the
mmmature rat are sumlar A basement
1s present m ammals of all ages

0 the capillary walls of all of the age
Broups d

Therr cy
fradually and always resembles endothe-
il cell cytoplasm ~The basement mem
brane alteady present before birth grad
tally and irregularly mnereases n thick
Ness and density with age until the adult
Stage is reachec In the younger anumals
It 1s sometime  as narrow as other 1nter
‘ellular distan .s in the nervous system
In the adult rut the thickness and density
of the basemc t membrane which com
Pletely surrour s the captllary (Maynard
Schultz and Pease 57) is more o less
uniform 1n a-  single vessel Vanations
In its width and density do not seem to be
related to the caliber of the capillary In
he baseme-t membrane of the lmmature
At cortex the thickness and densx]ty
round an  gven capillary are variable

examned although 1t 15 often thin  There
are no connective tissue cells or collagen
fibers around these capillartes Spaces
and areas where a cell membrane 1s not
mn close proximity to the basement mem
brane are probably artifacts Adequate
preservation of structure 1s difficult to ob-
tain 1n the central nervous system par
ticularly 1n immature amimals  When sat
1sfactory preparations are obtained in the
young ammal the relation of cells and cell
processes to the basement membrane ap-
pears to be the same as in the adult Ghal
processes are not the only structures sur
rounding the capiilanes In the adult rat
Luse (56) found that other neural ele-
ments such as nenve cell bodies dendrites
myelinated axons and the cytoplasm of
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ghal cell bodtes were also 1n close relation
to the basement membrane The ghal cell

SHEILA DONAHUE AND CEORGE D PAPPAS

elements of the neural tssue that sur
round the capillanies are in the same 10t
mate rel. fup with the t mem

processes howeser are the pred
structures that emvelop the capillary In
jmmature rats these iamous structures
are difficult to 1dentify and as yet we can
only state that cell bodies appear to be
more often 1n close proxamuty to the base
ment membrane than are the cell processes
at this age

This description of the alterations re
lated to age which are found in the strue
ture of the capillaries 1n the cerebral cor
tex of the rat oﬁeri lttle toward an ex

brane i the immature rat cerebral cortex
as they are i the adult Further studies
may show whether the decreased ability of
sarious substances to enter neural tissue
from the blood stream in the mature ani
mal 1s related to the changes descnbed In
the structure of the capllartes
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PLATE 2

EXTLANATION OF FIGURES

2 Tlectron micrograph of a capillary 1n the cerebral cortex of a 20-day-old rat fetus The

lumen contains a yed blood cell (R) The endothelial cell (E) is not as thick as in
figure 1 which shows a rat fetus of the same age or as the endothelial cell in figure 3
which shows material from a2 newborn rat  The cytoplasm of the endothelial cell con
tains many dilated vesicles A terminzl bar (T) is seen at the junction of two ¢ndo-
thelial cells The basement membrane (arrows) is not as thick or as dense as in fgure
3 which shows material from a newborn rat X 28 880

Electron micrograph of part of a capillary in the cerebral corfex of a newborn rat The
lumen (L) 1s at the top of the picture Two terminal bars (T) can be seen at the junc
tlons of the cells The cytoplasm of the cells is thick and contains
nutochondria (M) and vesicles (V) The basement membrane (arrows) §9 of moderate
thickness and intermediate density The close relationship of the cells and the cell
processes of neural tissuc to the basement membrane can be seen A small portion of
the nucleus (N) of such a cell is at the side of the micrograph A cell process (CF) par
ually separates this cell from the basement membrane v 28,880




FLATE
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PLATE 3

EXPLANATION OF FIGURE

A Iongitudmal section of a capillary in the cerebral cortex of a 3-day-old rat A termlnal
bar (T) is present at the junction of two endothelial cells (E) The endothelial cells arc
not as thick as is usual at this age (Compare figure 3 from a newborn rat and figure §
from an 8-day-old rat where the cytoplasm {s much thicker ) The reduction in thickness
is gradual irregular and variable Mitochondria (M) and dilated vesicles are seen in

1 e (arrows) varles In thickness
and encloses a process of a pericyte (P) L lumen X 28880
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PLATE 4
EXPLANATION OF FICURE

5 Electron micrograph of a cerebral cortical capillary of an 8day-old rat The Jumen
contains segments of red blood cells (R) Tortions of three endothelial cells make up
the lining of the lumen The apposing cell membranes form terminal bars (T) The
cytoplasm is plentiful and cell organclles are numerous The Golgi complex (G) is
present near th: nucleus (N) of one of lbc endothelial cells A process of a pericyte
(P) ide :t :he left side of the capillary
‘The cytoplasm ut the pencyte )1 the endothelial cells The

basement membrane (arrows) is of variable thickness The close te)alianshlp of the

Jtmiting membranes of the processes of cells in the surrounding tissue to the basement

membrane can be observed X 28 B30




PLATE .

3,

ST, id te

P Y
“

»7 s

THE CEREBRAp CORTEX

"d George D Pappa,

RIES 1N
Donabue

Py,
Rels

|



34

PLATL §

FXPLANATION OF FICURE

€ Tangenthal section of a caplllary in the cerebral cortex of a 12-day-old rat  The nucleus
) of an endothelial cell is seen at the upper left of the micrograph The basement
membrane (sce arrows) intervencs between the endothelial cells and the processes of

the cells of the central ncrvous system A process of a perievte (P) can be identified
L Jumen r 28860



C\PILLARIES IN THE CEREBRAL CORTEX PLATE 2
SalaDo b e and George D Papp s

R
"3
"A
o
o~
-,
- v
ol

A
L ’,
A U I U,
prTURY e &y
y o LI 2
> ’ H o LR .:4‘
; Sed TN BT ERE
Wl /4 B Y P R i i

4 - P
g -
~ ~, 1 't P IR
L ‘ ;ﬂ* N y o~ 0 R LU
PRRN \z..— EEN N - > TN
3 Eoa - e « N
Sl APCE - 4
x = -
3 ~ 4 » —
3 R [ ol RS b R
- -
r“ [ Au{‘\‘ . z - o N o
——— oo et =




7

PLATE 6

EXPLANATION OF FIGURES

Elcctxon mucrograph of a capxllsry n the cerebral cortex of a 14 day-old rat Therc fs

amount of T although there s less than s found In
sumn of the younger antmals (cf figure 3 newborn rat) The increase in thickness of
the basement membrane (BM) js gradual and frregular varylog with increase in age
In one area at arrow the basement membrane 18 narrow ita thickness is comparabl
with the distance between cell processes of the neural tissue 1 approximatcly 2004
L jumen x 28880

Electron mucrograph of part of a capillary in the cerebral cortex of an adult (2 0 gm)}
rat The lumen is filled by a red blood cell (R) The endathelial cell cytoplasm (E) Is
generally thinner and the basement membrane (arrow) thicker than in the younger
animals  An exploded myelin sheath (MY) is shown close to the bascment membrane
Cell proces es occupy the right part of the picture therr intimate relation to the ba ¢
ment membrane is evtdent < 28 880
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