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The Time Dimension in Histology’

C. P LEBLOND

Department of Anatomy McGOl Ushersity
Montrral, Canada

‘When we look back on the histary of the
Anatomical Sciences,

Gross Anatomy at that time were due not
only to anatomists such as Mondino and
Estierme, but also to Itallan artists such
a3 Leonardo da Vinel, Raphael and Michael
Angelo. Theso two currents of craft and
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art converged into the momumental work
af the Flemish Anatomist, Vesallus who

The next exciting period was the second
half of the nineteenth century Under the
hﬂmﬂmufjchmm Miller a brilliant
schoal of German 1} made fall

no progress was made In trying to
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2 C P LEBLOND

body was something like that symbal of
the XIAth century the steam engine It
was thought that food is to the body what
coal 13 to the engine as the value of food
was Theasured only by the number of end
ories provided The organs were liko so

blame the anatomists for taking structurcs
to be chemically static and the component
cells to be fixed in position ence and for
all?

a few years after the Second
World War came a third period of intense
activity which has been deeply felt at the
meetings of our Association Those who

[~

shown to change positlon with time s
that structures which look statlc in stand
ard histological slides are now shown by
radicautography to be the site of intcnse
activity Today I wish to ustrate several
gﬂa of migrations of molecules and whole

s using examples that are familiar to
me. And I thus hopc to show that radio-
autography gives Iiistology a fourth dimen
slon time

h 4l

The r iphy 18
simple cnough Lacassagne and co-workernt
started it {n ‘25 by placing scctions of
radloactive tissues in contact with a photo-
graphic plate. Results were Interesting but
not precise os resolution was poor In 468

Fig 2 Microscupe and lamp from the 18707

use a new tool the electron m
(fg 3) make up a large group of en
thustasts.  Another devoted group Is re-
Interpreting structures with the help of
histochemical analys!  In contrast to the
time when an cvsin  tain did not mean
much more than the pink color used for
Brisish countrics on the map today each
dye each reagent cach cnzyme has be-

comte another tool in thelr hands
Erven radloclernents are being  used
These may be made part of blological sub-
stances which may then be injected tnto
an animal and traced in sectlons by means
of radioantography With this technique
ccules may be traced and sbown to be
on the move Even whole cells may be

at McGUl Leonard Bélanger and I both of
us just back from military service used 2
different approach Scctions contalning
radloactire materlal were coated with
melted photographke emulston (fig 4)
The coated alides were exposed in the dark
and developed by the usual photograpl i
rocedures A darhening appeared over
radioactive sections (as in fiw 5-11)
which under high power could be assigned
to the presence of Black siiver graina In
the emulsion (fig 12) This technique
provided a close contact between emulston
and scction and thus slloned for the fat
time a high resolution. With this tool we
could examine whether changes took place
1n the components of histological sections
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of all Hssues obtained soan after injection
(ﬂg.s)l.ppnutdblm;k.h;:hnh exhibited

not staiped, so
thntLhndaxkour.llnumﬁp.S—llmdne
exclustvely to ths reactiom.)
One might have assumed that, stpce the
animals were growing, the newlywynthe-

Flt 3 One of the elactran microscopes of

the Departmen of Anatomy MeGIll Untrergity

(Setroene Flrmskop 1)

to an anima], radicactivity will be found in
waaumxutubmmlnnmuchuthcy
are synthesized at the

the time
7:;{“1 ratx, three days old, recetred an
lnj of glocose labeled with carban®
36)
organt were placed in & block and cut and
the gections were expased to the

enulsion.
After and fixatlan, it could be
scen with the naked eye that the sectians

drates proteins and poclelc
achds would be buflt up in the tHysues and
stay there. Yet in time the reactions de-
creased fram the peak intensity gt three
hours (ﬂp.Bundlulbwtng) After two
or dx months the labeled substences yrere

largely gone. Butlhtrewen:lh-w

tes as well a3 weak
dentin (fig. 10) nnd bone (fig. 11} attrd
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Fig. 4 Dupammatic Mprsenuation of 8
njquﬁiolmon-lph prepared by the coating techs
ue

buted to 2 labeled protein collagen, Briefly
of the multitude of carbohydrates proteins
and nuclelc acids that were being synthe-
sized In the young most disappeared with
time Only a few exceptionally stable sub-
stances such as collagen and Jens material

ined Now the substances that dis-
appear must be replaced. They turn over

Figs 5-11 Pbotograph of whole hlstological

abxdes besring unstained radoagtographs, from

old rats given 30 ac of glucwse L' Intrs-
sacrificed rhous

ud cqual {n all caer
At thrre hours after infection (Bg. B) an in-
tense tlackening i seen. which { haped Like the
arioa organ and u This reaction rev al
the of bstances of farxe

weight labeled with the €' of glutose At ane day
after (njcction (fig 6) there b alight devre se

ing) the intemiuy of the reaction progres | Iy
decte W

are
w ak except for  black indicating the pres-
oce of adsosctmity ¢ len a troctnee in
which taktde ms eria) ¢ present At two manth
(Bg 10) very Linle rachoactivity | retained in

from glocosr i younk rat ( rbokydr tev. pre
triny, nocleic acid ) pid twrnover
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Fig 13

sutograph of DNAase treated of
20 minutes after H? injection.
syntbesirs DNA take up cytdmeH® It

method of Amano ("92) le

As precursor of ribonuclelc acdd (RNA)
the nucleoside cytidine H' has been used
as olp-mtd:n an amino acid such

as leocine ' and mmofdtoxg‘l—
b(mud.dcndd (DNA) the nucleoside thy-

at moat a few hours after injection Any
nucleic actd or protein thesized duting
that time scqutres the

sor When after the animal fs killed the

1t can be detected by ndloautoi;ﬂphy
I:t\uﬂntl'um the turnover of RNA

RIBONUCLEIC ACID
The behavior of ribonuclete acid — ANA
— {5 perhaps the most dramatic, as it s
the simplest (Leblond and Amano ‘62)
Immediately after injection of labeled cyth

o

The DNAs treatment b

.
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(Rarwodwesd from Lsbloud and Amsme, 19€1)
of RNA syntbesis fn the cell of qﬁmlgmd.hnﬂmdl—:mlmdndb
socthan cedl from  mouse

sacrificed
cells which
i posmbls to rrmanDNArﬂu:dn}ybythe

dine there Is no radioectivity fn the cyto-
Plagm. is restricted to the
nuelel, as shown for instance in ganglionie
cells (fig 12) where {t occurs in nudedus
and chromatin. Thus, RNA is synthestred
only in the organelles of the nucleus.

In smaller nuclel synthesis 1s less active
but definite as shown by the presence of
fewer grains (fig 12) As a matter of
fact, the nucle! of nearly all the cells of the
body that we have examined synthesire
RNA (Amano et al "85)

Thus in lfver the reactions appear
again aver nucleclus and chromatin, with
nane in the cytoplasm (fig 13) At later
time intervals we can trace the new RNA
migrating away fram the dte of synthesly
Thus by eight hours after injection, silver
grains appear over the cytoplasm (fig 14)
By two days, most of the are over
the cytoplasm (fig 15) It is concluded
that the ANA made in the nucleus mi-
grates to the cytoplasm rapidly Let us
pause for a moment. While I am speaking
lnmmdmthLtomRNA
bbeboi tred in nuc)

o1, and from all the nuclel RNA
1s flow ag to the cytoplasms
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Figs. 13 14 13 RNAlrubnlhml Iiver cells. H and E ualned radidutographs  fter DNAsw
treatment of lUver section from wakce sacrificed one bour (Ag. 13) elght bours (A 14) and two
days (fg 13) umumumm x 1,500

The reactions yu.nnl:nmlh,mfaunduulymrn-dd(ﬂ(.li) “Uhllm-mtn-nd
more graims  ppear over cytop! sm (Agr 14 and 18) while the resction tel become weak
(A 13) Ikmth&RNAanﬂlndltbl kmmltntumcympl

~ ; oo Ty
- i .

61
Fig 168 Pretein yathesi L-Purtl.nhﬁl.ho!lb'tmkﬂm uudE talned radisa te-
cophef  Pu kinfe cell from ¢ four hours after beucinell lalection (Phote
graph w  taken by Dr § Carnelro wing the two-exporure technique ¢f M A. Grakar )
1500

The Purkinge cell occupying most of the Seld shows allver graine over the cytopl um (C)
nd over vome of the hyom Tn Woa wes W frred dn Abe nockos (N) TH dark mnm iz
center contl t of the ockolus (lefl n) and perinecleolar  hromatis, Peither of whick

shows radiescti ity here although protein yntbeils | new known to ke place in both
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Fx 20 Dugrsma representing the janction of the Ly nd Le roots ( 1t eft) from which
arises the sclatic e(r:du) Thehn black Lne seen in the second diagram (4 days
!Irr;‘nkcﬂnnm‘ leuctne-d ) ndhj.rddhmm(wdan ftex injection) indscate the focs-
e

of

azonal radicscthity ohecried ot these two tme intervals. Graln count wers

mldcnnmmmmnmn!lhgnfrv 18 mm nd 200 mm from the ] oction. The
were xprewsed per 10 o of axon apd ghen below exch diagram.

1 may be seen th axanal radioactivity » not significant at 11 day  ppears t the Janc

von frardayx pdin mondlllmid’! t16d yn fter infectim of lencined

T ey T JT-'vv-—v-(F VI VTR
g.,-" Vet S E_- AL »{ s.é‘
’ -"

- [ )
’ N LY [
’ *
-~ Laad v
J . f e e _dal R LA
Repredwerd frosm Drow snd Leblond, 1962
Fit 21 bpd 22 Depwmtration of protein mier thon in sxon Il nd § 1 ised ¢ Lo
agtogr ph !lldaymdlcd.ny- lrrrl.b-ﬂnuluulﬂpleln}fru-u of keoclpe Il Axoo

Schitk oo of 43¢ 1wartrdn20mmlmme}vmlmﬂlblhnndhh~h‘
of the fumbar plexus. The axom re unreact! ot enc day (bef1) but trongly resctive !
18 &5y (rzh {Resction wen 1 both times over Schw na cell cytop] m )
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sod 25 Proten migratm in thyrodd follcle
shown 1 H and E stained radwanzographs of thyrokd fullicle ‘mmxmm(n,,azmm
(8% #4) and 36 bours (g, 33) aher injection ef 25 ac of radiowctrs

Fio. 1, 24

2

Pl inbl gt i v iy M ) with the
sctrvity ) the follcnlar calle (£ At 30 meirruses,

je distnbured throwghowt the cytopleem of follicular
the enllesd At four bours the radosctivty to
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(Reproduced from Droz amd Leblond, 1963 )

Fig 20 Disgranys repersentng the ) potion of the Ly and Lo yoot (¢ left) from which
arises the sci Uc nerv  (right) The heavy black line seen | the second disgr m (4 days
fter injection of deucinell ) and third dlagram (18 & ys altey injection) Indicste the locs

ton of the axon | radioactivity obserred 1 these two thue intervals Graln courtts were
0 mm from the | nctien. The

made on traps erse pection [ the ey t 1.8 mm nd 20
gran coa t were expeedsed per 10 of axon od gl en below  ach dugram
axonsl nt

t11dy ppers tthe junc
leocine-Hl
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.
- 4 v e
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4 T ro.
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frowm Drow »d Leblend. 1962)
Fixs 21 snd 22 Demomitr fion of proteln migr ton |n sxon  H  nd § stalned sdio>-
wtort ph 11 day and 18 day  fier the 8n of multiple infection of beutine A et
are ind  ted by the Jetter A 13500
Sciat ners of 43g raz ebserved t 20 mm from the Junction of ¢he Ly nd Lo by ncbe
the unresctive 1 one d 7 (beft) bt trongly reactd !

™
Reaction are scen { both times over Schwan  cell cytopl m §)

LY
g
g



THE TIME DIMFENSION IN HISTOLOGY

£ 2
o e Sa
e >
j‘!f‘\wfg a%«: s
X

:
&
P

3

$x
" e /)Jé/
1) s e “"i\ -
- 2

o
T
] —
£
‘.r C ’ s
~ z

f
7

:
; ~ -
Ea
N ¥ o
e L
5
L
“

3 sy
e;'r?':;‘i’i} o C ~ q:‘%q‘%};:.d;
- ,,,4;')' 5 ' 1}7 {)\\ Nt'; )?/'

(Maprodmced frows Nadlay Yemng Leblomd amd Miaoaker 1041)

11



Reproduced (rom Warthawsdy Leblosd and Dree, 19630

Fiey 30-32 Protein syathews and ougrstion { the acinar cell of the pancre N nd E atained
thoautpgraph of scimar cell In 1 | jected with levanel 1
A s min ter (Ay 30) the reaction are confined t the basophilic ergastoplasm (#) At 20

()du-nnlbe;m-

reaon s lusters of grachs are di tioct (g3 -!uklbe«ntx-.lp«m- o!
thi rrnotu Y bow 0o reactlon Later (4 b Re 33) the reachon  xtend (o the whole rymogem

repoa ()

10 the Golgl rone (fig 31 g) and later to
the zvmoten gr nules themeehes (8 32)
Finally the labeled material appears in the
ducts (fig 33! thu shoning release of
the protein as pancreane secretlon
A remarkable feature is the speed with
which protetns are secreted (Nadler '63)
The approximate time 1t takes 10 replace
an amount of protein equal to that present
that s the turmoter fime ts about five
minutes for the proteins of the crgasio-
plasm (fig. 31} Inother mord every fire
minutes the protelns of thi regon are
ced Then the proteins migrate to the
Golgd rone where they are mad into Amo-

gen granules In about 12 minutes  Then
1t takes 36 murutes for the rymogen gran
ules to migrate to the tumen  About one
hour an all!

Thus we have scen three types of xl
that export proteins to the outside  “New
rons kend of! proteins to the axon th
cells send thyroglobulin to the coliold and
the aclnar cells send pancreatic ennmes
to the ducts All these proteins have 3
shont turmoier time (table 1) hm y ke
added that these cells also bulld vp pro
teln that remaln sedentary  thati s
within the cells and have a much lonect
turnos et ume
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14 C. r LESLOND

TARLE 1
Approximate turnover tim  sf proteims
{Calculsted by Dr N J Nadler)

Exportable Sedeatary

Neuroes 1day 2 weeks
(axonal proteins)

Thyroid cellt 6 hours 3 weeks
(thyroghobultn)

Pancres cell* 1 hoar 3days

{pencreatlc enrymes)
Dror and Leblond, Y Nadler ot al, 8. Wankawsky e | T

The important concluslon is that the
statlc appearance of many cells in histo-
Jogtcal sections hides extensive migrations
of molecules In the case of INA we
obsen® migratlen from nucleus to cfto-
plasm  but never beyond the cell mem
brane  Proteins howeier may migmate
into extensions of the cells such 2s the
axon or go cutside gs in thyrold and pan-
cTCas

DEOXYRIBONUCLEIC ACID

The synthexis of new DNVA gimost in-
variably Indlcates farmatlon of new cells
But space has to be found for the new
cells and space §s at 2 premium in the adult
organism  Hepee cell migrations often
follow DN\A synthesis

A case In point is the intestine His-
tolocy textbooks mention the presence of
mitosis in the crypts of Lisberkuhn but
noxoz{tbcrlllj(ﬁz- 35 36) The pres-
ence of mitoses way explalped the old
Geru:n.nd';c d' gists as a ) lon to
correct ama the
theliumm by enzrmSlnd il

Howeser there #s usually no sign of
damage in the eplthellum Lining the sides
of the v{lli even though mitosex are abun
dant. The only trregularity is seen at the
villus tp where cell strearers may be ex

|;ccd in
bacterla.

gasointestinal tract even nhere there are
no villl. as for inmvtance In the colon
(6 37)

To find out If damage produced by en-
rymes elicits mitotic acuvity an expert-
ment was made in which the animals were
starved since in this case digestite en-

zyntes disappear (table 23 The numberof
mitoses per crypt hardly changed at
all nor did the number of extrusion rones
(Hooper and Blair *48) To rule out the
role of bacteria, rats were given penfcillin
ond germfrec animals were examined.
Again no changes. Therefore mitotic ac
tivity and extrusion rancs arc both ponmal
features of the intestine  Since crypt mb
toses are scen at all tmes of day there is
continuous cell productien And the ex
trusion zone at the villus tip points to the
site of cell loss Presumably the celly arls-
ing in the crypts move out to become part
of the villus epithellum and from there
glide towards the villus tip where they
are lost to the lumen (Leblond and
Steveps  48)

It 1s possible to go & step furtber hoow
ing the number of cellv of the cpithelium
and the number of mitoses the time re-
qulred to produce a number of cells equal
1o that present that Is the tarnoter time
of the epithelium may be calculatcd sp-
proximately This was estimated to be Jess
than two days for the rat duodenum
\When Miss Stevens reported this at it
37 mecting of the American Association
Anatomists the comment of an old Canr
dlan anatornist no longer amang us w3t
“Thix ts 100 silly for words

TAKLE 2
Efect o tarcation om tutesting] epitheir
(Nooper and Blair “38)

oo o

o wmen | TTT
Control 73208 naztd
s arved 64208 aesxit



15

THE TDME DIMENKION IN HISTOLOGY

o
,,ww S
PR 5 YIRS I w mhv.u
ﬁkm,mwgwm*&%ﬁ uﬂmmm
< > ﬁ.m_v 1, 7 4 .mw n.m
,.W, ﬁh@% e el m M
Nt A \m,ﬂ.m%u..h.%_ stg.r\m.u‘ mmnmwm mm
&I.IJI '\lw...41.11._.;4w114 .w( 2
dﬂ.\.»%.va N hwm.mw m.m,wm.m
.5 ummw mumm%m

\N-ﬁw :_ d)m M 2 ¥
g e nmvm i

:

I

3

Leblond

;E,

e

DNA in

e I xmmm

? .ax
1 um
mwmm

[

tded
St
cating cell £

this was done



C P LEPLOND

16

s YT
e e

w l  mitows (obliqee frow ) C I mig ¢ f m the
o0 the urfacr

the o ru kem sones

A

Flg 37 Colon dull modse H Warthawiky) 500 The crypt shaw gotl~

Lt <

(lght) and  hief ecll (grev
rone of mi othe s it

!



THE TIMY, DIMENSION IN HIFTOLOGY 17

Fig 38 Fxtromon sons t the tp of  duo
danal villas of Tat. Several calle seem to be
pashed above the reguler row of calls and almost
weparsted from them. X 400

)
i
g

g
3

Eg

the
reaching the tipa (fig. 46) At
cells sppear o the lu-

‘geR
:

BN
i
i

i

i Lé'\'
it

: Esg

men (g 47) A stmilar migration of the

epithelfal cells of calon takes from
the crypts to the extrusion zane of the
surface (Mesxler and Lebland, '60) Hence,
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THE TIMFE DIMENSION IN HISTOLOGY I

men (fig. 47) A simllar migration of tbr
epithellal cells of colon

the erypts to the e Zome
surface (Messter and Leblond €0). Hence,

Fig. 38 Extrmion moe at the tip of  doo
demal villos of rat. Geveral culls wem to be
pusbed bove the regular row of calls and ehnost
weparated from them X 400.

mice given adentne-C show early reaction
I the cryps (Ag. 42) cell
lormation there By 24 hours the are
inching their way up the villi (fig. 43) By
three days many have erdved at the ex
truglon zone (fig 44) Perhaps some have
already fallen into the Iumen,

namely thymidine labeled with tdttum
which'has even less strong beta-rays than
carbon™ and therefore provides sharper

crypts, confirming that new cells are
being formed there (B 45) Thews labeled
cells are later seen on the walls of the
VIl and reaching the tips (fig 48) At
that time labeled cefla appear in the lu-
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the statlc picture of the intestinal epithe-
llum hides a continuous motlon of its cells

The magnitude of the cell loss in the
small intestine of a 3-month old rat vas
esthmated at about 1.3 billion cells per day
(Enesco and Altmann, '83) This fAgure
may be compared to the total number of
cells {n the body of a rat of the same age
64 billions — a number not quite as large
as the United States annual budget. Now
1f 1.3 blllion cells come out of the epithe
lum of the small tutestine each day and
we add what comes out from the epithella
of pharynx, esophagus stomach and large
Intestine the total number of cells lost
each day may approach two or even three
billlons that is about ome-tientleth or one-
tlirtietlt of the total number of cells in the
body In other words the loss of cells from
the digestive tract over a 20-30 day perlod
!l.:o;qualm the total number of cells in the

waste of

rescent bulbs are all on evenly You may
remember the days not so bang ago when
there were always a few of them fickering
Then someone would climb up and replxce
the worn out bulb Today however all
bulby are replaced when have abou
reached their half life that is before there
is a chance of serious breakdown. Some-
thing simiar occurs in the intestlne By
providing a continvous fow of new cells,
a cell that is alling will be swept away
before the damage takes ot serious proper
tons.

Mechanlsms of cell renenal

Ax new cells arisc In the eplthelium of
the adult Intestine, there are also cells
Lhnmlon(othclumcn.‘smmehlk

g PF = about the
same at all times in the adult there must
be a balance between cell uctfon and

cell loss. This must also true of the
Intions of epidermis

T
Why ix there such an app:

Pop

} 1 el testis, blood form-

cells? Some answer to this question may
be given by a comparison with the lghting
system of a department store today Fluo-

lngramm '.c;r_ When this condition was
first realired (Leblond and Stevens 48)

LK 4 3ds

(Repraduced from Walker and Leblend, 1938)

seen with adenipeCt Umiateed red

Flgn 4344 of ceD of

astographs of fefunam ¢ & 24 and 72 boury after Mjection of adenlne L’ faro
#f crypts and villi | shewn by arrews  The early reactions (fig 42) sre
correspanding te e nackd of the crypt eplthelium At one d v (B 43) the
up (be cidn of the VL and ¢ thrre days (0 44) they predaoiinate on |

the willi ¥ 107

rranged tn prralie] basd
reaction cxtend part ¥
Re wpper Balf and t ¢
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that the diviston of a Flg 50 Disgramm {imeirating the coocept of

two or one basal  differentisl mitosts Eech such mitosts of  etsc

and one spinons, or two spinous cells, The  cell would produce & pew stew cell and  ciffer
bagal emdated owill

the the
ARer that, the evolirtion of the cell oy o Stervminl mnees var Fovnd o reereal
yrtrma.



€ P LEBLOND
R e e

[ <
“ ld 2
N
e T~ » j
‘\ Ps v
3
(S
-
X I v
[ - v
E4 '
¢ 3
- . I
-‘.q
¥ 1’ v
*
¢ 4
Repredaced frome Lebiord ke Besster 18585
the

Pl( 47 H and E aatrmed radrow tograph flbck]l‘mnn and adjacent jumren from
same mouse  ln Agure 48 The upper region of the Ul 1 ¢ the bottom of the pictere ( )
and fire cell e scen 1 the Jumen  bowe
Of the free cell wewn in the lumen some Ikkd(l) nd others  re not (u)
e

IR G T S T T T
- l
: oo 1. ~.::' . ';.“ o .
b3 "= =l
N Y o s o
Al
C @ © O

5 o .
R~ ‘;’D
??"?‘ P gg@é’a@m“‘) ‘?'ég‘
>

- m

W €

D - <5
i L] |
& ~ L

Mrpredeced Trom tebdumd GCrewlich amd Fereira 3953
ton HY um  ¥73
pd wuckel

Fig 4% Lephag Pemhelum of "0 g male 2t Bowl §
Frem the base op oote the dermy (D)mb.u;”n-r with crowded cell N
ta the wste B the ploow rgﬁ:nﬂylm]nﬂk%)
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(Bepreuced from Lebiond snd Clermamt, 195%)

)’h.HBnntm! epithaliom of the rut,
-hmrhnkm base up, the basement membr
mmh(A)mmyW
layer compossd of mymﬂ’)
and  few elonga poorly seen step 10 spormatids.

shedding Why all cells divide regulaly
(emywcnnddnyurlo)tntheba.l.:llaynr
and never do so0 in the spinous layer we
do not know

The dlagram 1is a bit rigid. In reality

epithelium and the steady state of the cell
i3 maintained.

ut a diagram is easy to do How can
the epitheltum do 1t? The paradox is that
the migration of a cell is not the im

to the number of mitoses The
to this paradox scems to be that the
tion of new celis by mitosis tends to
increase population pressure in the basal

t stage VII of the cycle (PA-ScHift hm.luny'l.l:n)
of cells compoeed of

ane, the first layer two type
dark chromatin, B} vecond

(
and fnally step 7 sparm tids with their head cap

layer Indeed cells leaving this layer are
aften altered to a racket shape (fig. 48 »)
as i squeezed ocut by pressure Presum-
ably a cell added by mitesis can be accom
modated only by forcing out one nelghbor
inzcello‘ntim-vemg& Thus the stesdy
state would be maintained.
In the testis cells differentiate as

transform from sperma

A cell mitoses one remains a

type A (left hand side) but the seven
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RAY SPERMATOGONIA
(Chrmont ond Leblond

Basal ¢l loytr

{2 ey

Ctermont )

feptamne
permatocyles — spermatids

Iptrmaicrod
-y sl 3~ ‘-
(2 wart) et oyt

Fig. 85 Disgram of the most probable pattern for the development of spermatogonia (Stem Cf
ond modlfed ‘e

wedl 2 ype cells (1)

The latter divide to gfve type B cell

(B) which in furn divide t» P70

the restlng sperm wcytes (R) already seen in fpre 34
This serics of plvnomena encomparses one cycle of the seminifrrous spiibellum lasitng cpyesdd

mately 12 days

others (1] :J'a.du:lﬂy ncqu.lm new features
(Clermont and Leblond Clermont
62) This s the eritical xlrp From here
on, differentiagion gots on o a series of
complex but irreversible changes type B
cells resting spermatocytts €

The various of the differentiation
may be timed if thymidine-1l is injected
The rening tes become labeled

{7 sperraatocy
and their fate may then be traced. In figure
56 the fabeled spermatocytes are
seen three days after injection Twehedays
later the cells have become pach cnc

spermatocytes and a further 12 days
qxrmuld} (fig 57) By s lpprJ:h n
ks been posalble to time alf ovents of

spermatogenesls (Clermont et &t 59
Thus it takes about 12 days from the &%
division of each stem cell (fg. 55) 1o ¥¢
production of resting spermatocytes Froe
the stem celf to the free spesmatozoon ®
thc lurmen It takes a total of about 48 4373

In man it takes somewhat longer &
dayx (Ileller and Clermont. '63) l‘m
testls the spermatoroon I3 on ity o7
and it will take anather few days before
raakes #ts way through the ephdid, pn!sﬁd
sees the light,

This fast exomple was to male 17
aware of the tme dimension In hisolet
As for i1 1 am sa convinced of &t &2
whenl;:d 1o have a new chock in &



THE TIME NIMENSION IN HISTOLOCY 25

T TTT 34 T Tatd
~ -
N T -
H
P . - -3 {I]
e £ 1 s

)

froen Clermamnt, Lehkond and Msaster, 1838)
87 H and E statned 7ad of hal t stage XIT of
rats sactificed thres days or 27 d y» after injection af thymidined0?
At thres days, the young, ryyotene spermatocytes are labaled (fig. 88, wrow) At 37 dayy, the
arrow) Itis that for el to go fram the
change

Flgure 58
office I decided to Indicate the hours by Of course the feeling of time has been

the 12 stages in the development of the
human spermatid (Clermont and Leblond

spermatid at 1 thne were traced during embrydlogical d
o clock, produces the head cap by Soclock  ve .

and at midnight, becomes the full fliedged  the latter part of the Nineteenth Century
azoon raring to go (fig. 58) as well as at the beginuing of this century

present all along in enatomy  As early as
the R structural ch with

¢
7
!

E
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when most ists were {dering
any structure as being static there were
some particularly those interested in endo-
crinology (Bouln Evans and many others)
who observed rapid structural changes pro-
duced by hormone Infection and extirpa
ton af endocrine More recently
moving pictures of cultured cells have
vividly shown movement for Instance dur
ing mitosis,

But radioautography shows movement
under physol conditions and thus
ldeally lntroduce: :hc time dimensdon In

y H of organs
that we used to consider static are shown
by radioautography to be the sites of rapid
synthescs and migratians Thus the pro-
tein arising in the ergastoplasm of pan
creatic cells manages within the ce al
an hour to enter the Golgl zone to
dressed up Into a rymogen granule and
ﬁnn).!y to leave the cell in the pancreatk

\\’lt.hm the space of two days the cells
arlsing from mitosia fn the Intestinal iﬁe
thellum manage to climb to the tlp of
villl and drop to their death in the lumen.

Thus with tdme we discover yoovemnent
and movement gives a feellng of lfe In
fact when we consider the whole body we
' become consclous of @ tremendons suarm
ing of molecules and cells. And yet one
sees that order reigns and the orgermization
is masstte Thus In concluding it may be
appropriate to look with a kind of reverence
at the mysterious movements of Life in
Nature
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A Comparahve Study of the Fine Structure of the
Trophoblast 1n Several Hemochonal Placentas '

ALLEN C. ENDERS

Pt of Amatomy U trersity Sckool of Medicine
&t Lowls Missouri

nioe species In four arders were with the electron
patierns of layering of the trophoblsst were fomnd in these placentss

which were all The hem-
star anxd deer mowse have thre Layers of trophoblast maternal blood
and fetal vesmcls ) the rabit two layers (hemodickorial) the guines
Hg and oo laver ¢ ) the human
ermadillo cne Leyer (willons hemomonockorial }

The cuter leyer of the (the layer next w0

hlm:dvn.-:uhrgm:lnﬂn 11 ov d s to be decidedly mislead

tolo placenta (Grosser '27) In applice ing (no fault of the system per s¢) De

tion the category apples to the re-  spite these cbjections to the classification

glon of late placenta with the most it has, as Wimsatt ("62) recently pointed
thon in

among
asaage of sub across the pl luded within a single large group from
Second, thp Grosser system, based as 1t Grossers classification, that of the hemo-
one h chorial pl

im; t of the placents MATERIALS AND METHODS

whhhexmd;gmtnhummrplln In all cases wmall pleces of placenta

addition at the time that these cbjections  were fixed In either Caulfield's (‘37) buff

were rafsed the cytology of the chorion  ered camhum plus sucrose ar glutaralde-

vras beginning z&bu l:xplur:dbyelcccr;‘:: hyde In the latter instance 1 mm vertical
i indi; that

was often dinaman gy HIZo ¥ Netkmal Scirace Teundatien gramt

1



30 ALLEN ©
slces through the placenta were fixed In
3% glutaraldehyde fn 01M phosphate
buffer at pH 7.3 for two hours the appro-
priate area cut out in phesphate buffer
under a g rokcroscope and then
post fixed in 2% osmium tetroxdde in phos-
phate buffer for two hours. Fallowin

rapid dehydration In cold ethyl a]cobolg
the tissues were embedded In araldite 502
epaxy resin The sections were stalned
with the lead citrate method of Reynolds
(63) and examined in an RCA EMU 3G
electron

mictoscope
Since classificntion of placentas is based
mature pl

FNDERS

The outer layer of trophoblast, whick
encloses the maternal blood spaces, is el
luler with cell boundaries present at all
times Distinct desmosomes are present
not only between this layer and the middle
Iayer (fig 7) but also octadonally be
tween cells of the layer itgelf In L
pregnancy the cells forming the outer
layer are attenuated and irregular with
some areas redoced to a thin flange Stnx
tures that ere apparently pores are seen
in these attenuated areas (8 °) Ilna
few places projections of the middle layer
thm:ﬁhthemlnlammm Oca
sianally veslculated from the

an the structure of the P
late placentas were used The placentss
used In this study were from the following
animals five rats (Rattus morvegicus)
day 19 to term six mice (Alus musculus)
day 13 to termn five hamsters (Cricetus
auragtis) day 13 fo texm one deer moust
(Peromyscus maniculatus) late pregnant
(field caught) three chipmunks (Eﬂntflffj

surface aof this layer protrude into the
maternal blood space The surface of the
outer layer which faces on the

mias quads ) late pregnar
caught} ten rabbits (Oryctolagus cunicu
lus) day 19 to term five guinea pigs
(Caria porcellus) 29 days to term six
human four at term, one at scven weeks
and one at five weeks gestation six arma
dillos (Dasgpts novemcincius) one in the
placental expansion stage five late preg
pant
DESCRIPTION
Layers of troplioblast

Both labyrinthine and villous hemo-
chorfal placentas can be sccord
ing to the number of layery of trophoblast

this manner placentas with three

Jayers of mophoblast are dexignated beroo-
trichorial, these with two layers of tropho-
blast hemodichorial and those with one
layer of tophoblast hemomoanochorial

Hemotrichorial. The rat and mouse

more regular
in sppearance In addition to the
ular projections and pore areas occasional
cavealse can be seen.  Except where
present the outer layer i
anly loosely applied to the middle layer
The alw

(murdd) and b d) my Ph
rodents have essentially the same organ]
zaden of the tophoblast in the labyrinth

the rat and mouse labyrinths are
practically indbsungulshable There are
three layers of wophoblast throughout the
labyrinth (hemotrichorial) an outer mid
dle and Inper layer separating the mater
n2l blood spaces from the fetal blood ves-
sels and other extracmbryonic connective
tissue eleorents (fig 6)

tlon of the middle layer with
layer is the close apposition of
T The trm s
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TEMOCHORIAL PLACENTAR 31

layer to the inner layer The junction be-
tween the middle gnd tnmer layers 15 a

(figr. 7 and 9) No cell b 3 X
between the two surfaces of the
x;!&dlchycrcmbufmmd,mdmm

te monteges of
e s S micrographs
spaces with continuity of cytoplaam
betwesn the widely dispersed nuclel

this

morph) there are two layers of
hlmnpnm::;% the maternal blood spaces
from the fe vessely and other

5

f layer is syn-

‘There are frregular projections from

the outer layer of oblast into the
maternal blood spaces but the molerovilli,

olae can be secn at both surfaces of the



middle and outer layers of

outer trophoblast layer but are more com-
mon on the outer surface
The inner trophoblast layer is much less
than the outer layer It is
quite thin over much of its extent with
rather broadly spaced nuclear regions
(fig. 13) Generally it is especially thin
in the same reglons where the outer layer
is thin but {t does not scem to have de-

face on either side but the outer surface
lacks microvilll. Periodically along the in
ner surface however there are a few sim-
ple folded projections The basement
membrane that {s apposed to this layer Is
tenvous  but s consistently present In
places even in rabbit placentas from late

righ
¢ between the two blood atreams are the fetal endothelivm baseroent membr nay

ALLEN C ENDERS

t corner e
(cross-hatchedl

In pregnancy two or three cells with dis
tinct membranes separating them may b
seen tofether In thnlrmcrfnrcr In some
of the placentas Irom earller in prrfmnﬂ
mitetic figures were alyo scen In this [a
Nests of individual cells are most ofiex
found near the gium There art
therefore some cells in the inner laver It
since flanges can ordinarily be scen ¢
tending for considerable distances and
occaston between at least o nuclel 5F
trophoblast of this layer must be In e
form of multinucleate cells or have s70
cytlal regions. The relatlonship of
la tn the hemodichortal placenta of tht
nm't 13 depicied schematically in figure 2
iwe  hemomomochorial T

Labyrin
guines plg (histricomorph) has ondy 3
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aingle layer of trophoblast present in the

deed in these places is probably the thin-
nest of all of the hemochadal

This trophoblast is devold of
of cell t daries, forming

villl in folds or narrovwed of the
rnaternal blood spaces In some places the
mls are ty and

placentas
d. The microvill facing the fetal
side are appraximately the same dlameter
as those of the maternal sdde but are
largely situated in pockets and do not pro-
Ject as far from the surface (ig 168) The
bagement membrans beneath the tropho-
blast extends over these pockets but does
not enter them. The relationship of the

Ilﬂtninthc thine hemomonochar
placenta of guinea pig 1s depicted
Uy in figore 3




blood spaces. There are peculiar subsur
face spaces under the numerous microvilli
on the maternal suriace of he syncvoum

(fic. 17) A filamentous material 13 pres
ent in these spaces nhich are 1n commum
cation with the maternal blood spaces at
intersals  Caveolae are present at the mar
gins of these spaces as well as between the
surface microvill  In numetous places
individual trophoblast cells are situated be
tmeent the syncvtium and the basement
membrane  The fetal vessels are not as
closely a sociated with the trophoblast in
the Labyrinth of the chipmunl placenta as
they are in the guinea pig placenta
\illons hemomonochorial It has now
been thoroughly established that the troph

oblast of the villl of the late human pl2
centa constitutes a single layer of syn-
cyuum with only scattered Langhan ol
beneath it The microvilll are numerous
but short with a slightly bulbous drstal
end and are often branched (figs. 16 and
Caveolae arc found at the hawes of
the microvilli The trophoblast for the
most part is rather thick, and the nuckd
are uncienly distrdbuted frequent!  befn
In clusters In some reglons the wropho-
blast s thin especlally over sessel which
may project slightly into the region of U
trophoblast. The basal infoldings are 2%
crenly distributed but tend to be
n clusters (fig 19) without homcier e
regularity seen in the guinea pig placentd
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HEMOCHORIAL PLACENTAS

The basement membrane is thick and for
the most part does not extend into the
invaginations.

‘The Langhans cells and the syncytium
sre usually loosely assoclated, except at
the desmosomes formed in comfjunction

of the trophoblast (fg 18) The
hans cells themselves are relatively
ferentiated. However intermediate sta
lation L h
syncytium  are seen, especially in
young placentas. In texm placentas fso-
lated dexmosomes with shart fragments of
membrane can occasionally be found.
the

processes of the syncytium reaching to the
basement membrane at intervaly of sev

buman placenta (fig 20) In contrast to

observations (Enders '60) cave
olae could be seen at the bases of these
microvillt (. 21) The trophoblast of
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of the armadilio i

lhelnrudﬂ]o )} few d hardal pl.

1 t5 not ordinarily {nd d by depleted ach irally tn figore 5
Ieul vcsseh Lufaldlng: of the basal

membrane form branching chan

plasma

neh of small dlameter which mend into
the tropboblast over ts entire Inner sur

face in the later stages of p ancy (fig

20) The basal Ao mgu

Crtoplasmic erpanelies
Endoplasmic reticulum  One of the
nﬂkma features of

abundance of mm
Lf"i"n whichever lna

the surface area theammmzormcmhnne
strface appearing comparable on both
sides of the tmphohlul_ The hasement
membrane is thick in later stages as In
the human andlnmarhdcontrlltloear

bmwlntlm:nclyasmduted with the
maternal blood. In the m stod-
ied the cisternae of the endoplamk
reticulum arc most abundant in the
vuterrmost layer (Ags. 8 and 10) They

Ifer stages. Although tsol.

are found {n the syncytium in early stages
of pregnancy no such traces of farmation
of syncytium from cytotrophoblast sre
faund in the late placents. The reladon
ship of the Jayers in the vilious hemo-

y contain a moderately denwe
tubunme!nthclumh—m of the cluemae
(fig 10) The middle laver also has tb-
ternae enclosed by ribosome studded men
brancs but such clsternae are less abun-
dant than in the outer layer There ls 2




inper leyer The cisternee in

of c reticutum in thix
layer also and in addition the lipld drop-
lets are agranular

(fig. 13) Rb 1 clusters

5

?

HiH
islye
RN
2
i
ey
effag
FeofER

|

ekt

througheut the cytuplasm, not just in the
proximity of the nuclel Typically foor or

ternae In the m examined such
of and vesicles

are found in all thyee of trophoblast
(figs. 7 8, ) and may be present either
ot to the n addi-

tian to {solated aress well away from the

ternae.
dlnlhe_m:mad\:ilophcung,lungmnd:

ars
Present in the syncytum. Although this
e¢lement 1 not as abundant in the arma-
diffo as fn the human, the tortuous cis-
temas can d for

layer where endoplasmic re-
ticulum 13 less abundant, the Golpl 13

bo foll
distances (fig. 20) The middle rome of
the syncytium contatns most of the endo-

In contrast to the other forms studied,
the Galgl membranes of the guinea pig



as

trophoblast (fig 13) are extensive
tend to be arranged in linenr fashion along
the course of the trophoblast. Each set of
Golgl membrancs conuists of five or six
of cisternae  Although the mem
ez are slighdy dilated, no dense sub-
stance is scen within the cisternae and
Golgt vesicles are not cularly abun
dant Frequently the Golgl membranes sre
basally sftuated being betieen the endo-
gilgjnrdc reticulum and the basal micro-

ALLEN C. ENDERS

ing in the placenta. For the most part the
mj[mmﬁ mﬁem.r;lny small wih
granular and short rod shapes predomt
nating  although branching forms are
quite common  The mitochondria gener
ally have a falrly dense matrix The
cristae are numerous but not tightly
packed, and mey be oriented In altmest
any dircction (fig 8) Angular processes
mkcnunman{olthea'ittac In the
trophoblast of labyrinths of myomarphs
the mitochondra of all three layers are

Golgl membranes are a feature
of the syncytium af the human term pla
centa  However such reglons are gener
ally small clusters of membranes with a
ﬁmur ebundance of vesicles (fg 18) Un

ke in other species, some Golgd reglons In
the human appear to have more vesiclea
than cisternae  In a number of Golgl re-
gilons dense granular matertal can be seen
in assoclaton with one or more of tho
membrane pairs and n vesicles near the
Golpl zone (fig 18) In other reglons
only small vexicles are found. Golgl mem-
branes and vesicles may be found in any
reglon of the syncytum but aro more
commeon basally than aplecally

The Golgl membranes and vesicles are
sornewhat more in the Lang
hans cells duve apparently to the lesser
density of the background cytoplasm in

7 these cells. In sdditton the cisternae seem
more dilated in the Langhans cells

The tndividual clusters of Golgl mem
branes and vesicles in the syncytlal tropho-
blast of the armadillo are slightly larger
than in the other specics (fig 20) but are
not as lincarly extensive as In the guinea
pig The membrane pairs may number
more than five and the assoclated ws.ldd:

appr ly the same sirc  Mitochan
dria are quite sparse in the inner layer
and only moderately abundant in the mid
dle and outer layers. A few more elongated
forms are found In the outer cellular layer
than in the two syncytial Jayers In the
mare clongated mitochondria of al) three
layers there is a tendency for the cristae
to be at right angles to tho jong axiv

In the rabbit trophoblast mitochondria
are Those in the inner layer
tend to be somewhat smaller as well as
more saparse than n the outer layer  How
cver where there are pockets of relatively
undliferentiated cells in the inner layer
the mitochondria are larger The mito
chondria In the gulnea plg oblast are
somewhat more clongated in the
other specles  There Is a pronounced ten
dency for the cristac to be orfented at right
angles to the fong axis but they are gen-
erally not tghtly packed.

The mitochondrda of the human pi
centa are more numerous than in the
other types studled (fig 18) The abun-
dant mi. in the syncytlum sr
small with a denso matrix and very It
ular cristae which frequently course

lel to the external membrane of the mi>
h d Th i h, dria Dr lh

arc usually similar in di to

width of the clisternac  Although fairly
large clusters may be formed, assoclated
granules are rather rare (fig 21) In gen-
eral the Golgl is found in the central
fayer tn which the endoplasmic reticulum
Is Jocated or towards the basal side of this
layer Only small relatvely inconspicuous
Golgt zones are present In the cells of the

cell columns
Mitochondria  The mitochondria of the
hobla t of k horial pl are

rather ordinary Unusual slres and shapes
such as are found in the uterus are lack

e
Langhans cells both in the carly and Lt
stages are larger and sparser than thot
of the syncytium and have more
cristae The mitochondria of the armadils
syncytium are quite brrepular having bod
round and elongated forms with shert
cristac which may be orlented In any ﬁ
rection  There tends 10 be a ronatko
the mitochondria with the largest numl$
being found a short dlstance undet
maternal surface of the sync tum (61
n0) Where the syncytium Is thith 3 ®¢
ondary less obvious concentration of i

- .
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chondria 1s found at the basal sutface In
when cells of the cell

Inclusious

As might be expected from a tlssue such
a3 the placenta which in the couTse of it
translent such 2 wide
number of functions, almost all types of
reparted incloslons can be found at one
time or another Myelin figures multives-
inular bodfes crystallold

wrere seen. H in
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general direc
don ff{ﬂﬂ&am bundies (fig. 10) Such

in all micrographs of regiunm
n _seen of this

Most of the filaments mn the
trophoblast of the rabbit placenta sre as-
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sociated with the numerous desmosomes.
The filaments seem to be particularly gbun
dant fn lation with the &
between the two layers In the

recn tbe tvo layers  In the guinea pig

ALLEN C ENDERS

se¢ent within the same short stretch of endo-

ﬂh;nmumpruentlnth“e syncytum.
Since are not present such
filaments cannot be associated with these

portons of the tropho-
blast coursing at slight angles to the sur
face No particular reglon of the cyto-
plasm appears parttcularly prone to have
filaments

In the buman fine filaments are assocl
ated with the desmosomes between the
cells and the syncytium (fig.

18) Such filaments occur in long slender
are

iDaries of other placentas but are not &1
extensive in nature

The endothelial cells of the rabbit and
guinea pig placentas are frequently quite
attenuated, but do not contain sieve areas.
The endothelial cells of the villous pls
centas are not especially thin and af
though they have caveolae do not hare
sleve areas.

DISCUSSION

Indications of complex layering of tro-
hoblast that can be seen by electron mi-

groups. \When isolated o

found in the symcytium, fine filaments are

often scen assoclated with them. Thin

groups of filaments are also present in re-

mf the syncytium where no cell mem
or desmosomes are found In the

villf (fig. 22) Since there are no desmo-
) somes the older villl, such large fila
mentous be assocated

eral of the rat and mouse placemtas (fig
9) The coiled nacure and definite spacing
of this material made it appear to be a
linearly arranged molecular aggregate
Fetal blood vessels Caveolsze are found
in endothellal cells of the feta) capillaries

position or other swructural feature was
observed. The larpest number of veslcles
per stretch of endothellal cell cytoplasm
was found tn the capiflarics of the ham-
t2. In all three of the myo-
examined sieve areas are found
in some of the endothelial cells In many
thin could

i

croscopy have been reported in fndividual
studles on diffcrent species ever since Wh-
lockt and Dempscy (‘55a) first observed
the wealth of cell membranes in the rat

Knoop (59) and more recently by Jollie
described chanpges which

perme
ability and who designated the Jayers from
matemnal blood to fetal mesenchyme
oblast 1 tropboblast II md:lemenxll:'

though Wisloc!

instances a central
be seen cutting across Individual pores.
Frequently caveclae and sieve areas are
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ture of the layering in species other than
the human has remained samewhat ob-

Omne of the most strtking features af this
study was the consistent nature of the pat
terns of la The

-

most abundant in the former location. In
the guinea plg placentz, groups of large
micravilll pro) g the t

on prove
0 be the case a number of vartations n
fayering might expected to be foumd
within
The

layer The space between the
ﬂrulndlewndhycrwmﬂdbeexpecttdm
R S
mna spaces In
dnmdthenbutphmmmpnl:ﬁu
areas of staxly are present one, where the
two folds of surface h

and irregularly
would tend to reglons

interference with the flow of plasma. Itis
at such that caveolse are most

come to-
and another between the outer and
layers of trophoblast Caveclse are
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clated wiith the &

The fllaments séem to be particularly sbim-

dant tn dation with the d

between the two layers Inthegutnnplg
hohl branching bundles o

seen within the same short stretch of endo-

{llarfes of other placentas,
sive in nature

structures,
found in thicker partions of the tropho-
blast, coursing at slight angles to the sur
face. No particular region of the cyto-
plasm appears particularly prone to have
fllaments.

In the human fine fllaments are aesock-
ated with the desmosomes between the
Langhans cells and the syncytium (fig
18) Such filarnents oceur in long slender
?-nups. When isalated desmosomes are
'ound In the syncytium fine flaments are
often seen associated with them. Thin

villl (. €2) Slpee there are no desmo-
somes the older villl, such large fila-
mentouy cannot be associated

The endothelial cells of the rabbit and

though they have caveclae do not have
sieve areas,

DISCUSSION
Indications of complex layering of tro-
electron mt

by
Knoop ('59) and more recenty by Jollie
('64) who has described changes which
occur n the rat placenta durng the gestr
tion pertod Indicative of ncreased perme
abflity snd who designated the layers from

maternal blood to fetal

oblast I, trophoblast I and element II
Eady studles an microscopy o
the human placents (Wisleckd and Demp
soy '55b Boyd and Hughes, 54 Barg
mann and Enoop ‘59 and Ter
zakls 62) showed clearly the presence o

Ianﬁlm

Jos wbeenmmemnmedwlﬂig
cytology of the trophoblast (Terzakis
Lister 632, '83b '84) the method ¥
shich Langhans cells may contribute ©

e e s .

Tabbit ta (Larsen

57 asid puinea. pig yelk asc and st
(Dempssy L

the syncy a point af intere¥
(Carter "84 Enders the

53 Davies
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PLATE 3
EXPLAN TIOM ¥ FIGTRLS

] Mhnd-no-muupbou-nc:ﬂfmmtbcmplma. Note
[ ed
GCalgd, ndl.htmlavtubulﬂfhrrm) Nnndm /u.oou

# The toner uopboﬂnllulh«ldl-ndl.hn}ddllhm!
the o d:tnl.hhm the labyrinth of the rat. Note how clonely
spposed the cell membrapcs of thive two layers are. They probubly
form s tight jomction to the right of the Ipld droplet (L) In the
pper right comar f3 an socumulation of & pecular fbrou  material
setn in many of the rat and monse placentas. G Golzl - €0,000.
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PLATE 7
IXFLAN TION OF ¥1 URKs

A region of of the outer tropboblast from the two

the muternal spzco of the labyninth of the rabbit. The paralld

trray of endoplexmic at angles to the sorface of
seon here fa common. G, Golgl. X 28,000







PLATL 8
XXPLANATION OF FIOURK

ts of the
mkcro-
granular
ruinea
thh

at the

well
The
[

m



HEMOCHORIAL
ADm C Enders




PLATE 9

IXPLAN TION O FICURE

17 onﬂmdﬁchbrﬂnlﬁn-hmmhlplmdmmp
Thare are
tmmuﬂdbennthth-miamm. lenxofmnd.nniry
with the maternal biood space 19 serm  t ths large arrew Nomeroa
cuveolae, such as that indicated by the smell arrow axe presant both
at the base of the microvilll The
fetal caplllary (FC) ahows scne svidence of distortion by swelling
of the endothelal cells. Nots the folding of the hesal snrfaco of the
on the X 21.500.
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TXPLANATION OF FIGURK

A
is seen here Noto the Al
Jmcdanbcmmt.heun:hnmmﬂmdzbamm Nots

Golgl vesicles In the Golt xones (G) Cavecla (ar
Tows) > £3,000.
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Stereotaxic Localhization of Supraoptic Ventromedial
cand Mamillary Nuclei in the Hypothalamus of
Weanling to Mature Rats'

L¥E L. BEHNARDIS awp FLOYD B, SKFLTON

Depertmant of Pathology Sicte Uxtwersity of New York at Buffale,
Bxffele New York

ABSTRACT Bilsteral symmastrical slectrolytio kerlons ware placed in the supraoptic,
mmﬂmmmmmmmdmmmmxw.lmm

The great fnterest in the role of the hy  Three hypothalamic areas have been chosen

in homeostasts and the exten  as landmarks the the ventro-
mve use of the rat in this fisld of research medis! and the This choice was
bas led 1o the ton of 1 1

A ) Ama 110 ee-ta
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bedding sections were cut at 12 y mounted
mdnftnedwi&cruylviokt- Using a mi-

were proj
and the extent of the hypothalamic de
struction outlined in schematic dravwingx

taken from Kreg (‘32

Two of

of coronal sectl of the hypothsl

la!dah"cf
VMN Ventromedls! nocld
VMP Ventremedla! noclems
2N Zon incerta

(posteriar}
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STEREOTAXIC LOCALIZATION OF HYPOTHALAMIC NOCLEI
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}1;.3 Anters-posterior (a—d]mh) derso-ventral and lateral stersotaxic ';
nodlel of the b of rale rans fros
mmmhnd‘ywddn(-hdﬂn) mnmunwpa{dammdh:-u

coordinates, th Agures below the cuzre danote the Latersl coondinates ( e Maserials
Methods)

thin P edial
was not intended to repeat work of by virtoe of thefr most anterior

reasans First, they represcn
These atlases have proved adequate and ft {stle Landmarks within the hypoll2ls™
thete guthars. The zinvnundcm mpodum,mpﬁd"dywsi
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the formation site of antidiuretic hormone
(ADH)(HI}d and Zetler '54) and have
been shown to affect samatic growth (Hin-

59 B dis ot al.

thankfnl to Dr Damald G. Mentemmuro
University of Western Ontarlo Institute of
Cincer Research, London, Canads, for
many helpful suggestions.
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Innervahon of the Pulmonary Artery
Bifurcaton of the Cat'

AL ANTHONY VERITY TREVOR HUGHES swp JOHN A BEVAN
Departments of Pathology aad Pharmacokgy The Centrr for the Health
Scinces Ustrersity of California, Los Axgeies California

ABSTRACT Tha grom and nderoscopdc immaxy thon of the bifurcaton and axtra
parthon of the pulmanary artery in the adult cat ts
studies indicatnd that the major effwrent and afferent innervation is
cmtributed by the right recurrent cardiac nerve a branch of the recurmmt
A b of the bondles,

‘ector
Mhmmw Small tmmyelineted pertvasal and pertvasal
callateral fbers d.npwuulhmvmdmﬁndnnmﬁilawhxhﬂnnﬂ

Since Herlng's ("25) description of the srtery bifurcation has recently been sug-
carotid sinus reflex the neurcanatomy of  gested from experiments In cets and dogs
specialized sensory endings and afferent Bevan and Kinnison, '85)
Dﬂ'wﬁheninﬂxwaﬂlofthczmtvu- While the physialogic evidence in the
vels has recetved ‘The lia appears a{ h gt
mﬁmﬂmddﬁm studies of the presence of spectalized of
(a8) characteristic o
e of speclathred afferent nerve terml  tery are meager and conflicting  The [res-
Tutiong in thcmmﬂdd.nmmd ence of myellated and yelinated
tmpetus for anatomical (Sunder fibers with the 1l
Ahmhﬁm

Plassmann, 30 the pulmonary artery was origl
ﬁﬂllﬁﬂh or review see Heymans described by Stiding (1875) and
Neil, 58) &
clalired vasculer
2 pred

ubsequ ot.hﬂ-r by the investgations of v
ently lpe-

g;mrmm)mmpmnmmu nabe (37) concluded that the extrapul
1n the cat and tnclude the soctlc com- portions of the arteries

monary pulmonary
Toon earotid, coronary and brachiocephalic  received a rich sensory y and de-
trunk areas, scribed the presence of pod fine nerve
meﬂldenmhuluumddnt netwarks and diffuse stborirations in the
chan In pulmomary arvery pressure walls. Howerer the of
respiratory ( en pressoreceptor within
) and gcm'dlmucular (Aviado the of the cat was dented
tal 7 Coleridgs and Kidd, '60 "63) by Nonidez (“41) Recently Blancont
the strdlar iden of Green (B9) and Coleridge et al. (61)
the afferent system mediating the | have provided some histologic
13:,1 - (Bevan and ogic evidence far the pres-
Uiy Tebones e sy ol 7 P s R st 12
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A brief account of same of thews

servations has been published elsewh
(Verity and Bevan, 62 Bevan and Vedty
‘62, '83)
MATERIAL AND METHODS
More than 50 adult cats of both sexes
‘were used in the study The material con-

sisted of portions of the pulmonery artery
ing at the pul

sympathetic and cardiovagal nerves asso-
clated with the bifurcation.

Statning techriques
The Innervation of the pul

Y artery
was studied in transverse oblique and
Varlous ining pro-
cedures used ncluded
1 Modifled Blelschowsky method faol-
lowing fixatdon in 10% neutral formalin
for 2-3 weeks
2 Ormium tetroxide (Mafllet '59)




\ the remained viablp thought to contrfbute the efferent com-
for at least 12 hours. Repetitive stimuls- variations in the mode of
them with ximal arigin from the receurvent laryngeal

tﬁi%purdum’oftbeﬂghtmdldlm ppesred
a]
‘r lnmrv‘ltﬁ a8 the

b and p pasging over the
ramify st the birfurca  aortic arch to ramify over the Hgamentum
too by dividing into snterolatersl and t b and
Postero-lateral branches which Ieft pul ,utery'{'lumpa-lorcrmdo-

!
Vagus n. In In

RL RL RL

T cs
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vagal root usually recetves a direct branch & rch arteriolar and venular confloeme
from the left stellate genglion. The bl  on the anterlor surface of the pulmonyy
furcation and left pulmonary artery re- artery hifurcation in adult rabbits.
celve & small inconstant branch from the The innervation pattern within the
recurrent laryngeal nerve as 1t passes media appears to consist of three separie
under the aortio arch. In a few animals  patterns

descending branches arise from the as- capable of deflnition only in well staind
cending portion of the recurrent laryngeal methylens blue preparations.
nerve to terminate around the bifurcation. (a

Neurohistologic observations on the tﬁo{mﬂ
innervation of the pwlmonary and
artery

An extensive com pattern of {nner
vation exists throughout the extrapulmo- spiral pattern. Only very rare
nary artedes. A diffuse network of cells are evident. Myelinated and wnzoe:
nated and non-myelinated nerve linated fibers pass between the perivatd
permeante the adventitfa. Many af the pri  zones of innervation thus contributing %
m;:{ nerve trunks supplylng the adven the plexiform pattern. Results of blaterd
titial plexus contain axons with trregular sympatbectum&‘h(uide infra) experimentt
1 | small that perd system

Il ereatl, di.

chambers  occasional cd.lrrel:al sprouts  dominantly efferent in nature -
end terminal end bulbs (plate 1 Aigs. 1-5)  contain some small fibers resistant to
These changes were more evident in the latectomy ™
larger axons and were highly sugpestive (b) A less frequent obxmdnnwuﬁ
of regenerntve and degeperative nerve ﬂndlngofmncompuzmdmnhh
fiber activity (Co%rs and Woolf '50) The fuse terminal arborizations z.hmlgha;‘”
adventitiol plexus contains axons 2-5 u medla and adventitia (plate 2, fig. pld
in diameter loossly organtred in varlably ‘I‘lmtu'perﬂdn]uboﬂudmlmlﬂdﬂ’
sized bundles (plate 1 fig. 8) A charac  tnuity with unmyelinated branches
teristlc feature of the lgmum plexus  adventitto-medtal plexus and .Pf :
the presence of round palely statned comparable in some respects with Al

decasionally metachromatic nuclel. Thess gantration in the advendtia of '-bel %

/m thought to represent Schwann cell clavian pressarecoptor zons (plaie
nuclel They are often situated at the 7) Small diffuse forms of tﬁmm‘wdﬁ
junctional regions of the plexus (plats 1  were apparent in the decper layers
fig 6) but not exclustvely 8o occurting also  medls, even within the su
singly and in close linesr arrays (plate 1 zono  The adventitiomedial lfbaﬁ’ﬂ‘;
fig 8) The adventitlsl plexus appears consisted of compact fine aXonk
attenuated os {t approaches the adventitlo-  surmounted by irregularly sized swello
medlal junction wheare there is a loss of the  of variable staining density m“‘b"‘dm
closs parallel organization with i thellal terminat) wore Mmoo by
ing peurlte separation Schwann nuclel (plate 2 fig. 8 7) and character i
are less frequently seen but when present  large euon.lcnvtll!nptmﬂm’-‘m
Areuclonﬁg;;ed and often sltuated pe]quld.ll- and intervening thickening of
tantly junctional regions (plate 2
fig 1) From bere the fibers penctrato and  axons rarely showed terminal
ramify throughout the outer medla Of (Cofrs and Woolf '58) n
note i3 the close relationship of the fibers (c)Avcmlmlhdﬂlﬂ
to the penctrating vasa vasora. The neu  eter aingle widely spaced
rites assoclated with the intramural vasa s present throughout the
partially account for the increase in den ncudtunrwn.dwrmm!bel
sity of neural dcmenu(nv: the bifurcation plexus and ramify in a tortudt
of the artery (Verlty and Bevan  sionally varicose manner

'62) Sobin et al ('62) moreover described  smooth muscle but showing scute

§

1

1%



PULMONARY ARTFAY INNERVATION 7

tians {n course (plate 3 figs. 4 5) No
Scherann srocled or Mterstitial elements of
Occasional

which are indistinguishshle from fod in

sproutings are however to both
In vitro on
the tnnervation of the pulmonary

e menisdd of de

Cariro) and show varlous pleomorphic
and

Ing formation 1
oarse (platn 3 fig. 8) Occaston fine
c colls fasue

rom the and bizarre

Mt when present are conslstent with a
xchwammﬂoﬁgin.ﬁmﬂ:ruhcudn
fom8 are szen in the subclavicbrachio-

lm‘n]" plexiform ﬁc;rgnniuuo‘;
into
“"‘““] perceptibly reglons

iegments of the plexus show focal evi-
s sh
dence of 3 tre

ve and
otural ectivity (plate 1 fig 7) festures
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vasarum of palmonary artery Mlitteflong, Acta $ck. kd
the rabbit, Circ. Res, 11 257 nty Kioto, 15
1878 The nervous apparatus of Takine, M, and 8. Watinabe 107 Oiw &

hlick auf dis sinosreflaxe nach HL E. Tello, J F 1934 Genbes des terminaioss
pergleich mit anderen  pefls- trices ot semsittves IL
histopathologis des bulbus caro- pofls ds 1a souris blanchs Trab. Lsh breac
das glomos caretlcum. Z. Ges. Anat. Biol Unly Madrd 22 337
83 o8 Theaert, J C. 1963 Thbe sltrustrocisre
Uber of lated perve
o bt veomna  Vordtr M. A ant 1 A B 1983
8 experimen erity A,
marpho} fassbare verind, thont of nerre endings in the pulmanary e
Z ges of the cat Sclence, 135 T84,
Neurol, Prychiat., 147 414 van Bchumscher 8, 1003 Zar hrage du b
Takino, M. 1 Uber dis 1 bel den
lungengefisewand, bescnders Ober das vorkon- 271
Unless oth 1 gre of hyls blus
Ths scale 0 s
PLATC 1

-
eE
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E
§
T

Lnllulomrhhlcbﬂur

3 A large medullated nerve fiber shows a foslform axosic rwelliof
with central pallor Ths pale outlines of the swollen myeln shesth
¢ rrows) are seen. Pulmonary artery

4 Twi ted ax{ cylinder within s myelln ¢llipscid, Thers 4 o cvidemce
af unulrlo:\hdihd: hut'.hnuuulrmn(mmnunlh‘-ﬂ: ”

talned, FEarly terminal tng ¢ of regenerstive collst
culnumyl Present n hno“bc:mpadd. A Schwann nucled
presc 1 ( rrow)
8 A wmyelin ol . i

peald wit and
(digestive ch mbe of cam) | seen on the left | continoity with
diff_we terml al growth cone showing extemive collsteral branching
on colling Pulmon ry artery

O Byncyth | rr ngement of fine unmyelinated neurit bondies withi
the adventill of the pulmonary srtery Numerow Schwann puckd
present
7 Bexmw t of drentiliomedisl nerve pl xu | th subcl vian presso
frorptor yom hewina dlu:o:nll uuy d dml:rmml of errt-hr
tborl tle with  onkc  wriling
riies  Tlelschmwaky
Porikn [ dre U |} nerve phe t pulmonary artery bif o
A |8 rume ouw my lin ted on  ccomps hy-ulllvl'

ound At g1 hhw n nuclel
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TLATE 2
TIYLANATION OF FISUREY

Three fusiforms Bchwanm pucled situated equidisantly from the com-
\ttteoce fml\ﬂlﬂubuwﬂnlmbd within the pulmonary

T ! seeslon of medial funcilon in pal y ariery
A small myelinated Bber (arvowr) enters the peeterrainal netweek. No
Schw nn naclel are apparent a1 this Jevel of nenronsl orzanization.

Example of rare clanical, de Castro Type I preasorccepior within

the adventitio-medial tone of (be artery of an adult ¢ &

m:mhmﬂﬂlmmlummmrmmnmm
with

ruumln Aine meshrvrark of axanic celle Ammd:ul'nlrrtrrwinﬂ
thoriration fs secn in \be wpper right comner  Blelschowl:

Srmall, mmpu( afferent ferminatien w(\hmlhtmcd.ha(tbe right
a1 hjon of the pulmonary artery The terminal neuriter end In
round and oval menisd  opreative of retraction  { the termined
uoplnm (Colew and “'aol( 19y

rore comples compact sdventical afferent termination in
yu!muury agery  The tomination arises {rowm fine -nm)d(mu-d

Fine Al dnihelial axon
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PLATL 3
XXPLANATION OF F1 URES

1 edi of

Porthon of plexus
mnhmumnmm.moimmwx-ﬂv
onal vy hanges (arrow)

Trmlml-rburlnﬂon(do&:tmﬁpon)tnzh-mdc o
of an adult cat. Axon swalling coils with Larse terminal
collateral branching snd myelin lipscids suggestive of

drnw-nﬂmnndnmdnlrﬁﬂrymm
fcation of (ds Castro

Ty-poll)ln!.bc

r‘ﬂ'l:ﬁml.bdrwdhnlwﬂhhrnﬂn‘lm‘nhdlnﬂﬂuhrmlm
sround » central, myelinated axon,

Fine unmyslinated axon within the mwdis of ths pulmonsry artery

Nots acute varl oos tn courme nd kngth with no wtempts o

branching.

Similar to Agure 4 with emall branch and occasional dellcste fus!
form swellings along the kngth of the primary axon,
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The Blood Supply of the Bovine Hypophy=ms'

J ¥ CUMAINGS axp R E. HABEL

Drpartment of Anatomy New York Stats \cterinary Collepe
Cornell Untoursity Jthaca, New York

ABSTEACT  Tha rete cerebel and the hypoplyeial vescolscization were
stndied by various Injection 1 artevies
wose #rom the wrteral circle { the eerebrum, whils the candsl

Pophyxial portal system forms & route for rior hypophywial arteries and he

4

ton (Herds 55 G '63) Direct neu- circulation. Barnett
ﬂlcmu'nlufln!.ui:;eﬁ)beltcredmmthe ('B1) studied function in two de
ox seems unHkely since Gilmore Peterson, capitated sheep By unsing constant and
and Ragmussen ( 41) were unshle to find  alternmating pressure

nerie Abers in distalls The arig carotid arteries and messuring
nl description of the h portal the fugular veins,
#T5tem {n man and Flelding ('30) concluded that the pulsation of the retial
wat {ollowed by of pltultary cireu- sexisted Intracranial venous re-
Litin in many species (Romels 40 Die- turm.

Pen, '92) The existence of a portal sys- In his comparative study of 1951 Green
tem and ity functional tmplications have noted that the hypophyxis of ungulates had
Iﬂmuhmdtntermlntheuudyufhy—po- not been studied from the patnt of view of
Paysial vascularization. thon. Ralic ("56) described the
The arteral supply to the bovine hypopk  hypophysial portal system of the ox and
JUit arlses from the rete mirable cerebrl functicnal concl

Thhs extensive arterlal plexus which sur  Prichard the hypophysial creu-
tonds the pituitary has perplexed anato- lation (n the sheep ("57ab) and goat (68)
maists since the time of Galen. The present study was undertaken to
Ask-Upmark (*35) reviewed the early describe the blood supply to all lobes of
lbtoﬁesmthephyﬁalogjcdpﬂﬂcnnceu} the bovine hypophysls. The work includes
the rete  He postulated that the rete may & descriptiom of the rete minabile cerebrl,
OPTate mechanically fn maintaining cere  the rostral and caudal ysial arter
bral arterial pressure at a

conventent and
Constant level. Zhedenov (37) described

the pre and postnatal formatlen of the

Tt and the regression of the internal MATERIALS AND METHODS

€rotid artery in the ox. He belteved that Eleven calf heads obtained shortly after

the rete functioned as a ting reser  death, were perfused with

mhﬁh(‘ﬁ) y innerv  salipe solution via the comman carodd
arterlo

the arterioles of the rete and the cavernous

£
F
g
%
1

116 91 114

les the hypophysdal aystern and the
interlobar vascular connections.

i



92 J F CUMMINGS

arteries The heads were flushed until all

velns. Colored latex was Injected bilat
erally through cannulated common carotid
arteries  In most cases the latex was {n
Jected under a pressure of 200 to 300 mm
of mercury from a pressuro bottle appara
tus. Severa] were Infected with
a 50 ml syringe. Prior to Injection hemo-
static f were placed on the vertebral
vessels and the Jugular veins. When the
vessels were filled the common carotid ar
terfes vrero ligated After the latex
hardened a block of tissue containing the
optic chfasma hypophysis hypothalamus
portions of the sphenold and ocefpital
bones and the assocfated vessels was re-
moved with a band saw These blocks
rrere fixed in 10% formalin and subjected
to complete or partlal! corroslan

Complete corrosion was accomplished by
submerging the tissue blocks in concen
trated k arfc ecld untll the vowsel
casts were well defined. Remalning fatty
debris was removed in 10% potassium h:
droxide Partial corrosion in hydrochlo
acld was employed in conjuncton with

whg the aid of a micToscope

Flve calf heads were injected with vi
nylite chloride using a pressure bottle ap-
paratus st 300 mm of mercury The pro-
cedure followed was identical to that used
with the latex preparations The dssue
blocks were totally macerated in concen
trated hydrochleric acld Latex and vinyl
fte casts werc used to visualize the gross
arterisal figurations sur dlng  the

AND R. E. HABEL

from below with bane forceps The hypoph
ysis was cleared in benzy] benzoate with
or without prelfminary dissection Isk
preparations provided of e
finer vessels supplying the (Bg. 1)
The blood content of hypophid
vessels of nine adults and six caher wu
stained by tho benzidine technique A tv
sue block, similar to that described abne
was removed and placed in 10% formslz
far 24 hours. The hypophysh was o
tracted from the sella turcica without &

stroying {ts connections with the b
amus and replaced {n 10% ¢ ¢
6 to 7 days The blocks were cut by bl
in hortzontal, sagittal, or trapsverse plmes
The sections were included in z gelibd
mass and cut at 50 u on the freezing o
crotome (Carleton and Dnury '57) T
blood was stained by the method of Lt
pehpe-Pickworth as Even by Lillte (31}
The pituitary glands of eight calves ¥t
transvere 1!

hematoxyltn and cosin  Two adult fld
were stained by the trichrome method

The structures surrounding
the hypophysls
The hypophysis of the call was Yo3td
in the sella turcica so that 1t mcxmﬂdm‘
difficult to remove the bruuclhnnd it
intact by a dorsal approa
hypophyalalis on the dorsal surface of ¢
henold bon

is
The heads of 14 calves were injected
with Indiz 1nk injection masses dexcribed
by Green ( 51) Shortly after death the
heads were perfused via the common caro-
td arterres with physiological saline solu-
tlont to which 02% sodlum nitrite had
been added (Lale 54) The Ink mass
was injected nith 2 50 ml syringe  The
plunger of the nge was depressed In
5-10 ml intenal 1t n attempt to simu
late an artenal p Iw A block of tissue

containing the + [ ; veis and its sur
roundings sr1s rem 1 nd submerged In
10% formalin  Af the block had

the adhe portions of the

sphenold and occlpits | ¢+ were removed

i1

e dated the
portion of the gland The tecp
of the solla was formed entrally b ¥
d and darsally by the TR
old Caudodoruﬂ)}]tbe xﬂ;ﬂfh""
by the dorsum sellac s ¢
clinotdeus caudalis The dlthf"g
lae formed a strong dural roof o
dorsum of the gland
The uudod;:-t;l] portion lofnw
hragm was tightly adhenunt to o
n this region ﬂmlhc::ﬂlllrl:i:nw’ﬂw
clinoid processes of
in the diaphragm Rostrally the dlap



VASCULAMIZATION OF

thecarne d snd d a for

amen for passage of the hypophyutal stalk.
1The disphragm was elevated candal to the
¢ focumen for the stalk, so that the arach-

1nodd around the stalk extended for a vard
1shle distance b the disph and

11be lower infumdbutum (Boyd "60)
‘The cavernous sinus znd the rete mir
7 ubfle bardered the gland laterally
" General morphology
Thbe body of the calfs hypophysis was
i geoenally oval with its long axis directed

stemt was subdivided into up-
and lower parts sccording to Xuereb

sections the cleft a) a3 @ Vahaped
:-g:txupanung e pars distalis from
pam in the dorso-

The pars ted
a light-colored conical projection which
resemblad  the cellular

This struc

deva The and rete mirabile caudale. rostral
of pars toberalis continued candad  rete in the mein, to the rete
10 merge with the noural lobe. The lower mirabfle of other authors.

&em lxy in a groove formed by the dorsal ~ The rets mirahile comsisted of
face of the a ?ifur: an artertal plexus on uds of the
o infundfbull throu h figs. 1 and 15) The lat
medlan emtn fed tirough the  hypophyats (figs )




artery
ramified in the caudolateral reglon of the
ret¢ but soms smaller branches ramified
on the dura around ths mandfbular nerve
In the calf the internal carotid artery
joined the caudal portion of the rostral
rete It entered the lateral plexus caudo-
medlally and coursed rostrad in the sub-
stance of the reto beside the hypophysis
(fig. 2) In the rostral portion of the rete
it bent sharply dorsad and plerced the
dluphngman{lnelntcm]wtheh h-
yslal stalk. The artery recefved es
within the rete and Increased in sire as it
cou! rostrad. It
larger when it emerged from the rete to
supply the brain through the arterial cir

cle of the cerebrum (circulus arteriom
cerebd)
The rete mirabile caudale was fooed

The kypophysial arteries

Two or three hypophyxial arteries s
from the arterial circle of the cerchne

at the lower
to the dorsal surface and
with the contralateral vessel to
plexus (fig 6) anc_besfm:;lhe

4
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In the infundfbatam, the most conspic
Tous formation was the arbariration (Ags.
8 and 9) Thess trees com-
posed of the following; (1) an arterlole
derived from ar

5 E,ﬂgg
[
o

15

4
f
%8
|3
£
£
i1

glons of the pars tuberalls supplied the
darsolateral parts of the distalts, but
oSt vascular fme-

grosdly (fig. 6)
The vascularization of the various
parts of the hypophytis
The vasculsr bed of the pary tuberalis
d arterioles pillades  and

ca]
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arteries which ramified near its
great vascularity of the lobe sharply con
trasted with the adjacent area of the pars
intermedia (fig. 13)

Flgure 16 dlagrammatically llustrates
the vascularization of the various parts of
the hypophysis.

furing Outlined below are some s/
nyms for the terms used in this paper.
Retr mirabile rostrale (Zbedenov A7)

Rats mirah{ls

Caratid
Retr m

irabile candale N
Hets mirabile besils (Bruni and Zonmed, %)
arterial plaus
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kurze and lange Spezialgefdsse The short
vessels were more numerous and termin

are subdivisions of the long vessels.
Ba#é ('68) found 16-20 vessels
in the ox. The majority of the portal ves-
sels supplied the 1 dulls of the
pars distalls. Aside frum the vascular de-
marcation there was also a differcnce in
the distribution of types of cells in the
pars distalis (Jubb and McEntee 55)
In addidon to the hypoph:

ular
stem to the adjacent region of the pars
distalis In the calf shart portal vessels
drained tho copillary bed of the rostral
part of the lower infundtbular stem to the
adjacent pars distalis Soms of these ves-

pars intermedla. systern was less de-
veloped than that demonstrated in the
sheep  The welldeveloped hypophysial
cleft in the calf was considered to be the
major factor Umitng the extent of the
second portal systern.
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dog and cat the blood In the d!';
directed from the pars
terdor lobe  He found small vessels &9

caundodorsal surface of the pars distis®

which the blood flowed pro: ]
Dantel and Prichard

blood flow in the vessels of the hyportTe:

stalk of tho sheep (G7ab) an
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fcations of the portal
bulum Presumably thess cels wo
fnto the infundibulum as rem!
proxtmal blood flow in the
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Balié cited, as additional evidemce for a

talis dtrectly

' The present study fafled to confirm the
| existerice of cells from the pars distalis in
";;yofﬂnuxuhrmucnnuoftbamlk_

- alille yrere observed to supply the pars dis-

uﬂ;hdhecﬂy

- morphology of the bovine hypophy
l&dpu;ul systen Indicated that distal

ow was probable. The followin,

teervations

‘he rostral h erles supplied
be afferent Hmba of vascular struc
tres of the yalal stalk. (2) The
dferent limbs

part of the pars distalls bat in some
%3 falled to reach the mare caudal re-
foos of the distalls. (4) Vascular
mﬂm:betm stalk
vrere slight. Super

Aclally the rostral srteries sent
to the hy

ﬁ;‘uhmn. Intermally some of the capil
Apkes of the spike forms reached the
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PLATE 1
XATLANATION OF FIGUAXY

1 Vental view of the rets mirah  Infected with Jatex; calf apr arteria
distales Tein

ns thalmio and maxillary trigrminal perve; i, S
artery; tor rete mirabile arteries nter

nee; Ip lateral plexys af rete miraddle § o, apth chisesa) oo,
paces; pod pars distalls; rob, rostral Beunchexg
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mirsb rostrale; nl neoral Iobs; oo optic chlsums; e ety
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FLATE 3

XXFLANATION OF FTCTRIS
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PLATE &

XIXLANATION O YIGURES

A trsngrerss sactian of 30 a thickness cut through the infundl-

b\ﬂuumundtbcmmlmnkmn[thcmduum’ Tha blood
stuired the IP&WI

mbvnll;pvwrulvﬂachenlaimth-pn:dmdh; Tecessus
30 X

Antﬂmuc\hno(mplkkknmwmbhdwmm
which the blood was statnad by the berxddmo method; cow  The left
wida of tha mcture f rostraly the top f the phcture fa doraal. ha, by
pophysial cleft; Iw lobe of Walzen pl, pars fntermadia, 140 X

‘thtrl!vlnv !mﬂhywphnhmmdﬂlhwllnkmdthnd
1 berzoate. em, corpo mammillarky; da, disphrsgma sedlas,
bghmmudm;mmmmamm;m.w

chlssmay pd, pare distalts; pl, pars intermedis. 8 X
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PLATE ¢
IXPLAMATION OF FIGUKES

A semsidia; representation of the ventral surface of the rets
mlrablle cerwbed; call. APR, arterla pro rets mirahile; ADR,
pro rete mlabile, AS artery from ald boos:
extenslon IC inteynal artery; IOR,

rete mirsbile arieriae internac; LF Lateral ploms
Tete rosirals; ON optic nexve; PD distalle; RCB rostral
communicating beanches) rvte ac-ndxh;VBLmn'll
A dlagrammatic taion [ the blood supply to the hypophmls

vin»d!mm!h- nc-l! The shaded area hss bes cnt out t alow
vunaltsation the dhuibution of voestls withlnth-uand.g-

capullary Joop (enlareed); mammillaris; Cor cortex of
pars dbtalls; of the rostrsl yulal
arteriseg af the rostral h

of Walren; Med, medulla of pary distalis; NL, swara] lobe; OC, eptic
PI, pars PT panv PY vewmel)
mMmrdhywphyddlrtede!xFFlp&a{m( )5 5%,
second portal system; TA transverss anestomosts of the candal hypo-

phyalal arteries









ltrastructure of Developing Muscle Cells
the Chick Embryo !

E. RAWORTH ALLEN asxp FRANK A. PEPE

Eaf

e ptupooed
to myafibrils (th:- 074 Dualberg_ 10
«d Levi and Chevremeont, 4

the linenr lgpapduu md fu:icm of the
02
H’.uqmm anndGﬂl,'lO) Mascona
('5%) tugg:ﬂrd a relationship be-

twreen ppa.rmmuf myofibrils and
decrumi.ulhenumbaxufpolywnchnﬂde
andr

zﬂecndrely

Holtzer et al. ('57)
different ides, that fonnation of myo-
fibrils occurs in association with the cell
swface Electron microscopic studies of

heve not clarified

belhmdlnml.ndktctnnudxﬁun t.botubject (Vm Brcanan 2 Hibbs
’ﬂlhtcmienldvncadn;ld.lmmmmfcr Shafig '63) In
aten of to shnﬂq gm( of mus-
2ed on the fact that all .‘,mu.- tﬂy hcfuu:ud
* cells contain d mi -dma cell mem-
'cncdpmnelmmemum Priar to bnneandﬂmfmmmyuﬂhmu,bm

I!mlto!nn:dnceﬁlmrmcﬂtm ou|
and the ¢ quately clarified in
R Rzg.ud C11) had .cm,-d that the mjm— the fine structure of adult skeletsl
“odria induce some other lasmic hubeenexm:dvzly investigated (Hall et
E‘P:Emtmfctmmpﬁbﬁh. eed(‘&ﬁ) al 46; Huxley "S7 S)ostrand and Ceder
ﬂmnuln. Sd]l?h;ﬁ;o:‘kmh::e’ Thh i cxten s rypporad by USPTO Tk

J A e 1@
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116 E. BAWORTH ALLEN
gren, 57 Knappels and Cadsen, '63;
Pepe '83; and many others) It has been
shown that muscle is composed of two
types of filoments. Many studles not only

AND FEANK A. PEPK

MATERIAL AND METHODS
A. Sectioned material

Fertlle from white leghom cide
vrere in egg"nxsss untl] the dest~

ments found only in the A bands, contain
myosin, Thinner opes found in the I band
and the lateral portions of the A band,
contain actin. The exclusive use of sec
toned material may present some diffl

stages of development wrere resched E
hryos were staged throughout secordmgt
the series of Hamburger and Himiz
('61) At varfous time intervals,
16 18 20 24 and 28 emhryos

b
50,

3
M EL]

3

tes and d cles in Interp 1
Thin sections do not always enable visuall-
zation of a complete structure «ince parts
of the struchire may extend oot of the
plane of the section. In addition, prob-
Jems arise concerning the sampling of ma
terial end concerning possihle artifacts
produced doring preparation. In arder to
obviate some of these difficulties, an en
ﬁyi!ﬂ‘enn:mezhodofpmpandon,uﬂ-
omogentzation and negative stain
ing,gmay be uted. Huxley (‘61 '63)
thts enabled him

teristics of filaments isclated fram adult

muscle
In this investigation with respect to
ents, four major quesons were

(1) Do thick and thin filaments appear
stmul. ?

(2) Do the filaments change in dimen-
slon during development?

(3) Does any correlation exist between
a particular sub-cellular element and the

%‘ERF%&% n

n

of myo-
filaments mto7myaﬁb:ﬂ.| be observed in
mr‘urfmjcceﬂl

With respect to the sub-cellular elements
It was found that the changes in appear

protetn synthesls
(Porter ‘54 Wamer etal 62 Rich '63)
Because of the drastic changes in these

(Y

a
!
|

I

a
i

particles, It was p to ask q
concerping thefr corr~lation with myofila
memlmﬂgjou. In aidiian the first ap-
pearance of glycogen ould be followed in
this systemn and some preliminary observa
tions were made

¥
7
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A
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i
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ULTRASTAUCTURE OF DEVELOPING MUSCLE CELLS

117

the final micrographs, however were ob-

tained in & Sfemens Elmiskop I
Hitachi HS

A B0 u condenser and 30 p objective

aperiure
voltage of 50 kv Pictures were taken at a
varlety of magnifications (usually 5,000 X
to 15,000 X)
Slemens Elmiskop I

A 200 u condenser and a 50 p objective
aperture were used. An accelerating volt
age of 60 kv was used at a magnification
af 10,000 X and 80 kv was used at 40,000 X
ma; tion.

B Homogenired material
The material for these experiments cor
to that used for sectioning. In
dditd trunk were ob d

from stage 17 and 30 embryos. Also
breast muscle from 10 12, 14 and 18 day

weTo

mﬂaﬂm.rm:ﬁmm incubated embryos was used. Thsue tdm-
The hard restn wers ming was doce {n a standard salt sclution
with glags knives or with a di d knife d of 00831 phosph bufer
D o Porter Bim microtome Sections 00093t KCL, 10~ AMgCl, sund 10 ar
thowing gray lver or slightly gold inter EDTA, pH 7.0 Sclutions were kept in 2
[erence colors were picked up an d 1d ( ly 2 C) untll tm-
300 mesh copper gr mediately before use The solutions were
Electron wrere obtatned then placed in small lowform preparation
fron umstatned sections as well as from  dishes which were immerved in ice. The

trimming was done on fce with the aid of
2

Lead tartrate statning
A solution of lead tartrate was d

Aft:r!:&mmmg.thn-nluﬂtnmre
moved with a bulb pipette and replaced
with & «mall yolume of a similer salution
to which an sdditional 3.5 X 10-* 3 ATP
was added (relaxing medium) Hamog

was lshed by deawin
the tismre repeatedly tnto 2 1ml
(without a peedls) After most of

erial was ded 1t rvas d

tnto 3ml vials and placed In a Servall
d t, d at0 C.
at 400 g

to Mfllenlg (‘61)
m by floating them
verted poxdtion’ on several drops of
;dm.uguﬂndmfcrd;himinum Wash
€ was sccomplished by constant agitz
?t;nhemfmmmmummuﬁm
An Hitachl HS, electron microscope was
used for scanning this materisl. Blost of

;

This combinatim was
with a fresh solution (2 oc 3 ml) of relax
ing the final suspension was



118 E. BAWORTH ALLEN
used for negative staining The techniques
for negative steining were based on meth
ods described by Huxley and Zubay (‘303‘
Parlodian-coated 200 mesh

were covered with a thin sheet o

A drop of the suspension was placed on
these grids and washed fmmediately with
five or six drops of standard salt solution

as possible with fliter paper The

wrere dried in air and observed in the elec

tron microscope A Slemnens Fimiskop I
1 el

AND FRANK A. FEPE

By stage 18 the number of wary
filaments in the cytoplasm of the
cells hus increased (fig. 2)

Sectioned material
Ayotomal cells from the tnmk somites
of stage 14 chick embryos are marphologi
mesen-

filements when phosphotmnptic
stained sections are observed at high e
nification (fig 3) An.bhsugh‘m
polyﬂhnamaﬂrnnppgrtu g'u
They appear to be armanged

fl cytoplet
clusters of also first appex &
this stage of t. These are e

grapular nucleoll. Typical nuclear mem

Mitochondra which aere pre-

daminantly oval but {onally el
‘are found in the along with
moderate number of ribosames No

) filamentous material is ever detected in
these cells. By stage 16 most of the myo-
tomal cells have become cansiderably elon
gated and comtain oblong nucld. In
additton, in stage 16 many ekmgated
mitochondria are seen that appear to be

mumlngxpo-:idm parallel to the lang
axis of cell. Single or small clusters
of which are not associated
with b give the cytopl
a gran appearance Occasional,

are stained with phosphotungstic acid as
shown in figure 1 and slight bulges with
no distinct periodicity are often seen along

thelr lengths.

24) myotomal cells
senting every
dmgmmz. In addition,
brils most of which measure 'Er
mately 05y tn width are seen (

Stnee the section seen I
m

L

&
B
-3
B
g,
3
=
]
18



ULTRASTRUCTURE OF DEVELOPING MUSCLE CELLS

~olyribosomes  and
da. Many vexicles, same with a dizmeter
+13 large 23 0.8 ¢ are scattered throughout

n stage 14 and when
of stages clder than 16 are

may contxin as many
rbosames (fige. 11 14 and 16) In
15 small thresds spproximately 10 to 12 A
in diameter can be seen connecting tbe
ribosoares.

With the exception of stage 14 smooth
are seen in o1l

of the The diam-
eter of these granules vades from 150 to
450 A. The giycogen et umnlly oc
cur singly but small clusters are occaston-
ally seen.
DISCUSSION
In order to be able to compare

stve stages of the
same n somites from each em-

adad of 1 in
the chick embryos. For this reason, the
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muscle differentiation of the more ceph  ments from a purified myosin
aled somites was necessarfly more ad- The ertifictal filaments wwere
vanced than that of the somites caudal to  those naturally cecurring in
them. Tahle 1 fHustrates the number of except that there were many
embryos used, the number of experiments lungerurlhortermlmﬁ
pedormed and the total number of somites  ments, normal and

examined in each experiment.

In sections of the developing muscle stant dimensions rough surface

E. BAWORTH ALLFN AND FRANK A. PEPE

:
bk

Ep
&E 5
F

thin filaments were seen two stages befors  Ing ends. The fact that no thick Al
thick filements. This was confirmed uxing possessing Iength;lunwutllnmrﬁ:

hamogentzation
spectve thick and
shown to be morph

experiments end the re 1.5y were present {n thiy imvestps
thin flaments were also su, that they could not bae bt

able fram

gically g
and actin filaments

‘myosin procedures used.
found in edult muscls (Huxley '61; Han Bergman (62) dencrﬂr:ﬂdmmaim
free
d In more diffe fath Carrel repaned 1t

urernents were made from ne;
dons of h

tl:

The first unbroken thick filaments to be  elements and ?ﬁbdﬂogmﬂﬁ vt

cbserved possessed lengths of 1.5u Meas- never observed. 2

gative stained were found parallel to te
d materlsl.

Broken filaments were casily detected be- Into myofibrils was seen. W“&

cause of the lack of tapering ends
to all thick filaments. No unbroken fila fibrils was never seen, At tmes, st

ments of lengths shorter than 1.5u were the aggregates of thick and thin

seen In the early materlal. This su

that thick filaments are rapidly

into Lhd.:hfull lengths an

ts mufmmdinclungnod;ﬂm'ﬁ‘:

led cell surface, but they were mort
do not slowly found mndamlydirpawtdlnlhw

were aften present they should have been  in agreement with the
detected since myosin filaments are in- plate idea suggested by

saluble in the solutioms used for this sepa  ('57) butbm-mdwﬂhwl,
ration. were prescs

A similar solution was used by ‘When actin filaments d
Huzley ('83) to grow artificial thick fla tme preceding the frst Gpper™t

Number of embrpos studied, mumber of experiments performed, end
mawber of somites per experiment

et

Na of

f

SULL] [ wann] e

TABLE 1
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ULTRASTRUCTURL OF DEVELOPING MUSCLE CELLS

filaments, single riboscmes and
polyribosomes (3 to 6 ar 8 ribo-

mu)matgnmt. Observed sim
neously with thick fillaments were lang
Thess ob-

121

one thick filament along its entire length
throagh many bonds.

Small aggregates of thick and thin fila
ments becamse aligned by some unknown
mechanism and formed what appeared to

nonstriated myofl-
bdls. Tuobules were found at 1.6 ¢ inter
vals along early myoflbrlls farming
ments comparable in len; madﬁ
filament and an A band, or Elactron
nmmuphsufthhmnuilfallhawedthnt
the a h Y

a 5

t of thick and thin fillaments.
ct that nonstriated myofibrils ap-
ent with

arTan|

*07; Haggqul
20 Weed, 36 Holtzer et al., '57; and
Holzer 1) Holtzer (61) suggested
that there is a pedod several hours in

myofibril. In additien, be suggested that
new nonstrdated sarcomeres are added
ically at the tips of already

myofibrls. In most recent electron

mlicroscopic

Shafig ('63) could And no time during de-
w] did pot con-

_gg E_
EE é.
4
:



122 E. BAWORTH ALLEN
osmiophilic substance (Z line) was same-
times noticed assoclated with the myoft
brils at the level of these tubules, Later in
development, the Z lnes wers always
dense and distinct. 1 bands were seen
anly after the Z lines svere definitely pres-
ent (occasionally in stage 24 aoften in
stage 28) Also seen at this thms were the
H zones and M Hnes. Considering the shd-
m}f filament model proposed far muscle
(Huxley 57 Huxley and Hanson ‘60) it

logical that H rones were found

thin filaments and thus the formation of

and | Hamson 1000 Thend
hmmmg

Huxley H. E,
cular bagls
usc/er.  Strucfuroe Frooctien
E:;dl‘ryc.ﬂ.nma Vol I IB-BTNT
Al

[ bands. c-!]nu..mu_ a1
CENOWLEDGMENT Levl, and Chevremont rc?
The avibons tefully lodgo th e e oo b
a gra acknowledge the
helpful comments and s Hma;nw 523531 »
sistance of Rae P Allen, which were in- M7 mud: Ten fameer oo™
strunzental in the completion of this paper Anat. a1 o
McG, C. 1910 The ot
LITERATURE CITED atod muscle tn - “_‘.111:-#1
Observatians e Ree B
w‘& wux Soketal Tl e Mionis, G 081 A smolifed o
obms Hopkins Hosp, 110 187-201. l-;d oction.
Cowdry E.V 1088 6 fim of the 11 T38-T0 »
function of Am_ Nal ) A 1935 'F"‘*'M
15715, myogeriic Exp. B: pees
Duesberg, ] 1910 Las chondriosomes des calle-  Pazker R C. 1 uﬂmd “"“'L_,u
les em du poulet et Jour rule dens 9""-”—-#‘“—“—"”"&3"'&""—;—
‘)hpmudnmyuﬂhnﬂun-nmlqnuob-wm‘ﬂml&'h -
/7 servations sor 3o devalopemnant des fibres mus- staining tschniques ehecorat 2y,
culatres shiser. Arch. Zellforsch, 4 603-671 COFY, thw"’m‘h
Guli;(-m!d,'t,‘- 1903 Die Entwickhmg des Ske- w&k;wn-ndrm-lu.lmﬁ ,
Arch. mikr Anat, 80; 111-158 mlE‘. n 1934 D:’cﬂm TR
Haggquist, G 1930 Uber de E der m’;&“"
™ frocche % [
Anat. Apx, 52. 389404 Begand, C. 1011 lnmjmtbmdﬂ"h’r,
Hall, C C A Jakus and F O. Schmitt 1046 ks »
An o and myo- da la fonction ]I:;Bl
sin flaments in muscle. oll, $0 33-50. Rev Med, 3. il >
H-:;burmv and H. Humilton 1951 Ad-d';: B.l;lgpA. 1963 sd:nﬂ*&
pormal stages in t
chick embrye. J Morph., A8 4392 Shafig 8. A, 1683 ooy e
Heanton J snd J Lowy 1 Tha stroctury of on the cmndﬂ”w
F-Actin and of sctin flaments isolated from 7 Call Risl.
muscle. ] Mol Blol 6 48-£0. EWFLMLdel“"
Hibbe, R. C. 1938 microecopy of de- 1857 The JM
veloplog musclo in chick embryos. Am. myollamants stated
J Anat, 17 J Ultrastroctare 1 ‘M—lu&u P
nnlnnHXNlArpt::uolcbndrm:ﬁ YmBmVL::fZ yosted 3w
Cellular Stoctuze 1#th Growth $ymp. Ed. by Ao € Ree, 113 179-105 o B
Co, New York. Wi C.H o M Py e
Ao el amangements of riboscwes ”,,p“



ULTRASTRUCTURE OF DEVELOPING MUSCLE CELLS 123
Yemer, ] B, A. Bich and C. E Hall 861 Weed, L G. 1836 Crtological studies of devel
ribosomal rmuscle

stodies of oping
eimyters synfhasiring  bemoglobin.  Sclence,  brfls, mitochandris, golgl materlsl, and moclel
p 138 1300-1403. Z. Zallforech mikr. Anat, 25 516-590.

2



1

PLATE 1
IXFLAWATION OF FIGURES
Electron microgeaph of stags 16 material, Noto Alamantons material
yresent only fn  seanty amount (srows) Many single and

are secrt in the cytoplenn of the slongated
Soction stained with PTA. 40,000 X

of stage 18 material, A high concentration of

thin Mlaments ks sees in the twocells, N_thick flrwelts
ta D
iy T e et with PTA Poly

these
ﬂ]:omc(?) £0,000 X
of flement in stage 19, Many thls
ﬂllmmumneml:nnupcndwﬂ.h Lbhkﬂ.llmm Tobules T2
botween sggregatss (ln-mr-) Section stained with FTA
lu.ooox

..



ULTRASTRUCTURE OF DEVELOPING MUSCLE CELLS

of alcohal was with sn
consdsting equal vol-

of succinic anhyddds and
Anidite 502. Vials containing the tsyue

117

the final micrographs however wers ob-
tained in a Slemens Elmiskop L
Hitachi HS
A 50 u condenser and 30 u cblective
aperture were used with an accelerating
voltage of 50 kv Pictures were taken at &
variety of magnifications (wsually 5 000 X
to 15,000 X )
Stemens Elmiskop 1

A 200 n condenser and & 50 u objective
aperture were used. An accelerating volt
age of 60 kv was used at a magnificaion
oﬁ0,000Xlnd&Okvmmedulo,DOOx
magntfication.

B Homogenired material

segmments
from stage 17 and 30
breast

EDTA, pH 7.0 Solutions were kept in 2

A solution of lead tartrate was
txording to Millonlg ('81) The
stalned by floating them I
verted position on several drops of

i

repeated]
(without a peedle) After most

] vwas d it was
lmnamlrhllmidph:edinn

Servall

#aining solution for elght W ing dl and again centrifuged at
ing was sccomplished by constant agita 400 g for ten minutes. The was
them of the grids for one minute In fon-free ded and the two were
water combined. This combination was mixed

An Hitachi HS, electron microscope was
@ed for scanning this material. Mest of
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used for pegative staining. The techniques By stage 18 the number of wary t&
four negative stalning were bused on meth  filaments in the cytoplagm of the

Thick £
ments with a dlameter of 110 to 121

ods described by Huxley and Zubay (60 cells has increased (fig 2)
Parodlan-coated 200 mesh copper

were covered with a thin sheet of and a 1.5 length are occasiomlly se

A drop of the suspension was placed on  at this stage. are never obser!

these grids and washed fmmedlately with singly but only in & of thin !

five or six drops of standard salt soludon  thick Allaments. o

three seconds and drained as completely stained sections sre observed at high oy
as posxble with filter paper The grids nification (fig 3) Att:bhmilﬂ
were dried in air and cbserved in the elec  polydbosomes first appear In
tran I

microscope yas
for obtatning micrographs of this nega c}unmufdy:;?tnnhoﬂmwt
tvely stained material this stage of opment. These are 33
RESULTS more visihle by lead tartrate stabricf €
the sections.
Sectioned material Cells stmilar to those described in st

Myotomal cells from the trunk somites 18 are observed in stage £0 matedal B>
of stage 14 chick embryos are morphalogl  ever there is an Increzse In the s2ve
cally similar to undifferentinted mesen- ﬂmnufthethhlnndthmkﬂlmﬂﬂt:‘
chymal cells. Electron microscopic obser early myofibrils. Hdiulm-ﬁfﬂ”d
vations of these presumptive muscle cells ribosomes ar polyribosomes, snd LiTg®
reveal relatively rounded mononuclested smell clusters of ghycogen
cells. The nuclel are centrally located, lbund.mcei.nﬂgmutimd&"ww

spherical, and contatn ane or often two {tochandria are again

granular nocledl. Typical nuclear merm  parallel to the cell axis re

branes with nuclear can uwsually be Afrerfmrdanafdt\ﬂopmﬂn(

~ observed  Mitoch which are pre- 24) myotomal cells can be fourd 7T

g Iy oval but 1ly el | mﬂngcmyprcﬁmulydmﬂedﬁ;f;d

v are found In the slong with  development. In addition small

a moderate pumber of ribosomes. No hﬂl,mmnfwh}chmmlg’g
I is ever detected in mltclyO.Sulnwidih.ﬂl;m(s

o hed
these cells. By stage 16 most of the myo- Since the sectlon seen
!mnllc&ﬂ:hlmbc%:emecouddenhlyclm- lnmcdmmladmmmnlhﬂw‘f’;
and contain oblopg nuclel. In E’honmg‘dcmdd.t.bemtnmmﬂm
addition in stage 16 many elangated
mitochondria are seen that appesr to be e no distinct I bands of
ummgmponumn parallel to the long mzbacuﬂ{mmﬁhﬂshlww
axs of cell Single or small clusters 1.5 ini bules 3l
of rbosomes, which sare not sssociated ﬂlamcnu(ﬁ o5
with t the crtopl myofibrils (fgs.
‘.rm! T ﬁ“: iomal mn- & dense materis} resembling &
wavy filaments of 55 to lh)ehfo\mdlnplamof!hcm“wg

i
5
g
i
n.-%

are stained with phosphotungstic acid a5 These aggregates shor '-\”‘m e
shown In figure 1 and slight bulges with 4

no distinct periodicity are often seen along  elangated mitochondria, P
thelr lengths polyriboscmes afl present
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e much pumber of the thin fila

Representative fila
of

obsarved have the
sams dimensions. Flgure 13 o, b and ¢
show from three different stages.

3

< B Homogewized material

s, Thin fllaments A small number of
Alamen by are

(#TTEent in negatively stained tons
¥ of stage 16 matertal These Slaments

#FTeent in stage 14 and when
J1eny of tages der than 16 are chaerred,
¢




1 Electron micrograph of stags 16 matserisl Nots
presant cnly in a scanty (axrows)  Many amall
closters of a8 seen in the cytoplaam of tha slonguted cellt

Boction stained with PTA, 40,000 X
2 Electron mirograph of stage 18 materisl. A high concentration of
thlnﬂlmmuhmlnth-cymlumnfmcnﬂl. No thick fllamenty
seen in these Section statned
l:ﬂza-xn-(l’) 50,000 X
3 Electrmn h of Alement in stage 18, Many thin
Tobules mey

with the
hlmhuhm-uxmeu(mvn) Gection statned with PTA
144,000 X
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PLATE 1
EXFLANMATION OF FIDURES

Electron at 18 Nots flamentouy material
micrograph of stago 16 materlal 2o emall

Electron micropraph of stago 18 msterisl A high conomtrstion &
thin filaments 1s seen fn the cytoplesm of two celle. N _thick fllsmenty
ars seen In Section stalned with PTA Peir
ribosore (P) 50,000 X

Electron micrograph of Alament aggregases fn stage 18 My &3
are seen Intersperved with the thick flements. Tobules me7

I;.“ﬁm;mw(m) Section statned with FTA-
X






PLATE 3
IXPLANATION OF FICUAL

Electron mictograph of stage 20 materdal, A ¢l wddm(m)
Froximty more olten

the beckgroond. Thin Alaments aro sgain present in sbundance bat
difficult to see. Stained with leed tsrtrate. Golgd (Go)l mitochondrid
(m); Nuclews (N) 40,000
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Rawerth Allen znd Frumk 4. Pepe

JLTRASTRUCTURY. OF DXVELOPIG MUSCLE CFELLS
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PLATE 3
EXPLANATION O FIOUMK
7 Mncmcr-phoflun!lmleﬁll T bules are sewn surrounding Als-
the myoflbril

=s well o the entire myollbril Steioed
mlhk-dunr-t Glycogen (G1) 144 000 x



LTRASIRUCTURE OF DEVELOPING MUSCLE CEILS PLATE 8

Rewarth Aln and Fruak A Pepe
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PLATE 6
XAPLANATION QF FIGURK
8 lﬂcmn-nphaflunlsmlmLTm‘alhndm:n T

H
M 2) are often serm. bntmntb-ruhlﬂ()lﬂd
m-zlmchml. Nmpn!rﬂbmomu(?)lnl.buhc
Umtained sections. 40,000 X



JLTXASTRDCTURE OF DEYELOPING MUSCLE CX1LS
L Reworth Alen smd Foomk A, Pepe




FLATE 7
EXFLAN TION OF Frauag

9 Microxraph of posthstched chick bresst muscle M)oﬂbnhmmo-
tracted. Note coonectsons betmeen cytoplasmic eaicles (V) and rube-
les uod.nudwiuzzllnn(mm) The interior of the sarcolenme
posasssrs many vexkcls and the exterior has nmnm!wucml(k?
Randomly dhpersed ribosomes and um pertickes are
Stalned with lead tarirate 38,000 ¥
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FLATE 8
IXPLANATION OF YICURIS
10 Microgreph of & negatire aained prepamation of stage 16 material
Thin and of thin

are seen. Singhe aod
eznall clisters of ribosmes aro visible, 137,000 X

1n lﬂammmdmdmnl!mw Twe
m are included with clomp of thin flaments
x




.TMASTRUCTURE OF DEVFIOFING MUWCLE CELLS FLATE 8
Rewerth Alen snd Frenk 4. Pepe
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PLATE #
YXPLANATION OF FIGTRE
12 Micrograph of pegative atsined prrpmdun of stage 38

material
single and small groups of rﬂ»nmuud gycopen
particle (G) can be secn. 160,000 »
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PLATE 10
XXPLAWATION OF FICUREN

Micrograph r.mummemmﬂmﬁmm"
material. Note the tapering ends, relatively emooth central core snd
muﬁtmfm!amdmlhhﬂnmrmdtbaawﬂﬂﬂ

the otherwise

nband c. 152,000 ¥

lmmo!m-ﬂmmhﬁmmﬁmd tagr 1 Ope brokem
and glyropen particles are seen in the

hll:kl:rvund. 144.000 x

mi:mcnpholmnaﬂmmhl. A thick filamamt fs shown
lmthumzh-bmk.m Alament. Ribosnws and some okdead-
smul] granules aro present in the hackgroand. IMMX
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PLATE 12
IXPLAWATION OF FIGURLS

Micrograph of  section from stage 24 material. A polyribosoise (-
e gy 1% Mo o ot s £
In'the beckgroand. Stained with lead tartrato 144 000 ¥
lﬂcru[rq)h of stago 24 matedal. Many thin flaments sre randomly
oot 00 e, i m‘ﬂ'ﬁm$
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"he Artenial System of the Head and Neck of the
thesus Monkey with Emphazis on the

xternal Carotd System '

WALTER A. CASTELLI awp DONALD F HUELKE

Department
Axm Arbor Al

of Amatomy The Uniwersity of Mickipax,
ichigax

CT ‘The arterial plan of the head and neck of 64 Immature rhewas mon-

ABSTRA
keyn (Mecaca mulstta) wes studied vsing four
and

techniques — dissection,
In general, the srterial plen of this

cleared
area in the monkey s ximmler to that of man. Howerer
and distrdbutien t all arteries s descbed as
stractwres,

ences ware noted. Tho origin, course,
well as the vasculsr relatims to pertinent

previously
Dyrud, 44 Schwartz and Huelke '63)
% therm
fPes of medical and dental Investigations,
Eth:dmﬂcdgmum‘rpbulogyhvtrm
Iy mninown, Although certatn areas of
be monkey have been stodted In detall —
Tachdal plenns  focial and masticatory
axillery and cor
arterles, orbital vasculatre and

differ

10% !uzmallnen‘?ﬂwhlchwmm)—
balmed. Four d h

used for the study of the arterial distribu-
1) dissections

Sty four tmmature thesus monkeys
Macaca mularta) were used for this study
T of the antmals were embabmed with

7 A e 1eemm

components mercury and barlum
sulfate
The head and was removed from
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arteries or the left common carotld art rlor medlastinum and as it leaves the &
and the brachiocepballc arterfal trunk acic cavity it Is crossed by the keft back
were cannulated depending on the individ- cephallc vein

val sdtuation parafin (Castell ‘83) or At the base of the neck, the co—
dental stone was applied to the cut surface carotid arteries are less than 1 e o
to provide adequate vascular resistance so0  They diverge from one another th=
that the injected materfal would pass thelr course in the neck and, st thel>
through the arterfal channels and mot of the carodd bifurcation they arelc
seep out through the exposed tissue Photo- apart The common carotd aremi
graphs of all stg of dlssection were covered by the stermomastold moxk £
taken as well as of many of the corroston  lies medial to the internal fogdz v

and cleared specimens. with the vagus nerve behind snd bee
them At approximately the midoeck k=

OBSERVATIONS the common carotld artery fs arused ™

Common carotld arterfes Minor vart  the omohyold muscle md'-bfm:

ations 23 to the origins of the cammon tightly bound to the postediar
carotld arterles were found Most often &  the lateral lobe of the thyrad
trunk, nvengh:¥ 7 mm in length arises common carotld artery dhvides
from the apex of the aortic arch and is the ternal and internal carotd arteries
orlgin to the left common carotid artery Imately 1 cm above the anghe of
the brachiocephalic artery At times dible (fig 3) The bifurcain
a very short common trunk 1s found how common carotid artery is 4 to
ever om sectioning tbe aorts, it is noted memlofm,:mmhﬂ
that both vessels ]gnve independent open External carotid artery A plio
ings separuted only by a thin septum. Of hlfmc;duntbeaxtcmﬂcamﬂd s
32 spectmens studled, the left common antedor and only sUghtly Lateral =
carotid artery and brachlocephallc trunk internal carotid artery Tbe‘ﬂ"“‘ﬂw
arose separately from the sortic arch in 2
anly one animal (figs 1 and 2) swall of the pharynx by the psers
The common trunk passes anterfor to  gastric muscke The extemal
the left side of the trachea between the rumparallcltothalnmﬂw"ddmh
uperfor vena cava on the right and the for approximately 1 an then B
ft subclavian artery left vagus merve tween the stylohyold and posteri
~ pd left phrenic nerve (fig 2) tric muscles.” Above the ng
The brachtocephalic artery has an ob- muscle it swings laterally u;irrﬂd
lque upward course 2cross the front of I.lquclyupwudduwzhﬂ"‘dmrg
the trachea and averages 16 mm in length  toward the posterior border
It {s covered by the Jeft brachlocephallc of the mandible reaching ft
vein or the superfor vena cava, and by Deﬂlhlhemdy‘[ﬂ!nfd-"?;'ﬁp‘
adipose tissue of the superlor mediasti nal carotid artery cm!h‘l“f:xmm
mmn. Th  brachlocephalle artery termi  dlal to the ramus as the m s

s B
A
Fdakined

nates In the thorax by bifurcating Into the Sometimes at this point ’b‘ ghes ]
right common carotld and right subclavian superficial temporal anery
arterfes (f 2, (fig 3) yi
The rigl ¢ mon carotid artery has & 1 The saperfor thyroid & !ng‘
short Intrathar  1c ¢ ;urse (8 mm) ascend- ﬁrnbramhul'dwcucrmlﬂn"ﬂd‘hmu
ingalong th =1 “t 1de of the trachea (fiy  araing a fow millimrters beneats Ty
2) Closc to * f the thorax it {s ua]fncln]mmk.orlﬂﬂb‘::ybld
covered by th f the stemohyold trumk. The superior thyrold aneiT s
and sternothyr inferior ta the hypontossal IE05 o ¥
The left com 4 artery passes posterior digastric muscle ot et
direetly upward te thorax me extremely short (approdm3ic b
dfal to and slight] the left vagus length) and fans out into sercrd [
perve  adjacent t 1t lung. It is One a superior laryngeal b”ddr‘"
covered by the adip s of the supe  horizentally deep to the thyrob}
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arterlal stem (1) of the brachiocephalic trunk (2) end Jeft commen

artery (3) overlymy tho trachea (4) (Dissection preparstion.)

Fig. 1 The comman

caretd

..m m .mu.m.m.&

mﬂ. m mm«
mﬂmﬁm m
i

% Ww um?m

i

3 By

mm mnmﬁm
M%ﬁmmm
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-

1

Fig 2 The large arteres in the upper mediastiomm. Tb'mf‘“‘“"‘“”.::u
brachiocrphalic trunk (2); dght subclavian artery (3); right commen carctd

7H
Jeft commen  arotid artery (5); beft subclavian tery (6); phrenic nerve (7)1
(8) (Dirsccton preperaton )

.
-
¥ides Into two main branches the lingual ~ The dozsal lngual branchet 770

and facial arteries (figs 3 and 4) ple vessels arising fmdwh“‘qu

The lingnal artery appears to be a direct  before it divides into the hgn! 1
continuation of tht common trunk. It sublingual arteries Wmmnf‘
passes decp to the hvolossus muscle con-  branches are distnbuted -d)x"“r
tinuing to the Up f (he tongue where it  posteriar of the tongue e B 13 ¢
terminates. It @ ~« t three matn uﬂmmﬂtﬁlo’wmxfe’
branches: dorsal lin plngual and tine tonsil, and museles of '

sublingual arteries (¢ muscular branches from the
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Pbdwncu{uru Superlexal emparot o

Fooal a
\ Lngual o
Superior thyrod o Common frrk | ngual a focral o
~Epgiotis
Superior lorynged o ® 5= bone
wérohyod muscubr branch—
Post thyroed bronch Thyroid comhlage
Lot thyrod bronch— Med thyrod bronch
Thyrod glond

:2 Sohumiatio drawing showing (he coarwo of the main txanches of the external coodd

3 dovwnward to the hyoglossus vascular petwork yet another smaller net
d the thyrolryoid m (g 4) veork {s formed by parallel arterioles which
The Iingual artery is the principal  branch off toward the submucosa (fg. 4
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man
to the pulp periodontal membrane and
supporting bone tssue of the central and
h(u:llndson(ﬂg 4) In the lp the artery
vertically upward toward the free
it bifurcates into ﬂgnet and left
dustribine to lower lip




-

082 to the insertion of the masseter mus- ala and a septal branch which courses up-
€ two main buccal pouch branches pass  ward adjacent to the midline to the nasal
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septum and the skin of the lobe of the
nose  These branches anastomose arcund
the external nares (fig. 5)

) At the level of the Infracrbital foramen

i

the faclal artery ter

by .
into a varable number of smaller
branches. Consistenitly there are anasto-
modc branches which join with terminals
of the infrsorbital artery Laterally a
branch passes aleng the infracrbital rim
to nrp;:ze the musculature and lateral
parts of lower eyelid. A medial branch
frequently double passes upward towards
the inper canthus of the eye It passes be
neath the orbicularis ocull muscle sup-
plying it as well as the medial half of the
lower eyelld the lateral side of the bridge
of the nose and the most medial portlon
of the upper eyelld. At the inner canthus
it anastomoses with very small arteries
passing through the orbital septum (fig 5)

8 The occipital and guncular arteries
most frequently arise by a common stem
from the external carctid artery aos it

i
:
i1
it

e 8
upward along the bon# 10 50 1y
branches Wi WPP’Y‘b‘dwdz
uchcdmtbcposwdorn!#‘w‘t
ard to the overlying scalp CF0
ﬂ\uduwnbrﬂhmfmﬂ
.lm.l]l:;y];unsingll:u"wgh= the 57
proximately 2 cm posterior 10 /X oot
scoustic meatus. mhgwdf’
menin; lnﬂ'ylb“m’m 2
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4. The ascendin lartery is a
n*ﬂvthmbnmnﬁung}mﬁqunmpmw
~Dedlal glde of the external arotd artery
Imedlately above the lingual factal trunk

157

| -

Bucend o

dveolor o

(fig. 3) It passes vertically upward lyin

an the longus colll muscle In fts

course the vessel is crossed laterally by the
and the

aty mos
cles. Near the base of the skull it divides
into several terminal branches ome of
which passes through the jugular foramen
to supply the meninges in the area of the

dgmold «imm.  Other pass
d&dyfm:dmdupmrdwbedhtdb—
musculature and

S. The maxillary artery arises about
134 cm bepeath the extermal acoustic

e ST e AT S

T e 13 sl v e ol e

skall L stnchmeent jo v thy et palats.



meaingeal (1)) &
)

roaningeal (1); middle
and cleared

teal arteries. Posterior

RO paste injection, decak

of menin
Tekchma

?“’:](3) (

branch of swcentg BT

The septal
Wmﬂmmumm-nmﬂ)(

! be mal
2

!

Flg 9 The arterial
artery (1) nasopalatine br nch
nfectivn, dhirection prepar ton
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the condyle the ptery|

", slightly medial and upward
roughout course the is in com-
ct with the lower lateral ace of the

d muscle In the pterygopal
vesss] terminates by divid-
branches. The main

r

| iz 10 The mata

terior arterdes (1

Fibalar beanches (47, mpssetetic
Freperation.)

derp.
vy branch (5) and

158

the parotid gland tissue and also supply
the adjscent structures (fgs 7 10 snd
11) One of these a large massetric ar
tery passes farward along the lateral side
of the subcondylar of the ramus of
the mandible to enter the deep head of the
masseter muscle It supplies most of this
muscle and anastomoses along the front
edge of the ramus with other branches
from the maxillary artery Near the angle
Jolns with branches of the

reglons.  Ocetpital and
) facll ertery (3)  subman
(8) (Vimyl scstate infecuon, cor

and
tem; artery (2
capsulsr arteriey
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courses obliqugely forward to The tympanic and middle mextwged e
with the arteries about the orbit It teries arise from a common trmk pead
supplies the skin an the side of the cal beginning of the ariery

vardum and anastomoses at the side of the to the condylar neck (fig 11) Thetei
orbit with lateral branches frum the facial passes around the Inferlor border of b
as well ag supraorbital branches from the lateral pterygold muscle to run med
ophthalmic artery (fig 5) Inward toward the petrotympank ke

Severnl small tem;

cap-
sular branches arise from the maxillary ar  vides into its tv
tery as the vessel passes adjacent to the and 8) The tympanic artery bsvery
medial side of the condylar neck. These and passes posteriorly into the peiree
ascending branches have & very shart panic fissure towards the midde e T
course, and pass into the medial aspect of m:ningcalanerypamthm:hﬂ::

posteriar
ternparal artery nesr its orgin and from cranial foss2 meedhtelyubm‘!ﬂ!‘::
the parotld branches (fig 11) af the glencdd cavity Here it divkdes

[§3]3 il
Fig 11 Vessel mnlmwmwmm"mw -.'fv"_
tympanic-middle meningeal trunk (3); condyle (4) posterior empor W’
O T n (6) buceel beanch (1), inferior Alveolar artrry (8); and moylobrol
(Viny] scetate fnjection; corroslon preparation.)
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vo main hranches which run amtedorly
. posterfarty The mntertor branch
asses on the inmer aspect of the squam-
w3 portion of the temporal bone towards
e tip of the lesser wing of the spbenold
one where it unastomoses with the men-

ageal branch of the

he posterier branch {s much smaller and
an3 gver the suture to an-
_somose with geal vessels of the

161

the mand{bular cangl, the inferiar alveo-
lar artery usually gives rise to a small my
lohyald bramch which distributes to the
posteriar part of the mylohyuid muscle
Within the mandfble the inferior alveolar
artery supplies the dentsal pulps, perdodon-
tal membranes interdental and Interradic
ular septa base of the mandible and the
area of the angle of the mandible (figs 7
11 12 and 13) A mentsl artery emerges
through the mental foremen and supplies

mainly to the arez of the d fossa.
The middlo portlon i e
wertion of the medial pterygold muscle is
supplied by branches arsing from the infe
rlor alveclar artery and by small branches

{ten multiple, fans out as it passes back
brard to supply the antertar part of the
“Ipsle of temparomandibular
Jﬂ_ls_xhuunndu)
inferior alveolar artsry arises me-
2l to the etk of the candyle from the
y surface of the maxillary artery It
s obliquely dormward and forward
The o2 the medial pterypold e and

-

which end in the upper posterior portion
of the muscle The main porthon of the
bacel 1s dled by branches of the

ese vessels

(figs. 15 and 11)

Three ar four anterlor deep temporal
arteries adse from the maxillary fust

before it pakses into the tine
fossa (fix 7) Some ascend into the most
anterior fibers of the tem) mmuscle

attach to the temporalls crest of the ramus

of the mandible
A few orhital branches arise from the
artery at the

maxillary tine
fossa and pass through inferior or
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bital fissure to supply the tissues st the
» apex of the orbit (fig 14)
/ The recurrent meningeal artery is ex

the trigeming! ganglon (fig 7)
The posterior superior alveolar artery

Inferfor orbital fissure where it enters a
small foramen near the anterior end of
the fissure (fig 14) It contunues forward
in the maxilla above and lateral to the
maxillary sinus Throughout iis course
alveolar-dental branches are given off
srhich supply the teeth and supporting tls-
sves as far forward as the cuspid tooth
Each alveolardental artery divides into
s~condary branches wiich supply the den

terminate distributing 3
bital area -brli .nnnmno«fru e b

of the faclal artery oY
The sphenopalatine artery 3PP"1u,«
a direct continuatlon of >

ghves rise to poﬂeﬂu{ﬂ )
in tine arteries (fig

% posterjor nasal ﬂﬂ"“"“;ﬁgc“
most all of the latera) nasal ™ Tre &
supetior and inferior branches
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Y 14

 Wrictiey (
Creater

Distribation of arterial vessels in the maxilla. Postrmor alveolsr artery (1) infraorhital

besoct

tine arteries (5) end

nrtery (4) ‘nr.h

3) orbital branches (3) descmiding palatime
(Texchoma n pasts njection

Palatine atery (8)

cheared preparanon )

detaicifed
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ror branch is distributed to the middle
concha and meatus, and the maxil
vhry sinus. The inferior nasal branch sup-
plies the Inferior concha and meatus and
the floor of the nasal cavity (8g. 15)
The posterior nasal artery slso gives rise
to a branch which supplies the roof of the
nasal cavity and to a nasopalatine artery
which passes to the nasal septum and nms
obliquely forward and dovmward toward
the incisive canal through which it passes.
Here It anastomoses with the anterfor
palatine artery (fig 8) On the nasal sep-
tum the vessel also anastomoses with
branches of the posterior and anterior
arterfes of the septum
The deycendimg palatine artery passes
downward and forward through the ptery
gopaladne canal emerging at the greater
palatine foramen (figs 14 and 15) Asit
passes through the pterygopalatine canal
1(gimx{5elomchtwnlm:lﬂpoﬂﬂ1.m‘

collateral branches mmﬁ
fig 14) The greater
arterles (fig 14) U:’“hpm

i
oAl

and latersl mdﬂcem o
;’:; veasels of the opposite slde
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Tekchmam

h‘-hd)nuemwchthlnmmd ly the
alveclyr E;Dﬁo)m ginglva, and alveolar

bome. (8.

The Lesser’ palatine arteries distribute
mabily 15 the soft palate Usually ome or
two are present and they anasto-
06 with vessels from the opposite side
m;;idhmdth'wﬂ palate (figs.

T md“h:ﬂmm
\lstoe artery 1) wupply the gingiva

wide (3)) Jesear tine artery (4); and arterial
those of the opposing (3)) pala = s

Short vessels
alveolsr mocosa (2); palatal

from the greatsr
wrches

1in

Internal carotid artery From its potnt

cumpres: the posteriar
digastric and the longus colll muscles the
sympathetic trunk is closely bound fto its

165
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into ths

Flg. 15 The artery (1)

posterio
with fts superiar nassl branch (3) and inferlor nassl branch (4).&@&@"‘:
tine artery (5) spreading ot on the palate. (Vinyl acetate njection; corrosion prepen®™

ror branch fs distdbuted to tho middle
nasal concha and meatus, and the maxdl
lary sinus. The inferiar nasal branch sup-
' plies the Inferfor concha and meatus, and
the floor of the nasal cavity (fig 15)
The posterfor nasal artery also gives rise
to a branch which supplles the roof of the
nasal cavity and to a nasopalatine artery
which passes (o the nasal septum and runs
obliquely forward and downward toward

palatine artery (fig 9) On the nasal sep-
tum the vessel also anastomoses with
branches of the posterlor and anterlor
arterfes of the septum
The descending palatine artery passcs
downward and forward through the ptery
tine canal emerging at the greater
tine foramen (figs 14 and 15) As it
passcs through the pterygopalatine canal,
it glves rise to one or two small posterior

Nateral the lesser P
:.:O-teriet (fg 14) The F‘-’“‘&"iﬁ

artery is the main supply of

ond 3t 1s the direct continuaton 4

descending palatine trunk ‘#‘,

ward following the curvature of

arch medial to the teeth

cislve foramen (fig 16)
fi

artery 4

in
As small thin
anterfor teeth. Tt the PRt ,\::

and suj et
anterior teeth (8g 17) THIBCE e
tal course the great F5y ool

distributes to adjacent 1l
and lnle:a’l b:.m:hrl. The e
pass toward the miduse wddt g
with vessels of the e



Fix. 18 Artetiograph of head and neck. Principal artemies have been numbersd. (Formalin em-
Schisstinger radioopagne medis.)

alzd ppectuoen injectsd with
Vartebeal artery

12 Splemopalstins ertary
13 Postarior nasal ertery

Commen tnmk for occlyital and posterior 14. Descending palatine areery
15, Faclal artery
1 External 16, Subitngual
Middle mentngesl axtery 17 Deep hngual artery
artery 18. Lingnal
19 Infertar artery

FPemapppr pNp
g

structare of nasal septum in
o Macague has reveated an additional
‘Brtlent source which s not seen in hu-

fant The nasal septum projects back
Aard a3 & membranous that drvides
"ﬂ"ﬁisfﬂn tnto_two lat

partmenta  (Gelst 1 Ths
rmemt ( 61)

of the pharrmx and is supplied by the
g geal artery The vascu
larization of the septum then is supplied
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plied by

In the
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the superficial temporal artery
Macaque however this area is sup-

plied by mmall branches arising from
nedghboring arteries — posteriar deep tem

branches

postedor aurcular and parotd
This arterial on mmay

dispositi
account for the fact that in the Macaque
the superficlal temporal artery is repre-

sented by a

small vegsel with limited

very
distribution or is completely absent.

The

distribution of the middle menin

Fulnncrylnt.becra.nhleavityofthe
Y is at diff

from that

foand

in the human Its anterfor branch

1s much reduced in size and distribution

the lateral wail of the anterior and middle
cranial fossa, the area of supply of the
anterior branch of the middle meningeal
artery in the human

Lineback ('61) described the middle

geal artery as the largest branch of

poral artery 1s the largest branch arising
from the maxillary

Artery
When cleared preparations of the
rotid gland are studied & varlable ni
branches

of arterial

arising from a com

mon trunk, are seen traversing the gland-
vessels

ular tissue  These

radiate outward

torrard the external surface olthe‘ilnnd
., The major part of thewe vessels supply the
parench; g{n.nd.

yma and stroma of the

mﬂply adjecent structures. One
es the mamseter muscle and

to a Umited area of the face distrfbuting
as do the zygumaticoorbital and transverse
facial arterfes in the human.

The distribution of the vessels supplying
the mandlble and maxilla have been
thoroughly studled In the cleared speci

mens. In general the mandible in the
Macaque has the game arterial pattern as
in the human (Castelll ‘63 39)

the condyle of the mandible reccives its
nutrition by means of perforuting arterics

which

come from vesscls of the capsule

of the temporomandibular joint and from

those

muscle Likewise the ongin

which supply the I:lcr:;“l‘J)(erymd
the dis

position of the vessels which supply the

artery the
veolar artery is therefore ltmited o &
body of the mandible for as indert
abore the candyjle coranold proces !
incisive area aro all supplied by oder vt
sels, mm!eﬂanl\'cdnrm&f

septa to the perfodon
to the pulp of the
that ane or two ort
into the pulp tissue of
This finding is in agreemem
found 1n humng;)(mm i
cats (Castelll

of the periodes
As far as tho supply Jigipr

lary petworks from the
ginglva at the Jevel of Gen et

In the Macague the povtiy’
gmmrp;huncmmm‘hmr
the Intermaxiltary bone xnd e b=
cisors 1s not like that found in b€ B0%,
The study of the cleared m";?:‘g‘
Macaque shovrs the abserce Toe =8”
ror superior alveolar arTy -l pt
of distribution of the Mﬁrﬂ"
alveolar artery was supplied b7 ot
sion of the greater palatint ST S o
into the anteror part of
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structural Onentaton and Density in

stacean Humen '

WILLIAM J L. FELTS

Department of Amatomy School of
stertmary Surgery

a0 FRANCIS A. SPURAFLL
Medicine Minweapolls Cemyus  and
axd Radiclogy St P ul Campus

ABSTRACT  The ebart, robost without an medul-
lery exvity It hes in the bas of the resdilent, streamlined Hmb (fipper) be-
Pween the only frex ) Ldy
coatoar. The humwrus 1s acted upen by muscles of the shouldsr complex and recetves
Iedings from the flattened distal partion of the hmb ss this hydroplane

body inertis and water reststance in control of body witttuds.

Tits paper 13 concerned with the dis-
ﬂhﬂ:ﬁmofhlnelnhl.m‘luf!h!telpe—
308 of cetaceans. It s the first of & pro-
ected setles of publications on whale Imb

averw]
:1 dc:dmlng mn]uﬂgcn! studies
hhdl;ulﬂmoa of structure have
with tubular bones of terrestrlal
ommals especially those of man and
V7 frmetes (clasede examples Koch.

very substantial smount of fundamental
information. This has been true particn
larly in recent years, during which mate-

g methods and other quant{

tative es have been applied to
of physical £ hanical
volume, density and the pro-

portions of organic and morgank material

in banes and bore tissue (e g Dempster
and Liddicoat, 52 MacFardand 54 Bell,
56 Evans, 57 Baker and Schrarer 58
Trotter and Peterson, 62) At the same
time, however there haz been scant ad-
vance along similsr lines in comparatve
skeletal structure ( in the area of
comparative bone eg. Enlow
and Brown, 58 ‘57 ‘58 and Enlow ‘62
Meister 51 36 ‘62 Pran, 59 Smith
"60 Smith and Walmsley ‘59 and some

r Gramt
e TN V7 Nathemal Science Frwndotion,

m
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tests of hone physical propertles clted by
Bell, '56 and Evans "57) This disparity
Is critlcal for the comparative af h

WILLIAM J L. FFLTS AND FRANCIS A. SPURRELL

prime rudder s the flattened eodd x
s'km.‘) Inaff cefaceans the Himb fa sk

18 neceasary n order to distinguish species
specific from more general structural char
acteristies and to develop some insight

betond the Jao
h The scapaloh | px b

freely movable but artieutations dodit
it are‘llm,lwd by cuﬁé@ butt4adim.

o Y P

which must exst between function size
gross and microstructure  and  density
compasition and phyxical strength of shele-
tal elernents.

As a preliminary approach to some of
these aspects of comparative skeletology
we have studied tho pectoral Bmb (Ripper)
skeleton of some of the more avatlable
m ol whales. The project was under

because eetaceans whether Jarge or
smoll possess characteristles of body limb
2nd sheleton that afford maximum con
trast with terrestrial forms. In the limb
skeleton the proportions {internal arch!
tecture and some featurcs of growth and
development aof (ndividual bones all con-
tribute to & pattern quite unlike that en
countered In the more commonly studied,
weight-beariag bones af land mammals
Roux (1893) Schmidt (1899) apd Mur
ray (36) have figured and bdefly
the grass mechanical erganfzation of dol
phin limb bones, with Umited information
and derable  oversimpl of
structure These publications will be dls-
cussed In the final section of this paper
The material in our study is from the Inrpe
rysticete finhach whale (Balaenoptera
pliysalus) (Sli)per 8) and two relatively
small odontocetes the pllot whale (Globi
ceplala malaena) ( ant, '82) and
belugn (Delphimapterus leucas) (Viady
kav 44) Ax an grajeat, viala
were made to marine aquarin to observe
captive animals such as Twrsiops truncata
‘he dolphin.

From some of the obeervations of
Howell ('30) Budher (58) and Shijper
7'58) supplemented by our own I fBeld
tnd laboratory the estential characterls-
fcs of tire cetacean {If
narzed. The limb
upport body weight rather it Is subjected
o varylag forces duo to water
esistance luﬂ boczy inertia in m.;dng as

and di
sction control (q‘ha essentlal pmpu]'m-n
rgan 1 the horrontal twml fluke and the

p s, the denm Lma
tissue which fill in the ootle & &

the body Therefore all
ments — adduction, abduction, estenin
flexdon and rotatlon of the extremty ~€
cur at the shoulder The fipper o %
conscious or freshkilled small
(8¢ 2) may be abducted
90 to sagittal plane adducted to o
30 (with rest or glide posttm
range of 40 ~45 ) extended a
forward spproxhmately 80 io b
axls, and p(ixed and rotated to :ni
against the body syith trafling edge
In the abduction :dddmlu
r may be rotated a
‘:;il appraxtmately 75 in eithet
Appropriate scapular movemert
ent In the extremes of
tlon and rotation  This general
for the beluga pilo: whale snd the
is reasonable when compared W
movements of tho latter in e
obvious reasons of size and mast,
large whales cannot be hﬂndh'd:ﬂ
retained in observation fsnky
flippe
mented. However
or

&
¥
1!%\*&%&%3%

rmovements are less Wil
: there ta pothiog

e atoaled sl

L5333

gpeeing,  movemen;  patte™
cantly different from of

cctaceans.

With the humerus wnwﬁ’;';
cles in the root of the fippet the B
but alightly beyond body m‘:‘"w
extremity {3 virtually ol
and manus. Of thesc lbelﬂmmb’
with a shape varying greatly mﬂ‘
spocier. In the broad -r:rullww, "

beluga, the relatively 1008 Ty
spread npart in the manoé?
hand with adducted thumd
vening spaces are occupled bY Xy
dense fibrous tissues contimea B,z
deep subcutaneous layer 18

%
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L Light, lateral view of the akalaton of base Upper
Tt Imb of 283 roeter femmals spe  and nlus m body end Alpper

et Balsexoptera phveales (fnbeck whal ) lameral view of Mft extremisy

- e TTLFPINE radiograpin of intact Lrab  sew of tight extremity Based em aos o

4 %% "0 for o foot o7 305 em dolphin. Tworlope trumcata
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with narrow and stralght flippers (e.g
finback whale) and falciformn ones (e.g.
pllot whale) the digits are quite paralle]
and even more elongated. The static pos-
terior angle of the flipper characteristic of
some whales is due as much to the carpal
antbrachial angle as to curvature of the
digits

The cetacean limb has the essentlial
mamm companent of bones with
some atriking tions and additions
in keeping with overall adaptation of the
member The humerus is short and robust
and in nearly all is shorter than
the radlus and ulna with which it articu
lates endon The flattened antibrachial
elements are bound firmly together by
fibrous tssues and form the semistream-
lined core of the free extremity These
bones are flattened and broad in the odan-
tocetes but more slender in the mysticetes
or whale bone whales in both groups the
radius is the larger anterlor element The
number of carpals varies with the specles;
in varous odontocetes there are efther
five or six but In other whales the number
ix cither highly variable or not definitely
ascertatned (Eales '55) The od

WILLIAM J L. YELTS AND FRANCIS A. SPURKFLL

indication that this samehow b e
to full aquatic edaptation is the fat &
the bones of the partly-terrestrial w1 i
seals and walruses have some boes
cavitation Distinction must be made, v
ever between the heavy solid boomsd b
manatee and penguin and the tfr -
lighter spongy bones of cetacesm t
cetaceans the baskc mammmalian parc
of appearances and fusions o p®
and secondary ossification centers pesit
but the entire sequence is retarded 86
pared with terrestrial mammal (T
a major reason for cun.hm:uﬂh:
concerning numbers and posidos
bones tn mascerated skeletons) W=
tion of carpal centers i e
lar and secondary g
centers rarely are mgetc eren b

£
beluga and pllot w! In friey

freabokilled ns, Sexibilly d:
the radlus and dm 5

of renBient 5=

Inlhhlnmﬂzndm-tb"'“‘g
trated on the humerus af e
having

and adult (Eales “35) In the fetus of the
beluga these number (from first to fifth

irregular shapes among nearly contlnuous
terminal elements add to the difficulty
In todividual ! devel 1

bastc
with a very considerable range &2
size and flipper type.
nation showed that

ERLE

izt
5 %E‘ griic]
TR
st
il

structure the cetaceans exhibit pecullad
tles shared with the only other fully aqus
tc mammals the St ema (manatee du-
gong) (Fawcett 42) nd with penguins

(Melster '62) All whal Jimb bones are
without open medull 1 cavites,

of spongy | porous bone
throughout their Inter; The strongest
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4 thletal ) have been from
el scurces. The right of 2
6 meter female finback whale was ob-

their

176

udliring a Machlett Super Dynamax rota
tng tungsten anode tube with 1 mm focal
spot. Such whale limb radlographs were

useful but of less than optimum
resolution due to Hssue density and sec
ondary radiatlon from intraskeletal and
extraskeletal fat, Specimens next were
elther dissected or simply strpped, then
mascerated in a constant temperature hot
water bath (068 C) After 24 to 72 hours

nize the

wire brush. Their high fat content required
that the bonen be treated in warm zylene
and benzene for as long as o week or ten
days. They then were washed in hot water
and detergents and oliowed to dehydrate
partially at room ter:rcrnhm bofore the

vas completed {n an 80 C oven.

and radlographs were taken and selected
tm, wrere d for ! A
The great size of the finback fllpper and
its individual bones required some modifi
cations in processing The inftal radlo-
gra) wu}:j:]dahnnmﬂ‘pping-eﬂu
of ) were photographically re
assembled

duced and In a composite
(g 1) Tissue density and sccondary
rn.tfllthm prevented resclution of all

particular thickness of the

humerus made nqg:iml of internal struc
posaible fHpper was dissccted

and digarticulated into large units which
were mucerated in a Jarge hot water tank
at$7 C until banes could be brushed clean
Although some of the vast amount of
residual fat was removed in solvent baths
final cleaning was lished only after

the humerus was bandiawed into thick
sections. Before scctioning, another at
tempt was mads to radlograph tho intact
bone; the results wero hardly better than
in

p 4
In photography rudlography and sec
tioning, the humerl were positioned In
d. with dard plancs and axes.

“ped I ghycerln the wrere
2 f confunction “with sectians of
iy osie limb This materfal and rodlo-
) ptied 3
information on early development
[ b bumerus and related akeletal cle
:h,:k ing of flipper skeletons of the
r and smgller whales d of
Wnduk of radiography measurement,
rr A.K“d-lm'-‘m’l, defatting and dry
s el
whale fiippers were
Jnn’dl’bﬂ‘l 1D record extent of ossifica
.,humnh measurement of the intact
vhy m"";;gmt M'h““dg radlog
out with a dlagnostic
retioghouss 195 RVP 200 Ma machine

These and the topography of the humerus
yrero defined in terms of skelctal orlenta-
tion in the glide ot rest position {n smaller
cetacoans in aquarla (fig. 2) In this
scnse (g 3) the medlal (or inferomedtal)
surface of the finback humerus extends
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distad from the tubercle the lateral (or
| 1) surface ds from the
stubby neck and head while anterlor and
posterlor marging begin betyween head and
tubercle and terminate at the concave mar
gins of the distal articular surface As will
be described In a later section each spe-
cles has small deviatlons from this stereo-
;ﬂx (fig 4) For most photogrophs and
whole bone radlogra, humer were
placed with medlal surfaces down and
distal ends supported 8o as to hold antertor
and posterdor margins parallel to and
equidistant from the table or cassette For

lmg axs of which coincided with the

or sagittal plane of the bone. The
box then was filled with a mixture of saw
dust and acetate cement When this ma
trix had hardened the whole unit was
placed on guides and moved into the band

WILLIAM J L. FELTS AND FRANCIS A, SPURRELL

saw (varable with ope-strieemh d
an inch thick blede) in serfal pawe k
fore bone sections wrere remored from b
matrix, roference lines or pomh wr
placed for orientation in photogmb

a1 ks and

The finback humerns was cut fx &
two-inch thick sections. It was pabet
complete cleaning and drying o tee
without warping. The thick sectios v
cut twice ngain so that the humew ¥
reduced to 41 sectiony. &
first and forty-first because they &dx
have two plane surfaces there vez ¥
sections with a thickness 13 cloee 0 1m
as was practical Over 10% of tel2
was lost In saw waste. SubseR?
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quantitative analysis the sedal finback
radiographs were read systematically for
optical density on a MacBeth Quantalog
photodensitometer A tramsparent acetate
sheet ruled off in centimeter squares was
super d on the ref points of
each radiograph. The optcal density of

sity ) Some 14,200 points were read actu
ally accounting for radiodensity in 1,215

(fig. 11) and in plots of all ts of &
dngleded]tvldl:lelnmcd]d—ﬁgrﬂnnd
terior

densitorneter beam been smaller  espe
clally had the thin surface layer of the
bead been registered.

Because our were within the

bone section radiodendty
latlonship of ab

density (Le. weight volume)rlm'l mineral
to optdcal densitr of the radio-
graph a 1 cm (indde diameter) core-ddll

WILLIAM J L. FELTS AND FRANCIS A. SPURRELL

declles. These were recleaned and =

der and fts {at-free weight, il
density was teare
ashed in & furnace for 23 bens
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TANLE 1
- Dimensions of criscesn kumerl

JMoan ra00 af dlametyrs o bomgth of harserus

Spoctmrn. Leagth Proxiasl
4 » »i
-

Taback (1) 58 06 083
et whale

(means of 4) 42 083 073
b

(mears of 4) Lo 049 0.81

Ko Yelwme of seall

by deteraned by
——cu

Jor)

Ioamnrl of water without volame
d by dmplacemrnt o vacmm
‘&nmnﬂmﬁ-ﬂu‘lm mﬁmm -
~Teickmt, mw wins ecseentrd far X aeconen.

Midshaty Distal Yolume  Denaity
wr =1 o wmi

oml gmicw?

044 032 055 018 19,200 o

044 042 071 0332 500 087

025 028 048 033 210 LY.

™

and fhe valume of

volwmr e

anterior posterlor plane and coocave in

the mediallateral one the end-on articu-

lation with radius and ulna {s, therefore

P
gga
; 1
24§
g_E
z

N

555;

v

by the bead (fig 4) Jn dissection
ot and beluga whales it has been

that with the fipper In glide
position (p 172 and fig 2) the tubercle is
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nearly In firm contact with the edge of
the scapular fossa,

Tbe shaft is difficult to define in ceta
cean humerl. That of the finback bumerus
(fig 3) comprises approximately a quarter
of overall length It is hour-glass shaped
in lateral view smoothly ta to the
anterfor viesww and elliptical to oval in
cross-section (fig 7) The shaft in pilot
whale and beluga humeri 1s little more
than the region of merger of proximal and
distal expansions Cross-section shape is
roughly that of a triangle the base of
which 1s at the root of the tubercle and
the apex on the buttress of head and neck
(figs 6 and 10)

Surface texture of cetacean humeri is
noteworthy The surface of the head In
the three species in this study as well as
in varlous museum specimens has a tex
ture best described as pebblegrain. In
addition, the bead of the finback humerus
is marked by a largs number of rounded
protuberances (= 5 mm {n dlameter and
helght) in an irregular distribution central
in its posterior half In none of our spect-
mens is this unexplained roughness re
flected in the contour of overlying articular
cartilage The surface of the tubercle has
areas of rough and smooth texture char
acteristic of this type of muscle attach
ment the arrangement of muscles here
and elsewhere on the humerus is in agree
ment with the of Murle
(1873) and Howell ("30) The distal half
of the huwmerus ts of very rough texture,
and the ali of the Teitudi

WILLIAM J L. FELTS AND FRANCIS A SFURRFLL
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smmall tubercles and depressions corre
spands to the fiber orientation in the liga

!
§

mentous layer thereon
and is continoous over the elbow syn-
chondresis to the simiflar surfaces of
radtus and ulnse.

histogenens
beluga, finback, and pilot whale embryonic
and fetal specimens displav common char
scteristics  The following 1s based on mib
croscophe sectlons and cleared preparations
fram all three species  Far d~cumentation
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nective tssue Is highly vascular but with
out hematopolesis. Rather than proceed
ing alang a regular front, cartflage erosion
and replacement cantinues in an irregular
meandering fashion.

The first perichondral ossification is in
the form of a flattened array ofat;-ubﬁu-hg

WILLIAM J L. FELTS AND FRANCIS A SPUARKLL

laid down at angles to the cartilaginous
surface As seen in the photomicrograph
the greatest angle neady perpendlcular
is at the middle of the shaft and the least
at its ends (L.e against the cartlage)
Osteogenesls along all faces of
this trabecular structure (which appears
as a woven horey-comb In surface view of
cleared specimens) but the greatest actlv

and

long interval) d.lullnd.hnmddm:'

classic mammalian pasterad
and late fusion at o

ity i3 peripheral. As T pro-
chsmcceuivegemmuomafmbecu—
as arite at the ends of earlfer ones. This
T 12l and longtudinal

of the ossified shaft i{s not eled
by internal resorpiiom. are
found 1o ervding cartiloge and in small
number an central endochondral spicules
bowever they are rare among the perl-
osteal trabeculae.

The lack of material from late fetal
periods precludes study of remodeling {n
the endochondral reglons and of the rela-

length width and the angle of
bone to cartilege surfaces in the
embryo and arrive at the essentis] propor
ton of the adult bone without considering
elther internal or external modeling re-

It is clear enough therefore
that the adult humerus can be accounted
farun&ebuhofvirtunﬂyequﬂmdcun-

dom.

With the exception of the proximal
humeral the secondary castfication cen-
ters In the whale im' keleton are all of
postnatal origin  Beluga and pilot whale
rudiographs suggest thit the sequence of
centers in the three major bones is most
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and is dense at a higher Jevel across from
the laterally situated head. In successively
lower sections this reglon increases in
thickness and width and fs paralleled by
a similar concentration on the lateral side.
In the same range of sectiuns the anterior
and marginal reglons become
more dense relative to the center but are
less dense and to a lesser depth than the
medlal and lateral walls By the twen
tieth section (approximately the boundary
between metaphysis and shaft) there i
a notable difference between the two sur
faces two margins and the center of the
humerus At this level the medialdateral
disposition of bane in the central region 1s
replaced by a predominantly vertical one
again, this correlates well with the langl
tudinal sections (fig. 13)

In the shaft and distal metaphysis there
is a sharp reglonal distinction in structural
density and ordentatfon. The centers of
these sections are the most porous or rari-
fied in the humerus being made up of
thin trabeculae and perforated platex
Most of the rest of the sections consist of
bone tubex aligned vertically or pearly 8o
This condition points up the strung simi-
larity to the pllot whale bumerus as seen
in longitudinal section (fig. 13) The
density of the medlal and lateral regions
Increases as that of the central reglon de
creases with the greatest differentation
in sectlons tmmediately below the narrow
est polnt in the shaft. From this level
distad there {3 in addition anrungmﬁ;l;
verse of trabeculze extendin,
uwdlnfnﬁmnl. This feature nziin as
in the pilot whale is most obvious in the
distal metaphysis (g 8) A localtzed pat
tern of simflar distribution {3 found
to the large pit on the laternl surface
where the deltold muscle fnserts. From
the thick, dense wall of this depression, a
bane tract sweep; broadly {n medial, ante-

Hions suggests that
the proximodistal ~ nt of this pattern ls
Jost in the text of crosssectlons.
Throughout the sh ~nd distal mets
physis the moderat 1 nse anterior and
posterior marginal 1 3 consist of ver
tical tubes which m o may not be

WILLIAM J L. FYELTS AND FRANCIS A. SPURRELL

grouped in rows paralleling the o
surfaces.

Immediately proximal to the ded
epiphyseal line the medlal and kenlz
glons of higher density are of greawerdept.

wha!ahummcund—rﬂfm ]
becular lines arching v
h!erl]nn'fncelofthnihlh'ndpw
yses  In addition to thls make

there are certain Jesser 00¢s

lar trabeculas deep to the E
head.vtrdcalmbecull“h;bsz‘j
metaphysts) fn the B0 oy
mbem!uﬂnapalﬂni%g
head from en origin in the BFER)
face of the peck. Throughol By
mont of the short meck, and B2 15y
ddaufthzmﬂe!m:ﬁ:;m';
thin uniform of »
muchinexualuftbeﬂ"b"’jx
the head In contrast, the U e
of the medlal surtoce &5 oy
cle, is somewhat thicker & mdrb’
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Fig  Rachographs of 3 mmm sections through humerus of plot whale Upper beft to
fower right; through besd-mbercle, proxtmal metaphysts, sheft praxtmal to narrowest pomt,
midehaft, distal metaphyuts and tmmedlately proximal to distal articolar surfecs. Approxi
Tistely fonr fifths natoral sire

TH. 10 Radiographs of sections through homenws of befugs whele. Bection thickness,
Srposers, and secton levels parallel thoss in fgure 9  Approumatsly feurAfibs
“““llln
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below the head Increasing in thickness
distad toward the midshaft paint.

In the third quarter of its length cross-
scction shape of the pilot whale humenss
(fig. 8) 1s roughly triangular the bage
being the medial surface and the apex the
Iateral surface an the buttress of the peck.
Throughout this region the base and a
of the triangle are dense and thick while
the sides of the triangle are as dense but
to & lesser depth In approximately the

lae are

WILLIAM J L. FELTS

AND FEANCIS 4. KPUNRNLL

expandon (fig 10) the demw tt
pcriphemlmnchbu“ﬂghdymdmdl

upper half of this reglon trab
directed medially and laterally tn a con-
dnundnmofthepammmintheupper
half of the humerus progressively down
ward, this odentation is n{)lal'xd centrall
bgozmaraupanmdl.rmguuotmgmu
about the central vascular labyrinth. This
level (fig. 9) {s comparable to the smallest
midshaft section of the finback whale
humerus (figs. 7 and 17)

In the lowest quarter of its length
(fig. 9) the pflot whale humerus pro-
gresses from oval through eliptical to

postedor margina are quite
uniform without a dense surface rone
Structural depsity rises immediately deep
" to the distal articular surface which is ap-
proximately as thick and dense as that of
' the head

" Except for the especlally radlo-dense
thin articular surface of the head (fig 13)
the upper third of the beluga humerus does
notdiﬂergreallyhumt}mtofﬂuﬁnback
and pilot whales. In the remainder of the
humerus however comparison is striking.
The constricted middle reglon (fig 10)
trianguiar in

both relatively and absolutely s very
Demarcation between outer and

T rones is by way of 2 short density
gradient. This lack of diatinction between
media] lateral and anterior-postertor planes
18 in marked contrast to the dtuation in the
other species To al cge degree a stmilar
denslty distribution prevalls throughout
the remainder of the beluga humerus In
the aval to elliptical sections of the diatal

i
§
i
%;

d
i lnl

(explored in detall in a

be considered in viewlng

H
]

1n they ms
mdlop;gsl an

&
i
1%

g
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:
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]
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tom.
or radiodensity) is & fonction o
glcnliry to which 1t bears %M
ship revealed tn figure 14 OPS "oy
reconstructions  con:

resent equally spaced o o’
density “and high opiical Zht Pt

]
i
%

?};.:h-oumifdaufoﬂhﬂ"‘w
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sauction involves plotting medial-lateral

and anterior-posterior views of the distr-

bution of single OD deciles within the out

lines of the entire bane. The results are
perpendiculsr

views of a three-
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dimensional transparent humerus in which
only one decile at a time {s viafhle as a
complex of dots in the appropriate posl
tions in each section. Such reconstructions
are most ugeful in g vertical and
transverse tions of eﬂch decile rela
tive to whale- canfiguration but one
must depend on other methods for same
detalls of interior relationships. The sin
e-decfle distdbutions for the finback
urrrerus are shown in figure 12. The third
of reconstruction is the vertical sec

humert (fig 13) Wberedennryd:utdbu
ton 13 not such as to wamrant vertical
plane reconstruction the singlssection
map may suffice as In the case of the

(Tdﬂl density readings for the entire sam
ts shown In figure 15 and for selected

D3

Dy
\/7
N
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levels in figure 16 The rtroctmr ol e
from the individual declles of the e

-equmwufopd“lmmm::
lateral and an pue
eral this contists of & -
nant densities somew] mm:’i*

the higher or lower densites

“

i

L

Flgure 18 (Past 1)
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Pacterion Flgure 12 (Past 3) )
Srclle fnback hrmeros. From
(m"")“’“"‘”‘““"‘“‘”ﬂm)wmdm
1 % decils 10
The Few cuvee of ot s
i 10 Sov pape 1
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00 Decles
Tig. 14 Tho of welght per uwnlt
(abeolate ) of 154 1 em dameter
samples of 12 mum thick flaback hu-

cal lines rangs enoountercd in
tely 18 ssnrples of each decile.
Sos puage 178 fox of techniqos and
page 104 far
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Tlg. 15 The percentage scals)
and pombers (nght scale) of each of
the cptical demtty decitrs bessd o 14,200 read-
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to 068 Not the slightest trend sx

structure

The

(weight/valume) of 154 K‘Iﬂﬂd::
core-drill samples to optical denshy

central 35 mm of mﬁnm:
shown In figure 14 apperTt
mchbaneumﬁdhmmhﬁ
18. Tbetragﬂhyocfbmedhdﬁ
den.ﬂdelprtdudtdﬂﬁﬂn!w

umed!memuthupbmﬁ
lght beam. Consequently fpme 11
ally relates absolute gensity of a0
(1 cm X 12 cm)

density of a 0.085 cm cylindt ¥=
ty of a e ':‘:;
larger linder as well a3
Sierodhed by grniplng 0. P!
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“xiles, are sufficlent to account for the
shown in the graph.

1The relattre denixdty
les on the welght/volume scale are
mbestina of absolute den-

Gl
CH P
e
R EE
e
TEReIE

:
i
- I

‘
le“hhlLhaﬁnbat:k11\::11::1'\1:1i.sl'epnk
ed by figure 16 which s constructed
M meins of the 0.D declle diatribu-
:'”h"-heﬂnechraat-ecdom(nm.s
and 11 through head and tuberde)
ive mmallest pections (23 24 and 25 In

fi‘lh‘h)lndﬂncehr:m-euiomm&a

€Xpintlon (33 34 35) These levels

,edmate the radiographs in figures 6
S 8. On the opelcal density decile
o e mean position of the nine sec

1$at 57 virtually that for the entire

‘/:rm“!'ﬁ!-ﬂ) In terms of abso-

% densly the means of each of the

7D *t of sections fall in the alghth

8 8 e T

fm/cm proxi-
! tections, having an ODD mean of

58 comsist 90% of bone registering in
the fifth, sixth and seventh O.D declles,
with 45% in the xixth decile alone. The
midshaft sectlons with an OD declle
metn of 60 comxdst 40% of intermediate
density bone, 323% mare dense and 28%
less denss (fig. 17) The distal sections
have an 0.D decile mean of 54 and are

characteristic, at least at our megnitude of
analysds In the pilot whale humerus the
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Photomacrographs of bone from the section Mlustrated n figure 17 Numbers 1 o 10
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ever that the high density zone in the
shaft wall is almost continuous (but fs
thinner on antedor and posterior margins)
in the pllot whale and is completely cir
cumferential in the beluga humerus (figs.
B and 10 and page 188) Clearly too there
is a sharper distriction between

and core regions (especially in the beluga)
than exists in the large finback humerus
this fact would have been obvious even if
individual declles rather than groupings
had been used 1o reconstructions

Cleared fetal and radio-
graphs of postnatal beluga and pilot whale
humert were for evidence of

examined
development of regional density and Inter
nal architecture The overall endoectad
gradient can be accounted for by the perl
osteal and endosteal processes described
carlier Medial and lateral concentrations

spread to the definitive extent during the
first year of life Development of fnternal
stroctural orentation parallels that ob-
served by Wolff (1892) In the proximal
end of the human fermur that {s trabecu
lar ortentatdon in the shaft metaphyss,
heed and and tubercle bases becomes ap-
parent a3 csteogeneals progresses proxi
\manymddisnlly but Is evident in the
secondary centers only as those ossicles
+ approach definitive size and near fusion
rvith the primary center  Total adult align-
ment of trabeculae follows fusion of pr
mary and centers

DISCUSSION

As indicated in the Introduction the
cetacean ﬂJEper is a h adjosta
hle at the 1d, md’ flexihl
beyond In & rather broad range of move
ments {t is subjected to transverve loading

ing or moving mb must be insignificant
compared with that in the medjallateral
plane as the limb is moved or when it
affards lateral stability In fast turns Maxd
mum locading occurs at higher speeds when
the fiipper is rotated for diving and surfsc
ing, for use as an anterior rudder or for
#oll braking action, and when rotation iy

WILLIAM J L. FELTS AND FRANCIS A. SPURRELL

coupled with abduction or adductn »
roll the body on its long axis.

signtferd
factor than gne might at first contider it
the sctions of shoolder muscles 1 &
loads carried by the broadly dispoed of

el

inieit
whid
%‘eﬁ%ﬁ%

I
s

S
%

anization
org

with that of the ragius thi;"&b‘ﬂ
a subsequent paper
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equivalent
unltlred constructon In more modern
find) thicker

£
§
E
g

Although the longitndinal (sagittal)
sectlon (g 13) and
sections of the beln;

many transverse
humerus (fg. 10)
resemble finback

of temslon and com)

2 loaded cantilever (Koch 17) Our
rad ths reveal de-

ly more
tafl tn such sections and demonstrate that
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here as in the case of density distribution
the shape and functional relatlonships of
the humerus the engineering

WILLIAM J L. FELTS AND FRANCIS A. SPURAXLL

the assumption thet compects and g
glosa are mare than spatially refated, te
th

model. As we have shown trabecular lines
in the proximal end of the humerus are
directed superdorly and centrally from
medial and latersl sides to Intersect those
from the oppesite wide at an angle very
near 80 (and the longitudingl or neutral
axis of the humerus at 45 ) The right
angle intersection also exista in the tuber
cle where lines from the medial side meet
those passing across from the upper

of the tubercle toward the head. Shart
subarticular trabeculas within the head
obscure what iy epparently a similar inter
section of lines entering from the tubercle

proximal

therefare closely approxtmates that In the
basal neck and major trochanter in the
human femur or the endre proximal end
of a short-necked femar lacking that dls-
tinctive human trait of dense compression

e extending from the metaphyzis
and lower neck to the u
head (Tobin "55) The lack of dominance
of compression aver tension lines is in
keeplng with the non weight-bearing role
of the whale humerus. Structural edenta-

of

pasying up into the more dense re-

of the shaft. In total the bumerus,
box-beam ] 1 by

ful arr of medl and
density spangiosa carries filpper Ioad-
into the and attitude-

ita other parts and and in its internal
architecturo generally fits this character)-
zation

In the development of the concept of
mechanical trajectories In the structural
arlentation of bone (e g von Meyer 1867
Koch, 17 Benninghoff '25) there has been

8l
ity from proxmal to distal
through the more dense booe of
Whether or not this is taken &5
evidence of trajectorial contimity G
compacta depends upon whetber ax &
siders cetacean humerd to bave £ 57
compacta or simply a regian:l R
tion of sponglosa We"ﬂllﬂvﬂ”“&F"ln
these Itmb banes (In total perhaps
akin to short banes such as the -
than to terrestrial long bopes) ot
other example of skeleta!
function and not the materdal
to solve a basic guestion of
bons architecture.

Cetacesn humerd, in

low overall dansity Actually
compare closely with mmaft
(ose:oonvnrﬁngwhh'%
Trotter ct al. '80) Zanged (
out that tn early foss 1
mammals and repdles the bet
very dense (pa )
conditlon was succeeded by
dendrymlnxcrmcmbmﬂm’;
In the present<day manatee (
and penguin (Meister
extremely p-lﬂhr"“‘ﬁ:“

e

i
it

S
egidite
gﬁﬁ%&

a dense skeleton would ﬁ
the specific gravity of

T Fawcett ( 42) proposed “”’”ﬁ |

as a direct causative factot B
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lerns in merphological considerations and
technical applications far more difficult
d in,
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sinal Cord Segments
GROSS STHUCTUEE IN THE ADULT MONEEY
CAROLYN EYSTER THOMAS swp C. MURPHY COMBS

of Amctomy ty Medical Sckoel,
Ckicago IHwols

ABSTRACT  Dorsal and ventral roots were dissactsd hilatarally on spinal corde of

edult monkeys six rhasas, six fros and thres baboans, Mssrurements made were

the dirtance batween of Derrs roots (

ment kogth); the distancs betwsen ths uppermost and lowermost fila within

reot (root attackmens langth); and the distance beween the lowermost fila of ooe

100t and the uppermont Sla of the subjecent root (interroot kmgth) Segment lmgths,
are ersential;

animels

) Lidertz (1881) within each speciey were infected through

n od Davls ('03) Hovelacque ('27) and  the heart with colored latex at the time of
aspects  death.

£rose spinal cord structure, no aoe of The dissections were performed mmder
e studies has detafled data on the & 10 X or 20 X

AMner in w] dorsal and ventral roots  were essentlally like those described before
1ach to the spinal cord In a primate. far the cat (Thomas and Combs '63) In
2¢ 15 the cormmon usage of certaftn mon-  the present study the various rostrocaudal
M In the research laboratary such in- ts were the root
matlon 4 peeded. In addil some attachment length, that is the length of
ther fund Tosh rdi cord surface to which the rotlets of esch

xd strocture and development reached root are attached the interroot lem
'd“’lbmemwm';nm:buuldbe that s the length of cord surface develd
mhdinmhu—q:edn. TbeEent lying between the attachment
Udy has used three types of y of ad roots the Jength, that
M 1s, the distance between the rostralmost
TERIALS AND METHODS attachment of one spinal perve and the
rostralmost the candally

a
Maczca adjacent spinal nerve The pgeneral ap-
m':-;lhuuku! and in three pe]anncnofl!nmouwumrdedmd
aplo papio) All were adults. — g
Emmm, e toally a1 e Mo S ST R
immedistely after desth the entra  GRpRE " D o o e
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for each of the three types of mankeys a
complete drawing was made which typified
the dorsal and ventral root patterns.

monkeys
The technique used was gimflar to that de-
scribed for the cat (Thomas and Combs
'B‘lug Segment volurne was calculated by
mi uEJyyinx the average crosssectional
rea the corresponding average dorsal
segment length
RESULTS

The cords as a whole  The total lengths
in millimeters of the cords studled were:
rhesus — 176 200 234 237 258 280
irus — 180 190 202 202, 207 227; and
baboon — 311 330 334 Inall
of the cord was found near
the level of the fourth to the sixth lumbar

vertebre.
of the various nerves

the caudal t

CAROLYN XYSTER THOMAS AND C. MURPHY CUMES

length mermnrn
(fig 1) in the baboon xhow that syen
T7 through L1 are distinctly the kopt
aversging betwreen 13.5 and 18 nma
length Cephalically
are C8 through T3 whlch:howng
length of about 6 tv 6.5 mm. It
that C1 amguuulyd.smhhg
in this species. Caudally begiminga
the segment lengths progresdrely der
until the average sacral and codd
urements are between 55 and 752

E"
i
i

The numbering
what of a bl due to
of th 4

the varation in the namb
and lumbar vertehrae particularly in the
baboon In a study of 216 maceques
Schultz ("61) found an averuge of 12.1
tharacic and 6 9 lumbar vertebrse In the
same repart { 81) he noted {n 68 baboons
an average of 12.5 thoracic and 6 4 Jumbar
vertebrae. For slmplicity in reporting the
results of the present study all the
monkeys have been considered as having
12 thoracic and 7 lumbar vertebrae,
Segment lengths In this study the
rostrocaudal distance between the upper
most attachments of Riccessive nerve roots
is defined as the segment length This
measurement was obtained by adding the
length of cord occupied by each set of
rootlets to the length of whatever caudally
adjacent space of rootlets was

present

Flgures 1 and 2 show graphically the
results obtained from the ventral dor
sul card surfaces. In these and all subse.
quent graphs of length measurements the
single intermediate line indicates the aver
age length, while the u; and lower step-
ui:lhwlshawtha range of all the
lengths seen, either on the right ar on the
left side in individual anim de-
tafled data can be derived reedily from
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Flg. 2 Dorsal segment lengths, Sew legend for figure L

within each root. The averages and ranges
for the lengths of ventral and dorsal root
artachments are shown In figures 5 and 6

In the baboon, the graphs of ventral and
doreal lengths show a striking

to those of the ventral and dor
sal segment lengths both in contour and
in absclute len, In the thesus the ven-

tral root attachment lengths are much the
same as the ventral segment lengths but
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DORS. ROOT
ATTACH. LENGTH

llllllll_sllhllplzlzlllslsplllsm:qlIzlslll]s[elrl1|§|1|1|€|.: 0

‘ Fig. 6 Dortal root attachment eagihs. See kegund for figurs 1

of the segmen
x I the i;‘I.t!:un.lx How
T makes up ool e edghth of
“Dnmllmph_
ALl of tho above data were collected

attachment and interroot lengths wrere
made for all of the individual cards and

tern of root attachment, although,
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VENT INTERROOT
LENGTH
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L DORS. INTERROOT
’ n
5

Fig. 8 Dorsal interroot bengths. Seo lepend for figure 1

through L7 where the greatest areas are
respectively 53 mm and 37 mm  The
smallest non-sacral area is 17 mm gt level
T10 The remarkable size of C1 60 mm
should be noted

In the rhesus the cord enlargements
appear st C5 through T1 and 1.2 through
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pared far compadsan with the average
and were essentially the same

Segment volume  The data for this
wreze obtained by multiplying the averages
for cross-sectional areas by the correspond-
gths The
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Tig 12 Comperieon of segment volums, sree snd kngth in the fros monkey
%0 ot T4 and TO. From this re- DISCUSSION

The relevant findings

l';:;’ul,llndm At 18 o valus of Lilderitz (1881) Danal
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of Gtilling (1859
dson and

particularly
between 105 pared with the present observations in the

In the cat, varlations in length from one
similar to those de-

a
\ mm' et L4 th e- segment to another are
""‘mhnrlnmbumg areas. scribed for the human, except that the
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longest segments are the lower thoracic
and upper lumbar instead of the mid-
thoracic as in the human The curve for
the averages of the segment lengths in the
baboon 1is strikingly like that for the cat.
Similarly the rhesus and frus show great
est segment lengths in lower thoracic and
upper lumbar reglons however lttle or no
varlation occurs between C1 and T2. This

contrasts with the marked in

in
lendg'.bleenfmmmthmughcsmthaw
and baboan

Dorsal and ventral segment length pat
terns are essentlally alike in the cat and
apparently so in the human. This similar
ity is also found in the three specles of

used In the present study On the
other d notable differences between
dorsal and ventral measurements for root
attachment and interroot lengths certainly
occur in the cat. In this animal the dorsal
interroot length may comprise almost one-
half the segment length in lower thoracic

whereas ventrally the interroot
lengths are conslderably shorter In the
baboon the dorsal and ventral root sttach
ment lengths are remarkably alike and
show only alight differences from the seg
ment lengths. This correlates with the
relatively uential sizes of the in-
terroot lengths root attachment pat
terms in rhesus and frus are more lke that
in the cat In these two types of mankey

the interroot len; are quite small ven-
trally but d y comprse up to ane
dﬂn‘}ufthonegmmtlmnhl

7 In all the studied the cross-

sectional cord areas exhibited proportions
similar to those previously described in
the human and in the cat. In all of these
the greatest areas are at lower cervical
and lower lumbar segments with the
former being the greater In the cat and

and Combs ('62) confirmed his findings
about total segment volumes in the cat.
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xctron Microscopic Observatons on Pnmary
cldua Formaton in the Rat'

WILLIAM P JOLLIE

Tulewe Univrsity School of Medictne New Orbeans, Lowitiena
£FRGIO 4 BENCOSME

Guerx' Untwrslty Kimgrton, Ontario, Ceneda

mmmmﬂmdmmmw
decldua Decidoe

Sectran
mmmmﬁuﬂndmytmﬂnbfmduﬂndlnduﬂnlﬂkhun
Teaction reaches maximal hy and and was th peeo-
Sepregnant, non-decidual (control) sndomettiom. ernnﬂ;vfmd'uﬂm
WwﬂmmhﬂmmMmWM

contatn eeclustrely
rﬂuhmzll:lmdaphmi:ndnﬂ 1o longer are evidemt. Qy\:upnlnifub-

mnhmmmmmmm
Dbectma more mﬂulnﬂ-h’wrd—

tain
ting The purpose of the present investigs
micro-

‘ d (Ecksteln, Shelesnysk tlon Is to describe at an electron

maternal
Matkn of the uterine stroma into pri  decidua formation during  psewdopreg
at

Lmmp)

the decidual reaction has been When the cervix of a virgin rat in estrus
Mied extensively of the se 13 stimulated clectrically the sction of
lﬂalhhmlogjcfmofthem coltis 13 duplicated in that, through a re

site of tmplantation have been re  flex pathway to the hypoth

f&damumua:u;m tary s rel thereby estab-

cells described at an ultra  Lshing
~ctral kevel in the rat (Whilocki and  lutea (Cormer and Allen, '29- Greep and
Tpﬂﬂo)mmmmﬂm Hisaw 38) This physt state con-
e"“’“l‘:{‘h‘l’h-hi.n|.I:|.hpaper ‘The fine = g a four
cture of buman dectdual cells has day period following cerv
Tbed (Hamperl, 88 De Palo and trium b

contribution iy the trams- vestigation to an examination of induced

o s my

¥
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progesterone  This period is equivalent to
the preimplantation period tn & true preg
nancy (De Feo ‘62) If trauma is applied
to the antimesommetrial uterine mucosa
four days after stimulation this senstized
endometrum subsequently de-
cidual cell formation thus simulatng the
uterine resp to the impl fon proo-
ess. A description of the ultrastructural
changes tn the cells of the stroma which
accompany this respanse we feel may
he_;g the yterine contribution to the
nidation process.
MATERIALS AND METHODS
Nineteen sexuglly mature virgin female

Spraguo-Dawley rats weighing from 200
to 250 g, wrere used in estrus
as determined by lavage, were

made pecudopregnant by electrical sthmu
latdon of the uterne cervix with n'col

WILLIAM P JOLLIE AND SFERQIC A, FENCOTME

were cut) was perpendiculrr bo te by

%
1
£

mesometrial length of the lumen (Valardo
Dawsan, Olsen, and Hisaw '53) These
antmals sere autopsied at one two three
;four and five days following trauma, three
/ animals for each day To serve as controls
a vecond group (four animals) was kKiled
four days after cervical sttmulation with-

subepd
both groups wyrere taken for lght and elec-

tran

Under nembutal anesthera, the uterus
vras exposed by a ventra! incisfon. Entire
uterine segments srere exclsed and trans-
ferred tmmedfately to a drop of fixative
viz. ecither phosphate buffered glucose-
osmtum (Millondg ‘Bla) or phosphate

1 ol hyde (Sab

and Barrmett, 63) Under # dissecting
the antm etrial !
trjumn of each segment was excised with a
raxor blade and cut into blocks approxi
mately 1 X 1 X 3 mm. The long axis of
each block (against which sections lster

% a%%é%
ey
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bodles which a

rTeene between stromal and
Os, however At certain points the stro-
U cel extensions may approsch the
mbrane to a distance equal to that be-
een sub iy b
d epithelia]l basal plasmalernma  vix,
&ﬁ(ﬂg 2) Mitoekondria both t

in

Le., T
mate mitochondds in size but wi

strama in
dual uterus (day 4 or 5) resemble tghtly
often bnucleated ele

packed uic]
Eenu(ﬂp.Bﬂmmghm) 'l'u‘?:milln
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areas of the the granules ap-
pear to be y scattered (figs 9 and
10); occaronally where particularly abun-
dant, accmulxﬂamufgmmﬂuappun\:-
lated to cisternae of endoplasmic reticu
lum (fig 11)
A fibrillar materfal which conxists of
wavy fllaments 50 to 70 A in dlameter is

ated d
show no pcdodldty Frequently this ru.ntl:-
ral is so abundant that
ganelles appear dlsplnwd and relndvely
large areas of the cells cppear fibrillar
(fig 10)

The cell surface of decidual cells lhcr'wu

WILLIAM P JOLLIE AND SERCIO i, BINCOSME

faced varisty becomes more abosdex ¢
increasingly trregular in amangemen T
contents of the dilated clsternae e
remain of fairdy constant density tc
out the reaction, consisting st ol s

clsternae

At day 1 nﬂwchomdﬂ.lm(d‘nﬁd

mitochendria of non-detidmi (it

trol) ce]ll. By day 2 mitochondhs
] the cristas are less e |

space 18 limited in extent. Where plasma
membranes of adjacent cells abut, they
tly interdigitate or form desmo-
nume'(ﬂg 12) Tbelnttarlnck!hnm
tact (Le
mm:uIna ndlm:rmd.n) and consequently
more cl
(I-‘u‘qulmr a:nd Palade 63) Occasionally
limited areas of a plesma mem-
branes separate to deltrnit a small en
closed intercellular space (fig 12) Such
spaces appear to contain materfal optically
sdmilar to that seen in cisternae of smooth
surfaced endoplasmio reticulum

Sequential changes during primary
decidnal ceu formation

Except for the features noted above
there is Httle change in fine structure of
Interphasic nuclet during the decidoal re
acton.

Clsternae of the endoplasmic reticulum
in most atromal cells appesr markedly di-
lated at day 1 umattached rbosomes in
roscttes, are abundant throughout the cy
toplagm (fig 4) By day 2 tation hes
progressed to a point where the cells
appear vacuaolated (figs 5 and 6) The dis-

gh
tubmnles of endoplasmic reticulwn (fig 6)
After day 2 the cells be:

during which time
ments are seen to tAVETEE
randomly (gs 8 and 10
cal

ments apparently are not
dexmosomes.

more epl
theliaid (ig 7) and stromal cells which
contain exclustvely rough-surfaced endo-
plasmic reticulum are no longer secn. As
the decidual reaction endo-
plasmic reticulum of the gmoothsur

packin,
day 9 ¢0g 8 Both it



N 1 modification of the plasma
;mmnlpmkcmdnys

- DISCUSSION
-ndoction of decidual cell formation in
enty in the abeence of an embryo was
t described more than half a century
3 (Loeb '07) However by calling

XI/M OF RAT DECIDUA
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a marked bulld-up of glycogen by day 4 s
evident. The relationship between accu-

muhmdglycogenpmulaandrmotb
csternee which is sometimes

glycogen
is interpreted to subserve the function of
an embryo
stromal cells in pon-decidual

Althou;
It hes been and emdy stages resemble flbro-
that decdiduoma formatian is blasts they a most like those of the
reaction, but emhryo (Sch ’68) In embryonic fi-
brobl lum is a
dant, roughl: the axis of the cell

“n im tation
“a of the tmul;}nmbdm
* s, noo-decidual cells resemble Abro-
e'ste. En reticulum fs seen to

-me, which are relatlvely narrow snd
~ed with a homogeneous electron
Merlal (2) a8 smooth-surf; cls-

o
a%
#
i
:

h
]
f2
&
3
’
¥

f%g
ke
if
8

stro-

In their capacity for differentiation and
high metabolic potential, these cells might
also be likened to cells of the hlastema of

BERAZF
i

A

as sites of cytochrome oxidative enryme
systems (Watsan and Siekevitz, '56) local
izadon of these organelles in approdmat
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ing extenstons of both stromal and eplthe-
lial cells may signify a build-up of meta
bolic energy reservea under the hommonal
senxitization of pssudopregnancy in prep-
aration for decidua formation. A positive
correlation between the capacity of the cy
tochrome system — lLe metabolic poten
tinl — and mumbers of mitochondria has
been demonstrated elsewhere (Mattason
and Birch Anderson, "62)

WILLIAM P JOLLIE AND §ERGIO A BENCOSME
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answered only
of the filaments

E
i

g

The initial response to decldua induc
ing tmumnd 1} (1) en 1 in

Texi

g
L3
iH

3

and a ye y of arr
of endoplasmic retculum (2) a balloon
ing of mitochondric and (3) a synthesis
of a fine fibrllar material. The
Ities observed in mitochondrial structure

L
; il
i

particularly at day 2 may indl in-
creased mitochondral funcHon and/or
rapid mitochondrial multiplication n the

face of d g of
hypertrophy

cells which are undergaing
hyperplasin and differentlation. Elabora
ton of endoplasmic reticulum can be in-
terpreted as precedent to glycogen synthe-
st glycogen being first observed at day 4
It is difficult however to establish the
functdonal «gnificance of the fibrillar
material As regards its functioning in the
production of intercelluler flbrila we have
not observed any Indicatton of an extru-
sion of these intracelluler filaments to the

40-60 A perodicity which ts characteristic
of reticulum are seen immedigtaly cutside
of the cell membrane. However it is well
established that the number of fibers de-
cresses during the decidual reaction in
rats (Wolfe and Wright 42 Fainstat, '63)

prancunced

first three days of the reacton We
never observed any evidence of
ads of reticulum ar collagen by stromal
cells as has been o, elsewhere
(Dubrausrky and Schmidt 58 Luse and
Hutton '64) Nor are the intracellular £
brils found here camparable to the “Kolla
fisse of Wessel (B9) «ince
they are not separated from the surround
ing by = unit membrane They

)
in embryonic flbroblasts (Schulz, '68) (2)

g
1
a
i
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PLATE 1
EXPLANATION OF YITUEE
1 Subepithetal
tized terus (Le t day 0) Note (hat gome calls cotsin soeell
I contain the
varlety the former (which sppear most bundest in this
ler fiqure) there are pomnts of continuity cilsisd,
surfaced cisternae and the outer membranes of noclesr
The basal partians of 1 cells ars seen gt the
top of the figure. Am:mbum?mndm
Precisely the basal plasmalemma of each mm:d:l:
basal from subepdtelial
cells. # 15,000
Abbreviations
«p luminal epithelium my spelotd figure
en, Iy hysosame
<, espillary homen G. Golg! membxancs
b, baserent membrane € ghycogmn ekt
d, demsasome mmmww
£, Abefllar matenal —er 3 o
‘mittachondrion N-O; N-i; epitbellal
b R i of wtromsl call at dxy O

puclkeus
mh, microbody tromal cell tday 11 & c.






PLATE 2
IXPLAMATION OF FICULES
2 Srromslepithalial orll relations of day 0. Epstielmm s torasd e

top of the figure. Note that, even xt palnts of closest
(arrows) b ly

the
3 Stromal cellepitheital reletions t day 0. Epithelmm fs toward
Fratured within the stromal cell & a localized Galgl spperetst
w 1 charactedstic for this day and various micmbedet
X 22,000.
of e

4 Stomal cells st day 1 (Lc., the day following traumatizstion of £
oterus) Witkin ' Abnller o
Hal is evident t this day Apposed plaxma membeanes stll &
umnodified. x 22.000.
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FLATE 3
IXPLANATION OF FICURES

s K oemal cell relations at dey L. r;lmm-mrh‘:ﬂ
celly exhibat increasingly abundant Abrilley materlal, vaser o

y 1 ind Golgl (arrows) which & b=

highly ramifisd throughot the cell md/oc frapeasicl

caming

X 17,500.
[ Pﬂ'ﬂclnnll.brmmumxlnl'hnd‘yl The cell at the left sppet??
to contain of the roun
{-a.-dvuhry The cell at the canter of the fAguurs exhin o 1o o

Fres e

Lhz“ctlb. D-mmnmnu;umnmun’.—ch-"“““
th‘m-tn!hiccn!n-ndlhaumulh-dlﬁ‘.mﬂw

this day Note also & '”n“ﬁ
which b especially w-n.lmtinnrmmlcdhnuhhm x




FLATE 3

JAT INCIDTA
2 Jeibe and Bergic A, Bercossss

]

B



PLATE 4
TXFLAMATION OF FIOURLE
7 Mﬂ.mywmm.maﬂm A

T

; whens

lhh t YT mhﬂhﬂn

mez’hnmhculnlrmn;ncdm. mdd-!!
day X 10,000

cell, shownag
8 fngnlu:-d-:;uufﬂmph:m‘?f by!h:;n—dudtddnd of Aiei
material. X 32,000
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FLATE 8
AXPLAMATION OF FICURK

9 Beveral decidual culls four 1 traum  are seen fa relatha
days fallowing







10 A portion of a fourday decklugl csll. A
in Abelllar material

PLATE 8

LXPLANATION OF FICUKIS

o

and which, y shows pewxy
mw)h#&dmmmaﬁmh
this reglon. X 23,000,
A Notas the sbundsncs
vurdonn!lfomd.-ydcdd:lﬂul}. ote the abnd i
:c-mzmba Teletianthip between thaws membzanes and
thons of glyvogem granules, X 21,000

o

Prmary decidus five days following uterine fraumt

thres calls are fllustrated) note the hrterdectdoal tercafhatac
which hers in a Hooer array lack the i)

m;imnu Ad:h—uuil and are imeropted b7

of the cell surface whars appossd membranss diverge divergs to ek

small, trregular intercellular tpace. X 22,000
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BRUTH ELLEN BULGER

'he Shape of Rat Kidney Tubular Cells
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apical interdigitatton of the cells in that
part of the nephron  In 2ddition to small

dlally from the cell apex. In electron
phs small cytopl compart
ments gre ently observed at the lo

minal border of the epithellum (figa. 2 3)
These enclaves of cyioplasm are ded

{nterdigita: Processes are most nuImer-
ous in the ted and
the portion of the thin lmb of

BUTH XLLEN BULCER

processes of
and Rhodtn (‘58ab) only fn that iy
extend fram humen to base. They aremx

éa
i
U

{2

A low power electron o

proximal tobule (fg. 7) deper®Tee
of these categories of surfsc

=13

is lateral compartments of varyin,
that are not confined to the apd ﬁm
but extend the full hefght of the epli um
from lmmen to base. They seem to be
stmilar in all respects to
thowe described for the squamous
cells of the Joop of Henle (Rhodin "58s,b)
They are connected to nelghboring cells by

\
i

i1
™
i
g
b
3wl

i
3
il
¥
s



KIDNIY CELL SHAPE

,stease the area of lateral cell membrane
~tact,
dements of the xmooth-surfaced endo-

£7¢IT a8 an anastgmosing system of ir
g-ularly shaped clements (fig. ) This
;¢tem can be scen along all the lateral
j¢ membranes; those bounding aplical

those romming from the

20 to base and those sur ding the

238

Sehach

off kmall dary p a
(1878) discussed the complicated lateral

it

between

1t should
¥ 1n

yi"! 13768 momber of Lateral interdigitations
the proximal cells

el

jaTee the probability of seeing
¥ membranes in close
%:TﬁxmmtutheGd;i-ppanmj
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: described by  tubule #s fnvolved tn fon transport proc-
pevious  workers cell etses, it 1y probably safe to assume that
L overing projecthms or interdigitations  ¢he com: cell shape i1 related to these
| Tam adjscent y g setal  orocesses. This is further substantiated

of
of the earthworm (Lumbricus ter  scending limbs in spite of the seemingly
#¥Itrs) by Elis ('63) ¢ dlﬂerenfphyﬂdaﬂ;llp‘ roles.
smooth-surfaced




PLATE 1
TXFLANATION OF Ficuals

1 umﬂﬂﬂﬂn!phﬂfllﬁﬂﬂcklpennﬁm stained whh toleidie

Hm.d-mmummmmw The tenmstnal

bar-unbcmmumhh&;h‘nuthnwﬂin-hcﬂnﬁﬂm

mauﬂmdm.ummmhmdmm There &1 Lo
&3 emaller frregularities, X 2,400

FrocErses
ﬂthmiﬂvplphdﬂhlplulnﬁnndlwvﬂmﬂ
compartmenty

tabuler call of the rat Small cytoplaseaic v
Whmmmm}aﬁdwm
Log culls by junctionel complers, which are tterpested o fie]

extensions of the apcal reglon of sulghbortng cells. x £1,000
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PLATE 3

FXFLAMATION OF FIOURLS
5 Elsctron micrograph of carl

m

m@m

y part of the

stripe of
lateral
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PLATE 4

IXPLANATION OF FIGUAL
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PLATE B
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PLATE 8
EXPLANATION OF FigUARK
8 A disgram of rat proximal convoluted tubular colls showing three

npes of latersl interdigitating processes  (hose in the apical
thove l‘:‘\ the brsal reglow, nd thow cxtending for the height



Histochemical Study of the Hamster Ovary

SARDUL 8. GURAYA awp GILBERT 5. GREENWALD

Department of Obstctrics and Gynecology Unttersity of Kansar
Medical Center Kewsas City Kumsas

ABSTRACT The ovary has bean y for various

The granulosa cells of normal Dpid bodies of varioas sires composed
mafnly of phospholimids. Some Lipdd bodies shio

it esters, The theca cells contain Hpéd conalsting boltpids. At the
ecext of atresie, the granulosa stores bundantly which const

stnmlitad o ovolate Normally soch follickes becoms atrwtic, that & Lack
of miftcien: these follickes trom matar
ixe Nl lipids, choletaral and fts esters, coukd Dot be demonsizated o
the nermal grauloes in the PM$trexted ovariss. The which wers atretic at
the tune of tn were Dot affectsd by
(HCG) d1d not canspicnomly ffect the prowth of follwles Both PMS
s HCG cansed of bpid droplets from mterstitial
and Leathem ('56) studied the interrelated problems (1) the histochem-
o and atresia of ical nature of normal and atretic follicles
k3 1 the hamster ovary but did not  of the estrous cycle, (2) the nature and
et ltptd bodtes in the normal granulosa  fate of the reserve fo
h Teported the thes a3 well s In ovarles wested with
of atretlc preantral follicles, umdergo on different days of the
E’“’“Fh!lndnethelunucclmm cycle (3) the reladonship
tnve whereas the ulosa cells £ described by Greenwald
uretic \ esteular follicles te and and the loteintzing trum follfcles of

thers by the present  in the narmal and

h“htmryofd:lﬂerrm

373 and Greenwald, '64a, ‘64b) MATERIAL AND METHODS

Seeenmald (‘61 9%) found that the  Sexually mature golden

m?“’"’! lops approximately ten  used in experiments The

g"u&'mdxylo!t.bemn mguuf!heeluvu:cyclenmdﬂer

m:ni':g:lmlddiﬂmllsfoﬂidu mined by vaginal smears the postovula
t can
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determined by removing one ovary be
tween 7 and 129 M on day 4 Subse
quently the females were caped with

SARDUL 8 GURAYA AND GILBERT 8 OREENWALD

Tho granulosa cells of the nomd i
antral and antral follicles contre ke
in the form of granules, rods, sbexs &/
h bodtes of duferrmt o

fertile males and the vagir hecked the
next mormning for spermatozoa  Hamsters
which had two consecutlve four day cycles
were divided Into varlous groups The
ovarles in the first p wers from un
treated animals on different days of
the estrous cycle Other gnimals wrere
injected sc with 60 {u pregnant mares
scrum (PMS) on day 1 and klled on
days 2 3 4 or on days 1 and 2 of the
next cycle The anfmals in tho third group
were glven 60 Lu PMSonday 4at 9A M
and killed at 10 P a of the same day or
aon days 1 3, 3 or 4 of the next cycle or
on days 1 2 or 3 of the third cycle The
animals In the fourth group were not
given PMS but wero Infected with 20 1u
human chorlonic gonadotrophin (CG) on
day 2 Some of the were klled
10 hours after tho {njection of HCG and

(figh 2,3 and ) The histochemex s
actions of tha lipid bodres are the sz s
repotted for the Hpids of normal granks
in rat, bat, cat, dog and opossuam (Grr:
and Greenwald, ‘64b) They comed
phospholt However some lpi igh
of norm: Wmﬁm
n vielket in
e of neutrsl fay §2

3
g
g
!
)
T
'
]
#

He
used according to Gomod () T¥
n color fades away afiet T&S"

reactlon further
mnomeul!-heww‘
gium‘m o e

others killed on day 3 The histock
techniques for Lipids ously reported
(Guraya and Greenwald '84a '84b) were
also employed tn the present study

OBSERVATIONS

a  Follicular development in
the normal ovary

The histalogical details of follicular de-

)simﬂnr to previcis observations (Green
wald '623) The current report will be
concerned mainly with the histochemistry
of nommal and atretic follicles of all sizes
Frozen gelatine sections colored with Su
dan black show both preantral and antral
folltel 1 varlous of
liptds
lipids foilicles can be distinguished as
normal and atretic follicles.

g\:;lulmceﬂlucprmntinhrgenum
on gl days of the estrous cycle

many la
but it is not as b

follicles The e
which are sparsely distributed 1 500



Atretic
1 all sizes. Preantral follicles become

OF HAMSTER OVARY
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the preantral follicles in size as the thecal
cells now have occupled the space vacated
by the grudusl resorption of granulosa
cells.

‘The vesicular follicles which

from atresds on day 3 ovulate on the night
of day 4 sand give dse to cyclic corpora
lutea which are fully diferentiated on day
1 of the subsequent cycle On days 1 and
2, the cyclic corpara lutea show sudano-
philic lipid droplets which ghve posittve
reactians for phospholipids snd trigiyeer
ides. On day 3, the corpora lutea contain
tncreast bers of lipld droplets some
of which also indicate appearance of
cholesterol and its esters. Further in-
crease in Hpids on day 4 ts due to the stor
age of more tdglycerides and cholesteral
and {its esters (fig. 7) as the reaction for

trous
ovulatory and postovulatory periods. Dur
p-rcavulnmrypa-lodﬁ lipm

ing the

day 4) the lpid ets are mob!

from the interstitial g and this is ac
d of the

intersttial Complete depletion of
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the lpid granules did not occur which may
be attributed to partial mobilization as well
as formation of new lipld granules. The
postovulatory ovarles (4-11 am om day
1) also show less lipids y choles-
terol end ita esters On day 1 the lipids
are gradually restored in the Interstitial
gland ond on day 2 the tssue 1s loaded
with lipid droplets consisting of phospho-
lipids yeerides and cholesterol and its
esters. Upld accummulations due to de
generation of grenulosa and corpora lutea
do not show any change in their amount
and histochemnistry as continue to
give positive reactions for neutral fats and
chelesterol and its esters.

b Effects of PMS and HCG on
the hamster ovary

Follicles  Ovarles removed from ham-
sters which were given 60 Lu PMS oo day
1 and killed on days 2 and 3 contained
mare than the normal number of vesicular
follicles (fig 2) Carrespondingly the
normal preentral follicles of medium and
large size which were present in large
numbers in the untreated ovaries at a simi-
Iar stage were missing The granulosa of
o follicles in the PAMS-treated ovaries
seems to contan less lipdd bodies than in
the untreated ovarles. The Schultr reaction
also becarnes more or less, negative  This
indicates that after PAIS-treatment the

1is

SARDUL § GURAYA AND GILEERT § GREFNTYALD

FMS-treated ovaries as a number f 1

at the time of njection. The numerow il
licles, which were stimolated by PS®
tween days 2 and 3

E
i
|
g
tHE

g
g
3
i
i
g
q

definite time for maturation
can be ovulated. The yesicuar
veloping at the time of PAIS
day 2 or 3 became atretic. Fi
of folllcular development i

5
5
o
i
G e

;
|
ﬂ&

pid metebolinn of the granul
sightly stimulated
atretic preantral f es of van
Y, ollkc]
ous sizes, which were nlready in
the ovaries at the dme of PMS Injection,
did not show any change In their develop-
ment and histochemistry (fig 2) They
continued to conteln lipid droplets com
posed of triglyeerides chalesterol and it
esters and sparse phosphalipids. Some of
the vesicular follicles in the PMS-treated

PMS tre
ioizatin and bypermopy o &
stitlal gland

DISCUSSTON

cells and hypertrophy of theca Numerous
follicles from the ovaries treated with PAS
on day 1 ovulated by midnight of dey 4 of
the same cycle or day 1 of the subsequent
cycle. Some preantral foliicles which had
2 singlelayered granulosa at the tme of
treatment, were also stimulated in the
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um joos and postchraming for adequate
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estrous cycle. They were stmulated to
ovulate in animals injected with PAMS on
dLﬂ;ercgtg.‘nytoIthucycle These follicles

Cholesterl and esters appear in the
Tﬂﬁﬂrmlmnhhehamnaud-y
ﬂ'yn:n‘l'ul l'!srnid::lmnmwrynp-

taneously carpora lotea ac
wmalate trighyeerides. Ch i and

{ the socalled re
serve fallicles of Greenwald ('62a2) who
also stated that they were smaller than
267 u at the time of PMS treatmment and

an antrum during the second of fol
Iteular growth Treatment with PMS sug-
gests that

reported in a number of previous studies.
Smith (730) and Swezy (733) belleved
that develor ds to
sntnm farmation in the absence of the
hypophyxts whereas Willlams ( 44) and
Paesl (49) felt that dotrophins may
bel.molvedmln-meme. Hisaw ( 47)

d & of self-contained

$5T8 were 1ot observed in the current
¥elic corpora lutea of the rat (Doane 52
-lmn, '84b) However the corpora lutea

(e previous two cycles tn the rat show

L4

systen

organirers which account for esrly follicu-
lar growth If Hisaws suggestion is fol-
Iowed then there seems to be an im-
which
diﬂaenﬂ-w.;zmuou:f lu;‘sd;rtn;the
first the pituftary content
M vicaulaces sy ten fellices aurin
the second phase.

Beside the potmal follickes atretic fol-
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dan black B Nile blue sulfate and show
positive reactions far cholesteral and phos-
pholipids. In the PMS-treated ovaries, the
atretic folllcles were not affected and con-
tnued to show their neutral fats, choles-
terol and its esters and little phospholipids
This indicates that once atresia begins, the
follicle cannot revert to its normal course
of growth

During atresia, the granulesa and its
liplds degenerate leaving behind the
theca which hypertrophies and perxists.
Similarly the granulosa of atretic follicles
in rat bat, cat, dog and opossum regresses
but the theca remains intsct (Gureyn and
Greenwald, 64b) Numerous types of
atresiz were jdentified in the hamster
ovary in the histochemical studies of
Knigge and Leathemn Accordipg to them
in atresiz type I (occurring in preantral
follicles) the granul is lutednized and

BARDUL 8 GURAYA AND GILBERT 8. GREFNWALD

of granulosa into interstittal thee. T
similar histochemical nahure of Md &ty

ton. In the ovaries of rat, bat, cat, 1
and oposmom  the interstitial thex
mostly derived from theea snd adpe:
stromal cells of atretic folldes (&
and Greenwald ‘64b) In the dg &
the

and Greenwald '64b)

The Interstitial gland, which vd &
veloped n the hamster ovary B4
sudanophilic lipld droplets of v =

of

by Greenwald which become atretic as a
result of Jach of endogencus gumadotro-
phins. The current study did not reveal the
aberrant ?‘pe: of atresia observed by
hnl, and Leathem.

present study suggests that the

cause of atregla In the preantral fol
Licles is due to msufficient FSH The cause
of atresis in the developing fol

vesicular
licles betwreen days 3 and 4 could not be
determined It occurred even in ovares
treated with PAMS  Hisaw ( 47) suggested
that atresin occurs because of (1) a fail
ure of proper differentiation of theca ibp-
terna and (2) inadequate stimulation by
LH On the other hand Burrows ( 49) be-
Heves that the ovulatory release of LH 1s
mainly responsible for the atresta of small
follicles. hnigge and Leathem observed
the transformation of granulosa of prean-
tral follicles tnto interstitial cells but ac
cording to them, the thecal cells do not
give rise to interstidal dssue  This is con-
trary to the present observations which
clearly show that only the theca takes part
n the formation of mterstitial cells. Since
hnigge and Leathern did not follow the
different stages of atresla the large

;

i
g
i
!
:
E

served In the rat (Deane
They

3
2
3l
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PLATE 1
EXFLAMATION OF FICUKIF
1 A portion f untreated day 3 morning ovary m%

sus (IT) fAlled with sudancpinlic Bpdd droplets, and many
olticles. granclesa (EG) of atretio follicles shew
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HISTOCHXMI¥TRY OF ¥ HAMSTER OVARY
Sardal & Gureys and Gibert K, Creeawald

48 Sctdandlmtkl changes of wreih
fallcles deman (%—.)u&nmm po o et & X |
xlSS. tigure 6 x!ﬂ& (d,,i
7 A portion of day 4 mormung ovary demonstrating Lpht materia) in the cocpas e

humucmm-ua(rr) * 38 “s
8 A higher powe view f interatitial tissoe from day B ovary sbowing Lpid dopi®
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QBSERVATIONS AND DISCUSSION

Cattle The freemartin hag been known
dnce antiquity (Farbes 48) but the fas-
cinating natural experiment which results
in this ly w2 ot adequately eluct
dated \mtl the clasdc studies of Lillle
(16 *17) and of Keller and Tandler ( 17)
Lillte ("17) has succinetly described end
explained this usoally sterile female twin
of @ male co-twin:

THOMAS R. FORBLZ

the apparent toq, o -1
of the flesh the effects of ez
large

%@-i 4

1y it
iiraabentodinsss
aoht sty



reproductive
the Museum, but Clifts catalogue (1831)
refers to
242, The extrmal and hternal orgams of
generation of  Free Martin. Mr Lockm
Ses Muswwm Drawongs. Hxateriow
Hunterian means that the dissection was
made by John Hunter himself. Presum
ably thia tian vas not described in
his pab article (Hunter 1779) be-
causo the animal was a subsequent scqui-
The

itself, however yal
of & mixture of the external features of
bull and cow
Probekly as sm of Ceg shgltoenihs wrmtury’s
R A ST
m(m“ﬁ«)umﬁmﬁm-
:—h:xh- paper ereriay ll_h‘-:-nwﬁ-l-l
e

- v ergamy of
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D Bpormatc vesssls, probably io- L, Germinal
Tocted M Urethra
E.Scmcmsolmddml N Vagina
¥ Utarine bam 0 Body of
P Glaps clikcdis
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o v e e e o

.ca"';-"é"nmddummuflkwﬂl ftreemartin, Drawn by \Wiham
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W HUNTIR ON INTERSEXUALITY PLATE 11
a3 B Fochas

Parasagitial section of pelris of an adult “bermsphrodits abeep. X 07
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(ventral) longitudinal sulcus and the in-
cirura apicds may be very y marked.
The aortic bulb shovws semilunar

difference the terms Heart Type One Heart
Type Trro and Heart Type Three have been
used.

FLORA E F LINDSAY AND HELEN ) SMITH

ol e bee

The methods used to
are of thx o

come™
In the following description the capital rated. An incision along the fgit
letters in brackets are the letters used to mm&od@‘%‘;‘;
identify the principal vessels in the ac  “unwraps the ventral wall
companying plates. vmmd:nhmzyiﬁl the ﬂlﬁ;w‘“ﬁd
MATERIALS AND METHGDS through the left mnﬁlﬂxﬁ
Tro hundred and ten hearts from edult  diately behind the upper part =t
birds of ages have been studled mdtnxlnﬂaulndwﬂdah
cither by latex injection and subsequent dis-  the apex of the beart. mmwuﬂ.ﬂ'ﬂ
section and/or erodlon, ar by radiogra extended up through the i
tions using Dionosil, Phot ar or along elcftcortﬂm’{ﬁ‘“dp
que alone, and as barium/gelatine }eftmujdehopmcdm'w‘hx
mixtares the latter allowing for the open An alternative method, et ¥
heart” technique and dissection. Same possible to leave lhﬂkﬁhmwﬂ
=t wrere prepared D Lbad;htA—Vnhul%‘wﬂt
hexrts others by njection of the coronary through the HEE pye
/ vessels with the heart in situ The injec Lhaupperptnaf!bcdﬂ""‘nd!bf
tions were made via the sclatlc artery Iulauandcumﬁnm?’;l‘;l'mpé
the acrts, or one ar both coronary srteries, tudinal sulcd to just o
Abbreviations
coroasry artery Laft asztam
Py 7 Lot vemancie
A Bight decp coronary PA,
A Duue ol AV VERigr moveatieslar ™
» Bomus parformmact A RV Right veatrice
B., Left coronary artery [
B Let g1 saptom -
B T eeraiist vey ot B Y o remieal left) booptudiad!
AO, vy Vel veomas
252 ple R
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vantral % dorsat

dorsal ventral

P14 Veorral and dorsal views of e heart (sentdlagrammagie) Dottad lines - =~ il
B of tncieion tn base neeteod of tmrolling beart. x X x X Inficas one modificstion.
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arteriosus severng the right septal attach-
ment of the rdght A~V walve znd thus
allowing the “unwrapping” of the fres wall
of the right ventricle. The incision through
the left ventdcular wall is then begun be-
hind and parallel to the part of the
left or ventral lmgimdmmcm This is
cantinued down to the apex of the heart
and also partly along the left coronary
sulcus (fige. 3 and 4)

The right coronary artery (A)
This trunk, 0 3 mm to 0.5 mm in length
and 1 mm to 1.8 mum in dlameter srises
in the right (ventral) simus aortge It
divides into a smaller or dr
cumnflex artery and a deep ertery or ramus
profundus,

¥FLORA E. P LINDSAY AND HELIN ] SMITH

flex artery (ramus
superficialis dexter (A )) seldom d
1 mm {n length and has a dlameter of 0.5
mm to 0 8 mm. It passes sntero-ventrally
between right aurdcle and conus arterlomus
hifircating as it reaches the coronary sul
cus The smaller branch runs to the left,
supplying the adjacent part of the right
ventricular wall and terminates in two ar
three conal branches. The larger subdivi
son is the main contlnuation of the cir
cumflex artery which tekes a flexuous
course in the right coronary sulcus toward
the upper depression of the right (dorzal)
longitudmal sulcus giving off strial valvu-
lar and ventdcular branches.
The atdal branches pumber five to

seven, g upon

inajor stems of muscull pectinatl, They

’?Ve the circumflex artery and supparted
the sub-epicerdtal fat of the coronary

sulcus enter the overhang of the atdal

wall and divide Into ascending and de-

scending  vessels. larger
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is noted in the fowl. This does not seem  Mome, R 4. 19030 Corsoaey Memd el

to have been recognired previsusly Am. Het ] 5 T
Myerkowskd, X, 1900 Marpbsegy o
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EXFLANATION OF FICURES
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abilty and Differenhation of Human Trophoblast
Organ Culture

TIEN WEN TAO awp ARTHUR T HERTIG

Department of Pathology Herward Medicel School,
Bocton, Masseckuaetts

ARSTRACT Orpan cubiure of 15 tmmators human placentss — at thera

abortion of 512 week gestatuons — was carckd out in  medium copatsting of

20%; NCTC 100 15%; snd balanced salt solutlon, 63% b which was

sdded 100 1O per ml of cultore grments

wwe placed ou fAlter peper laid across glame beads within  Petd duh) the mediom

beads, incobatm was carthed ot t 33-36°C in mmixture

‘“mmm“qm‘:ﬂu 'hmﬂﬁbﬁgm ml of medtam
1-2 g0 of per

= well a5 rovtine way that Langhume

Ordinary
Wrparations showad thet the new™ syncytwtrophoblest resembled the ariginal syo-
STuotrophoblast by virtno of its Pﬂﬂmﬁn (hr"mmarwnnlm cyto- and

blast) together with s bose of
Yooy nd h The visble fur three
wetks ond then gradually decreased in incTeass m the

lthough cells from the humen placenta In the present report placental spect-

* kg been studted In tssue and cell mens obtained at 5 to 22 weeks of

e tians (Gugglsburg and Neu  tion were studied in argan culture far 4 to
Uer 28 Friedhetm ‘28, Jonesetal. 43 6 woeks. Evidence Is presented indlcating
wart et al. 48 Thiede 61) organ a transformstion of Langhans cytotropho-

™ UI® appenrs 1o offer 2 more blast to based upon
=l e fovestigaton of thg difcrentis.  cytalogical changee. end T

0 and endocrinology of the placenta studies with tritated thymidine Marpho-
20 and Hertly, *81; Teo '62) The great logical of the visbility of the var
Hatien of these thaue and cell aulnare  lous cellular elements are also described
:‘lh‘t'hthempbolomllndhmc with special emphasis oo

g y of wany typos of cells MATERIALS AND MLTHODS

}8 the course of cultivatlon (Parker o, K e B
,u"mmand}:n;!a ‘81) in obtained at the time of

the
This in Titro  The edy =g past of the resrnrchts

D“'HM
fowth snd diFerentlation and YA e ’x%"".:'
the HD-00L

S| were
nintatns the condltions for argan culture usually within
1 to 2 hours after surgical removal
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‘Through groas dissection the vill srere iso-
lated and minced into fragments of ap-
proximately 1 mm  After washing in
phystological saline to remove blood apd
debris the fragments were ready for argan
culture. Random semples were taken for
histological examination

For the preparation of organ culture a
aingle layer of glasa beads 4 mm in dlam-
eter was placed 1n a glass or plastio
petri dish and barely covered by culture
medium  On top of the beads were lafd
strips of flter paper (Whatman filter paper
no 1 or no 2) onto which the minced
fragments were transferred (fig 1) Thus
the tissues were In contact with but not
immersed In tho medlum  Incubation was
carried out at 35 36 C in an incubatar
gassed with a mixture of 5% CO, and
85% O: (The atmasphere was kept moist
by the presence of 2 dish of water in the
Ipcubator ) A gas mixture of 5% CO, and
B85% air was also found to be satsfactory
The culture medium was renewed every
2 to 3 days Two to four fragments were

das Te o four tragments wers
dln-lngtheﬁmweeznndth:nmryatad
days throughout the rest of the cultivation
riod of 4 to B weeks duraton. They were
ed in cold Rosaman s fixative processed
through parafin embedding eectioned
serially at € y and stalned in accordance
with the pertodic actd Schiff (PAS) pro-
cedure (Pearse ‘60)

Far radfcautographic studies, organ cul-
(ures were in the same manner
as descnbed  Mcthyl H-thymidine was
added to the culture medium in the con-
centration of 1 to € pe per ml of ntedium.
Pl 1fr yrere bated in the
radicactive medium for varylng periods of
e ranging from one hour to two weeks
Some cultures after 6-24 hours of such
incubation with I -thymidine were thor
oughly wnshed with phystologica) saline
and transferred for further cultivatfon into
medium containing no sotope  Fragments
were removed perfodically thereafter at 1
to 3 doy intervals for 1 to 3 weeks Al
fr ts for rad graphy were fixed
in Serras fixative for one hour and pro-
cessed through paraffin ympregnation and
embedding  hounted tissue sections, zer
fally sectloned at 5 u were stained in
accordance with Feulgens procedure for

TIEN-WEN TAO AND ARTUUR T MUERTIG

DNA (Swift, 55 Pears W) mir
e LT et
en dip

NudcurTmckm&m el
using the dipping technique dexnbl®
Joftes and Warren (35) Al deed
the appropriate exposure time l?t.‘x.
et resulis) the slides e kgl
18 -20 C in hodak Superlodshik

oper for three minutes wasbed b ¥
Bath §B-1a for 15 seewds

3
]
:
!
E

green dehydrated in
mounted fn permount. The end k7

thin layer of photographic
impore furmmm«u

tlons of marphalogical
{zatton of Incorpocated trithind
could thus be made
RESULTE
Langhaxs cptotropest
During the first 24 houn of cdni:{

aigmficant
:fncc except for the mmtd-ﬂig
dty of syncytiotrophoblast (comp®t =
2 0nd 3) hﬂtmwmy;ﬁuﬁﬁdb
the nuclear mc‘;.rpurudo::md o
midlne into DNA (ﬂﬁ; e

e
abundant only after =
Intracellular vncuduofv&?’:;"’
also scen as early 83 240 P4
becante abundamu::d

slze In older cultures., B .
was usually associated Witk the +£8%

4

2 B 4
tercg cy‘tcuu;ibobh B I;
nor gl 28§ tr;‘&*ﬂ‘;%
ical examipatlon of Sudan -
renctlons
Some of the initially s
trophoblastic cells Fadu:ﬂyzﬂ'::‘r‘
T et T
gty ,.mdnl.-/fn(‘::_: Py
beriter whem ey I
ER T B

L o

s
then bz -
&



vacuolated (fig. 5) and/or

e e 5, X P
L]

wrthin  durdng the course of culdva

- From radineutogra, different
1 exhibited different degrees
Lan,
showed active iy

TROPHOBLAST DIFFEREINTIATION IN VITRO
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after most of the other celluler elements n
the villi had undergone necrosly (fig 15)

Syncytiotrophoblast
‘The nuclel af the inftial
blast became

12) Since there was no Labeling in the
) uﬂ'b;;]onl in discrete cyto-
¢ en was re
"“'“antLih;culnm the Iabeled nuclet
syncytal layer later in the

e of cultivation” could logically emly

talned well for at least
plified tn £ 13 and
hoblastic started to
ber dgnificantly only after
culture. A few scattered
could still be seen after six

&7
i
gF

Cell column cytotrophoblast

g

5
]
]

areas and thin at others (fig 14) It also
appeared to increase greatly in quandty
and thus is seen as the t tis-

after 4 to 6

gh necrotic
wreeks of cultivation (figs 16 17)

diss) core strama
dense and compact with apparent thicken-
of t membrane (figs. 7 15)

(figs 16 18 17)

! the pacenty ap refiocted DISCUSNION

in the test

RO of puch Labaled cells from radio: The results have clearly shown that the
W(ﬁtﬂ) Even though 1o quan-  Langhans ¢ has the abdlity
w%ml\‘nﬂnbkun rattos of in ritro to develop some of the character
sy o gpioabeled crto oblastic  fstics normally exhibited by the syncytio-
-m,"‘m"““m column  trophoblast  Such ch e 2
‘hu:mwhemrehavﬂyhkbd- "
Hmulwhub;"":m"*‘_? al"“l"'“"' “q.’:;_hw“n,m"m‘&.wvﬂ
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Through gross dissection the villl were is0-
lated and minced into fragments of ap-
proximately 1 mm  After washing in
physdological saline to remove blood and
debris the fraginents were ready for organ
culture. Random sarnples were taken for
histological examination

Far the preparation of organ culture a
single layer of glass beads, 4 mm in dlam-
eter was placed In a glass or plastdc
petrl dish and barely covered by culture
medivn.  On top of the beads were lald
stripa of fillter paper (Whatman fllter paper
no 1 or no. 3) onto which the minced
fragments were transferred (fig. 1) Thus
the tissues were in contact with but not
fmmersed in the medlum  Incubation was
cagried out at 35 —36 C fm an incubator
gasted with a mixture of 5% CO, and
85% Os. (The atmosphere was kept molst
by the presence of a dish of water in the
incubator ) A mixture of 5% CO, and
85% air vras found to be satisfactory
The culture medlum was renewed every
2w3dnﬁym Two to four fragments vrere
remoaved for histal examination daily
during the first week, and then every 3to 4
days ghout the rest of the culttvation
penod of 4 to 8 weeks duration They
fixed in cold R s fixadve p d

with the perlodic acid Schiff (PAS) pro-
cedure (Pearse '60)

Faor radloautographic studies organ cul
tures were red in the same manner
As described.  Methy! H-thymidine was
added to the culture medium In the con-
centratfon of 1 to 2 ¢ per m} of medium
P { frag; were incubated in the
radicactive medium for varying periods of
time ranging from one hour to two weeks.
Some tures after 6-24 hours of such
Incubation with H-thymidine were thor
cughly washed with physial saline
and transferred for further culdvadon into

e no isotope  Fr
were removed periodically thereafter at 1
to 3 day intervals for 1 to 2 weeks. All
fragr s for rad aphy were fixed
in Serras fixatve for one hour and pro-
cemsed through paraffin impregnation and
embedding Mounted tissue sections et
1ally sectioned at 5w wrere stailned In
accardance with Feulgens procedure for

TIEN-WEN TAO AND AXKTHUR T MERTIC

DNA (Swift, '35 Peane, W) edir
dried after water rime The sy -
then dipped briefly in pemeed [

Nuclear Track emulsian NTB3 et
using the dipping tecknique dacited
Joftes and Warren ('55) unA:E’
the appropriate exposure T
be 23 weeks at spprozimatly §(E
best results) the slides were dndrds
18 -20 C In hodak Superiodind et

oper for thres mimutes, washed BT -
Stop Dath 5B-1a for 13 secomh K2l

lgdpﬁmfanwmmunﬂwb <
in running wrater for 9-5 mindes I

were  counterstsined with “r%
green deh)dmlcdtnzrrtgﬂmﬂ“ﬂ‘,

the Jear
midine nto DNA (i 8 580 -

Reglonal aggregation
Lasge cells started 10

sze in older culturt®,
was usually tod with ¢
altered oyt
figure 5 These mcudﬂ‘;
nar glycogen a3 Joded
ical examination of 5
ctions.
mSame of the initally sy
trophoblastic cells grad
The cutrure metma T |
¢ 108 137
o gyt n-kms.f.:_
Bt T 1

li'a“l t gat
AL
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PLATE 1

EXFANATION OF FIGUAES

The organ culture preparation as described in the text. X 13

Human  barenic villor at 12 weaky of gestation dhowing mor
chymal corw C; Cy and
PASdiastase.

aorn

Ona day culture of borienke villl from the same specimen iy
hkmlmmnhnmld;tbclwcﬂm :::z‘!
of

caltlvation as seen In fAgure 2. PAS-dlastsse X 350
Al!—dnym!m-lmlllmb—ddhnmmw
sggregated cﬂ—dlmdcymww‘“v"-‘
occupying the intermehats podtion betwee

mesenchymal care C, or nnaltered cytomopboblast, Cyh:"ﬂ_‘“’""
that the nuclel of these htermedistely Iying cells are
dennty PAS-diastase <« 444
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PLATE 2
IXPLANATION OF FIGURTS

A three-day culture from five weels-old human placests showing O
edse of a horionte villus. Not the presemce of spprepard oo

A fourdsy culture from a 11-1%-weelsold b rl%“;
113 ok

the cytoplasm of the inidal syncytimm 5y Unsltered Langbens 7%

tropl cells, Cy are abso present. =0

A fourdsy culture from  fives o -.'







5 A thrsoday culfurs o plecente w4
edee of & chorionts villur, tha presence of aggeopued od
10 hobl Ac,(p-hmdlnzur’ﬂ;’

»! to mTEe initial wync
(Semwer and emaller puclel) without sny ntervening cel bresdss
o A fourday culture from o 11 bman pleces. Mo
Lhﬂ \ 11‘*;“*“” lA..Acyh-

o (o Labis symerivan, 37 Onaliered Lasghent 7
tmyhobludocclh Cy aro also promnt. PASdmstase.

A fourdsy culture from a nwwuk-ddlmmml’l"“" ™
chromophilia of a lx ol-lur-dmwwh"u‘“" iy

yar ‘syncytiom, $1
e cel, Oy 0l

lvpemu-thlnhynx.m-utu
In masses, are also present. PAS-diastase % 500,

socbeted far 2
8 A culture, fram  gix-weskscld buman plecents, fncz ’.ud»
hours 10 medtam 15 pc Fthymidine/ml. otopl

;gl_b.m)ck!‘

ing, revealed as black grannles, fs localired
trophoblast, Cy and stronal cells, § wherse i) eymcythos
Feulpen and Light groen. X 350.

&
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PLATE 4
EXPLAMATION QF FICURE
A 1%day culture from & 12 weekscld haman placests. Nos the
vishility of cytotrophoblast, same of which apperrs apgrepated. PAY
dlagtase. X 350,
Anotber section of the same cultare shown f gure 13 New 2
rhatyncydnmhlhkkttpbc_-ndlhmua.but?m

A 2lday culiurs from & 85 woeks huwa placrota Mazy
colunm the calls, C Cy meﬂhﬂmm'ﬂ;‘

Podﬂanuf!hclnpnrnL lncmlrlli,lhﬂ' T
amount af n B, fa K
and mesenchymal core, C lppc-.nﬂbruti: PAS. x M0

Lerse
A 31day calture from  fivo-wacks buman plecemts. Note the
which Is better seen fn  higher mo

of necrotie syncytium w!
nl.ﬂc-ﬂonlnﬂ:ml'[ PAS. ¥ 140

A bighar magnification of the outlined ares 1n Agure 16, shommf B
syncytial nsture of the necrotio mass, X 560
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and then stained with toluldine blue
ar Einarsons gallocyanin-chromalum for
the identification of flucrescent structures.

The fluorescence method used has a
high sensitivity and specificity and per
mits demonstration of even very low con-
centrattons of primary catecholamines and
5h 4 mmlne in the ceH bodies and
axons b

Culnan,FalckandHﬂ.larp‘Bﬁ

cent products fi
during the formaldehyde treatment exhibit
under certain conditions a characteristic
green (to yellow-green) and yellow fluores-
cence respectively
RESULTS

After the more or less complete removal
af the neostrdatum, very abundant swollen
nerve fibers running towards the operated
structures developed a strong green fluo-
rescence. This was no doubt dus to a very
marked accunmulation of a cate-
chulxmjne (shown with the use

from the crus cerebrl through the retro-

Derve

Nuchu
section. A largs eccumul don of trom
fibers

Fiz. 24 Neostriatum of normal rat. A strong, gresn
el bodxs Th  fkrse capsults internss (A) are completely 290

oo
after removal of f A
cdarvs potanwn two days ‘Mh""‘"‘

NILS ERIC ANDEN ANNICA DARALSTROM XJELL FUXE AND KNUT Lixtsh

lenticular part of the intemal

entered the necstristum vh de £

cupmlu internse (ﬁplhb)L
days af meo}mﬂm(ﬁﬂ

to 7 lys ter

accumulation was

operated aide) The scemmdial

green fuarescence 1- "w.-m“"

grean-f
funning 1n Abrae capsulas internag (—) X 130
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F pletely disappeared, however i the
' als kifled 21 and 28 days after the

3¢ large groops of moncamine-con-
fring nerve cells were closely studled
scchally those of the catechalamine
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atlon. Two and four days after operation
a small but distinct increase in foores-

ity of the nerve cells belonging to group
AS (figs 3a,b 4) which lie mainly within
the rona compacta but are aslo present
within the rzona reticulata and pars lat
eralis, an the tpsilatersl side of the Jeslon.

around the nucdeus No such increase
was observed within the fluorescent colls
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of the other groups of monoamine-con-
taining cellbodies The cells within
group A9 on the contralateral side of the
leslon seemed to be unaffectsd. The Nissl-
picture in the cells with an increased
fluorescence intensity appeared to be nar
mal, with coarse, intensely stained Nissl-
e

Tsrenty-one to teenty-eight dnyl after
operation @ marked decrease in fluores-
cence intensity occurred within a large
number of the cells (Group A9) localized
to the same regions (figs 3c, d) as those
that had shown an increass two and four
days after operation (Le. mainly within
the zona compacta) The bodies
showed a very weak green fuorescence
and appeared also to be shrunk and much
smaller than uswal (fgs 3c,d) They
further showed = lozs of stainability of
Nisal-bodles. The other fuorescent cells
within the substantia nigra appeared nor
mal or showed an only slightly reduced
fluorescence Intensity The number of
cella affected was clearly correlated to the
extent of the damage done to the nuc
caudatus putamen In the animals where
a very large part of the L had bcen

NILS ERIC ANDEN ANNICA DAHLSTROM XJELL FUXE AND ENUT LARSSOY

tralateral cide nor within the oy
the rest of the catecholaminecoee
groups (A8 Al0) in the mesencrt!
At no time sfter operation dd te §F
can nerve cells in the mewsr?
alon (B7-BP see Dahlstrom snd Fx
’84a) show any certain change We.
fluorescence intensity
A pormal fluorescence miorT
was observed fn the meda2
longata and pons at all tmeim)
studied after the operution

DISCUSSION
After the transection of te £
belonging to pu-lpberalurccﬁfﬂﬂ"
amine [

visualizing the pathways of s
(Dammafn o) Fuee .d) BS
cnntral nervous system the
amines disappear wﬂhinml

bly due to degenerathie
i e
Fuxe, 64b) The :h:\th"'k

removed most of the fl
cdln in group A9 lhcrwed L decreued
Intendty 1y in com-

parison with that observed two and four
d.nysafteropcmtiun. In no case was amy
in fluor intensity

]btrvedmminthtlgmupnnthccvm

sh anlncru!tdwwqb
:i’ry“?i'thlnlfe" days after
all probablley due fo S, el
trations of
strém and Fuxe '5‘“’) el ¥ M
These methods hlwhl'::udﬂ“,
the pressnt and previous Hj_r,v

Carlsson Dahlstrdm Fe®
" *64) on the exi!iﬂ’“

removal of
first with an increaved
sity and later on M

fahly largs incresse in their fin-
300,

putamen
bodles with
orescence | tendty are presant

«
chan; The W
mnrtg: which may be
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t only the terminal parts of the axoms
~ bren
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promulgated by the National Soclety for
Medical Research were cbserved
The entire cecumn and distal two inches
of fleum were fixed fn cold (4 C) cal-
clum-sucrose-formal soluton (Ca 127%
formalin 10% sucrose 10% ) fallowing
sacrifics of the animals by chloroform.
Because of its excellent contrast and clear
cellular outline in our experimental set-up
the histochemical stain for reduced di-
nucleotide (DPNH) dia
pharase was utilized pdmardly (Buntone
'62) This system invelves nitroblue
tetrarolium nitro-BT) as electmn  rrantn
with reduced DPN as subst
for 456 minutes or mare at

Porrower Borrower s
mounted whale in PVP ( oo | DweDue TRV Dwluw
No attentlon was -
enrymatic activity '

sire was

brated Bausch and Lomb
plece disk micrometer
reported is the sum of t
diameters

divided by two Complete
urements were carred out
from each specimen. In

— e —

- I, ——
- .
po —
1~
iﬂ-
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RESPOSL OF NEURCHAL S2L TD COMVENTIONALIZATION
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ame Efferent Connections of the Nucleus

{ediahis Dorsalis

¥ EXPERTMENTAL STUDY IN THE CAT'

RITAD B. XHALIFEH WILLIAM W KAELBER awp WALTER R. INGRAM
of Anatomy «ad Nexrology Univervity of Iowe,

Depuriments
Towa City Iows

Xtex Intra connections with the
&hﬁelndpanmedhnce]lzmupsm
hﬂ:ﬂl In a2ddition, some degenerating

connections from the nucleus medialls
dorsalts in the cat to the adjacent thalamic
nuclet, the ouclel of the midline, the cen-
tromedian sand the nucleus ventrals pos-
terlar. Same fibers were seen in the dorsal
hypothalamic ares. Rostrally fibers were
reported to enter the antero-ventral and
antero-doraal nucled, mucleus rhanbaidalls
and the anteror part of the nucieas retico-
lads. A few fibers were believed to enter
the globus pallidus and a larger mumber
to terminate I the head of the caudate
nucleus. The putamen was free of termd-
nal

Nauts, in 1662, used the Nauts-Gygax
and Albrecht Fernstrom techniques of wil-
ton tn studyl o

i4
1
5
a
:

E

Yer L]
of the medial part of the nucdeus medialls
dorsalis

thalaml, dorsal alaric area, lateral
preoptic and -
cleus of the band substantis

H

to medial reglons of the grous, &F

though some fibers in the inferior thal2m
This - ‘,_,-m.ﬂ

e R R s e,

was

I
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peduncle ended in the lateral hypothalamic

area.

fibers from the nucleus medialis

No evidence was found of efferent
dorxalis

to the caudate which Is in sccord with a

traced to the

be
Th

dorsalis with the

ous stady on the cat (Nauta and Whit
’54) No degenerating flbers could
globus pallidus.

e conpections of the pucleus medialls
us are still

controversigl. Because of thefr functional
implications, a separate review of the
pertinent literaturs is devoted to them
LeGros Clark (32) was shlo to follow
degenerated fibers Into the periventricular

salls
them
ever

In the rat. He was unable to trace
as far as the hypothalamus How
he maintained that the “Intimate con-

pection between the nucleus and the perd-
ventricalar system and the nuclet af the
midline is an tmportant fact, and there
can be little doubt that through this system
the nucleus can be brought into direct
functional relation with the activittes of

the

hypothalam
Murphy and
L)L:a't ltrychgrh;mﬂon af‘the postertar hypo-

us.
Gellhorn in 1846 found

Jiali,

dor

spect to

|

stereotaxically at
the left side in the mucless
salls of the cat. The loskn ¥is £
l;rypudngme.lcctdrcmtm’“g
for 10-13 seconds through ¢ 2 02

nichrome electrode
tp (fgr. 1 and 2) The

salls

the
when cortical effects have not yet

mus

after lesions in the nucleus medialls

dorsalis
From a review of the literature it is evl-

dent

cleus
\Vhile Nauta found no

that there is little agreement on the

|
%
i

eaudate in the eat (Nauta and Whitlock,
’54) or monkey (Nauta, '62) such con-
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thons at this level.

capsule in the lateral reglon
of the caudate but with no preterminal

degeneration.
In bartrontal sections it was evident that
hal coursed
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("33) showed with Marchi stedies that the
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nucleus medialis dorsalis gave rise to fibers
which run ventrally into the most medtal
fascieull of the internal capsule passing
in the basal surface of the brain to texmi
nate In frontal lobe areas viz prefron-
talls orbitalis lateralls, intermedia and
medialis. Nauta and Whitlock (‘54) slso
traced degenerating fibers from the nu-
cleus medialis darsalis to the gyrus proreus
and media] orbitofrontal cortex in the cat.
Waller and Barrds ("37) in the cat, found
that the nucleus medlalls dorsalls pro-
Jected to more dorsal parts of the gyrus
proreus. These three studles on the effer
ent fibers from the nucleus medialts dor
salls to the frontal cortex in the cat are
in general agreement although the cartl-
cal greas to which the nucleus projects
differ in extent.

In the present study we found that de-
from the nucleus me-

KAFIRFR AND WALTER XL DRRUN

In higher primates and man the yrrs
dorsalts

g
a%%-%m
<ELe

t. Nauta and
Tlge I e o Nauta (63) b o023

Boggan (33) and Nauta and Whitlock was

('54) Fibers passing to the most ven caudate. Thus it Was ) "oy o
parts of the gyd 1 ] hin lhtﬂ"d;‘f[’wmhdﬂl
anterior took a slight curve dorsally at the nections with is ml.beff“m“ i
rostrel end of the bead of the caudate through en route ,_hgdn‘”’l.
Mﬁ::s'lhndlnot been pre:lhmn]gbg?; nga?.’bebcb‘ - Wnﬁd’ﬁ
scribed vrere less abundant than nucleus ypoth r ]
golng to other workers were 5%



worted previonaly (Johnson, ‘81 Nauta
.d Whitlock, 34 Nauta, '57; Showers

il

perpendiculardy
’(mdd)enec\{l.etmr.kpanedd:m;h
~ cingulate gyrus. At it has been shown
(lllhemted.urnnd.n: makes con-
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Abbrevlations (plates 2 and 3)
NPc, N Commissurs postecier

§
:
E

AM, N Anterior medialis Npr N _Prothalsmiess
cA anterior NR, N Ruber
CC, Corpus callosum NSeptmed N Geptabe
Cd, N Caudatns medualy
Ch, Chiasma optHcum OT Opdc trect
CL Capsula Interna Ped, centbralie
CL, N Centralis lateralis PVA, N Pertventriculers
1, Clawstrum an|
CM N Centrum Py NP rts
FX, Fornix Put, Putamen
GL, Corpus geniculatum R, N Baticnlarh

laterale Re, N Beumiens
GP Glotus Rb, N_Rbamboidislis
Hp Hypothalsm » posterior RPO Regio pracoptica
HPT Habenulopeduncalar 8 Stria medullaris

8ch N Supra chusmatiom

LD N Lateralls dovealis $g. N Suprageniculatos

N Subthalamicus
MG Corpus geniculatum N Ventralts anterks
N Ventralls laterath
Mm mamfllare VM, N Ventrals medials
MTT Mammilothalsmic VPL, N Ventralns poster>
Tateralls

tract
NCM N Centralts medialls VPAL N Veniralis posters-

PLATE g
EXPLAM TON © FIOURES
e
A semid 1 of 1 section showing
of the degencrated fbers from e "““ﬁ_"
medialis dorsall through the thal mus t the imtrmal capesie- B
fibers make con ection with cell in the grruy g 3, T Loy
spot represents the besom t peeterminal
and dots te degenarating Abers of passage
A semidil of erse h“‘“m'.:t
optic chiasm the course of degeneratont fibems I8 (5 Ly
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PLATE 3

IAFLANATION OF FIOURES

section throash te
wmdaf!hlmmﬁmﬂ!“

showing the
Black spot represents tho bexdon
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PLATE 4

IXFLAWATION OF FICUXIS
i
7 Ph fbery and pr !
generation in the gyra prawos (arrows) A number of narmal e
are also present. N um statn X 600
s Ph i srating & i the thalancs,
san ¥ 300
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ae Pattern of the Microcirculatory Bed in the
snincular Myocardium of Domestc Mammals

! ROGER E BROWN

! Department of Vetsrinary Amatomy School of Vetertnary Science amd
| Medicine Purdne Uniwersity W Lafapetts Indiana

ARSTRACT  Oh s by of Indis ink through the
carmnary arteriss of deolated end perfused beating bearts, wers
Mocks wers removed from the right and Jeft ventricular walls and the frterventriculer
septam, sectioned and cleared for and

The W microctreulsiory bed was defined a3 thoss versels 100 & and emaller in
dumater. The descriptions were based on 76 normal adult bearts of both sexes of six
Senestic apectes.

The arterioles divided by dichotamous branching wntll the fnal dividon
fatwo cheerved

At Do time was  capillary an arteriala
lerger (han 15 & tn dismeter The had & modified typs of end axtery pas-

were UDCOmMMON in the aress and A
wecific area of  cardies mecle fasciche was sopriled by artedoles

this concept fn relation
were explared.
Coplliary wers frequent but the conpecting vesse] was cnly about

20 & in Jength, Three types of wrTe [ ad
wot cromy fascicles of tho myocardtum.

wrare often dustinctive in thetr marphological yattem. “Tumip
Toot” patisrne were observed in all species and represmted the Jocal yenous collection
o moscle fascicle. A vanuld capfllary compammnts wyre waally from several

wouzces.
Sepported tn part by research grant HE 0431705 from the N thonal Heart Lusth
tute, U & Fuhlo Health Eervics.

mmwﬂlm!mom oped by Wearn ("28a) and used primarily
for capillary/heart fiber matio studies but
the marph cal pattern in the ventricu-

e of F studies find-
d"”'“kﬁn":"uz):lt.beccmnury of ings indicate that the larger coronary ves-
i"milm'll:'tu'.fu’edl:ceattl:lghezu-t:. sels are true Te-
The pattern of  search now being conducted on circulatory
¢ mijor arteries and vetns has been it t the

established for the human of the microdreula
It and those of d th ls. In  be iov
'Egzﬂndl.nectm-hummmcdmly The that follow are based
‘Eh versels because injection mate on 76 normal adolt hearts of both sexes
kf‘ﬂ‘dwpmemte\hatmx]lcrc.hm of six domestic
in the microscopist
3 concentrited his attention on the mor MEVIEW OF THE LITERATURE
:"m“ﬂmre:uftbemlvmnlmd L the dial
Delected the definttive pattern of the latory pattern in mam-
mals s sparse. reasons may be given

The ¥ bed in for this. First, & satisfactory od of
%93 13 avsembled in an almost endless  visualiring the capillary bed was siow in
:‘h"] Ufh'::hﬂun;mdmhﬂmm mlndm-ncond], -t‘hen‘hl;npimhzr

been studled t ttern
Teitlgaars, A ud.:fncturyhymﬂhod of by drawings or photomicrographs for wide
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The first work to gein the attention of
American investigators was that of Weam
('282) who succesded in injecting the
ca bed af cat and rabbit hearts us
ing both Berin blue and Indisz ink. The
slides from these hearts formed the basis
for his clasdcal wark on capillary/heart
fiber ratlo determipations, Wearn and co-

ROGER E BECWN

tion m
tomt abilf uflhbmpzndﬂwms
com, y u-utll:l:lelheﬂl‘n-"ﬂ‘_5
otic These Aony combined Wik 3

Beynolds and co-workers ( 58) gave an
sccurate descrption of & verule g
fram venous capillaries in tbelr work on

the dog

The article by Provenza and Scherlis
( 59) contains & marphological description
of the capillary bed in the dog
slthough it was primarily concerned with
the muscle components of the precapil
lades.

Bennetts publication (°38) contains 2

anatomy of the hlood vessels of the pig

heart. This is useful &5 a basis for explain-

ing the presence of the group of vessels
term.

MATERIALS AND METHODS OF STUDY
Injection materials
} Several methods for injecting the capil
laries of the heart with various materials
were employed in the course of this inves-
Hgation  One method In was
satisfactory in giving a 'orm and com-
plete Injection of the microvascular sys
tem of the myocardium Both the faflores
and successes will be described In same
detall
In selecting materials for vascular {n-
1t was necessary to chooss sub-

of such diameter that
the capfllares without
for the

2
&
%
H
=
=T
¥e

were that ft remaln in the capillaries dur
ing sectloning show no extravasatlon or
staining of adjacent tissues and withstand
the processes of fixatfen freczing dehy



MYOCAMDIAL MICAOCIACULATOXY FATTERY as7

It task of filtering. Wearn had diluted
» ink 50% with physiological saline
tution bat vras undestrahle for thix

Infection methods
The animals were killed Ey a Elow en
the head. The beart was removed through
a left tharacotomy and a cannula ted fnta
'huﬁ(nx,l)uuuﬁchnzamnm

arterial The
valves were competent fn all the species
studied and prevented the escape of the
ink fnto the left yenericle By carmulating
the aorta both fn

swe, Infection prosncss were determined

t f Ca ertusing flulds and

this was adjunte’  dosrximate the sys-

%”"“V:t £ €1m various species.
Wiy

ceased. If the g, oawd before beating

T 1 pyy,
\-Jonndmpﬂ’ e
rht‘};‘,:m -



perfusing Anld to fiow freely Into the acrta

to the coronary The heart lost its
deep red calor and the surface veins vere
wrashed free Those hearts

which hlanched out evenly proved to
Ject properly Aress which retained a
calor proved later to have recetved an
complets ink injectian When the heart
wras beating well as evidenced by its rate,
rhythm and intemity the flow of Locke s
salution was stopped and the flow of Indla
ink begun. The ink entered the aorta and
then by way of the coronary arterles flowed
into the vessels of the myocardium with
the heart In)ecting itself by its own acton.
It should be emphasized that no other
method will Al the capillary
bed It seems that the heart nust assist or
at least have {5 muscular elements in
motion to accomplish this Many Infec
tons were tried on non-beating hearts
with very poor results.

, Immediately after the start of the fnk
injectian the artedes filled first and ap-
7 peared s black stripes on tha heart during
the fint dlastole. As the ink filled the
capillary bed In the following dlastole the
entire heart became aniformly black. The
ink then appeared in the veins on the
epicardial surface The heart rate slowed
1 distely raptdly X d and usu
ally cessed within one minute. Several
dog hearts in this serdes suddenly began
to dllate following the ink Injection and
the ¢ tons ceased diately At
a later examination these hearts proved
to be the most perfectly injected of any
examined during this investgation. Weamn

in-
red
in

material being the best for his studles.
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MYOCARDIAL MICROCIRCULATORY PATTERN

gelatin mounting medium to harden.
sections were dehydrated by an as-

Ldditional afdnémtrmntho
b areas were chydrated in
cbal, clexred bedded fn parah

prepared as described

m ty to the
“roctreula of the heart
mare detal] had been possible with

graph was taken.

OBSFRVATIONS AND DISCUSSION
General statement
Before presenting the data some of the
terms used throughout this paper will be
defined. The term microcirenlatory bed
refes to those blood vessels 100u and

smaller in dlameter This diemeter has
been selected as the beginning of the mi-
ar since this s roughly

vessels are collateral channels between
the lumen of the heart chambers and the
coronary arteries velns and capillaries
The term end artery implies an arterial
conpections  with

large aize

Yock.
PR R A
Adwn Fetvwerim, T
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given caplllary field from several periph-
eral loct

The term muscle fascicle 1s used to
refer to a group of muscle cells of sufficlent
number to be seen by the naked eys and
1s separated from adjoining layers by con-
Dective tissue sheaths. The term muscle
layer is used to represent the total of &
number of fascicles that have the same

orentation in the heart.

Unless specifically stated othervrise all

ons of the microcirculation that
follow were cbserved in all the domesntic
specles exemined (horss cow sheep pig
dog and cat)

Arterioles

The following description is limited to
those arterlal branches of the
lation measuring 100 i or less In diameter
These arterioles entered the myocard{um
in connective tissue septa with the accam-
panying veins. The artedes bifurcated and
a d in d n a dich
manner with the two daughter vessels
being of equal slze (fig 6) The rapidity
with which the arterial caliber decreased
varied with the different daughter vessels
and their ultdmate funetion. In those ves-
scls which acted primarfly to transport
blood through the tissues the diameters
decreased gradually In those which vas-
cularized the edjacent area the dlameters

was by division Into trwo daughter capil-
lartes (figs 5 6 10 11 12) These capil
laries conld pursue the same direction
(fgs 9 10 11 12) but often ran In
opposite directions (fig 10)

The small artedes were found to lie in
the ces betwreen and paralle! to the
munc‘lrfuddn (fig 7) The arterole
plerced the muscle bundle usually diag
onally or transversely (fig 7) and imme
dintely erborized Into caplllaries which
were parallel to and tn contact with the
muscle fibers. A specific area of a cardlac

ROGIR E. BROWN

muscle fascicle was supplied by evd
arterioles whose caplllaries imtermerd
Anastomnotic communicarioes
arterioles measuring less than Nphé
ameter were fourd occasiomly e
adult hearts (fig. 8) These kx|
fine communications weald be d
in aBerle &



MYOCARDIAL MICROCIRCULATORY PATTERN

at of the arterial tree

between muscle layers should
throogh the myo- where capfllardes ariginated only from

reasoning would indicate that ves-

&ize to withstand the shearing sction cre

acls

jo system s caplllary supply be of even larger strs and strength and

unit of area was found to be much less  this was verified by examinatdon of the
n that to the beart moscle and the cleared sections.

the interplay of lmd:‘ydmbcanlcunmmhn. The same

not cross between ane another would dictate a vessel of some
over each other could shear off  line

o 13 14 17) It

As these specialized in direct contrast to
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SCHEMATIC LOWMITUOMAL SECTION OF THE
MYDCARDIAL CAPTLLARY MD 4ND TS

Flg. 3 Schematic longltudingl section of the

myocsrdial capillary bed snd its snastomoses.

The longitudinal representatdon (fig. 3)

patterns could have been included as well.
Flgure 3 also illustrates the thres types
of capfllary anzstomeses cbserved in the
six domestic species examin
anastornosis, betwreen the daughter capll
laries of a terminal arteriole was the most

curred between the capillaries

doaughter artericles Type 3 anastomoses
were the least cammon and occurred be
tween the caplllaries of arterioles origl
nating from a more distant dichotomous

14

The schematic cross-sectional view (fig
4) illustrates some of the locations the
capillaries of arterioles @ b and ¢ might
occupy {n relaton to specific cardlao f-
bers. The possible circulatory impairments
which may occur from an embolus plug
the semallest termins! arteriolar

fibers
not be end dh of ad]
functional capillaries. In the case of an
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MYOCARIIAL MICROCIRCULATORY PATTERN 383

hagred F ly the daughter capll
direc

imaly a3 determined by in ot
fa ok through the e
- Pﬂmbuﬂng have

beart as an organ  Capfllary anastomoses
were frequent but the connectlng vessel
;"Od!nbummumlcnnh. Three types

The methods used may not have been ade-
quate for their identificatian.

@t hearts of both sexes of six This paper is subumnitted with the full
wes, realization that the is
The method of as Yet incampletely with
ﬂ"ud.m!lumthapmdmof Wearn to the structure and form of the micro-

In 1928 for use I ca 7 tory bed and that further work will
b nﬂnﬂudiu.'ﬂm:eb]o&glwﬂéu i or
©ned from the fght and left the is here ad d
walls gud the interven
“toned and cleared for microscopic ex ATOBE CTTED
tnaton and p phy The Denastt, Feury Sunley 1536 darelopmen
mwm”l ﬂhﬁm;’d;b-nmmm
211 100 p and amaller in Cromn & 756 “1n

rod blood cells. Stain Techndl 18 186-187

Reishmwer Wobert ¥ 1061 Cardiorascular Dy
namcs. W B Sawnders Co., Fhiladelphts,
vy 100
Seundery, R L. & C. H )] A
Mactrer and N N 1857 Part V. The
anstomrie basts of the periphertl cireglation in
man. Or the coocept of the macomesh and
miramesh & Jostrated by the hlood supply
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ng:.ﬂhymnudc..mdmmmﬂ\vum ———— 1#28b The role of te Thebnoiw

1
Wowrn Joreph T 1028 The extent of the  Coronary Vessals. Diseasrs of Cormary ko
bed of the heart. J Exper Med, 47 and Cardisc Fain Ehted by R L bm Ir
273-202 Mecmillan Co, New York.

PLATE 1

EXPLAN TI X OF FIGUXES

Terminal arteriole left ventricke sheep.
Termunal arteriole Jeft ventncke dog.
Arteriole entering muscle bundle left ventrice do%.
Artrrial anastomonts, dght ventriel  dog.
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PLATE 2
EXFLANATION OF FIGURLS

Terminal arteriols, tght ventricle bane.
Terminal arteriole, right ventricle 803
Terminal arterials, left ventricle, cat.
Terminal srteriole Hght ventricle, HE
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PLATE 3
XXPLANATION © FICURDY

Capillaries in musel fasciclos right ventricle, dot
Capillaries, myocardtal and Purkinte aree, dog.
Capillary pattern, function of walls and septon, &
Capillaries, right ventricle, dog.
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PLATE 4
EXPLAMATION OF YIUURLS
Venous pattern, right ventricle, bare.
Venou pattern left ventricle, dor.
“Turnip 1oot™ Yenous pattern, Interventricular septon, é56.
Capfllane farming venules, right ventricle dog.
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PLATE 8
EXPLANATION OF FIGURES

Venou pattern, left ventricle dog

Venous pattern right wventricle, horse.
Vimous pattern right ventrkle, horse.

Venous pattern Interventricular septwm, sberp
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lar cavernous sirruses in this arder of

superior longitudinal dous and to the ar
bital veins through the basilar sinuses, In
both cases the greatest filling appeared 1n
(1) the (superior) dorsal cerebral veins
and (2) basivertehral veins (basilar sinu
ses and vertebral veins)

The schematic diagram of these details
is presented in figures 1 2 3 and 5

Venous communication
in the dog

In addition to the described main ve-
nous dralnage pathways of the brain the
following communications with extraera
nlal venous channels were noted:

X7 rusua

STEPHEN A. HECEDUS AND RICHARD T SHACKELYORD

8’1) Superficial and deep terpenl ey
with the (superior) dorsal et vy
and transverse gowm. Flgure 4

(2) Paravertebral venous plem (vt
ventro-dorsal veins) with baaly pm

Figure 3
3) Mumidemlm-y‘dnmrhm:
tal veln from the sigmoid stmex. Fie=!

(4) Orbital velns and vem etz
the cavernous sinns o fadd m
Flgure 4

(5) Pndctxlenﬂmrywhbﬂ“?‘

clal temporal vein
(e) Occipital emtssary el @ frx

dinal imuses.
G Prerygoid velns tobe ki)

illery vein and vena redem b=t &
cavernous stmus.

aUmM

o TERetL

1. P0s7 LT

AT vina G

Fx 7 Cramocenical venoa ys em { the ot
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[

1

(9) Anterlor ethmold veins from the and (Straus) foramen lacerum spurum
3l Jangitudingl wimuses to the angular  (Van Gelderen, 24) This foramen dreins

. from the tnfeﬂn;;rtrua.l
(10) Antertor condyladld vein (hypo- sinus. There is a small condy) canal
maal) connecting the ventral cerebral but no temporal foramen (flg. 6)

o with the vertsbral plexus.

(11) Dipicdc veins connecting froatal Sheep

denary veins with the transverse sinuses In this species there is a large ternporal

wigh the diplodc canal, g the faramen through which the dorsal ceretral
tem]

Fg 8 Cramocenksl venews system of the ple
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(laceram) foramen. There is no
foramen. There is usnally a condylatd
canal connecting the dorsal and ventral
cerebral venous systems (fig. 8)

Cat

Felines have ternal jugular veins leav-

fng the skull through the
fi

A rudimentary temporal foramen is fre
quently present bot the aze of it 15 vark
able, Moat frequently this formmen and
the (superior) dorwal cerebral vein drain-
ing through it is very small (Harrisom
*58) and (Mivart 1885)

There is communication between the
darsal and ventral cerebral venous systems
Lhﬂr:uzh a condylold canal end vein
(fig 8)

VERA C2 & SCPERTOA —

Flg 9 Crantocervical venod

STEPHEN A. HECEDUS AND RICHARD T

SHACKELFORD

Rabbit

A very small internal fugalir e
leave through the posterior fegobr
men but there 5 2 tepponl
rather high abore the
the euditary mestus
darsal cerebral vetn drains
of the cerebral hlood

:
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AT RmLay -

T
1 fa

Tur-

T

P

blood The ox posscases a tempor  foia
men or more precisely a fir ure lke
opening of the temporal cansl  throug.
which the (superior) darsal cereb=el veln
dratns. Superficlal temporal veins and
orbitsl veins enter the transverse sinus
through a bony canal thereby emptying
extracranial blood into it (Bolk et al 31
and Martin  15)

Connection between the transverse sh-
rus and ventral cerebral sinus system is
accomplished by the candyloid velns in
the condyloid canals (fig. 12)

DISCUSSION

It is not the purpose of this paper to
present the phylogenetic and embrydogle
aspects of the crantocervical

mention that the bagic pattern of the
vencus channels of a dog

sty fmae o it
P i

= of clesr cot forumina on the st
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SUPLRIOR TEWPORAL ¥ —-

ocaMT L ¥

EXT MAX LLaRY Y

KBULAR Y

R OR VEMA Cava~

. e DORIAL CORLLAL Y.

/ YINTAR CINEHARY

AT - L DR

[ U A

sypcLAvIAN ¥

F e 11 Cramocervical venous system of the berst

fetus is similar to that of the early human
fetus (Padget, "37) Due to greater devel
opment of the face nose mouth, ears (and
horos ) the external jugular vein as the
continuatfon of the (superior) dorsal cere-
bral vein becomes predominant in many
other mammals such as dog sheep rab-
bit ax and horse In man as well as in
rhesus monkey pig and cat however the
internal jugular vein remains predom!

nant in the adult.
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-

L=
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TABLK 1
Comparative amatomy of the cerebral vemous retarn
Voo (e  Temeeenl Fegular ol el e e
Toramen o vom s e
Man +++ - +++ - + +
Rhesus
Monkey  +++ + ++ + + +
Pig ++ - +4 - + +
Cat + * + = + +
Dog + ++ = +++ + +
Shesp + ++ - ++ + + *
Rabhit + + 4+ + ++ + +
Ox + ++ - ++ + -
Horse + ++ - -+ - + —
Prrmd:::ﬁ:nwmmmmmm tryical ddaas.
T ertmen oo the texpars] Lo vesne pad 23
ol v on TE(W)MJM‘:;-W&;E this feramen.
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generative arthritis and dissecting aneur
ymm of the gorta. Clinfcally the changes
are kmown as osteclathyrism and the

ced after

pounds for prolin, periods In the rat,
estrogen apparently inhibits the develop-
ment of lathyrism (Ponset! and Shepard
54 Selye and Bolis ‘56) and retards the
regression of the skeletal lesions after tem
parary AAN treatment (Selye '57) In
the rat, the hormone supprestes osteoclas-
tic resorption only of bone of endochon-
dral or| (Urst et al 48 Lindquist

with estrogen induced new bone for
mation.

MATERIALS AND METHODS

In a preliminary experiment 12 CF
mice 30-35 days old were divided into
four groups Group 1 received intraperi
taneally a total of 10 mg estradial valer
ate (Del ) in 0.5 mg doses on the
first and th day group 2 received
10 mg AAN intraperitaneally daily for six
days; group 3 recelved both estradiol val
erate and AAN 4 served as con
trols. The nitrfle was not neutralized prdor

the injection Three mice from each
group were sxcrificed on the seventh and
fourteenth days. At autopsy the left fe-
murs and tibiss were removed and fixed
in 95% alcohol and Susa solution respec

to ascertain the gross effects of the agents

D J SDMMONS A M. PANKOVICH AND 4. A RUDY

extensive experiment was desterrd
establish the dose at which A\ ma
most effective. The experimentd
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upon the skeleton  The femurs were em corteX
bedded undecalelfied In methyl metha m‘“d,nm@ The wbfE,,
crylate and cut longitudinally at 75-100 u wc_hymﬂlﬁﬂ’dm‘m‘;”“,ll’
on a high rotary saw The Jatng to Ylasts and M
were microradiographed on Kodak Spec Lbammfmofmem‘dw;'ﬁ
troscopic Plates 6480 The tiblas decal 5 " ihe endosteal rwtﬂf;md
cified in Susa sol Iwcm ‘“‘h; "J‘°"h”'°ddmdﬂ*i“‘
paraffin, sectioned longitudinally an mmwmbccnhf o
stained by the gentlan violet technique mo{mm mg&,pﬂf’
described by Selye ( 57) wras thinner than it it
Since the study Indicated F“w“"‘"
that AAN could suppress endosteal D""’"";:.'-kn»
formaton In mice a second and more m’m"



muscle fibers seemed to enter the bone
cartila

epiphy'lullﬂppuge. In severnl instances
along transverse tears in the perdosteum

and

cartilages The epiphyseal

OSTEOLATHYRISM AND THE EFFECT OF ESTROGEN
AAN-treated mice were some-

than those of the controls at
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front was discontinuous and there was ex
tansive osteoclastic resarption. Ostecid
depoaition an calcified spicules of cartilage
was delayed by 10-20 mg AAN + E. In
all cases, the numbers of trobeculae were

Y
above (fig. 7) short and relatvely more
massive than o the mice treated with

in yseal areas (fig. 8) The iIn
tenaity of the endosteal m was re
duced atfer 26-10 mg AAN + E or re-

stricted to areas where trabecular bone was

Cortical bone

vrays encloss a few small vascular spaces.
While the lacunae of osteocytes are usu-
ally elongated and namrow the cells in
areas of tendon ipserton along the neck
and trochanters tend to be more ovaid and
less precisely aligned along lamellac The

yrjosteum over the neck of the femur in
- me}comnybemc\vbatlhkkﬂ
\190n!noderlnhnnh
. In the normal mouse, the endosteal
barders of the bone at the level of the mid-

lining is camposed of spindle-shaped retl-
cular cells which possess the ability to un-
dergo cy 1 to active bl

While treatment did not alter

teogenl

lining to the osteoblast class. The new
endosteal bone produced under the influ
ence of estrogen (fig. 9) has a distinctly
fihrous appearance and the lacunae en

The histologic and microradiographic
appearance of cortical borie was not usu

D, J SIMMONS A. M PANKOVICH AND A. M. BUDT

ally affected by AAN at the differatéy
levels. However of elirgrl 2
fused lscunae abporma! dre,

the trvsam-_;e::tpe:-lodlnll:eml:h!u“|
ﬂmofﬁmﬂm'ﬁhﬂmm

y Injecttons of 5 L
mr.hdemumnfng'mmﬂ&x‘l
(fig. 11) This defect appeared cea e
frequently during the treatment amd e
treatinent recovery

recetved both
seemed most Hkely
been
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the different lathyrogens are much more
variahle than In rats.

The prime target of lathyrogens in con-
Dective tasues is the d substance —
in particular the synthesls of chondruitin
sulfate (Scbel et al, 56 Shintant and
Taylor '62) Sulfated mucopalyssccharides

were frregulardy in the bones
of rats studied by Bélanger ('55) following
the admmistration of ntrilic compounds,

Cellular udlization of sulfate (S™) was re-
duced in the cartilage plates of mice
(

granules were also present In the fiber bone
of the developing dsyue,
and are to the globules of

comparable
strongly PAS positive material and amor
phous metachramatic substance in the

poody zones aof hegling fracture
callus (Storey and Varasd, '58) in epiph-
yseal lesions prodoced by de
{Ramsmurd and Taylor 59) and in the




a2

The appesrance of bons cells was nor
mal after nitrile treatment, altbough early
senescence  digappearance and moduls
tan of csteoblasts to spindlexhaped cells
has been reported in BAPN-treated suck
ling rats (Clemons and Angevine, 57) In
this study AAN did not stimulate the mod-
ulation of cells to osteoclasts although this
event was observed by Clemmons and
Angevine ('57) in BAPN-infected rats and
in rats fed a diet including L. odorgtus L.
seeds (Gardner '59) There {3 also little
evidence to suggest that the functional ac

ton continued at all dose levels although
AAN reduced the numbers of trabeculas
end partally inhibited the endosteal bone
reaction after very high deses

It seems clear from this study that AAN
is able to suppress partially the prolifera

don of endosteal bane in ted
mice the effect was greater estro-
fen was  a intraperitoneally

Whlile the effect after the subcutaneous in
Jection of 0.5-2.5 mg AAN + E was neg
ligihle vely fewer trabeculae were
bones of mice (Vaes and Nichols 62)
4 of the p lly mitotic
ostecblast population has been demon-
u with tritlated thym{dine [abeling
metaphyses of mice as early as six
; hours after a single dose of estradlol valer
ate ( ). The trabeculas w!
formed under the influence of AAN and
AAN + E were abnormal and the fitrillar

loosely per
on of the pattern of
ymer formation (Mar
tin et al. 'B1) Cigrent experiments favor
the concept that lathyritic compounds pre
vent the normal aggregations of collagen
fibers from native uopocol]nmnby inter
fering with the formadan of palrs—
intermolecular cross lnks — so that the
converxion of saluble to insoluble collagen
fibrd] aggregation ia blocked (Martin et
61 Martin and Goldhaber '63) Dis-
torted en trabeculze have pre
viously been deseribed in rats by Menries
and Mills (57) and by Ponsetl and his

D ) SDMMONS A. M PANKOVICH AND A. M. 30DY

coworkers ('54) Some warkers huee oo
pared the mosalc strocture of rat b
bone to a Pagetoldike coodion (ke
and Shepard, 54; Bean and Poosed, T
Wawzanek et al, 35 Amoetd, 7

lines characteristic of dimrder v
absent {n mice.
There is also evidence that libyreers

compounds attack mature coftzgen.
this study showed that the effect o AS
and matrix n te b

dns to

B2
(Little et al., ggﬂd‘
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PLATE 2
IXFLANATION OF FTIQUAX

Photamicrograph of the distal end of the femor from  contrl move
sabawing the pormal strocturs of the eplphysesl cartilags. (300 X)

Phatombcrograph of hmmtinth-p-nﬂfm'lhwdlh
thickened distal femoral epiphyseal cartilage from 2 mousc ot ek
after dafly treatment with 5 mg AAN  (100Y)
Photomicrograph of vascular lesion in the proliferating sas of
mmﬂlmmwtmudlwm-dﬂ;
y treatmant with 5 mg AAN Note the disargantzatiem of the
columms. (150 ¥)

yecul
AAN per day The cartilage and metaphysh is
by muscle bands (M) (75 X)
beculse (T ) In the &

P of narmal ! bore
tal femur from — mowse which had recelred estrogen. (200X)

1
Photomicrograph { bnormal ndovteal bose traberulas (T ) 12
divta] fermgs Tom 8 mouss ono week after eeatment with § w8 ALY
per d y Note the mosal structure of the trabeculse Ted ¥7 ¥==
erotis ostecblasts. (200 X )




PFLATE 8

YIOLATATRN AND THE EFFECT OF ESTROCEN
1 Desmeme, & M Pazkovick amd A, M Nody




PLATE 3
IXFLANATION OF FIOURXS

Fhbotomicrograph of the distal end of the fernur from & ek et
weck after treatment with 20 mg AAN per day and estropen. M
spaces t the border between the cartilegs and metaph-

Photomicrograph of midshaft cortical bone from a moose injeckd
with 20 mg AAN per day and estrogen and sscrificed e the Qurd
week posttreatment recovery period Not zbauﬂ.nmnml-dtr
parent fodon of phus d dathon

matrdx (OF) An-ndom-lmcumupmmt(m (lsﬂx)

fre_ tmant period. Note the
middlo of the thickness of the by fully saloerakaed
and endosteal surfaces. (100 X}
Microrsdlograph  f curtical bane from e tojeteed
with 5 mg AAN T dey and anerificed after the firat week post (0!
mant TeCovery pethod Nw!hafmlﬂmu{puwhw(CL
boce (F) and destruciion of the ying cortical tesoe
(173 x)
1 haft f femer from D%
dr-dmlumd-ﬂlinkcdmoflcmlm Noio the formaion &
Luniting sbrath o
T o CE o1 adiel Do of curiiege (C) e rooe of traberslt

bone (T); Coctex (B) <mx)

3

MicTorsdlogrsph of the proximal shaft of femur fram  moT™

smdmmmm.mp«mmdmm.mwduun‘
ol

mmumurm:!md mruh’m pinows PTER)

hyperostouls and
Cartilage (C); Trabecular booe (T) (173 X)
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402 F. E. SWIERSTRA

of the tubule depends on the starting point
chosen and on the species under consid
eration Some investigatars consider mam
mallan spermatogenesis to begin with the
appearsnce of new sper gonlal stem

AND R IL FOOTE

and to time the rate of spermatwon

sage through the epldidymis

and edt

current ducts. The time from Libre

appearance of radicacthe

pam o

late has been reparted w e 10 C

cells ar type A spermatogonia (Ortavant,
‘56 Amann ‘'62b) and others comsider
sper genesis to with the
first of a serdes of spermatogonial mitoses
leading to the formation of pdmary sper
matocytes (Roosen Runge 51 Leblond and
Clermont 522 Qakberg '56b Clermont
Leblond and Messier '59 etc) Taking the
appearance of the new stem cells as the
onset of spermatogenesis Ortavant (59)
calculated that in the ram spermatogenesis
extends over 4 68 cycles of the seminifer
ous epithellum Using the same starting
paint Amann (62b) postulated spermato-
genesls to take 4.5 cycles fn the bull. Sper
matogenesis extends over about four cycles
in the rat (Lebland end Clermont, 52a)
the mouse (Oakberg B6b) and in man
(Heller and Clermont, '63) when the first
of the series of spermatogonlal devistons
is considered as the onset of spermato-
genesis. In the monkey «x cycles of the
seminiferous epithellum have been re
ported (Clerment and Leblond 58)

The of spermatogenexl
been determined in a2 number of mam-
mals using technig such as colck
injections (Roosen-Runge '51) xtrradia-
ton (Oakberg '56b) elevation of testicu-

foed-Johnsen 59 Clermont et al ‘69
hoefoed-Johnsen 59 Heller and Cler
mont ‘63) Probably the best of thess
methods 1s the one employing a labeled
precursor of desoxyribonuclele acid. After
the label is incorporated into the germ cells
the process of spermatozoa formadon can
be followed by isolating cell canstituents
Iy or by di hy at sult
able intervals Using isotopes the duration
of spermat has been estimated to
be 48 days in the rat (Clermont et al  '59)
49 days {n the ram (Ortavant ‘56) and 63
days in man (Heller and Clermont '63)
also have been used to measure
total time from labeling to ejaculaton

days for the ram (Ortasant, 59) 4
days far the bull (Kocfoed|

Orgebln '61) 3842 daps in i o
(Foote and hoefoed-Jolnsen, 33 Kefrl
Johnsen, '58) and 39 daps tn the b=
(Singh '62)  Using P¥ the trme o
for passage of spermatorm toosh &
epldidymis has been estimated wbe £
14 to 20 days In the ram (Ortnmt 3
'59) 8-11 days in the bull (Orgrts B
and 14 days in the boar (Slagh, €2)

MATERIALS AND METRODS
Experimental aximsls

Fourteen kealthy
bits averaging 2.21 kgin
nﬁng from 1 10 2
used i this study E
mdmespumlcﬂmﬁlmh“h'
xixh:cklwemurdlomwﬂ’:f

p e

s
o

=

Dutchbeleed ik
body wiih £

-

different lots of lsotope ot P

activities between 66 ”'dgsrdmxé
enous in, of th de

1?1::4‘7- marginal ear veln 3 3705
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TARLE 1 pearance of the first radicactive sperm in
xierses betwern the frjection of (ritiatsd the ejaculate. At least 30 mimutes and no
¥ ,_,:,‘ o Hopria more than 60 mimutes was allowed be
ot = tween successive elaculates on the same
Intervul day On days 35 through 63 semen smears
-t Totle STy were prepared far sutoradiography
Croop I Biopsy and castration procedures
<+ Sl o s
i i 48 oinly Geerlbed (Swicrstra, Whitefield and
. . Romits 547 Liote 'B4) The blopsies wers performed
nmxn"'u' 13 days by making a ecrotal and
Bepey . L ieets H&7  the tmica vaginalis and the tunica albu-
LT Y R e ey i ot e
1 cated on the tunica at
Bmllt:‘x: :m uﬂmd&etaﬂ:ﬂﬁ;ymmﬁ
Bopsy | Riestls 0deys  poles. The tunics was
ol Btoetis 2y with o sharp pointed sealpel and slight
4 Biopsy R testl 36deys  pressure on the testls resulted in the pro-
m“‘zm 38 days cnnio‘nufannnﬂm:nuf:mnlnlfm
Remoral 4dm tubules. The mass o
L twrtts adm a 11 mg, was removed with a pair
Group [T of irs scissors  Single sutures were
' Bﬂvﬂllnwﬂ- 2k placed In the tunica and scrotum.
Rugrry lla.:?: i::’ rers perft .]_“
Remaval L testls gd‘; described by Swierstra et al. (84}
Mﬂl’f.:z ’ﬁd‘" Autoradiographie procedures
an of the caput,
Bupry R testhe T tizsue and
Remoral R testls 15372 corpus and cauda epididymis were fixed in
! Blopey K tewis three parts of 5% ethél.myllcobolmdcum
Removal R testis ::::",, part of scetdc actd ( s thve)
Blopry L tests 20 day» and cut at 8 n. The
' ey e o b T o tim Sarer
Retoval L tevis Ban  03n e et e layer of cellak
Hiopey  Rtersths 40 deys din was found to be unnecessary
—_ Removal R tesths 24y by by one
k1 were nfihtep:ulllcdmnenwh.bnmep;\ruﬂ;:
e elaculated for 63 da
mdztumlmthedmemm wu'upnpuedtmmdiﬂ'umtpamohhc

*hen one the end of the the
"“"“d,thi? e ey aein toi wers developed and fed st § C in 2 1o
‘ with the d sp frge s )
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Histological analysis
‘erous tubules were classifled

by

seminif
elght stages y described
It vwas planned

previousl
and Foote ('63)

10 analyze &ll cell types present in two tub-

ules

plece of biopsy or

of exch of the elght stages in each

e testis, Hovrever

this gosl was not reached fn all biopsies
because they were relatively small and the
eight stages were not always present. Ex

i

g for the bHopsy an day 26 only sec-

tans from whole testes were used in the
determination of the duration of sperma
togenesis. All muclel in the selected tub-

ules

were clasyified as labeled or not La

beled, using the 100X ofl fmmersion ob-

22

ve. Bac] und per nucleus was less
ong. nd »

ignored. No attempt
e exact number of

was
made to count

grains lying ebove each nuclens

B

RESULTS
Two hours postdnjection of
thymidine H*

taken two hours after the In-
that

opsies
jection of the thymidine-H® revealed

nuclet of the following cell types were la-
beled: Type A spermatogonia, intermedt

ate
t

lypulp‘cmutogunh,typeBlpezm

AND R. I FOOTL

advanced cells showing the libef wrz &
older primary spermatocytes fn sp b
At day 13 these were the old primay ge
matocytes in stage 2 of the pent etk 2
day 14 thess were the old primary ez
tocytes at the end of stage 3 s d3 R
these were the secondary spermatoca &
stage 4 and at day 16 the spermuddy £
the begimning of stage 6 (table 2).
Labeled spermatozoa had
the middle of stage 4 ot 26 dipp 0 &
middle of stage 6 st 28 dayx, oz £
29 days and fo the end of sag 820

from antmal at 39 days,
fourl:zemahltﬂﬂﬂ‘ll’m'h"m

Duration of lptrﬂfw

e
Tbedmﬂmdﬁ&dﬂd e

ok forﬁ:lf’i

and early lep
The sutoradio-

tocytes more ad-

primary spenma
anced than the ecarly leptotene sta

/" (stage 1) in secondary
sperma
Thus of all cell types that

the

tocytes

tids and in spermatozoa (plate 1)
Incorporated

thymidine-H* the primary spermato-

servatdons were made for the rat (Cler
mont et al "59) and the mouse (Aoned

Longer intervals postinjection
of thymidine H'

The evalution of the labeled spermato-

triad i

tive freq
were 877 134 73,110 4
and 8 6 respectively (Swiers

i
=

TR

g to
table 1 i3 presented in figure 1 Four days

post-infection the label had advanced from

the

stzge 1 to young

leptotene primary spermatocytes in
tocytes in

primary sperma
stage 4 Five days post injection the most

|
]
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TABLE 2

Estimates of the duration of oms cycle of the seminiferons epltirlam

- P erd
impection Avanoed ,b'y-‘E‘
tn da: i i
3] advanoed,
labaled
call bype

0.08 Prim. spermatocytes o1
(leptotene)

4.0 Prm. spermatocytes o4
(zygotem )

50 Prim, sparnatocytes ne
(puchytens)

13.0 Prim, ma
(puchytens)

14.0 Pd:l:_.rm.mcytu m3
s ytune )

18.0 Sac. spermatocytos m+4

180 Spermatids ms

26.0 Spermatoroa w4

5.0 Spermatoroa ™ve

29.0 Spermatoroa w7

310 Spermatoroa ™

mm.maumwauhmwm

ment was obtained among the various estl
mates.

DISCUSSION
Thymidine methyl H* appears to be ex
clud\‘elg Incorporated into DNA and is
firmly held by the

DNA after incorpora
tion. The th H* pool is of short
duration and labeling occurs only during
a short Interval after administratdon of
the isotope (Rubini et al. '60) Autaradio-

phs prepared from tissue containing trl
ﬁ?(cd thymidine have high resolving
r due to the very low energy of the
mp:m.k:lu the average range In tissue

Jaterral facs LT Dorstion o e crch e
yrimaxy spermatocyts nﬂ: andm
Tm TR m
AT reversed
000 000 - -
037 100 -
49 048 17 piA]
12 130 108 108
13 1w 108 eman
LT
1402 13 w1 1
FETE
82 148 o8 N
iy
01 13 ne MM
el
a7 1M 1o mluu
108
oyen
mez 18 uo R
1310
onen
o9 282 e B
1081870
Mean duration 108 n
Overall powan = KE 10081
being less than 1w Ih&m.ncuﬂﬂ‘“
make thymidinemethyk togeocss {
for studying spermd
Mones! ‘63) Lo
the rabbit Labeled trmd 2,
corporated in all three mt’mx ndt
(type A Intermed e T e
B e o abe s BT
e arty
in pﬂr(mryrpermnfﬂf“’fm";, b5
tene in secondary ST o e
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TANLE 3
o Lifrrma, fad of ethplH amd emount of DNA i spermatopenic colls
Amseunt of DECA
X Crede and Cycle and Exthnsted Incorps-
Z ciite wageel  papal Se m—t
: Rl SES NER gk Im ones
- mparaegia P2t 23 24 Stage4 w 4N
sematogonls 14 15 Y] Stages 4, 8 N AN
b wwmatogonia 4.1 7 28 Stages 8,7 Eil 4N
1~ wpermetingonta 17 18 11 Stages 7 8 mw 440
Imary ermatocytes 4.} o4 185 Stags 8(1) 240 404
T Stage 1(IT)
cmdary spormatocytes o4 4 08 N tncorparetion 184 184
D ermaride M4 undergo 100 No incarporaticn 084 tndargo
spermio- permic-
] peeds L]
ooy v4 — 58 No incorporation — —
T At four dmﬂ:ﬂ-w. opltaitm and ocenr the thwe Cuat A
Atars i the eottmated oy formmed in stape 1 fividing 1n stage
"{:_-:m-vd- bl 5 By oI B 1 b ol bl gy b e 43

By

AETLE TR T B0 M I T A RS AT
o ot i_-ﬂ:- o
! e prmatoree wWhen

et Seeted ea N
==} s Ty TR (B, WD

¢ leptotens and pachytens pr-  spermatozoa at the time of the administra

and on tion of the isotope it appears that there

ﬁmmlndlpezmndd:(swiam i3 no DNA exchanged or so-called “meta

&d:“m‘ﬂﬁ'ﬂufhbalcd thymidine co- bolic DNA in spermiogeuesis,
Yith DNA duptication. The micro- Thirty-one days postinjection the label
showed had advanced to spermatozoa leaving the

e B was about half time 0.9% spermatozoa also were
mmmwﬂnhpﬁmtodiﬂm t smears from the caput
mly t“‘DNAOOCmtdrnpid]ytnthn dt However

tubliny from the caput epididymis prepared at the
QHM'MDNAmnumhadnkm same time 23 semen

o of oTe theso cells the sperma
»I'ﬂgm#"rhmnudh(txh!ca) that with a small fraction of the sperm
Rex basoed that old peimary spermato-  cells labeled In the cpidl

) bout twice as much DNA as smears are a better means of locating la-
ey :“3 Spermatocytes and four beled spermatozoa than are histological
0 oy D 23 the spermatids. These

hlh,xglmmmwurk The duration of one cycle of the seminif
aded o)) 104 from this 1t was con- was calculated to be
‘o unt'nu’eDNA for the 10.9 days. Thix figure was derved by con
4% Baturgiey necemary for ye. ™
A the divisions was synthestred intervals shown
%"‘f&m of the primary figure 1 In general the most atcurate
famd F since no tri- tions can be madec on cell
Ptml%ma”"uincwpmmdmm types that have a shart lifespan (e.g sec
‘ *PeTmatocytes, spermatids and  ondary spermatocyes) and in stages that



408 E. X SWIERSTRA

are of short duratlon (e g n‘:?ga:;) In
studies the the label

ton were similar Table 3 includes estl-
mates of the lifespan of the different cell

types.

Labeled spermatozoa first appeared in
the elaculats between 39 and 41 days post
injection (tabls 4) Only a small number
of spermatozoa were initally labeled and
the count per cell varied. It 1s postu
loted that a few spermatozoa with low la-
beling were derived from primary sperma
tocytes which had nearly ted thetr
DNA synthexis at the thne the ed thy
midline was injected. Other spermatoros
were the most intensely labeled of any
found at any time In t ejacu-

on of
increased rap!dly but the proportion of
label cells with a maximum grain count
decreased. This decrease tn grain coumt
Is best explained by consddering the pat
tern of spermatogunial divisions in the
rabbit (Swierstra and Foote '63) Near
the end of stage 1 type A spermatogonlz
divide (ig 1 table 3) Half of the newly
formed type A sperma remain to

10
duce more intermedistes (Int. ) The Iat mlm!mqﬂihe“m;&q;uw
jterundcrgomlmmmd rhawmpeB (table 5) The estlma mmrﬁﬂ&

// spermatogonis. Thewe cells in tumn divide toz of s B &
and uce preleptotene primary sper pends oo the H‘Wﬁ
matocytes. According to this pattern one of spermatogenesis-

TAPLE 4 e
cells and W
Tlmhmhmhu,jmmiz.mmwd
tn the cjeculated
o=
Thaos taterrsl r—“"
Cx ia which ———— e _b",,""
pra ‘"‘l ot
2 304 ]
xglamedpdmrym-m ot 13 X141 g’
Il o et o 5
Type A spermatogonts abowt 38 P
zm—ﬂ:-qm-mw(mm-my;'m M.,,.,—-—"

Tuse e faira Tibel sruitrarDy choeem &# 100,
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TANLE §

up m"‘""’ Daretien
L] ders
1 177 10
Y 134 13
3 73 os
4 110 11
5 4.1 04
. 187 17
7 122 13
s a8 09
: to begin with the first of the
ey of divisions leading
) the prod, spermato-
123, then it takes sbount four of
x um or 4 X 109
436 dap. However one asmrmes
at sturts with the for
‘atlan of cells and
at the Mespan of stem cells is one
Yok of the seminiferous epttheltum then

i

55;%’5

i
5

i/
;

i

I

5&-

i3

G. M. 1P18 The of the
‘memmatian seminHerous tubule. Am. J Anat.,
34 330304
Ehoer V von 16888 Zor
den Slvpathieren. mdkr. Anat, 31 238~
201,

Foote R. FL, and H. H. Kocfosd Jahmsen 1930

cycle of the
™t Arn N Y Acad %l 55 348573
Monest, V102 A stody of
DNA synthests and the call in eermato-
geals snd oxing
tritiated J Cafl Bl 14 1-18.
Oakbery, E. F 1938 A

9 381413

_ 1

the mouse and tming of sepes of the cycle
of serainiferows ¥ Anat, 99

507516
Orgehin, AL C. 1081 Etude du tranait

maire des spermytoedides tarTesa
A Faide de P32 Ann Blal Antm Bwoch

ert spermaf
s Béller A Teide de "P C. R Soc.

mm 145 eso-86L
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"he Terminal Air Sacs and their Blood Supply
n a 37-day Infant Lung*

EDWARD A BOYDEN

Department of Bicloyical Structure Universtly of Washington,
Sexttle Washington

an
an alvealar duct breaks up Into 4s many brinches as there e

D2 end each of thess ioto as many beanches s therw are saccul Instsad, the
Chesters arw partlally by two ram{ which branch tregularly and also sapply
clusters, Parts of  cluster may be supplied by arteries from distant and ahen
wercen A long arterial frequently takes  short cut through seccules of other
chestary. branches arising from ths

random two stages previously studied — those of
a newborn and
and matmrity the human lungs fo- (Boyden and Tampsett ‘685)
the mzmber of alveold from 24 to I The terminal air sacs

an infent of two months

up to the where the tissue hlock was
?mhdm‘h“@mt cut out the block was serlally sec
The and the bronchus reconstructed
.,},mmﬂflhlllmdyhubemnm y The solid lines in the figure
leﬁ;n:mwohsavmuobnrm indicate that portion of the
ey but aleo to ascertain the vas-  which is completely lined by cubolidal ept
be npg 0 10 the respiratory of thellum the dotted lines mark the begin-
buh}‘ﬂmamfuuuh e to ning of respiratory bronchioles.
Jmed Teconstrction of sec Flgure 2 i3 o tracing af serial section no
M,:m'ﬂll The specimen chosen for 637 which passes &, tely throu

peal hwzrhddledfd]awm‘m arrow in figure 1 Hranch 205 (fig 2) is
dh‘:!;lkufncmzmhalhunlulm a respiratory bronchiale of the secand
Reteq wity r, AUIOPSY the lobe was in- order giving risc to three alveolar ducts

Zenker.formal solution through
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Xh,m]hbbe“'m(dmtolhm‘tnenof Sppeciad by Research Grumt
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AIR SACE AND AXRTERIF§ OF INFANT LUNC
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414 EDWARD A. BOYDEM

spiratory bronchioles of the secoed =t
(29a and 29b) (The dotted arn ol

10 mm. This secton was the starting

that 1t was necessary to build up clusters
31a and b first (figs 3 and 4) then the
four remaining clusters (figs. 5 and 6)
The proxmal stems — those comman to
both sets of clusters — were thus recon
structed twice

Let us now logk at the proximal stems of
clusters 31a and b as seen from the medial
wdde (fgs 3A and B) The diagram in
figure © summarizes the mode of sub-
diviston At the right side of figure 3B the
pre- branchiole (26b) divides ioto
two terminal bronchioles (27a and 27b)
Bronchlole 27b divides into two respiratory
bronchtoles of the first order (28a and
28b) Bronchiole 28b bifurcates into re-

5
it
i
=1
>4
ﬂ?&
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duns&ignnd&%nmbatmmﬁgm
8A (left margin)

(3) Alveolar duct 30c

This is the rudimentary appendage on
the lateral elde of duct 30b (fg. 6) It
sccms 1o represent an atternpt by a third
palr of custers (31e and 3If) to share
the terminal surface of the lung at this
level. Such rudimentary outgrowths have
been seen in the cast of & premature infant
lung (fig. 13 Boyden and Tompsett, ‘65)
in which the injectian of plastc had been
stopped just as it was entering the atria
of the clusters. In thix

ing to share the top of the branch with a
palr of larger anes. The interesting ques-

drawing (B) of the branches
v 30b and  and thetr

Alveclar ducts
(308 itslt 13 badden m this viaw )
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increasing resplratory surface

(2) Cluster 31¢  This is the larger of
the two clusters It divides atypleally (fig
6B) into three portions a pleural (320)
an Inferfor (32)) and a recurrent (32k) The

{3
pleural further spllts 010 8 825 Lo

and a proxtmal (33p) 82
three may be secn from K50

(b) Cluster S THE Fp iy
rudimentary (B¢ 6B) ku_d‘(JJ) b
proximal (32m) and a di oAl
the latter ending ina ) sxeet
(33q) and an Inferio? (33r

sbove (8 :“



ATR SACS AND ARTERIES OF INFANT LUNG

L II The vascular pattern
The bood sopply of the terminal lprny
(ostrated tn figures 10-12. Artedles and

mpbttedmpbhl]yuthcnme
ton s the models then trans-

mduwtnpafthnmodr.hmdoor
hnpcm.km
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smaller The veins can be fallgwed all the
way even into the pleura (fig 10) but the
arteries are lost as soon as they break up
into the emaller arteroles.

(a) Arterlal pattern The subterminal
bronchiole (26b figx 10) is paralleled on

vessel (Art 26h) divides into lateral and
medlal rami. The lateral ramus stays on
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A. BOYDEN

Flgs.
ducts 305 and 30c; B branches of alveolar duct 30w (For

7A and B Photograph of tha two wax

the same side of the bronchiole as the
rent artery (cf fig 2) but the medial

dips under the bronchiole to reach

e medlal side of slveolar duct 30a (see
“also fig 8) As soon as it reaches this

it gives off a stout vertical branch (Art.

29a) which enters the territory of respira

tory bronchicle 29a and comtiguous air

f
aiifes

lovrer
contn!
distal

10 and 12) The medial ramus
mto two main branches the
of which follows 31b (fig 10) but
ues beyond this to supply adjecent
air spaces of unknown origin  The

per branch which is a more direct con-
tinuatlon of the med:ial ramus runs in a

groove
1s closel!
to whi
dlvides Into an upper stem

appes:
and a

34§ as wel
cluster  Strangely

between clusters 31a and 31b but
applied to the medlal side of 32b
it glves branches Distally it
which dls-
rs between saccules 33c and 35!
lower stemn which supplies 341 and
1 as alr spaces of an adjacent
there is no visible

00)
models from abore (X e

dnlshon. -

branch to 32¢ and lts medlal
yet its lmer;l clllaw el (ﬂb,kr.l?

portion of fig. ﬁzf rterid
nal brn;;Ch of the lat o
which has Mﬁ;mi
clusters

-'i'-mo-m lateral dh’lﬂmag)
(34h) (see asterisk. Bt B2 v
another ﬂf"“wtmh; g
EanndJlmm from 'nwgu{: £

p of clusters (see

10 and 12)

Similarly the
(8g. 12) ae-rrlc;r

f th o
Srajor branches (Art 372
bronchioles 278 .Ddi‘;:lfﬂ
course
ﬁ!:.’lill ;{ee to Quster 3ic

)



ATR SACS AND ARTERIES OF INFANT LUNG

e fimks of cluster 31e (cf fig. 2) But
o arterhal supply Is detected for cluster
1f (lower middle part of fig 12) nor for
1d (right lower partion) nor for the pre-

menttoned 32z (fig 10) Since
bes sobstantlal portions of the terminal
wmay are fully supplied by

daccedes can be by ca -sized
yenels from adjacent clusters (see belaw)
1 Inany case, it Is obvious that

¥

xccepted descriptlan af the
Inmhln;ufthnpulm.mnynmy
dalt long a3 described by Mfller

in the
§:10)

421

He wrtes (p. 71) “When the artery
reaches a point distal to the ductus alveo-
lamnbmhuptuwumx%b!mchn
as there are atric (ig 53) ch of the
atrial artedes breaks up into as many
branches as there are saccnli alveolares
This statment has been challenged also
by K. K. Pump (‘61) on the basis of fresh
lulo‘pv specimens of adult lungs {njected
with Vultex Moulage In a study of the
circulaton of the primary lobue of Miller
he finds that "Distal to the alveolar duct

except the caplillary
m Also in an as yet unpublished ob-
servatdon (persanal cammumicetion) he
finds that in the adult hmg the artery ac




2 histologically definitive
bronchiols (18«) from
bronchiole.

shows in dlagram form the pattern of divl
slon of a primary resplrat bronchtole
from another n. Incidentally this
zuthor would emit the term  alveolar duct
and substitute respiratory bronchicle on
the ground that it is almost impossible to
tell the hitherto designated “last resplrz
tory bronchiole from the alveolar duct
In figure 13 the euthor indicates that there
can be as many as five generatioms of
alveolized ducts (Le respiratory bron-

chioles) between the terminal br
and the saccules (S) that the latter may
even arise as sessile outgrowths and that

tnfurcation of ducts or of t hial
fairly commean In fact the pattern scems
to be more elaborate than the author con-
scrvatively admits  Following R2B to the
end tn figure 13 one can make out a maxi-
mum of at least nine branchings instead
of five divisions of the terminal bronchfole.

These figures of Dr Pumps strongly
sugpest to the writer some of the changes
that may take ce in the Infant lung to
produce the adult pattern  As one Jooks
at the clusters shown in figures 3 to 8 one
is impressed by the freque with which
recurrent or proxdmal saccules occur If
the clusters undergo elongstion in later
sta then saccules which now appear
to ﬁ:’rccurrml or proximal on a branch
could be left behind as sexsile or short
stalled saccules

 nch et
feature fs the appearance & E00
defintilve alveolar ducs (F)7
between transitional d“ﬁ‘ﬂ (il

resplratory each Bud 7
:J‘:ly nmw eorly to ,:rﬂ-"‘“
sions but as mor
seems less and less
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Oxidative Enzymes of Intermediary Metabolism in
Hedling Bone Fractures

A HISTOCHEMICAL STUDY '

A conelderable body of knowled

ey has were developed that localized the &

mmmmm frac  of oxidative and hydrolytic enzymes. We

mmmmm!ﬁmdnmunnlq\u thought ft possthle to demonstrate chan,
concerning it remain umanswered. in

Dewits the edvent of modern ressarch differentiation of the osteo-

wm%ﬁmm progenitor cells by nsing some of th

oy data om the of callus  techiiques.

o axd to obtatn dus to obvious difficul hmu:hanmlmmd‘guonofuﬂdaﬂre

wmmﬂﬁhw cnyme ectivly In cells of beallng

callns lends itself ctures.

rtertion of histoch, oy fox h as the distribation of oxids-
hmnmuﬂndmyma ummmmnmvmsw”h&‘

&Tﬁwmm.m and bane bas been the subject of & pre-

triry Ly, QL7 alialine phosphetace ac- vious study (Balogh et al '61) normal
ha been demonsirated in bons  skeletal tissues were considered anly

W(Mmmnmmm don with the v pr

&m“;’geh:mum)bmunmﬂd by Bavear

calcdification {s not fully N

e, 2 (Boumme 58) In the last deo-  Piiies 221 2 xs) e

Tumber of histocheniical methods o by £G193(

F
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The cells and young blood
vessals spread from the torn ends of the
and

The
to moderate activity of DPNH and TPNH
h voeraldehyde-3-phosph
dfhydni}pdc and’mxlic dehydro-
Demaonstrable the

i
%

!
g
"
%

U
Fg §
|
S

F3 Fetosteum which thowed evidence of
mu“‘mﬂn(ﬂ&a) Irregular
I:htl:?mvmmmuhamn
Eagmenty, ends and tn isclated bone
T g T2 CTtoplam of dead osteo-
e 00t contaln any diformazan In
‘hynmnmdh@'mods the cells In
e canals maintained some
;Ttng Seven days

ek o 3 cellalar callus, its

Cosirting of
?;:,mmdlxﬁfd);n—!ﬁeo‘m

g
!
]
i1

seen in large numbers on the surfsce of
the newly farred and endosteal
bane spicules and exhibited strang activity
of DPNH and TPNH diapharsse gl
lactic  dih
and psocitric dehy

e i f e LT T
sESEEaEnE

were
c--u.n.{:-:ﬂ-c-db—--m)au
respectreety
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The cowrse of fracture healtny has been
studied histologically by several invest-
gators (Downs and McKeown ‘32 Urst
and Mclean 41; Eonekng 48 Pdt
chard '52) Thelr detafled descriptions
and the comprebensive reviews by Lauche
('37) Wetnmenn &nd Sicher ('55) Ham
and Harrls ("58) serve as a basls for the
presentation of our results The sequence
of well knovn histologic changes cbeerved
during frecture healing will be mentioned
bere for orientation or in reference to
some specific histochemical cbeervations
Previous stodles have shown that cer
tain oxidatve enryme systerns can be
1 ted bistoch Ty tn

0z y tissues
after decalcificaion with buffered, cold

MATERIAL AND METHODS
Male SpragueDawley rats welghing
200-250 gm were anesthetized with ether
and the lateral aspect of both hind legs

prepared with a depilatary agent and
70% ethanol. A skin incision, 0 § cm long

KAIOLYMLOGH,JE-ANDJOITPHVEAJEI
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and  gengge (fig. 5) Demonstrable enzyma

My, s d as luungeruth.e;lcelh

= hich Herentiated In d then
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multdnucl I

Theso
clear cells and multinuclear osteoclasts

callus (g 9) Interestingly glucose-6-
phosphate

ments of dead bone showed strong activity
of this enxryme (fig 7) The Haverxlan
end Volkmann canals wers slightly dflated
near the fracture site and were trans-

in areas of bone necrosis at the fracture
ends (figs 7 and 10)
Fourteen day

Essentially the same histochemical ob-
servations could be mads as in the one-

B
)
ey
'S4

£

tes 80

that cartilage cells became pred;mnmt

in the bridging and uniting callos (Ag. 11).
rort 1

Relativel 1

y fewr

with strong
activities could be ob-

H Thirty days

’  Bone uniem was well estab
remodeling was advanced (fig 12) Con-
siderable ostecblastic activity wus seen in
periostenm and in the endosteum

enzyme activity were
seen embedded in the newly formed bane.
Small pteces of dead bone were evident in
the compact cortical bone and In the
spanglesa. Occasionally the necrotic bene
morounded by osteoclasts
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precede the appesrance of the multing
clear cells and also distinguish these cells
from the undifferentinted osteoprogenitor
cells. Mononuclsar ar binoclasr osteo-
clasts with strong succinic debydrogenase
activity wers also seen in the baues of
parathormone  treated newborn  rats
(Walker "61) In 1810 Dubreufl noticed
osteociasty

XABOLY BALOGH JR. AND JOSEPH V HAJEK
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1958 The eytochemical Jocslizatmn of oxids-
tive enxymes. L Diphowphopyride nocleotide

and
dupborase. ] Biophys. Blochem. Cytal 4

of
ase fn booe and certilage. Sclance 131 1043
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Tonna, E. A snd E_ P Croukits The oee

Reen A 1050
Bed tssuen and hocitde dahydro-
activites rabbit and dog
] Biol Chem., 834 1831-1054
Walker D, G. 1981 Curic ackd cycle in osteo-
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Young, M. W 19M1 Call proliferation and rpe-
during dral peoects
In young ratx. J Ccll Baol, 14 334370




B Blood emsel(s) M, Macrophepos

BM, Bone Necrotse bono

c calls Oxteocytes

Coxt, Cartheal bone OB Ostroblasty

E, 0C, Ostroclasts

EP External layer f perlosteum OP Osteoprogenttor celle of petiostess
G Glant call(s) of forelgn-body type OPC  Ostroprogenttor cells of calee
Il Hevenlan or resorption vpace P Periosteum

HC, Hypertroplio or older cartilage cellh U Undecaleifiod compact bose

1

PLATE 1
IXPLAN TION ¥ FIOURLS
DPNH dupharase Thnn-dny-o]d[nctm mnuﬂ.l:d]!nﬂ‘::
periowtaum shows strong enzyme aotivity Arrows indicste the £X
of periostoal tear Noch-thnmﬂulnmﬂmhm'hw
bers. x 31
i

;lemmdﬁmﬁnmnmﬂm.r (0P).

The beavy ¢ deposits in
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Abbreviations

() M, Mecrophapes
BM Bane marrow N’ Necrothc bose
0 Ovtsocytes
Cartical bone OB Osteoblasts
E, Endosteum OC Osteoclavts
EP External layer of peclosteum OP Ovtecproseaisar cells of poriess
G Gant cell( ) of faeigmbody trpe OPC, Osteopsopeniier ol of
H Haverslan canal o resorption Periostemn

Undecalsfied compact bowe

L]

o space
HC, Hypertrophic or older cartilage cells

PLATE 1
EXTLAN TIGN OF FICURIS
1 DPNH
dlapborase, Threedayold fracture. T"”“‘M’mmm

enryms activity  Arrows recie
of periosteal tear Notice the celluler mifilrate among the +

bers. X 31

2 TPNH dupborssc Three days after operation. There fs TS,
cell erstion of osteoprogenitor cxll In the
by i lasts and young estere
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PLATE 3
EXPLANATION OF FICURES
5 TPNHdi.rpba-un. Clﬂmmxwu.kll(ejfxtm E-mﬂ"""‘

cells (OPC) .,-.n
mu(C)-nerhnthhumlmjnfcll’ﬂl ""“‘
formed Into
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PLATE. 4

IXPLANATION ¥ FIQUMER
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FLATE 8
EXFLANATION OF FICURALR

Lactic debydrogenase. One week after fracture. Spicnles of pewly
farmed woven bane enclose primitive marow epecen. The sT70
point to mooonuckesr csteoclasts that ahow the same intml"

Hon #3 the mere obvions multhmclear ostroclesty (0C) Mot of the
bone Iy rescting (033.

¥ 130
TPNH dapbarase. One wesk after operancn The booe
frectors wnds s Tmoaty oecrlls (N); ooly fem outsocytes (0) 70
voal enryme acthvity dilated Havernan ) b
spaces

blests Shﬂuoﬂrunomhc‘ﬂ:(m)‘mm(w)m
also peen around the dead bona (right upper x 140.
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The Lymphatic System of Didelphys azarae
and Didelphys marsupsalis’

GIACOMO AZZALI iwnp LIBERATO J A. DIDIO
Uniwersity of Perma Italy and Nortkuestern U bwrsity Chicego, Ilincis

G
=
g

Didelphys azarze smd 15

) fob (1) g A1D) BUYeRer maryupialle) of both sexes and of various
Layed 34) Baum (37)  ages ‘The satmaly were caught Srom May

SEmots (31) Bovaiis 12e) Heaes 'S Ausust 1063 1o the Stats of Mimi

Genais
Temeciaan (33) Dumrant GO0 ot g tpdet the cuperfictal Yyroph

atke

Eﬁ“‘ﬁ(;?)Tnhhm(ﬁvbm’;;;ms) I M%?&tmﬂammo
K Ottrvland (37 Endo N
‘g)) wnm“ (42 wnd T0) Hoflmann  Gerotae od “‘r‘d‘"lf‘ (1)
%) and Dontng ('53) Michel Wﬁnmg m
hzamh“m”m (B8a}) Armal and Man  with '“‘Pe"“m(n) turpent
h,.hmm)nmmumﬁedmumd 40% salution of neoprene o
iy ) Hanov ('59) Otﬂ'{gt witer) oy 843-A
m%“mtm.’mm (50) Spira (BR) of"t_'ﬁ.m 54) o the technique
Fie s e e Y, e Lo e
o of o the endy of the lymphatic £T Hc\twwfﬂ'mnmu:dwlm
hznuh:m"-ﬂmwu of LM alln ™ then

ng
:«:.cﬁ?m‘mdyurmal e e N T
Targe Hraxflan gambd — Didelpia? m"ﬁ-‘.‘.. e T
nw.‘?gdﬁg;‘mnﬂ#dm—""ﬂ s et }'rrut-"irﬂu-:;_g
Mtwerky nodes and main e Tt tﬁ, -
oy collecting  vessels n o o
m,vh‘hnmda-muwm = ";ﬁ’;;-,m‘“ w::ﬁ‘
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and photographed under the Zelss binoc-
ular microscope

The description of the lymphatic sy»-
tem follows the well known Ottavianfs

and
are gpproximate and given in an and in
mm.

RESULTS

I — Lymph nodes
Lymph nodes of the head and neck

Submandibular lymph node (diagram A,
nr 1) Bilateral, ovafd, I S em long 1 cm
wide slightly flattened Is located at the
level of the angle of the mandible on the
masseter and digestric muscles. It Is re
lated to the external jugulsr vein and to the
submandibular gland.

It receives collecting vessels from the
lymphatc networks the or and
inferor iips masseter and myl mus-
cles, mucosa of the oral vestibule the
«Xin of the suprahyoid reglon and noee

In two of male Didelph
azarae there was a vardation of course and

of two collecting vessels

which after having been in the

subcutanecus lymphatic network of the

nrahyeld reglon ended in the suricalo-
arotid Iymph node.

fwiculopamlid lymph node (diagam

2) Bilateral gmall rounded with a

_t iy ventrally with the platysma
and medially with the lateral of

parotid gland
It receives 4-3 collecting vessels formed
of the caudal third of tlmllu

CGIACOMO AZZALI AND LIBERATO J A. DI DIO

tour of the st ook of
to the ventral of the m. longoy ol
At the level of its crantsl pole, whid
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first part of the right subclavian artery and
joins the collecting vessel from the right
Iymph node forming a single collect
ing vessel. The Jatter fn its
nialward course presents close relations
with the ventrolatern! aspect of the right
subclavian artery crosses the right hrachio-
cephalic veln and having reached the apex
of the thorax terminates in the right pos-
terior cranial mediastinal lymph node
Both lymph nodes receive collecting ves-
scls originating in the subepicardial pet

Posterior cranial mediastinal lymph node
Paired oval, 0 7 em long and 0 3 cm wide.
On the left the node (diagram A, 7

tral

receives a collecting vessel from the pos-
terior middle mediastinal lymph node (dis-
gram A 8)

The right-sided node (dlagram A, 7 dia-

am B 1; dagram C 3 dlagram D 1)

s on the ventral aspect of the lateral
‘orﬂcmch.ham longus colli, and on the
_anner surface of both the first intercostzl
space and the first two ribs. Its cranial

ageal and from the caudal branchial lymph
node from the thoracke
duct.

From the crantal pole of the node a
large valved collecting vessel arises which

subclavian confluence.
Posterior middle mediastinal lymph node
(dlagram A 8) Single (often in large

GCIACOMO AZZALI AND LIBERATO J A. MDD

adult anhnals there are two) oral, mujer

axis 0 6-0.8 cm long, dtvated In m wn

between the ventrocrantal marghn of ée

arch of the arygos vein (torun o the

side) and the dorsal wspect of te
alic veln.
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Cardial lymph node (diagram E, 1)
Single sometimes duplicate oval, 0.5 cm
mlndOSmwido. In large adolt and

it can be It is related to the
left aspect of the abdaminal partion of the
esophagus and the cranial margin of the
fundus of the stomach.

Collecting vessels from the lymphatic
networks af the ventral and dorsal aspects
of the cardial of the fundus and of
e stomach drain to the

GIACOMO AZZALI AND

oTus.

groove

the pylorus and the first part of the ducde

mum In front the node is related to the

blood vessels of the lesser curvature and

behind to the ventral of the cranial
portion of the head of pancreas

It has afferent collecting vessels from

the lymphatic petivorks of both ventral
and dorsal of the pylore fram
from the

are distinguished tn 1
head of the body

round O 7 cmn In digmeter Its cranial pole
13 in contact with the hepatic surface. In
frant the node has relations with the dorso-
cranial aspect of the cranial portion of the
pancrestic head with the dorsal contour
of the gastroduodenal blood vessels, with
the infertar vena cava and with the dorsal
contour of the terminal portion of the

the
first of dvodenum  of the gall
bladder of the fibrous connective tissue of

LIRERATO J A DIDEO

mnhﬁﬁfmhxuﬂlhm‘mﬂm
the py! lymph node.
From the Dode Jeave severn fng coes-

duodmxlu-n\z:. the
Lymph of the corpus pascreats
(dlagram E, 4) Single ml.k:);l;
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The pode i3 situated at the mesenteric
root and is related to the superfor mesen-
teric artery where the latter gives off the
Intestinal es

It recefves numerous collecting vessels
derived fram the superficial and deep net
works of the jehmum and fleum: these
vessels run In the mesentery and thefr
course i3 independent from that of the

blood vesse!

1s

Cecocolic lymph node (dlagram E, 7)
Single round, 0 7 em in dlameter located

Colic lymph mnode (diagram E, 8)

As

& rule it Is single round, 0 7 cm in dlam-
eter situated in the central partion of the
mesocolan. It receives collecting vessels
from the lymphatic networks of the trans-
verse descending and sigmold calon. At
its cranial e a collecting vessel takes
tl:lﬂnduuﬁl

related to the hlood vessels

it is directed lateromedially and leads to
the left anterlor para-zortic lymph node
(dlagrams E, ¢)

In large aduolt animals is found fre-
quently another calic lymph node much
smaller 0.2 cm in dismeter located in the

45 mm apart from the pre-

mesocolon,
ceding to which it 1s conmected by 1-2
fine collecting vessels.

Vesical lymph node (dlagram C 6 and

D4

Paired round 0 3 am in dizmeter

laterally and to the vesical blood vessels

It recetves collectin
ly'mgxdc network of
of

vessels from the
urinary bladder

darsal aspect of the horns of the
uterus and of the vagina,

The node

sends vessels to the comman

{Hac Iymph nodes and when these are ab-
sent, to the lymphatic Hac dilatations.

Parietal [ymph nodes of the abdomen
and

Anterior para-gortic lymph nodes (dia-
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bnie 2 cranfalward course and end in the
mitlr para aartic lymph nodes.

Lympk nodes of the posterior limbs
hnbpuuc,h:hhlurpopmnllymph
mdn were present.

gxinal lymph mode (dlagram F 1)
Mied, onal, 1 om in dixmeter embedded

leg thigh and lumbar reglon from cre
marsupial pouch mammary glands per.
and scrotum.

Efferent vessels leave its cranial pale
and after a few mm fuse In 2-3 callecting
vessels, which have a mediam caliber (sub-
cutaneous collecting veasels of the abdo-
men and thorax) The latter run in the
tela subcutanea of the ventrolateral wall of
the abdomen and thorax and end usually
:?)edeepnd ary lymph node (dlagram

!
ks
h
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I — Lymphatic networks and vessels

Lymphatic vessels of the head and neck

Lymphatic vessels of the ear  From the
subcutaneous petwork of the ventral and
darsal of the auricle this network

polygonal meshes and it gives

off at the level of the mid-third of the
auricle, 34 collecting vessels which reach
the bottomn of the auricle and terminate
in the a d lymph node

Lymphatic vessels of the nose and upper
lip  They are easlly injected and from the
subcutaneous network, which shows nar
row meshes take origin 4-5 medium call-
ber collecting vessels. The latter are di
rected cranfocaudally undl the angle of
the mandfhle where they end in the sub-
mandibulsr

lymph node.
Lymphatic vessels of the lower lip and
chin  From a dense and large lymphatic

originate and they fuse at the level of the
root of the tongue both on the rght and on

CIACOMO AZZALY AND LIBERATO J A, DI DO
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in a patch s represented in figure 6: be-
sides the more or less dilated lymphatlc
vessels of a certain diameter surrounding
the round meshes which contain the
lymphonodular tissue are well shown the

globular
relation to the blood vessels (g 8) On
the other hand the rete mucosa is formed
by a very delicate lymphatic network with
meshes 1h variahle outlines. From
the superficial and deep lymphatic met
works of the cecum take origin a few col
lecting vessels which nm in its free con
tour cross in front of the ileocecocalic

colic lymPh node (dlagram E, 7)
The lar and sub

GCIACOMO AZZAIT AND LIBPERATO J 4. DI bto

u
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networks of the transverse, d
siimold colom give off collecting vessels
which after having reached their free as-

fallow the large blood vessels run

lymph node (diegram E 8)
Lymphatic vessels of the ovary  ‘There

gonal

petwork, at the level of the hilus of the
ovary is made up of vessels with a larger
caliber which are interiaced ss a plexus.
From the latter ususlly take origin 2-3

Lymphatic vessels
gram C) From the very dense super
ficlal network, showing polygonal or rowund
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LYMPFHATIC SYSTEA OF DIDELPHYS

o2 merge at Arst in two vessels and
lr:mdymfmemh The latter

cranially f the tie
lnhmdtbncﬂumtomﬁmrpcd;?:pi

é&
&
A

cminal cavity and drain
pars-aortic lymph node

Jondar gy
(dlegram It has
E:;m tnmk 1s formed by the fusion

k:_'P-‘C! of the mternal jugular vein

t0 the dilatation of venous
ubclavign comfluence just before

°Peuing of the internal jugular vem.

The left trunk is made up of the ~u
of three efferent vessels from the deep ¢
superficial cervical and submendiou
lymph nodes The trunk, so formed, rua
toward the median plane and after havin
crossed in front of the internal jugular
vein and m. scalenus anterior druins to the
cranial convexity of the curve descrbed by
the thorsclc duct, In the supraclavicular
region, before the duct opens in the venous
jugulosubclavian confluence.

Subclavian trunk (dingram A, s) The
large lymphatic vessels which emerge from
the cranial pole of the deep axillary lymph
node fuse after a short time and constitute
the subclavian lymphatic trunk. This is

&

of the mentioned vein
and ends in the jugulosubclavian vencus
canfluence.
Hcpataiuodenapammticmnk. Itong-
inates from the ventromedial aspect of the
1 node of the caput pancreatls runs
orsally to the pancreatic parenchyma
where it becomes related to the ventro-
medial aspect of the portal vetn and then
goes deeply toward the median plane In
ite course it follows the inferlor yvena cava
then describes a slight curve and on the
median plane
of the cisterna
Pancreatic trank. It is 3 rm long and
originates from Lhe_ni]"m node af the
caput ds. W a
dol:a.unplm;:‘c:immﬁuﬂr
cisterna ch
E m) It

Mmm-tcrr;:i\d“mng whost
mesent

direc
and ends in the

cecocolic

E_Gv;ntmdlwn p \recoon.  After haviog
b e e L o
sally to the t related for

2-3 mm with eads to the ventral
cava and 1 s to

infetior o\?m Hebt tation ds-

terna chylt the trunk s duplicated

mﬁnnfﬂ‘-":"‘ﬁﬂl_gm drain in a



464

large lymphatic dilatation, which has a
dlameter of 1 cm There are two large
efferent vessels from the dilatation and
they discharge lymph independently The
short one leads to the right dilatation and
the long one to the left dilatatlon of the
cisterna chyll.

Lumbar trunk (dlagram C 1 and D L)
From the crunial pole of the anterior para
aortde lymph nodes leave two large trunks
(right and left) 1 cm long They run lat
erally to the abdominal acrta, dorsally to
the inferior vena cava medially to the m.
psoas and safter an ascending straight
course empty in the caudal of the
dllatations of the cisterna chy!

Cisterna chyll (dlagram C Cand D C)
It {s made up of two large sacciform dile-
tations 1 cm long, usually located laterally
to the acrta between the medial crura of
the diaphragm The lymphatic dilatations
(the right one is larger) are united by an
anastomotic vessel, which can be replaced
sometimes by a net of 3—4 large vessels
surrounding partially the ventral aspect of
the aarta.

The ventral aspect of the right dilata-
ton recetves the mesenterdc and the lum-
bar trunks of the same side while the left
dilatation recelves the h duod

GIACOMO AZZALI AND LIBERATO J A. DIINO

cated until the apertura tharsdls cranbaln,

(dlagram D _dt)
Another feature of
thoracic dlxl:t ts usally
lpu:iuDldcphmeuﬂ'
two lymphatic trupks which form
tus thoracicus criginates from the
of large vessels given of by the right
Jeft dilatations of the cisterna ¢y
tmnmmm-dlﬁﬁmimmﬂw
the right trunk ends in the venout WL
subclavian confluence, the ket st £
having been united fo the right co¢ b7 &

1 at e e
hranches emptics o

i
Brs

Ewu

creatic and lumbar trunks.
Thoracic duct (dagrams A,C D)  Very
frequently 1t shows morphologic vadations
flndthemumcumnmn 1s fllustrated In
diagram € The thoracic duct 1s forrned by
the fuston of two large efferent vessels
which are originated from the two dilata
tons of the cisterna chyll at the level of
the 12 VT From this level it runs cra-
nially closely related to the lateral aspect
of the aorta and esophagus At the level
of the 34 VT the duct crosses darsally
to the esophagus goes to its left continues
ascending and at the level of the aortic
arch becomes related with the medlal part
of the posterior middle mediastinal lymph
node (to which it sometimes sends a fine
vessel) Then it rests on the ventral aspect
of the tharacic portion of the m leongus
colll where it is related to the dorsal as-

rule, after having overtaken the cranial
aspect of the aortlc arch the ductus tho-
racicus bifurcates and f{t remains dupll

of the third to fourth costorertebral
mmemmﬁﬂtnﬁww
node.
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v from the para-esophageal, antedor
mrdustina] and caudal bronchial lymph
tdy fact
JasgirPion was not yet ob-
tmportant feature is the absence
:“"Mﬁﬂ"dhmPhtmmtﬁeorgnm
to
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pang (b)dfff networks of the various
dmflarity between the sub-
:’;:“’“-‘Culnuu m"bm,wu, voidoie
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582) (c) the presence in the jejunum-
fleum of 4-5 follicnl lymphatda aggregan
(Poyers patches) which are not found in
the Xenarthra notwithstanding the latter
are y mare evolved animals
(d) the constant presence of the Iymph
patch of the terminal {leum, at the level
of the fleal papilla (“leocecal valve )

The lymphatic networks observed in the
thyrotd gland showed disposiions which
plainly confirm Ottavianis and Rossi’s
(33) accurate descripdons.

The pattern of the lymphatic netnark of
the vagina is quite different from that
found in other mammals indeed, each
vaginal cornu has its own network draining
to one collecting vessel which leads to the
vzdcﬂ lymph node of the carresponding
side,

The mesenteric collecting vessels show
an independent course in relation to the
blood vessels which s cousistent with
Ottaviani s observations in the barse sheep
and ox.

The smallness of the inguinal ymph ves-
sels observed by Wood in the Didelphys
virginiana was also a fegture of the same
veseels found in the Brazilian specles just
studied.

At its termination (which 1s the last

on to develop in the opossum sccord-

£ to Zimmermann) the thoraclc ducts
corresponds to a certain extent

to that observed by McClure and Sivester
in hys an the
vlan

district is concerned Tbcﬁgnlduplim
tion of the tharacic duct in species of
Didelphys without showing the total dupli-

catlon which 1s in birds, reminds
us of the ton mentianed b&fdward:
kanga-

and Owen (apud Edwards) in
ruou-imnyund.u:llnellnmmuf!he
Marsuptalia. The fact that the game con-
ﬁzunﬁonhubeanfmmdmmnxnnﬂhm
and also in 1oologically more evalved mam-
mals (carnivores primates man) where
1t 1s variable, increases the value of the
concept of Pensa ('08-'09) Indeed ac
cord.mgmhh-nthedn;lommkofdn
ductus thoracicus, normally found in man
is the perfecting expressian a certain back
ground of swhich can be found in the onto-
:enedluwe]]umlhepbylogmeds.
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FLATE 1
IXPLANATION OF FICURLS

ok Detwark (peoprene fo-
md)ummnnim.admmmzmdmwﬂn
of the diaphragm. X 16.
Subseromsusculer Iymphatio netwark (Deoprene Injfected) of the
doodentm of Didelphys axaras X 16.
D petwock (oeo-
prene In: w)mnmmmm:wmh
close ralation to blood vessels, X 10

Iymphatic network ( imjected) of the smsll b
testine of Didelphys marsmplalis, X
Mocous | mmk(wmhnd)dﬂ-m““'“""'
of Didelphys mavswplalls soen from tho fmer aspect. Largs mphatk
veveals 0f the mbmncous network are seen In the backgrownd. X 18

injection o

Small intestine of Dideiphys azarwe Plastio fmage (by tojoction &

of Didety R 1 hatle matwork

(neoprene infected) X 23,
mk(mﬂr‘;

fn b tic veseel, which
Injectd), charsctenzod by large vasicose b 2 tho orpes P
tm and fn the center of the piturs, through f"""”_,;,"dm
cubmucons network, can be seen the foe Iyophatic o
mucous Detwock. X 16,
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The Fine Structure of the Supramedullery Neurons of
the Puffer with Special Reference to Endocellular
ad Pencellular Capillanes

Y NAXAJIMA, C. D. PAPPAS awp M. V L. BERNETT

Departments of Anatormg end Newrology College of Phyviciens and
Burpeons, Columbla Untversty New York, New York

1t 3omme speckes 11
l&mwgm%‘m vwdlmhxmmuendomﬂvugrmdpqn—
hﬂﬂﬂ‘ﬂ:edby}' h (1886) fm Lo- respectively  Fritsch
Biu phscatortus Recently Hughes (57) ﬁﬁ)mﬁm neurons of
E‘;ﬂdmﬂnmmlhrvﬂlmpﬂ Lophtus T rete also ob-
T, e f e e ¥ et D o)
con, 7
Yder anq Croabry (36) and Hughes (573 the gt ; ) e patter
Wdﬂcizbmmbupgmmmn‘ary have capllartes w penctrate into the
h1"'-"1'5-'-&(l.’»el:nnet.L‘Crnm and Grund- yrere | rihed fn
©2, 592, Bob Bennett, '60) rovealed cells In the 21
f“"(lmfhmuu ahout these Deurans;  Scharrer and 40) 1n the teleost
excited prob-
mmhmmwwzn the Takasugl, 62) in the
S03; (2) they pend efferent tmpulses out  of the cat fish of Malapterurus
the dorial ronts, and (3) they are normally  electricus (Fritsch, 1887) in a pyramidal
%“n"mhrmouﬂ the baxls of these  cell of the motar ares in the braln

ond ¥y gram
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‘'83) Because the Initdmate relationship

between blood vessels and the s

d neurons is somewhat simflar to

u neurons
Y ('62) investigated

are
thetr

tu.lumgpmpaﬁuinthu.hpa'nelu

puffer He concluded that these peurcns

MATERIALS AND METHODS

Adult Adantic puffer Spheriodes

ulatus about 10 to 20 amn in length
to 3

m,&md Aﬁ;r g’-:uht:anr

about 2 to 4 cm in length were used n

stody

§

L

N Vital statring with trypan blue
Flve African fresh-water puffers were

injected subcutaneounly daily for five

/mith 01 ml of 1% trypan hlue

soluton. Three adult Atlantic puffers

similarly infected daily with 10 m!
same saluten for 2 or 3 days. Three
Atlante puffers were

Microscopy

The conus
bdef finsh of Ringers solottan at

é

room

temperature was followed by cold 1 or 2%

proximatel
eral Afdu;
perfused  with

buffer ap-
1 ml gm ho&y weight. Sev
fresh-water puifers vwere also
permapganate

Y NANAJIMA G D PAFFPAS AND M. V L. BENNEIT

(Rosenbluth "63) In the case of adult it

}m&c;pﬁlﬁm 1% omuhum tetroxide

{3 phosphate or eollidin

and Luft, 59) was applied directly to te
Deurons.



CAPTLLARIES QF SUPRAMEDULLARY NEURONS

embe seen (fig. 2) These capillaries

unﬂmd):dnnﬂlytnﬂxpeﬂpbﬂnlmt:-?
of the periirryon. In eddithon to the endo-
etholay capillartes many pericellul
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be identified as oligodendrocytes (Schultz,
Maynerd, and Pease 57)
LThempﬂlnﬂe'mndstoflnxhertth

ueus layer witheut fenestration (figs. 4-8).
‘The zonulae occludentes (Farqubhar and

3 fow of the capfllaries are Palade '63) are alwa:
ys present at the
Eﬂmlhmmypeﬂedluln capll- junction of the endothelial cells with des-
= ire present (fig. 3) mosome structures frequently
xh the light anly the between two such areas (fig. 6)
K0T capillaries appear to be ensheathed  The basement membrane sppears as a
by gHal froceeses but most are T coat of moderately dense ma
dnold of terial about 150 to 350 A tn thickness be
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twreen the endothellal cells and glia. Don-
ahue end Pappas (61) reparted that in
the ca of the

(fgn. 5-8)

The nncleus of the supramedullary neu-
ron iy Iarge — abouat 100 p to 150 p n dt
wmeter in adult Atlantic puffers and about
70 p in small Atlantic and African fresh
water puffers (fige. 2 and 3) The nocleus
has a roughly circular cuttine with numer
ous Indentations of the
(figs. 2 and 3) The lobulate and maldple
nuclet, which were reported as one of the
structural pecullzrities in the neurosecre-

peurcns (Scharrer and Scharrer 40

tory

Afzelius and F) 63) are ot
mm&enudmwpnmtduﬁl:y
cells. Hawaerthe‘;rr:xh;ﬂnlh:peofnu-

cleus is observed ullary
neurans of fish Histrio histrio
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474 Y NATAJIMA, C D PAPPAG AND M. V L. BENNITT

endoplasmic reticulum s stmilar to that in
neurons of the superficial neocortex of the
cat (Pappas and Purpura '61) but is
different from that of neurcsecretory neu
rons (Palay ‘60 Afzellus and Friedberg,
'83) Numerous RNP granules are some-
times found in rossttes throughout the
cytoplasm. Sub-surface cisternas of the
endoplasmic reticulum (Pappas and Pur
rﬁn 81 (; bluth, '62) are o,
sten (fig. 10

g{anycdgiboilumpmtmthe
perikaryon (figs. 4 7 8 10 and 13) They
consdst of several arrays of cisternse and
numercus small vesicles about 500 to 900

A in dlameter
The contatms multivesicular
bodies (figs. 6 Bmdla)andothena:'em-

13) The same difference between or

brane-bound.
macals
Iysosomes (Novikoff '61) (fige 4 5 7 jscent axons are sametimes fued
0-13) Same o these Inclusion bodiea ap- occludens) muggestog e
pear hi y gran ; others con contact spots ar®
tain irregular membraneous ts. (Bennett, Nakajims and Pappss, 2 FF
However the dense granules which have aration)
been described in neurosecretory cells as DISCUSER
the elamentary neurosecretory granules
(6ano and Kaoop 89 Palay '00; Mure It 4 rell known that game w34 £33
kanl ‘62; us and F *83) wmundmwmmw
are not present In the supramedollary e, as well as nomeroud e b, 2
neuron. do not enter most reglons o o
Mitochondria are present in moderate Andi whichhdm!h&mwd,
. Dumbers and are generslly rodlike con bl “mmemﬂ‘ﬁ
talning numerous cristae. wre wera not sble to staln bine rupet
} Thers are no pses on the cell body hrynamlwi!hwnww
/ufthempnmed ary neuron as it is en- mgtbnpﬂ:’mmdm .nddxm‘
trely ensheathed by gllal cells (gs. © 10 rier between these Deurent S % e
and 13) lardes. A mumber of Dewts f0 i
Invaginations of the glial cell processes known to be stained by the pody
into the perfkaryon are fregently seen mgmmw&m#
{883 & 5 10 and 12) Sometimes the mmm.ndtbclﬂm!
neuronal plasma membrans doubles up %ﬂpﬁc crest, ,nﬂud\x.““hhu
forming a mesaxonike structure which (Wislockd pearosecretar] 5%
travels through the in places and King 36) Tbe contain ETE
sheathing the dcepfy invaginated glial rons fn the hypothalumid S0C,
processes  Along such mesaxenlike strue Hmmmﬂﬂ”%ﬁw‘i"
tures tight junctions ars observed (flg. 11)  tion (Leonbardt; 55 T/, nmhf
In figure 12, & miyelioated nerve Sber is Takabashl snd MIamaky, o o
found invaginated into the neuren and Ban, 50) i these regon®
of the small young A puffer presurmably absent M“"
In addition to such mesaxondike struc- ~ With the %ﬁx ””““Sj
tures chains of vesicles aro frequently (Dempsey mﬂm -57,%
found jost beneath the surface tn the o3- Schlﬂuv.‘ndmwdﬂ )
mimm tetroxidefixed spectmens (fig. 7) mb;",_bcuoodw bari T
owever in sodfum permanganate-fixed } Imu-:d
gnt:dall such vescles are absent (fig. the capiliades were
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of the same fish (unpublithed observation,
Nakajtme, Pappas and Bemnett) In the
Dpeurcsecretory neurons of the hypothala
mus of the galdfish Palay ("60) descrdbed
two sizes of droplets in the cytoplasm. The
smaller ones, have a diameter of about

multh

to be cancerned with intracellular meta
bolic events snd not to contain secretory
material. The

to the material stained chrame alum
Iy i, y Osinchack ('63)
reported the presence of acld phosphatase
lcdvitymthalnmmnulu(04§tlho

neurosecreiory e
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correspand to the Large droplets of P
('60) and Osinchack ('63)

y axams in
the skin rather than in a neurchsemal ar
gan pear the neurcaxis (Bennmett—un-

) site of termination also

This
suggests that the cells do not have a neurc-
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spherical shape of the neurons may
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also be another important factar — there
being a minimel surface-to-valume ratlo
Although the Mauthner cells in the teleost
fish measure 500 u to over 1000 ¢ n
length, they have a cylivddcal shape of

T MATAJIAIA, G. D. PAPPAS AND M. V L. FENNETT

Fargohar, M. G, snd Q. E Palude 090 kv
tonal

only about 30 n 1o €0 1 In dlameter and 1331 -~
in endocellular capillaries are appar ——- 1887 Dis Flche
enﬂym] ¢ (B 37 Gy E Q. xhu%mmdwt
‘62 and Robertson et al. '64) cersbrsl portar aad o ot ot
tions of neuroghal
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PLATE 1
IXTANATION OF FroUREs

Darxel view the wholy bratn and sptnal card of an adalt Adsotic

nuﬂ:r.xu

Jther marnificstion of the medalls chicsgat e 2 wpinal cord; (e
'mdnﬂuym.mnmd(-m) X

Alwnﬂanp-.phdlpthtkncdmd sdult Aflantic paffer mpre-

Tty it o, e kel ) il v e mabs

lary Am:-nmatkyhn bloe statn. x 160.
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YLATE 3

TAPILLANIES OT SUTRAMIDULLARY NEURDNS

T Keagms, C D Psppes and ML Y L Bencert
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CIFLLARTS OF SUPLAMFDULLARY NEURONS
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FLATL 3
XXPLAN TION 0 FiqUERs

5 Prtof an endocell lar caplllary of an Afrksn [reb-water puffer

wmmu-nmmm crpillary § enthesthed by later of
consists of
alis) (eatrocyie )Proceu..(c) Tbc)cnpﬂl ‘“ucrﬂ () 1od
(P) The
ullhl-bundnnt W(t)mdmm
-ndmulntndmanbodln(m) > 17,000,

¢ A portom of an endocell Lar capllary A gltal process (G) sepsoiss
the ruuron t.::m\boc-pmm The between glial ed
ncumnnldlmmu somotimes
Mwmbeanes form umeﬁm(mmmduﬂem)lN derzo-
m(umw) ¥ 20,000






8 Partof African freb-
pu-kcr_ﬂu!nc-ﬂnnyal:ﬁu (m)wm
nhrmdmhdlumdmﬂhﬂlllthwm

pﬂllﬂu. -xmmmn;un-n amd7 o.mmmmwﬂ"““"
cltratestained, X 1
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PLATE 5
EXFLAMATION © FIGURE

8 Low power of the Tary rewron (M)
ufmtdultAtrhnlmhﬂw‘Lapuﬂnnhvvmllﬂm‘ud'
'-‘lnﬂllry(EC)!!htﬂmldLThcnmm mmammrrh

nmm(G)lndthcﬂ:nnm_dnmquhcm(N’) Tb”,"'*
lar Mrddmumhm;gmﬂm by teo

proflles of neuronal cytoplasm from the same
membranes which ppear as tocloskm bodies ( ) (5w also A5 11)
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PLATE 6

IXFLAN TION O FICUAXS

10 Paﬂmufd::mﬂbﬁydmmknbﬂwwﬂﬂw

11

nearon, con mitochondria (M) and Galgt clostens (C)

tatning

Nota the subsurface claternae (5C) (5C1) and (he fios exiemsiens of

the pearonal processes. The neurcn is covered by astrocytss (G)

loded gap between gila processes (azow) can be seen. Owntum
5,000,

Infolding of & spparently fis own ol body

In some aroas ( t arrows) the apposing call te

and the pace s occluded, Desmoscroe (D) can alw

found in this section. Ormium tetroxidefired, urany!



CIPFLLINTS OF SUPRAMEDULLAXY NEUBCYNF
T Maapma, ¢ D. Pupyss snd 3L Y L Bachett




CAFILLARIES OF SUFAAMIDULLARY NEURONS AT
Y Makajima,. G. D. Pappas and M V L Rewnett
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The Ultrastructure of Unilammnar Follicles

of the Hamster Ovary

D LOUISE ODOR

Depertment of Amatomy Bowman Grey School of Medwime
Wintton-Salew, North Carolina
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Paper thus deals with a study on the
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at initlal mae; between approxi
mately 1700 and 23 000 dlameters and
subsequently photographically enlarged.
The second ovary was prepared for lght
microscopy The ovarles of two antmals
were fixed in Zenker farmol, processed in
the usual way embedded In parafin sec
tioned serinlly and stained with Weigerts
{ron hematoxylin and eosin. The second
ovary of the remaining hamsters was fixed
in cold picre acld formol solution, proc
essed embedded in paraffin

charides. Using this method of
intracellular migration of PAS positive
matarial occurred. To avold this artefact
both ovarles of four addltional hamsters
were quenched In isopentane cooled with
liquid nitrogen They were then placed in
cald pleric acld-formol solution at — 10 C
far seven days dehydrated, embedded in
parafin and stained by the PAS tech-
nique
OBSERVATIONS
Light microscopy
In the hamsters studied, the smaller uni-
Laminar follicles lie primarily beneath the
germinal epitheHum and also near the
mesovarlum. They are elther incompletely
r completely surrounded by fattemed

generally with 2 or 3 nucleoll. The nu-
cleoll have an frregular outline usually
lis close to the nuclear membrane and
have central reglons which stain roore
lightly than the phery \Vhen sections
are stained by PAS method the amall
oocytes have a moderate number of PAS
positive granules in their and
thelr granulosa cells are not stained but
they do rest upon a strangly PAS podtive
diastase

basement membrane After treat
Taxrot les dlis-

D LOUIAL ODOR

ence of the newly forming rona pellockds
Electron microscopy
Structure of pﬂmaguocoqtn h
wnilaminar follkcles

Other figures -e mare detalled tmage-
mmonft:ndng feature i e P
dominant occurrence of ;
-ma]]grwpl\dthmelec(muduﬂ
stance between lihemmdirldu:l e
dda 178 some

O e ttoebenana aro s shaety
oplasm (fig 19) Groups of
with the intermitoc

H

ment most of the
appear but a diffuse pink staining iy vimble
and the basement membrane remains
strongly PAS positive This is taken to in-
dicate the presence of & moderate amount
cfﬂycogcnl.udloaophm

the cocyte and as the granu
losa cells become cul 1dal and then col
umnar the growing unflaminar follicles
are Jocated internsl to the smaller ones.

both fi 11 and 13 ble llmtint
have the cases R

However i other S0 ot
chondda Mlh“k""r:abnne ot
Jacking the oter oear oot
presmtnndtbdrmnﬂjf‘-'" subs it
ous with the int Md#
Whether this {8 simpl? 8 PR e
R B e
or are receiving m(cﬂﬂ'm be
mit substance
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UNILAMINAR FOLLICLES OF THE HAMSTER OVARY 495

oocyte mitochon-  keen infrequently and, when present were

sightly oval and have anly a few  more dispersed than at earlier stages (£3.

obliquely scroms the o 8) From the fmages observed it may be
is shown etpe-  of the numerouws

Another interesting feature of that the Golgl com) contributes
mitochondrla g plex many

in figure 10a in the mitochon- ¢y the ooplesn

inl inb ty mult lar bodies are
present elther as single units o {n small

the matrix, present on. the lower groups of the unls (figs. 7 17) 1t single

e the body consists of a vacucle whose mem
brane !

a few

4 space
e in the upper left mitochon smafl vesicles and outside of which are

555

J

- 5{5‘5

in pattern. In eome oocytes have several additional
s > ol o Mtdhvmogm"gx
Dembranous elements are gulte m-

Anociated with th::mmlny m(ﬁv-‘i 7) and under higher magnif
fn size and hgve catlon sppears

m‘l‘lymen:landrpawtn resemnbling  myelfn figares {:

bembranoas and vesteular element otherceﬂrypn’rbeydonm:ma;ﬂ

varlable electron many be- clated other y

arran, Although less dense
mitud-nblel the {ntermitochon-

Wmmmapmwn dial substance somewbat. This body may
cells. be

7

4



outer memnbrans (fign 11 1) and when
cut tangentally has circular rep-
resenting nuclear pores (fig. 15) A prom-
inent and complex nuclealos is often ob-
werved, especially in the earller stages of
follicular growth (fige 1 18-20) Most
commonly these appesr to have two parts
a larger moderately dense ares surrounded
by trregularly mare denss pro-
jectlons The lghter arez (figs 18 19
20a, 20b) shows rather

of the npuclear envelope, adjacent to a
dense trs.
Structure of the granulosg cells and
early formation of the
zona pellucida
The pattern of formation of the rona

ucida in the oocyte of the hamster fol-
ws closely that previcusly observed in

rounded first tely and then com-
pletely by a layer of flat ulosa cells.
The plasgma membranes of the cocyte

oma cells are relatively

ulosa cells while In other
contact iy ¢! maintained (fig 4) Then
around
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of mitochondria and Intermltochon
sobstance strikingly stmflar to thow
observed in this wwdy Yie notes that the
envelopes of same of the mitochomdria
were tneisible with an apparent contin ity
perween the mitochondrial matrdx and the
neermitochondrial substaner e alwo de
poribes Fither continully or osigulty :"
the mitechondnial cnve. nith sacy
endoplasmle teticulum  The  inrer™
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chondrial material 15 stated to bo a
denss amorphous substance There Is thus
s distinct simflarity between the male and

D. LOUISE ODOR

same of the raw materhals combng fm
intermitockronddsl

the Te
mitochanddal do appear of
the e B s T

(Odor 80} On the
basls of both the Literature and his ultra
structural studles Andreé h

for the de novo formation of mitochondria,
He does pot belfsve that divisions of exist
ing mitochondria fn the

amount in the uniisminer follicies witk ¢

ation of dense ules smaller and
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T In addith

types of self-duplication of mitoch
Hovwever again ane i3 relying solely
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marphology and r ucting a
picture from an essentially static one
Our morphologic dats on the ultrastruc
ture of hamster occytes alone do not al
lowr us to druv definltive copcladons about
the arigin of mitochondria or the function
of the intermitochendrial substance
may postulate howrever that groupe
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of
mitochondris are formed by ak-

vistons of pre-existing mitochendela with
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olten Iying adjacent ©
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In the tmmature hamster oocyte to note that in the crayfith cocyte (Beams

oocytes, with the posaihle exception  dense ules 400 A to 600 & I diam-
eter granules are belteved to be
are tn less curved for subsequently transformed into protein

yolk.
Small dense particles, presumably riho-
bodies In hamster oocytes  somes, are found in the cytoplasm of the
tivesicular bod- rat oocyts (Sotelo and Porter "39; Odar
funﬂudngieunlunnﬂh:gmups 60 Franchii and Mandl, "82) In the ham
accordance with observations In  ster cocytes, amall groups of dense
Generslly tn oogoniz or t:lc}udmﬂnmdznmthmunmﬂrgm
single umlts are most tbemanbnnmumnulnw
1 cells

tran: Their complexity and stze are ter than

been described. In this nuclcu]:lofothermﬂm The ou-

stated, through not {ftustrated chuhmmpmdofllmdmnfmu-
dense,

urdleminar
m{ﬁ:ﬁedtbatmmhramor described by Sotelo ('59) has a nu-
me-aﬂu‘m!c reticulum  cleolus It consists of a convatuted d
the 1! which is mads up of
very dense material. Sotelo and
erker ‘81 Blencbette Bl; Porter (‘59) state that many rat ovarlan
Iandl ‘62 Odor 60 Ander oocyte nucleoli have a thick rim and
) This element is a less dense center In mature oocytes the
ten obgerved in the hamster than rim is composed of a structureless part

finely particulate material
2.cell stage It is interesting  Mandl, '62) Although pot mentoned the
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electran mi phs of the nuclecl! show
some areas to be more dense than athers.
In the guinesa pig oocyte (Auderson and

Beams ’60) the nucleclus is said to con-

most completely condenssd state Althouy,
this description of the nucleolus of
oocyte 1s somewhat gimilar to that

The nucleoll of the root meristematic
celly of Vicia faba have two companents
150 A wide granules arran, in thrend
like patterns and fibrils 80 A to
dameter (Lafontaine and Choutard '83)
In contrast to the hamster oacyis nucleo-
lus, the area containing thess two ele-
ments in the root cells are of about equal

84

matin {5 occasionaily noted near the more
densed nuclecl} of the h cocytea.
Zouna pellucida formation.  Although

Van Bensden in 1880 reported that in the
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A D. 1659 Electrm: mmioscopic
obwervsticn an the developmontal cytdogy ol
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ADDENDUM
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IXYLANATION OF FICURLS

7 Low power micrograph of part of  follicle whoss oocyte is surrounded

by d.ud.hmufcnlmmmnuloucﬂl,nrﬁnlmlw
1ot shown in the electran xicrograph ao (heca
present. the matnre width of the zma
mmm:mmmhmmmmhw
unileminar £

I
i

i
i

X
¥
it
aﬁési‘i



YLUOGAAR JULLICLES OF THE HAMSTER OVARY
Lomar O

> - TS . s
T A T N
u.',:_“;?}' l_&a ] -}',t_e;' o s
» - l\':.' . '

N . '
Y 2 f




PLATE 3

TXFLAW TIOX OF FIGUAFS

cocyte microvilll end  few g8
Processes are present m the zona. ¥ 16,160 Araidite. Uranyl scrta®®
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EXPLANATION OF FIJUARR

11 An res of an oocyte arocnd which lay  Layer of flat gramwions el
Th-nv:z]p f mitochondria has conxiderablo amount of intermhe

ok
are incomplotn or lacking Whethar this appearance b doe to Ow
plane of sectionmg or due to an initimat relabonship of the i

h 1 sulb to the dris canpot be
on  morphological basls alone. Bowsevsr this s freqocnt pictay
in oocoytes of wlaminer follicks. Another interesting strcturt b
Lhcmh-m{m-um(i)mmuaﬂmlhmudm
membeane. A few ribosomnes are atteched to the most external men
brane lylng next to the coplasm. X 70870 Ambhte. Lead clmate.
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Area of coplum of mitochondrls with the nter
substance. Most of the mitochondria have & doubls

water limiting ane. One of (1) appesrs te be bn the

process f dividing 1o two, ap ted by the middle comsiricted

area. The vesicles £ the material briween the mitochon-

dra fs shown well. X 70,470, Lead curate
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AXPLANATION QF FICURXS

Anuualr.hnoocyuof !nllidcwﬂ.hﬂnmubuqm. The po-
chrcular outlines
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XXFLANATION OF FISURES
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An Flectron Microscope Study of the Development
ol the Somatic Muscle of the Chick Embryo
D A DESSQOUKY awn RICHARD G. HIBE§

Department
Rew of Anatomy T lame University Schoel of Meducine

h"‘.:gﬁmd.mnz skeletal muscls fiber cal preparations. Because of
%‘z“m"ﬂly studied by many early and Instruments, many
although their findings have eary es could not be

e dsvelopment as mundmbefantoded.me

”“"b&nwt_ Controver futed and by the middle of the present
ving such basic fea century interest in skeletal musde differ

o muscl
.ﬁnzltb_ﬂnlumntbatmicdmhr The introduction of €
the mruscle fiber the tnto cytological research together with the

ﬂ%m‘hﬂmleofthcdjﬂmmmo- recent advances in light mictoscopic tech-

etc.
Tl;m’““l"i the interest of cytologists in these unsalved
h‘mhwonﬂwmbjecthmm oblerns of skeletal muscle differentiatian.
S i attempt at dm) aEaeys- e advances in blochemical

ﬁhbd:mmumﬁ:}:ll Fiest, and tho correlaton between the
mmmmmemmmmm ogy and the blochemistry of various
n

:.,h“'“mtlhubemlrmﬂﬁd t lar canstituents have increased our know!

ey “Ddlbeuaﬂnhlehmdau.;a;nm edge of the processes leading to cell differ

'd!ha\'ebemc-_; for a solutl thntld‘ 1

Froblem. Second, it s pparen In the present wark, the

E%hmmdd‘ma;;"'t:r whlr.!; skelctal muscle differentiation in the

n‘h'%:;: bo bos In;mnnent f.ﬂldmh" ‘micTosco) An zulﬁ.:
power PY attempt

h’b'&ﬂ'z of the ubeunmndemdetcrminelbcchanznw

/
tg
§
:
b
:

definda ¢ muscle fiber

[
Ere
fe!

i

13
on their
ity e Ry e o U H R ey
Nty “gnd X < nf-'ﬁ < w rd 1539103
M barely be detecied 1n thelr bistologr  WOARar ¢ < pes g oy

f2
H

aganelles in the differentiation Diques such as tissue culture and radic-
which have not autographic techniques, have reawakened

curring In the mesodermal cells of the myo-
tomes during their differentiaton 1nto the



524 D A DESSOUKY AND RICHARD G. HINES§

MATERIALS AND METHODS

Fertilized chicken eggs were incubated
at 103 F for periods of 36 hours to 15 days.
The age of the embryes was determined by
thelr somite number unt] the fourth day
of incubation After this stage incubation
time alone vwas used.

Embryos fram the following stages were

approximatel
approxima

]

clel showed some clumping of chromatm,
while others were vesicular in appearance.
Each nucleus contained one or mare promi-
nent nucleoll. Mitotlc figures were ocea-
slonally encountered.

Electron microscopy The cell mem-
branes of the myoblasts were discontine
ous in some areas, being replaced by rows
of small vesicles (fig. 5) The
reticulum consisted of a few smooth R
faced vesicles, and of membranoas prokis

cytoplasa

«pproxtm
approdim
approxim

il

SISl

¢ el
2 somite tage gpwnﬂmnh

(

[¢ aty

LEEEEE

10 day stage
15 d ¥ stege

The embryos were removed from the

whole embryos were used for light micros-
copy For electron m somites
16-18 were In each case fixed incold (1 C)
pk ate-buffered 1% osmium tetroxide
(Millonfg '62) dehydrated rapidly in
graded alcohols and embedded in a cardo-
lite-maraglas mixture (Freeman and Spur
lock, 62)

] The blocks were sectioned with a Porter
Blum Ultramicrotome at approximately
005 p using glass knives sections
were mounted unsupported on 300400
mesh copper gnids Some sections were
stained with lead b de (Dalton ‘60)
An RCA EMU 3 C electron microscope was
used for examining the sections

Tissues for light microscopy were fixed
in Boumns solution. embedded In parafin
and sectioned at 6 . The sections wero
stained with Heidenhain iron hematoxylin
and counter-stained with van Gleson stain

OBSERVATIONS

16 somite stage (approx 36 hours)
Light microscopy (fig 1)  The somites
consisted of masses of closely packed elon-
gated cells whose cytoplasm appears mot
tled and the cell membranes were difficult
to discern. The nuclel were oval in shape
and centrally lecated in the cell Some nu

dded with rib The
nlso contnined numerows small chusters of
free

Mitochondda of various shapes were
present in moderate mumbers and were
randamly distributed throughout the cyt>
plasm  Thelr average diameter wis 13

The muclel wero limited by double mez-
branes and contained numerous. evely
dispersed chromatin g'l;annulfc;m“""
nucleclf were present in ea ucleus

The Golgl material consisted n!ﬂ-‘lﬁ
vesicles and of vacudes of \‘ﬂﬂw“‘s)'
located near the nuclear poles (um e

No fillaments were discernibie '
cytoplasm at this stage

20 somite stage (approv 48 houars) |

Light microscopy (B ) dn?md ’
cells of this stage were Jarger
fhe 10 somite tage but thowed 00 0T

stage wrerc similar to
stape  However the mwnumk"@‘d

the
inent (fig 8)
26 somite stage (ap i
Light microscopy (fx 3% I,"'m’mr
plate waqlﬂm m:ﬂp:,pwd and d-rf: !
Th asts were L
-P;l::ly‘tﬂn] each other The CTLOP
mare abundant than 12 ’-h:ﬂ‘
and the cell membranes T
to discern. The Bl he

3
R
Teik

those of pe .

o o aicubr In 3PS

and the nuclear AT geldom £

defined  Mitotle figurts o
cred

ot micromeory T, € 700

branes were convoluted



SOMATIC MUSCLE 525
dense granules 150 A to 200 A in diam-
eter arranged singly or in groups. They
were larger and more electron dense than
the ribosames

Cells of a different varety were en-

The sereoplasmic
.

e oy
Petiphery]
m oplasm also (figs. 10—
None of thesecﬁmdleu show any cross-
Alaments of various dlam-
Present 1n the cytoplasm

Particles 1n  arying numbers
dmm;"‘d throughout the cytoplasm

They ppear as electron

clation with the myo-

and
ribosomes (fig 13) No myofillaments or
glycogen granules were seen in these cells
36 somite stage (fig 14)

The light microscepic preparations were
indistinguishable from those of the previ-
ous stage.

Electrom microscopy Filament bundles
Were more OUIDETOUS of larger dlam-
eter than earlter (fig 18) In some In-

stances bundles of fllaments could be
traced through cne or more sarcoimercs.
The Z, A and I bands were often discerd

ble although they were not umform In
sppearance The Z hands consisted of
minute filaments smaller in size than the
thin filarnents just described which appear
43 tiny granules when seen in cross section
(fgs 19 20) The 1 bands comisted of
fllaments 60 A to 70 A 1n diameter which
continued Into the adjacent A bands where
they interdigitated vwith the 100 A filz
ments (fig 19) Some of these bundles
were acutely angulsted at the Jevel of the
YA

bands.

Flattened vesicles of sarcoplasmic retic
ulum were often seen In closc assoclauon
with and paralleling the Z bands (figr. 18
18) Golgl vesicles were present st the
nuclear

40 somite stage (approt 84 hourz)

Light microscopy (fig. 15) The cyto-
yoblasts contained larger

Electrox microwopy
plasmic reticulum were present through-
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out the cytoplasm but these vesxicles wrere
larger and fewer in number than in carlier
stages Many ol these vesicles were in
relatfon to and flattened in @ plane parallel
to the Z bands as in the previous stage
Clusters of rbosames were found
through the cytopl 1ally
around the developing fibrlls (fiy 22)
Mote filament bondles

fibrils varied In diameter from 02 4 to
04 u and the sarcomeres varied from 1 y
to 18 i fn length Both 70 & and 100 X
,

the cytoplasm. Most of the mitochondda
were more centrally located although soms
were found between the developing myo-
fibrils (figs. 21 22)
88 hour stage

Light microscopy (Bg 18) Recogniza-
ble muscle fibers were present at this stage,
and were orfented parallel to each other
and to the fong axiz of the embryn A mum-
ber of myofibrils occu: the peripheral
area of each fiber Lighter small
myofibrils were encountered deeper in the
fiber A few cells containing small dense
Ew were present between the muscle

Elrctron microscopy  The myofibrils
were longer and less wavy than in the
Previcus stages and could sometimesz be
traced through several sarcomeres (ig. 23)

The near the nuclens and

D A. DESSOUKY AND RICHARD G. 1IREg

fibers. Small cells of irregular ontline were
located tu the spaces between the mxle
fibers,

previous stage Tbeympeﬂpheﬁlg
located and a greater portent
the cytoplasm. sarcomeres especialy

ous stage
Thbe interstial cells

ht microscopy (fig. 26) The ™
;mli‘iqng;:ammogemdnummrf'
of visible transierse stnata

These myofbe

apother  La
chondria. 1

sarcoplasm
between the myofibrils ¢
latlons of rihosomes glycopen granules
sarcoplasmic reticulum and mitochondda
(figs. 23 24)

A longitudinally arranged component of
the sarcoplasmic reticulum consisting of
irregularly cutlined iesicles, was located
between the myofibrils (8g 23) a trans-
verse component consisting of small vest-
cles and anastemosing tubules was found
close to or passing across the myofitrdls
at the level of the Z bands (fig 24)

5 days

Light microscopy (fig 17) Many myo-
ﬁbrﬂe were present in each of the muscle

were also found at the I
the muscle fiber
S:lr;:’u! j e (fies. 3 3]
7 10 and 15 dayt o5 am
Light microscopy (853 3}1 ?}mm c
30)  During this 30e and th
myofibals contimued to BXTEA Sy
tions became moTe Ie fber 1

15 days incubation the mosc
sembled those of the adult
cel
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SOMATIC MUSCLE 527
taken for evidence of direct transformation
by many {nvestigatars, since the myafibrils
at this stage are not vishble with the Hght
1 e mitochond however

Th 1s
may be indirectly tvalved by providing
the energy needed for the synthesis of myo-
filuments, It is known that mitochondria
are the wite of oxidative phosphorylation
reactions in which energy stores are built

up.
The nuclel of the muscle f
bers have been ohsarved MacCallum
(1808) Cameron ("17) Naville ('232)
Katznelson (34) Weed ('36) and others
to Increase gradually in size and come to
ocn&:.umn-nlpoddminlhuﬂber'ﬂny
are cterized by their evenly dispersed
t in and nucleoli. These

oy

il

features have been carrelated by Weed and
other light writh the &

ance of the first myofibdls No cor
relation can be made on the baxds of the

TFEE
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B.Eg
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D A DESSOUXY AND RICHARD C HINRS

are too small to be resalved by the light
microscope and thus cannot be the gran-
ules seen by these e {nvestigatons
However the tundles de
scrbed above in the sts are
large enough to ba seen with the light

pre ton of the tissue.
}deen.haiu (11) proposed that m
fibrils arse from particles

ules are formed. hypothests has been
by radtoatography (Car,
1) Actively cells in the et of

Polymeriration of hic el

has been suggestsd also by Porter ('54)
from his electron microscope studies an
the amphibian myoblast Godmans ob-
servadony (57) on regeneradng adult
muscles in vivo led him to suppose that the




XM OF DIVELOPING

Sz loomely arranged wavy undles Those
udey fram thefr first 2 are
twezed with Z band materfal which
Iy 21 25 a binding material to hold the
aamugnb: They

sraight and are recognizable as myo-
S Bergman (63) states “Independ-
€ focl of synthesls of A and I band mate-
longitudinal

SOMATIC MUSCLE 529

however which type appeared first. Ferrls
('59) described the simultaneous appear
ance of thick and thin flaments in devel-

of the opinton that actin and myosin fils-

ments sdmul! in

ing chick hearts. ('62) In studies
on rat skeletal mu: and Hay (%63) fn
studies ont tal were

{n‘

M
lizi

i;ii
i

£i
g

§
3
§
]

H

b
§
i
1
:
g?

74

£

:

i

g

FEE)




D, 4. DEISOUKY AND RICHARD C. HINES

other material on thess Alaments was no
discernthle
The way which the strlations of sdjacent

It {s now known that striation or band-
ing is due to the characteristic batian
of the different of fllaments which
rnake up the m; {Hanson and Hux

ley B3, b Hamon, 56 Huxley 53 37;
and Huxley and Hangon, 54 59) The A
bands consist of both thick and thin fla-
ments the 1 bands
and the Z bands

ments,

g

it

%
b
i
T

i
i 4

1
-y

B35
¥

g%

B

1)

$, S

ped
during tdssue preparation into strands Large
enough to be seen with the light micro-

gehlbmdlmvuﬂﬂeluwrpmpl-
ratlon only after five days incubation. The

i
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ife
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SOMATIC MUSCLE 531

('04) working with fixed tissue prepara
thon; and Lash et al ('57) Holtzer ('60)
Konigsberg et al. ('60) Capers (‘60) and

kdale and Haltzer ('61) working with
tissue culture preparations. Further evl
dence in smupport of the muldcellalar or
fudon theory of multinucleation came
from radioautographic stodies on skeletal
muscle regeneration by BintHff and Walker
(60) and fram electron microscope studies
on the developing skelstal muscle by Hay
(61 "63) Bergman ('62) and Sheflg ('63)

In this study the plasma membranes

rere

The of discontinuity were occu-
pied by rows of small ved Later in
development

in number until they are

in the least ted cells, It appeacs

that the cytoplagmic memhranes bresk up
into vesicles which later disappear leav
lagmi between adja

ng
unntc,elll. This may account far the t-
muscle fbers.

These chservations and findings agree with
those of Bergman ('82) Hay ('63) and

bl rregular
and thelr greater content of rough-surfaced
endo) reticulum They increase In
t progresses and are

fibers and their ogy 1t seerns Likely
that thase cells are embryonio
These cells described by Berg
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pearance of the myofilaments and that the

D. A. DESSOUXY AND KICHAND C HIBRS

other material on these Alaments was ool
discernible,
The way which the stodationy of adjacent
became

%
:
E
i

The M bands were visible in our prepa
ration only after five days incubadon. The
M band which appears as a dense line &

the H band ccmﬂtliuuflwlnumd
ckenings of the myoain filaments. It was
ndgt gl'etmmthl:nudymdeusu-mme
the nature of the M bands. Whether they
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t X 3,500-X 12,000 and were enlarped 25 requind The
following code throughout: u
A, Thin sctin £il M, M
a, A band m, M Bend
ERR, endoplaxmic MF Liyobdl
Mn, Thick myain flaments
ER-S, Smooth My
reticalm N’ Moclees
G Galgd ;D.Nnchd:l
ué’ﬁ?f‘ Z,Z band
1, 1 band
PLATE 1
IXPLANATION OF FIOURLS
Amg.m afa -mﬁnﬁmalﬂmsjhﬂn";"
with ).uhtmicrwcqn.Nom clonely packed arovnd
Tyocels, with thetr centnlly Jooksed e oclel and proainent oacheall,

A transverse section of somite from %0 eomits embxre. Nots the

mottled cytoplasm, x 2,000.

A section of the myotome plsts of 8 scmte embrys. Notw the
mycblasts (arrow) with thelr fndistinct cell boondares.

X 2,000

A section of the wryotoms of 38 scmite embryo. Notr fhe rod4be

bodies which give the cyoplasm  stristed appesrance (srmews)

X 1,000,
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PLATE 3
XXFLARATION OF FICURE

5  An edectron mucrograph of s pumber lnm-lhnﬂ-fmmnlu-mhl
emhry-n. Noto the in the plasma whick
are bridged by rows of amall vesicles (arrown) and the clow spprovh
matfon of the celly, ¥ 13,500







FLATE 3
IXFLAN TION OF Fyroulr
6 An clectron ufnnon-pnfmynbluufmnﬂm-ﬁlm

micrograph
«mbryo Note the typleal Golgi yonet (xrrows) at the mockar
X 24,000






PLATE 4
EXPLAN TIONW OF FIGUAES

7 A section through a mryotome of Eﬂmﬂumhryo.ﬂﬂﬂﬂxm]-
culation of the plasm  membreanes and the nomeron chreolar profies
f smooth surf ced yndoplasmic reticulum, £ 14.000.

8 A section umm:h | myotoma of !B-cmjwmbm:nhubnml
adjxcent
(arrom) -nd thc abundant mdnph mic reticuhum X 19,500,
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FLATE 3
FXYTAWATION OF FICUARS

§

A section showing parts of adjacent myoblasts of & &3 somtte
Note the myolllamest capecially nesr to the plams
branecs, saune of which are crossed by 2 bends (amows) Shngle
ments are sesttered 1o other ares of cytoplamm, X 14500

j

Fresence of bundles
ments (A) spd bupdler of






PLATE 6
EXPLAMATION OF FICULLS

part of & myoblast of 32 samite embeyo howirg
of thin AL and lerge !

reticubnn vwsicles near the cll membrane X 30 000,

13 Puudm;mtmw&uuu.nmm emlayo centalning thin
and thick myofllement bundles and smoothrsurfaced sarcoplasmk
Teticulum profiles, X 24,000

ncdunthrwlhtbvmmmn! 32 somite embno showing part
rublasts and en interviittal cell (wrrow) Nots e

ovo serty m;
b;m oiyofilament bunds and glycogen grannles Ly the fater
utial cefl, > 11,000,

13






A sectlon through  myvtome somits embryo. Note the
abundant cytoplasm, and the Jargo size and of
the muciel. The cell boundaries 2,000.

A wection through my-au-.nmcl:wmm-mbry-. Note thet the
pocle! are elongated i (he ooy axis of the
myochlast, ¥ 2,000.

A section showing a rumber of myohlats of a §8-boor Note
the parallel of the fibers and the long mychleils 1o the
peripberal cytoplasns A few small éeils with small staidor

A soctton through  groap of muscle fibery of  five day embiye.
th presence of rumerous myufibells of varous bengths and st
X 2,000,






PLATE &
IXPLANATION OT FIGTRE

A section through  gromp erbh"-"’f 38 somite enbo. Hout
the

af the
bands (amrow) X 9600,

A-ecﬂnnd:muh-mmﬂmﬂf ”m"“”"”"‘ Noxs the
e of a Bich 1t b

3

scattered throughout the cantral
ﬁhmt bandles, x 25,500.
Ancdunr.hrwlh part of & myoblast of wmmmmquﬂT
an obhqualy cut Z bend (arrow) Note the presence of
cut fllaments, X 22,000,
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PLATE @
IXPLANATION OF FIGULIS

21 Anccﬂmdnmynun:uf wmlunmh-yv. Nots the

mllnidhmmumh‘:nnm
shaped ni wchmwﬂh-nndmlm,xlm
22 A sectlom of & myoblast from 40 sonuts embryo showing  syekied
lndlnumhrnlmytﬂlmmtbmdhmﬂulmﬂlmﬂ
rrtotlh!ﬂtwlum. umcndn;dmmh
Ttop!

Nete
ru.muruuuzhm‘-

{arrow) x HI,DOO






PLATE 10
IXPFLANATION OF FIJURES
23 Aucdmn!nmnd-ﬂhrrda%—bmmhrnm three ruclear

Note the Jomgitmdina
of lang slender mhm.mm

X 15.500.
24 A wection throngh & past of mma.mmh‘m
) (arows) paralielng the
zhnd.nﬂnnn- of ihonceoes and Fireostn Griales cua be seem
between the myofilmls, X 4,000,
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PLATE 11
IXPLANATION OF FIGURE
95 A section through number of muscle fibery from  Aveday embrro

Noto ths myobes with typical stmations. Galgt
material can be seen at th noclear pobe (agow) X 20,000,



FLATE 11
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A Hght microscops section throngh g5 muscle of 2 shcday
embryo, Note the largs number of in sach muscle
few of the show alternate durk and

A saction throagh developing muscle of & seven-day embero. Noto the
mﬁlﬂmmdl&ﬂh«nn&hmu&nﬁu pumber of miyo-

Note also that in many of the mrofibrils stristiom are visthle
X 2,000,

A sectian through the developing muscle of  tendsy embryo.
the largs number f striated myofibeils together with womo on wiick
siristions carmot be seen  Many small puclel of interstitial cels an
be seen (arrows) x 2,000,

A transverse section through developing muscls of
Nots the armangement of tho Abers in pmall groups. Nots the mro-
fibels t the peripbary of the fibers, X 3,000



X OF INVILOPTNG GOMATIC MUSCLE
14 Demeuky and Richard G, Hibbe
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FLATE 13
IXMANATION OF fICURD

31 4 wction through a muscle fiber from six-day embeyn, Note the
ofmvaﬂbnhtndiﬂmnmnlde-hﬂm

scpareted by Amounts af ssrcoplamm, clogery of rboscme,
Framules and mitochandris ¥ 10,
I8 A erction throu t bed g embrye Nots the

th developmg muscle
lﬂrmmhhmndhnhmﬂm sranoles and ot
chandrta in the ceatral part of the fber ¥ 25,000



SOMATIC PLATE 13
L Desenky yrd Richard G. Hibbe




FLATE 14
XIXFLAW TION oF FIGURK
33 A tectlon through developtng muscls of  peven-day embrya, Note the
largs number of m L 1 and
of the can be seem,

X 22,000,
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PLATE 15
IXPLANATION OF FICUALY

An oblique section throngh developing musclo of  tendsy embnyo.
Noto that the myofitails aro straight and of unlfarm dumeter )hnY
of them are in 1 cells and thelr
cytoplasmic processes can b sem in th spaces between the mmecly
fibers (xrTows) X 8,900,
Amwmwmxmded-wm

showing the same featares as fn the previons 8
mumber of muclear mavics closcly adjecent t ench other an
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PLATE 16
IXFLAMATION OT FMURES

36 A soction through developing muscls of  15day embryn. Nots the
luwmbcdmynﬂ!zﬂgnndtbtm-dz.&l.ﬂ“‘“‘
bands Parts of Colgl material and acceomulatdons of
saert at the noclear pols. Parts of two interstilal and their
cytoplacmic processes are closely applisd to the Sber (cows), ¥ £.500.

37 Ancﬁ:nthxw;hdcvdapﬂ.nlmmchalllsdﬂm The Sbens
are pecked with myofbeils apd sorounded by imeervtidal cells
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568

been inferred from this that the structural
requiremnents far sperm locomotion permit
Httle varlation in the flagellar components.
The observations recorded here demon-

Tespective
cantributions of the several components to
tail movements.

MATERIALS AND METHODS

by

ice cold 1% or 1.3% osmium tetroxide
maintained at pH 7 6 to 7 8 with veromal
acetate or collldine buffers. Rapid deby
draton was accomplished by a bdef ex
posure to ice cold 70 and 80% ethanol
followed by longer periods fn 95% and
absolute alcohal. A few blocks of tissues
were embedded In a mixture of butyl and
methyl methacrylate (8 2) with added
uranyl pitrate (50 mg per 100 ml) but the
majority of tissues were embedded tn Epon
812 according to the procedure recom-
mended by Luft ('61) Sections were cut
with glass knives on a Parter Blum micro-
tome. Methacrylate sections were sup-
ported on carbon-coated cellokdin-covered
md:mcliigon sections were picked up on
200 grids without a suppaorting cell-
cldin or formvar film To improve con-
trast, all sections were stained with lead
h e a8 recammrended by Watsan
('58) or the lead cltrate method of
Reynalds ) Electron micrographs were
made on an RCA EMU-3E or Siemens
Elmiskon I el 1 P

Observations by phase contrast
microscopy
The bead of the sperm of both species of

bats studled, Is spatulate when viewed an
the flat (fg 1) and cunelform when seen

edge on. It is quite homogeneous in den-

DON W YAWCEIT AND SUSUMU ITO

sity and the limits of the arrosame cannot]
be clearly resotved. eaudal:

middle-plece tapers slightly to Hts
writh r.beprtudﬁlhﬁwwﬂch.lnﬂﬂﬁ
s constderably than that of roden

The terminal plece of the 12l t

criterda f of the
t bt 'pﬁgmmm (domsal vew
of section (135
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FINE STRUCTURE OF BAT SPERMATOIOA

(g 18) A midBne longitudinal sec
[muﬂrcﬂm;wﬂhtbudmmuﬂnm
il be referred to as a sagitial tection A
regiadinal jon perpendicular to this
cinciding with the transverse axis of the

bead has 2 xmooth anterior
d roughly lateral margins (figs.

583
given it here were it not for the fact that
a deme structure called the apical body
has been observed I this space In the
sperm of other notably the rabbit
(Hadek, '63 Bedford, 84) Furthermare

here space is very small
and Lhn;;t to have amy demss
contents d ap[m:f:htely be deslg
nated an seemns unlikely

transverse
medlate la

Thh subacrosomal 1s alightly larger
?Eweﬂm(ﬁpﬂ than in Mpotis (fgy.
and 18) It appears empty In both
Trecdes and would not merdt the attention
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coely applied covering membrane. The reported in any mammalian
scrclls do not completel signifl of this
tice the neck but are found mainly on its is not entirely clear but it 1s noteworthy
o tides, and are most that the flattened unar form of the
fn lngitudinal sections tn the fron-  mitochondra the middlepiece In
d In cromseections of the neck  the sperm of Myotis y thick. A
fhﬂnﬂﬂ:;)hunbemthnun hroad drial sheath might well
1s covered dorsally and  offer derable resl to the bendin
wtndly the two hondrla and of the 11 It wo assume
lally by the seralls of redundant no-  that the tall movements are matnly planar

g&gﬁ{y

in favarable
}eup_hnfthomld-piu:ﬂ to count
and thus to estimate quits ac
Lhututllnumberufml:ﬁchcﬂdﬂl
the spermatozoon. In ¢ smell sam
to fall within the ra

of 114 to 120

antmal the mitochon-
to undergo &

in the course

full

s
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droplst. Bat spexm are cap-
able aurvival over the winter in the
female 1T uctive tract. They might
to have & greater
storage of endogencus substrates than
sperm of other specien. Such does >



572 DON W
is closely epplied to the mitochondrial
sheath for most of its length leaving very
little cytoplasmic mamix. In Myotls oc
casiongl emall vesicles found beteresn the
mitochondria end the surface membrane
are | d to be {solated of
the endoplasmic reticulum of the #perma
tids. In the corresponding locstlon in
sperm of Ep thery

prafiles in longl
tudinal eections (figs. 25 and 30) It s
1ot clear whether these are artenuated ele
ments of the reticulum or ting mico-
tubules of the manchette w surroumded
the developtng mitochondris] sheath late
in during the stage of
spermatid elangaton.
Eptdidymal sperm have a prominent
rounded mass of cytoplasm the cytoplas
mic droplet or middle plece bead project

spermatid cytopl 1
amoothsurfaced tubular and vegicular ele-
ments that are probably dertvatives of the

been suggested that the middls-ptece bead
might be a site of accumulaton and stor
age of endogenous substrates to provide for
the survival of the spenm during their
passage through the epididymis ond pos-
sibly to sustain their moulity after ejacula
tion. This view is not supported our

transient and functionless remnant left be-
bind when the excess spermatid cyto)

{s pinched off to form the residual %
of Regaud.

The annuins At the junction of the
middle plece and principad piece 13 the
structure formery called the ring centriole
or Jensems ring (Jensen 1887) In longl

trian profiles on either side af the tall
fust to the last mitochondrion (figs.
7 and 26) It is slightly smaller in croes-

sectional area In Eptesicns than in Mpotls

FAWCETT AND BUSUMU ITO

but it is otherwive similar The demse to;
angular sections of the Hng have thek aper
divected inward and thelr base agzinst e

|
7,
ﬁ‘-

firmly the outy
annulus (fg. 7) This ring
relation to the distal cen
spermatid soon after f

simple pdmary

velopment it migrates

itive positton at the
Becauss of fts

ologists it
gfﬂunnnnl shape The
scope however reveals
structure that would J
of this cancept. It scems
fore to :lnn:gn the temm, dog
and simply refer to strucire
annulus Its mpmdmlm thbe <
known but its
entlal elements of thezm
its aimilarity o the latter In
fine structure suggest hat
may be involved in the forma
fbrous sheatb of re prindpel pest 0,
sistent with this 1s foand 't
tlon that & anpulus is 2ot
e i e, )
Abrous
h‘Tmlumﬂbraat sheath  The Ml&dﬁﬂe :
pal plece formerly ﬂ“d‘:amw .
or wpiral sheath  was et
ts 25 2 %Q}L
coll around o,
Thly O e miero ]
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FINE STRUCTURE OF

kngtodinal columns to which they
fom eanspicnous thickenings of
ad ventral aspects of the

i

dinal
$otcesatve half rings of the sheath

carrespond to the
the sperm talls of other mam-
mapification a substructure is
the cirumferential elements
theath conststing of closely
d n

!

i

AL

/
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BAY SPERMATOZOA 573
af being campared to a simple cdll spring
g as has been the prac
three-dimenstonal

gether along oppoxite sides. Both anal
ogles, h

are
becguse nelther takey fito eccount the fact
that the enchreling bands are neither gyres
of a stmple helix rngs bat
can be shown to branch in both the radtal
tal directlons. The branch-

h
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574 DON W

umal three. This is most evident in Mgpotic
(figs 11 and 19) but is also true of Ep-

FAWCEIT AND SUSUMU 110

in Eptesicus (s¢o fig, 30) where mukipie
d;cmepr?ﬁlalsowmoundlmm

;edcm(ﬁg%)’ﬂm bers of these

it

H

B

il
Rk

the on that they mﬁz
bitndly in plece. Sinee it

mmmmemmm
other marmmalian fibers

species that these
are attached at their caudel ends to the
carrespanding doublets of the axial bundle
this

but in

1
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o
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25
g3y GRERREZNRLE]

i
nilit
e 1

i
g
H
4

rn:ﬂhmcnu. Theyhlvebeen(ilﬁsmhm
tdendfy in longitudinel scctions in this
species. They are much better developed
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FINE STRUCTURE OF RAT SPFAMATOZOA
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represent transverye sections of the longt-
tudtnal between

uons
circumferential elements of the sheath
(fig. 31) Nelther fibrls 3 and 8 nor the
dorsal and ventral longitudinal columns
of the sheath are directly in the asgittal
plane af the tall, but are so disposed that
lines drawn from the center of the flagel
lum throogh fibrils 3 and 8 snd the
respective longitudina]l calomps of the
sheath, make an angle of about 160 and
divide the crosssection Into two unequal
sectors. The smaller of the two contains
fibrils 8 1 and 2 while the larger containy
4656 and7 Doublets 8 1 5 and 6 bear
fan-shaped projections that represent the
terminal portions of the outer coarse fibers
Similar but smaller radfal projectiony are
present on doublets 2, 4 and 7 Near the
end of this segment of the tail, attached
temumlpxﬂamuftbeuu&r'ﬂbcnmd

Near the tip of the terminal plece of the
bat sper the ting
densitles and the arms on the doublets dis-

comes
reduced to single fibrlls (compare figx 14
and 15) It is not certain which of the
two subfibrils terminates fist but an indl-
cation of thelr mode of termination Is

dnues (fig 15a)
Investigators have long been urcertain
as to whether the fibrily of cilia and flagella

opening up

srall of subfibril B to leave & free
edge 13 consistent with the view that the
nremh.lhrnjberlhnnmléd;;;uc
also tends to support the Inter
‘ndtbattubﬂ.bﬂlBhnmbulevmh

DON W FAWCKETT AND $USUMU IO

an incomplete wall fosed at its edges 1
the wall of subfhrl A
DISCUSKION
Head. Electron microscopls stodics bne
greatly clerified the relations of the struc
components of the sperm bead but xe
are left with a bertage of multple termy



The bead cap uf the bat spermatozoa de
safbed bere presents no urmsual features.

BAT SPERMATOZOA 577
cett, 55) The existence of a post nuclear
cap tn these species was therefore denied
(Fawcett, '58) Other authors have since
described in this Iocation in boar (Nican-
der and Bane '62) and bull sperm (Gaacke

affinity

noted that this layer haz 2 strong
for phosphotungetic acid and ‘hrded
that 1t carresponds to the post nuclear cap
which light demonstrated In
preparations steined with sllver salts. In
the present study of bat spermatozca the
tenuous intermediate layer observed be-

1

éﬁg’é’;ﬁ £
!
:
%’

m-tobuﬂnd
sdde and i3
tentatively tterpreted as a speclahzation
for mamtenance of the dose cobeslon of
the membranous coverings of the posteriar
third of the nuclens. It has been Doted by

region
Although the Intermediate layer prob-
y ds to the arg e com-
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to us no reason to perpetuste the term
post nuclear cap

The neck, The peck of mammalian
spermatazoa has received less attention
than other regions because of its 3

FAWCETT AND SUSUMU ITO

), the possthility that they be
mudmmntumdmhnﬁl:’
sibly providing energy for the inftiation of
the wave

3

ity and its variahle eppearance in different
of section. Certain
man to most 'pe%:u are beginning to

i

movements.
A feature of the orgaoization
mammalign sperm

1s the absence of a lon, edented
cent strocture gt the base of its oxdal
In other motile cfia

emerge, e

that camprise the connecting plece have &
cross-banded structure consisting of broad
by narrow light

e
i
:
é

g
:

E

scgmen!

than the other and s characterist-
y expanded at its upper end, so that in

longitudinal sections 1t is trian,
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ﬁ‘é%

1
i
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&
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.
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202 15 also found in certaln birds molluscs  respect to the axis passing through Bbefl 1
and insects. Although it 45 commonly a»-  and between the central pair of ol
sumed that these fibers are sccessory ten- With the arrangement in the bat,
sile elements their chemical nature i3 still  power is evidently more nearly equal
undermined and their contractlity has yet  the two sides but its direction of appixs-
to be established. These fibers are usually tion would seem to be oblique with repect
associated with a well developed mitochon-  to the dorsoventral axis of the tall.
drial sheath and the suggestion has been  light of thege differences in armmgement
advanced that the additlonal set of Jongl- of coarse flbers cinematographic sdey
tuding] fibers has evolved to overcome the compariog the pattern of tafl movements
greater resistance to bending offered by 2 of bat spermatorea with those of other
Jong and relatively thick middle-plece It memmals might throw sdditiooa) bgbt
can be argued with equal cogency how  upon the rale of the outer coane Bt b1
ever that the mitochondral sheath has  sperm tail movements.
developed to meet the energy requirements  The present paper is ameng the Snt w0
for contraction of the outer coarse flbers. draw attention to denst punctate frobks
Morine invertebrates fish and other of imregular and variable shape chuered
groupe with external fertllization have around the fnper aspect ol exch e
toroa with only cne or two mito- outer fiber Thi
a at the base of a simple flagell garded by previous authors
conxisting of the @ + 2 complex zlorre. It resulting from inadequate £xation
is evident that such sperm tails like
tazoan flagella, do not require the close interpreted as amﬁmnﬂm(b%
proximity of mitochandria to the fibrils for tween adjacent coarse fibest ( oot
vigarous motllity However mg‘ﬁi”d’ and Bape '62) It now ‘%
insects and mammals having int fer ndt.bcrn!thaelnlﬂ'l’“mm \anirs
dlizgtion, nine outer flbers have been These structures are present e
added to glve the § + 0 + 2 pattern. Such dmmmdmmmww
sperm Invarighly have an extensive mid- cies but are confiped to 1he an!
Perhaps it can be inferred from

this that the prevence of th outer coarse axe separated some A0 FO0 o o
il makey the devel pond| :

of a long mitochondrial sheath. The very pumber fm%?mww
| intimate topogra relation of the and are usoally 3
mitochondria to the outer fibers also sug-  pal-plece where the aleneet B0 g,
gesta that the two are functionally relat of the coarse fibers are ompier. o7

Near the bead the outer fibers are sim- leuofl.heuillﬁ!ﬂﬂ’“cm'mumf
flar in cross-sectional outline and area but mﬂmmm“'“mﬂwwmwd
farther along the middle-plece individual

the majority of specles fibers 1 5 and 6 upits compnising

G the others. Assuming that mwww&ﬂww
these fibers are tensle el contribut  sp of s in 1€
tng to tall movements the presence of two  naskta_and obeerved frgtaians
fibers on one mde of the tail and only one opossum certaln
on the other has been Interpreted as an  In these marsupial spCT0 3y
dicatlon of & pred of power on outer coarse fibers .
one side which might result in a more comiderable distante %.
rapld and effective stroke in one direction. gjﬁdmunemcom g b-yA
Bat s tozoa sre exceptional in having a
four fibera (9 and 1 5mde)1$ serles of siructures & i s DO
stead of the usual three In species wi s
three large fibers there i3 & concentration ous matrix. ml‘:‘“
of pover on one slde but the tensile ele- Db“f‘u d‘l’
ments are distributed symmetrically with  scribed ns oblique
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FLATE 1
IXFLAWATION OF FIGURLS

1 Phase cantrast
and the onugmally

photomicrograph of epermatoros
the spatnlate form af the head, the distinct neck pegmest
thick middleptecs snd

and pincipshplece. 4,300 X
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A frontal section of the bead In this
spatulate with  rounded tp and slightly comvex Iatersl contrs
L2 the orlginal mkroraph fbe limlty of the mucke ed of ohe
erescentic  crowae be by sligbt demlty diffey
@nce. An interrupted whitn lins has been drawn aloog their Line of
Junction,
the o

plantation fosss, & redundant pottion of the nocksr b
flacted from the surface of the condenesd chromatin, and forms
membrancos scroll (Ms) on eltber alde of the peck.

cndzb-n#ﬂ?"g‘

The continuity of the outer coarse fibers (
ied conmecring plece (Cp) a clearly vialic
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8 A sectiom through the distal end of the middle piece the annulws, aod

the first portion of the principal pieca (pee Imvet) The croes sectoned

«lements of the fibrous sheath show dicontioultiss that correspeod
tlal

Mmﬂmdmunmgm t arrows in fig. 17) hmh—u&mu:
figure whero the plane of section pesscs tanprocal o
several of b the 1 fibers af the
sheath can bo seen  Magnification 68,000 ¥

A longitudmal section of & sperm at  Devel some dis-

The fibers in this reglon tand to be with the two
Joined at thetr cuter margin so that ppear U oc V sheped B
transverse saction. Limiting ymbrane of the tall is not closely
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PLATE 10
IXPLANATION O FIGULLS

A ttal section of the sperm hesd (o the xx axis of A in fg. 18).
‘The cap is bounded by  mooth contlnwous membrane whick
is clearly vixible in this micrograph owing to the relauvely Jow des-
sity of acroscine, The Inner membrane of the hasd cap f1 closely
t the nuclear envelops axcept 1 the Lp of tho nuckn where
subacrosorsal

by an opening up f one member of eaxch
peofile t form  figure-of-nine The fibxils are also Jouing their pre-
fibefls rematn  csscrtlall

cise arrangsment. The central pair of y

altered.
In the Jower half of the fgurs {s & crossection at the bryinuise
of the plece. The nurrow clefts (st the arrown) in the
broad, circomferentlal of the

verse scction in the posterior third Mnlh!r‘ﬂ::
Niptical with the m for (yy) and minoe (xx) axes indxa
B and m.ccummmemrﬂw«hkddlh'






e mm m it
# TT@ ..mM mmMm
.m.m mwwdam)mmm mn mw
m. mmmm MmMn F mmmm
fhiaalln; B
e
Al e
mm umm Fatitid A

22 A fronta]l section through the flaf mm-d

phece from the concavity in

hcwr\hcl
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.u-ﬂaulhm;,hlheh-umd-{:k
this compler wructure b ind-
Jongtudinal inft wall
this cawe alw ol
between two of the kongltudinl
and project fta iaterior
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1.3

matozoon of Eptesicns i of the
spermal Is similar to that of Alpotis except for the form and
in The dr.
are varlabla in fattened antere-
y (compare with figures 8 and 20) Small circular i

may

dense outer fibers (Of) and the axiel Alament complex (Af) are
linear 4% at arrows) that represent the filaments which are
scen as te clostered aroand ibe inner
aspact af the cuter coarss fibers (sec at arrows figs. 15 and 30) The
two arrows at the opper te the polnts where the sices

reflected from the condemed chreestin to farm
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PLATE 13
IXPLANATION OF FIGURES

Sapttal section of the tip of the sperm head in Eptriicns  The scro-

the
Cross sections through the middlepiece (below) and principal picce
(above) of Epirsicms sperm. Both the mutochondrial snd flkous
sheaths wro thinner than those of Alpots at corresponding ey h.

Longitudinal sections of the principal picce in Epterien  speym
rpu-m-uh-n!}nhubcm-ecumedumdu' the Abrows sbeath
Several at b of its tal efements

indicatad arrows. Thu fs forther vhual evidence galout the
z thiy hellenl wrappint.

H

persistent belke! that sheath f» wmple
60,000 X
Croes secthon gh the proximal of middlephece of an

axial fillament complex are frregular
that are interpreted as cross sectioms ! longitudioally
ment (mew also fig 23) 90,000 ¥
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Studies on the Thymus of the Mammal

fIV HISTOLOGY AND HISTOCHEMISTRY OF EMBEYONIC AND
EARLY POSTNATAL THYMUSES OF C§7BL/6 AND
AER STRAIN MICE '

CHRISTIANNA SAMITH
Department of Biological Sctences Mouxt Holyoke College

Sowth H dley Marsach
ABSTRACT ﬁmdmdbwﬂmmmmmydﬂ
mhrymmhm.dxylfmhkﬂ:m hhmln;i:-ﬂylnd
New evidencs af the of the of the

mwmdmmwmmw
Doth slicatine and ackd phosphatases showed different distributions In the thy
rrises of the two strains at 13 and 13 days. By 15 and 16 days, alkatine
the strxin was peripheral; in

sctinity In thymuses of tha CSTBL/6 thymuses of AKR mice,
1 was presant throaghout the Jobes. In the ‘phospha
sctrvity was howsver fn the AKR thymuses, sctivity was strong and was
eepectally in The of
the warw well establishad at 17-18 dayw Prenatally the medullac
of the thymums of both sirains
reticular cells which singly o 18 nests of calls. The inclosion cells also
) that thepe cells may contain

Procedure for showing utes of tripheephatase activity
Although there have been many studies incluston cells and the epithelial reticular
on the embryology of the thymus they cellx may be the elements respon-
have for the most part neglected changes  «ible for the factor now attrbuted
mthechcmlcalmﬁpr_nklufdlernﬁm to the thymus (Metcalf, 58 Osoba and
tating thyrmde In the present report, Miller Law Tratnin and

lcal aspects of transformation of the Fetal mice from 10-19 days of age,
epithelial pouch into its definitive post newbern and oneday-old postnstal mice
natal structures. In addition a compara of the C57B1/68 and AKR strahns of mice
tive study has been made of the developing  were used m Also studied were
thymuses of C57Bl 6 and AKR of a few litters from lines 25 and 55 of the
mie, stoce Aous worh (Smuth '681) AMount Halyoke Callege stock (courtesy Dr
thowed that there are differences 10 alka K F Stedn) The ages of the mico were
Hne and acid phosphatase activites in mostly by the presence of a
thymuses of these two stratus vagnal plug (day 0) observed after mat
It was found that cells differing mor ing during the night or for more accurate

ogically from the e] thelial and uming of the carly stages, during a short
Efrprz( as I asts were prescnt morning period  Body lengts were re

were found as carl as 12-13 days The H atth, U § Pul =T
iur.ge:um i m:dz that the modullany R fren for mokimen  vmim & O end Josicn

[T 110 011630 611
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of 4 mm was found with an occasional

runt or loag fetus Because of this there

is some overdapping of total lengths in
this sideration of the geny of the
thymus Observations were also correlated
with the descriptions and ruodels of the
developing pharynx of the mouse by
Crigan ('35) In 10 and 1l-day-old fetal
mice pharyngeal complexes twa, three,
and four were compared; at 12 and 13
days the parathyrold-thymic rodiment
was followed in later stages only the
thymus was examined

Themnm mice were killed by cervi
cal di on and dissected on g table
kept cold with ice  Material from embryos
or newly born mice from 80 litters was
frozen an dry lce and stared in a freezer
at ~18 C Whole embryos were used it
they were 12 days old or younger Berween
14 and 17 days of age the thoracic re-
glons wrere cut and at 18 days and alder
the thymuses were solated nnd sectioned.
thfmun-ecﬂonawcrecutmac?u-
stat at —18 C dried in front of & fon for
uhn.lfhuurnndnandm]mm:hnn
three hours at 4 C before continuing with
the various technical ures  With
the younger embryos results were
obitained If sections were cut 2t 15 3 with
the clder the routine was 10 p
For cellular detall thinner sections were
needed

Standard methods were employed for
the demonstration of sites of enrymatle
activity but certaln modificatlons wers
necessary with the embryonle matertal
Unless otherwise
fixed 1 10% buffered formalin for 30
minutes at 4 C  Sltes of actlvity of two
enzymes  alkaline phosphatase and pon-
specific csterase were studied in al} thy
muses The technigue of Pearse (%3)
modified by Padykula ( 55} far the dem-
anstratton af monspectfic exterase activity
was chosen The incubauon time In the

CHMISTIANNA sMITH

vaginal plugs were not observed The
lengths within & given ltter wers alike or
pearly so although n a few Htters & range

Ployed Incubatlon at 4°C was one hour
Gomorls glycerophosphatecobalt sulfide
methad ('52) modified by Padvkuls and
Herman ('55) was also often used to dem-
onstratc alkaline phosphatase and oo
tnely for adenosine triphosphatase actts
Ity sectians for the Yatter techniques were
not fixed. As the gj nce of sdenosine
triphosphatase activity in the develaping
thymus was so gradual and weak, an fo-
cubatlan of 20-40 minutes was necessary
To ahow sites of scid phosphatase scthity
sections were tncubated u; X
phatedend sulfide substrate (Gomort, afiet
Lillle 48) The vtual tero hour incuba-
thon

were not.
Control secilons for the enzypatic '";
tions were inactlvated by "‘“‘"&‘:‘"‘Hb
bolling water for ve minutes o7 {eahat
strate was omiued from l“.cuSchﬂ
ing schution. In the P‘""ﬂcﬂw in
method control sections weit of
ceveral changes of saltea for 8 prriod
S some of the youngest isges ool ont
technigue wat applied to %
tn the majority “""'"f‘:‘;mw with tbe
nate werial T this way the prop-

substrate was lengthened 1o 40

s0 that sites of weak activity could be
teen more chearly  The azo method
of Mchay Herlg Adams, Danziger
(53) far determining tbe presence of
alkaline phosphatate wan regularly em

ertics of given areas blood resscts W
could be compared B‘ﬂ“nf{nxthnhﬁ‘
15day-old fetuses a mmber ol AeC 0L,
were apsiled to 2 serie of o

several wectfons had been
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the last section of one xlide could then be

osphatase ar nonspe
ty or stamed with May-
A
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basophilia of the epithelial cells toward
the lumen and the smooth appearance of
the lining cells (figs 1 2) The strongest
usually toward the
base of the pouch. Epithelal cells with
typical nuclel (sherply defined spherical
or oval nucledlus delicate mrclear mem-
brane scant amount of chromatin) are
seen in the upper wall of the pouch (fg. 2)
and in the basal epithetal cells (fg. 7)
Nuclear characteristics are mare clear cut
in material fixed in Boulns (fig. 7) than
in Helly s salution (fig. 2) The nuclet of
the pouch eplthellim resemble closely
those of the epithelal reticular cells of the
postnatal thymus (Downey 48) In other
reglons, as in some parts of the lower wall
in figure 2 it was difficult to classify the
nudel.
Tbaupthehumwu mgencrn] sharply
from the surr mesen
chyme (figs. 1 2) but Lhmwmnrul
where this was not so (ig. 2 indicated by
horizantal arrows) Even when the outline
of the pouch was sharp occasional cells
could be seen bridging the line between
epithelhim and mesenchyme (figs. 2, 2a
3) These bridging cells were fdentified
basophilic lymphoblasts They pos
-euednuc]d withatypica].lylmtc.ln-eg
basophilic

ular central nuclealus
(figs. 2 2a, 3) These nuclel
are similar to by Ohno and

hinoxita (66) who shorved in rat lympho-
blass that this characteristic frregular
central body was compo-ed of a Feulgen

this yrodd] complex
could be ca:ilfymd!ﬂmnuned from the sec
ood and fourth pouches by the srong

by three
double stranded Feu]geu portive threads
attached to it and radiating from it
Lvidence of migration of these lympho-
blasts into the epdthellum was indicated
by the following lhnpel of the cells and
their nuclel (1) the “handmirror type
with a rounded or polnted cap of cyto-
plasm directed toward the lumen a round
ar oval nuclcus within the qilhdhxm
(figs. 2 2a 3) and & tafl that
extended uraly,h( out 1nto the mnmcbyme
{(figs 2 2a 3) or that was morc or
parallel to the under surface of the tpilhe-
lum (figs 5 68) nd (2) less often, an
longated  orm-like or corkscrew shaped
nu leus  The latter type gave no hint as
o durection of migratian  The handmlror
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type of lymphobl with ded talls
was relatively scarce as few tails were in
the wame plane as the pucleus within the
epithelium  Many cells with stumps of
tails within the epithellum (fig 4) were
found and isolated sectiony of tails could
be seen just under the epithelium in the
mesenchyme Flgure 7 demonstrates lym
phoblasts which have been incorporated
into the epithelum and have lifted up the
basal layer of typicel epithelial cells The
nucleus of the Jower cell shows the char
acteristic lymphoblastie structure  Stmilar
basophilic lymphohlasts were often found
in the mesenchyme adjacent to the pouch
(figs 12 4 6) and their forms indleated
that many were fixed while in moton.
Mitosas were mumerous toward the surface
of the epithelium (fig 2) which is the
usual positon for dividmg cells tn colum-
nar eplthellum some were present bagally
or at the junction of the epithelum and
the mesenchyme (fig 11)

Macrophages could be seen within or
on the surface of the epithelium of the
second third and fourth pouches These
loaded phagocytes were mofe Sumerous in
the proximal and distal regions They
were filled with Feulgen positive granular
debris which could be seen as scattered

les tt hout the epithel

12-14-day-old embryos At 12--14 days
of age SO ermbryve averaging 8 3 mm in
fength (range 7-11mm) were mudied
This period Is one of transiten in strue
ture and form The thymic anlage of the
AKR straln mouse was usually more ad
vanced in its devel nt than that of
the C578] 6 In embryos 8 mm or lesy
in length the parathyroid thyrmic complex
might stfil possess endodermal (fig 11
C57B! 6) and ectodermal cannections
but in thote about 9 mm long these ducts
had mostly disappeared  Macrophages
were arsociated with remnants of the con-
nections At 12 days the thymic rudiment
was somewhat Vshaped wath short army
and a thick apex  In 13-14-day-old em
bryos the rudiments w o lurger and more
elangate

In the preparations stained with May
Grumvald-Glemsa basophsiic lymphoblasts
swith large frregular nu tor <ould be found
sinply or in mens of 1 r thee cells

CHRISTIANNA $MITI

within the epithelium An occasonal
handmirror shaped jymphobiast could be
seen with it cell body within the epithe
Uum and its tail fn the roesenchyme (B
8) As the walls of the third pouch thich
ened in embryos of this age groop 3
grdual increase in songly
Iymphoblants took place untdl they were
numerous throughout the anlape (anows,
fig 12 AKR 12 days old 8 rm loog
The basophilic wing-shaped cells that fer
merly lined the lumnen were now
(g 12) At this some thme 2 fairly wide
enclosed the thyma iR

=

ment However the oul
anlagen way for the most part M{‘z
15 18dey-old embryes  The groid
the thymuses in the 15-16- and 17-1
old groups was accompa

Ee
e
Suk

eticular cells could
both cortex and 2
the thymus of the 18-ds7

characteristic mﬁ%‘fj&l

D eted. In these (oS

p;m-m Lo

cortieal caplliaries MR TT s

1atlon of the surface had of earlec?
capsule had lost the cefularly

1l mie

slages 1
jrys prenatal-1 day pos! ]
A;Igzm-nh9 , contimued throuth the I L,L:

cmbf“’ n 3
period (19-day u!thf‘h’“’“‘m

ftheltal
:&-hcd in

:

mke

1

same o3 that

strein of mouse I3 large?
Ca7Dl 6 (Smith B1) 2
was cvident in the emb
of the two straind



Histochertistry
Alkaltne phorphatase
10-11-doy-old embryos  With the alka-
Ine phosphatase third
pouch was more reactive than the secaund

:

i

Asx
the ventral to the

fgaer

i
gé
il

gitg

!
§
5

?gg
i
i
o5
i
af

rE!
i
|
i

border was most
In the AKR thymus however vrere
0 many cells and lymph-
ocytey that with the aro e it
m:edmmaﬂm-(ﬂ 25 29 31)

wrere raare af these tase
ceJl.tnv.beccimmthmln mednlla.
Thess ahow cleardy In figure 25 2 photo-
mlmmgtdnthmmdulﬁ-dly-old
embryo (beta gl -cobalt sl
fide method) and in figure 31 (18-duypold
thymuos, szo dye tachnique) As

.| 1 Nogreactive ages wers
Rure 2 i
of pouch.

15-18-day-old At these ages,

cut differences were prosent

lhethyrmuaafthﬂcs‘mllﬁlnd
strains of mico with the alkaline ph pr
e techniques. A:mmhmphomﬂ‘h
the CS7BI/6 thymus wers negatve
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shaped cells lining the Jumen and these
which were located near the pharynx pos-
sesved the grestest activity (figs. 8 10)
With this technique, reactive phag
loaded with debris were seen clearly within
the epitheltum and on the mesenchymal
surface of the three pouches.
13-14-dayold embryos In this group
the most deeply stained region was the
body of the pouch (g 16) There were
o obvious variationx due to strain of mice
With the occlusion of the lumen, the de
rivatives of the wing-shaped or stellate epd
thelial cella were grouped centrally (fig
17) or wern pressnt toward the center of
the lobe as single cells or as small groups
or nests of cells (ig 18) Thess epithellal
cells were now differentlated into two
kinds One type the strongly reactive in-
cluglon cell, was an ovold or roundish cell
distnguished by an eccentric nucleus,
round or oval nucleclus and coarse Tound,

on
Y
#ide only of the nucleus (figs. 10 22)
The other the eplthelial reticular cell was
an irregularly shaped cell with fine, nega
tive gramules in extendve reactive cyto-
plasmic processes (figs 19 22 23) Theso
cells varled in degree of activity
were highly reactlve, Caplllaries were
ferentiated at 14 days but only oceasional
reactive cells abutred thelr s. Less re-
actdve mesenchymal cells and’/cr macro-
phages might be components of the nests
(g 23)

15-18-doy-old embryos  As in the 12—
14-day-old embryos no differences due to
strain were obwerved with this technique
Highly reactive single cells and groups of
nclusion and epithelial reticular cells were
concentrated in the medulla often near
the corticomedullary lins (BLIS‘J) _,A re-

CHRISTIANNA £MITH

constructlan of dx sections & that,

as in the adult, thexe dense nests of cells

ran through a number of sections. In the

older thymuses of this slightly re-

sctive mesenchymal eplithellal reticu-

hxcr_ﬂ.lbe;mtoaapenxlnzhecmex, The
) of |

cyiopd 7 con-
tained & few dye granules Reactive cysts
were present.
Suspensions of cells treated to show sites
of esterase actlvity were made from fetal
thymuses of both C57BI/8 and AKR

g

E

3
3
H

i

o)

!

i
i
i

the obscrvations
dons.
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15-18-day-old embryos  Vascular sden-
adne triphosphatase activity became evi
dmt in this age group in both strains In
e intedobuler and arteries

12-14-deyold embryos. In embyos of
both wrainy of mice 75 mm
and § mm long, well deflned tions

the pharynx contatped

&m"ﬂ!mns:mhhml;e’uﬂmﬁm
tsirzase and leucine

techniques. In a litter of X em-

ft
s

i
B35
3

g
%)
3

Ly lacked glycogen except in
the subcapsular zone In these sections of
the thorax, the thymus was the least reac
tive structure.

phocytes

thymuses of the older embryos
patal mice investigsted in this study
Cervical vesicle

Well formed and distinet cexvical vesk-
remnants were followed 1o

Movphological correlations
An N the pb "
of the thymus of the mouse con best be
obtatned from Criyana “Die Entwickdung
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HISTOCHEMISTRY OF FETAL THYMUSES

{1) a polarired phase with an active an-
berior area and a pasatve pos-
teror tafl (the handmirror form) (2)
phase with pseudopodia ads-
from a rounded cell body
The anterior cap with motile
been described

b y by

and Lewis ("39) In our material
the anterior cap {s seen in figures 2 and 4
A review of the movemnent of lymphocytes
:mmww(M)mwm

inded  that lymphocy

through the meshwark of a plasms clot by
1 wornHike motion, with

dmirror farms and
ton of sections suggests that this is the
;Mw epl-
theltym. y
Although the handmirror shape is a form
often seen during the movement of lymph
Gowans

of actlvity in the endoderm and im the
was almost nope. We
found, between 10 and 12 days, that ghy-
varled in amount in the cells of
cervical and was consistently
in anlage. During

this period, also ph

vl

postca; vetos.

The origin of the thymio hrymal
reticular cell may be related to
Lot Ao el
) ocytes

come le‘nxém

for alkaline n
e o that the spccessive
evaginations of five visceral wrere
mcnzmzhmu‘xcemﬁmd and
RNAmdwctmd]yu!m ulBtI?.:
activity He described
particularly tn the apical ple of the cells

The present study demonstrates that these
characteristics appear in the

The differentiation of the adnlt pattern
of cells reactive with the techniques for the
demonstration of alkaline

i
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lummofthnmncxaf!.heratdlymm
particularly at the crantal pale. McAipine
concluded that the greater activity was
assoclated with the formation of the large
thymocytes characteristic of the outer cor
theal zane

In both strains of mice beginning with
the thirteenth day the peripheral distriby
ton of sites of alkaline phosphatase netiv-
ltylnlherctimlnrcelhandlymphocytals
paraileled to & falrly marked degree by
tzining glycogen after stalning
with PAS solutlons. This distribution of

gl was noted also by Smhth and
\aldrun('ﬁo)inlhdrnudyarg)ngen
in fetal thymmses of C57B1/6 mice Shn-
z)ecelhandcellnwmthglycogenln
them wers present in the medulla. In
both strains glycogen appesred in the
small cortical lymph by the nine.
teenth day and according to Smith and
Th (B0) was contatned in sbout

Evidence of secreting and phagocytic
activity in the thymus

One cell type Is rich in esterase
activity and contains fine seed [lke  un-
stalned cytoplasmic granules Simflar cells
but less reactive are found in the cortex.
The other the inclusien cell strongly re
actlve with the techniques for esterase
and alkat hosph P coarse
cytopl les or incl, which
have blackened surfaces and are embedded

in hi. reactive eytoplasmic ground sub-
mnc?](ysmm. 61) These incluslan cel's

CHRISTIANNA SMITH
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FLATE g
IXPLANATION OF FICURIR

13 days CS7Bl/$ alkaline ph actitety 10
secthon of an alder thymic lobs hows ltes of enzyms
the thymus, harply delimited from an unresctive ant

pharynx (arrow ) This sectlon can be compared with Sgure 8. 7 X

j
i
by
(£}

»)

13 AKE, [kaline phosphatare ectitity 15 x, frostal section. Thebetd (

-nd‘mmm: af the hymic anlage s much more rescth  than &
part of the body ~ 103,

13 deys AKR esterure activity 15 a, froatal section. aection b sdiscent
;M:h-mphmphdmﬂrmxs Tbebaiyd'b:mhﬂllm'"“:‘"w
technique with thst for alkeling phosphatase Growps
reactive cells are ted by arrows. Tbe head (h) b mwch I
resctive than the body » 105 "
13 dayr AKR, cxterase actronty 10 n, fromt ! grctow 1 thl nfﬂwwﬂ“"‘"#_d
strongly resctne  cplibellal reticular prominent 1a the Py
the lobe. Groups of cells and slngle cells (rrrows) throuphowt porion
Mlhlobtutmﬂ’!dn-plytﬂu‘!dﬂlmlblm}oﬁty‘fﬂnL 7\"7"‘1"' Besd

of the thymuc e, which atfll possciscs  Jome huulru’:
Cells of the paratbyroud gland (Pt) are also lightly rescth /2 -
13 days AKR. estermre ocinity 15 x, { ontal section. 1 m%:‘,ﬂm
rxore Mym@mhmwmmwhwmmmdm
Sowne wingle calls ate more y stained than otbers (arroms)
other cells bew soma sctinty > 210 -
12 dey AKR eascrase scthtly 13 o A sirontly reacth bdud:‘ﬂ!:ﬂh
w I defined and gral mocleolus rimmed ot o
indicatn  of jts epithellal mmuybnuhuhlyrfﬂw"' Thew
mwmmmammmmdkd@dum"tﬂ*
Guomm may potsess v surfecen, The rescure cyioploo 0L L Ty

& 7
sren in figure 1 840 The hrme

13 deys AKR acid phosphelase ectivity 13 . frowtal
anlage in bl strain 13 (he movt re ctive orgas B0 N

2
:
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PLATE 3
EXPLANATION OF FIGURES

4 6 alkalt; s Thix " checn
14 dayr C57BU/ upha’km.tdtﬁyl’. wectian pic

to thow the peripberall
by -d ntnu!.:itnthccrtophm‘rhm
are directed tvward the noclel of three reticular cells. x 840,

14 showy the contrist {8
days lime 25 estermae activity 13 x. Thia sectiom e o "

the Backened cytoplasm.
macrophage (m) with nclusions (errows) X
15 days cmu/s alkaline phosphatase actictiy Jun.hv-ul e
ones red for L

rest of the (hymus. Same cells of
stained. x 42

154.,-4:}1, Ihalime phosphatate acti xaplrvwl s i focr
altzed distribution of reactive cell Is sten -Ifbom e
demaity in the Iobulated outer rone. Almost unamdum”‘

Xehyf AKR, atkeline phosph activity gy ‘reticalst
The greater activity of the cortex with Ity scastered resctit
L‘Cﬂli—lf-ﬂlh-lrpmmwlh.lﬂ resctive medulls ¥ 43
16 deys, CS"BL/8 PAS frozem section, 10 o Amﬂvolm.pnhrudr'ﬂ"ﬂ““’
calls and s pousible mesenchymal cull ld::ld lnthcnr&nmm“‘h’“hd’
E-Schiff techniqne for mn.s.mn.mvlmdumn‘"
cytoplasm are cutlined by glycopen. X 810,
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PLATE 4
KXFLANATION OF YIGURES

17 dayr C57BI/8 alkaline phorphatase activhy 10 a froxtel scction T
C37Bl/8 thymus has increased greatly in volume (compers with fig. 234) e
it is much xmaller than that of the AKR strain, 20 The differences potd

wrreactive lymphocytes. medulls are scattered naats of reactive
cells, nchymal and epathelial reticular an occasional cross wectos
of & medullary artery N line is evident ey slightly rescine
cpithalial reticular cedl mr move re ctve ymllndcuhrtcﬂ;kbl-“*
ened fnclision cell. X 105
18 days AKR  lkal ocephatase ctivity 10 x, frontal section. The w0y
4 Lhumll.;-nﬂrnﬂhv zn:'mcdn medulla of tee AKR
'-hyn:nnhdu.e( dulm‘olo‘rllnshn.cd‘ mkulunlh-ndw"?“'
itk 1o o Inchasien cel (ic) lert seocth
ocytes. \ the medalls are highly resctive
cells {mr) nd epithelial reticul c-m(rr)nd-'“"""

mesenchymal raticular s
f arteras (a) em corticomedullary line; X3 Troup of large lymphocies #d
mesenchymal reticular cells. X 103.

17 dey  AKR  terase actiiity 10 x, fromtal section "”"‘fﬂ‘;mmr

this traln i dustinctive The highly reactive cortex
llmwlmnunnmdulhhmhmcmdcdmmdrd
cortex M medulla 4 103
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A Study of Salivary Glands of Rats Injected

with Achnomyan D '*

HEUN T JHEE, SEONG 6. HAN awp JAMES K AVERY

The Uniorrsity of Michigan Sckool of Dextistry Anx Arber Mickipan and
Y meel Untiervity Nedical School, $soul, Koren

ARSTRACT

A study has been made of the siltvery

of the rat {ollowing en

glands
injecthn of  sublethal doss of -mnmm:m Bcdywcuhu-ndwdghnaf:b-
sabmandfbaler

perotid and
4d rbolu-tn-ddumﬂuu-wtnchpaudd

decreases during the first 7 to
oland
thet the

and indicated
calls occared in the following arder: (1) bhaginning of puckear
decteass in nomber and sire of necld by

in secretory

pykpone with
Nh‘!m'll!mﬂnb)ocﬂmx(ﬂ)ld—
decrwase in

i

by dey 3; (3) spparent e by
day 7; (4) mdnn:l-nmybydnm‘md(s)cumm
by«.h-mdnfupnﬁnmunﬁmmd af basop!
and of vacookes.

b { the weight changss, cytological were greaser in parotd
than in the & was thought to be relsted to dtfferwnces in
nature of by {he two crgans. mmm-ﬁ
tregulanty in granules in eelivary ducts wubmandibalar gland were
cbetryed bat tlhmtxmtﬁ;-;thlbon d!nguﬂlnﬁ-.ﬂchl.m
sgficance changes drscursed Hghet recmdy gained
knowledgr th-bh-_'zn!.b-h nuclalo acids and proteins es redated o chem-

i of Din m-ANA
Since the Isaladan of nates the following (1) m-RNAuw‘eﬂ

as soluble and

m-BNA Iz relatively fast and (4) the
gr;ducuonul'.bam—mcnubnmhfb—

f with DNA g in the
blockege of DNAdependent RNA poly
merase activity

Vuh respect to the digestive
cretian. Antu.lult(mpnmdhglhzcdmmh—
tration of D would

uﬂ‘ectthcfmvcdnningo!l.hed.xndwhk:h
lnnnnmﬂdbcr:ﬁecttd ity structure
ton we have

1

communicas
dncdbcdt.hewdghtchm‘u
t parotid and submandbular glands
foﬂawingldndetn}ecﬂondnmbk(hﬂ
n---m- Cori e RSt ol o4
m-d Tnn—uun: {Duemay
el e ™

o



632 UEUN T JHEF, SEONG 8
dase of actinomycin D (Jhee and Han
'64) The present article represents the
final report of the complete study
MATERIALS AND METHODS
Experimental design Twenty-eight adult
male Sprague-Dawley rats were used. Of
these 21 received an intraperitoneal in
Jectlon of 75 ug sctinomycin D dissolved
in 05ml! of saline In a dose-
lethality study it was found that the dose
used produced a pronoumced effect on the
weight at the end of three wreeks
maintafoing gver 85% survival in
adult mals Spngawluy rats weighing

of the experimental and ane of the con-
trol rats were sacrificed on days 1 3 5
7 10 14 and 21 Each rat was weighed

body welght of the

ras subjected to statistical anslysis
Hlstological procedures Upon sacrifice,

the right parotld and submandibular gland

were dissected out and weighed Small

hematoxylin and eosin  In sdditon the
ol g ining 3

ployed for observing different aspects as
indi d Unna P heims

Papp miethyl
green-pyronin for changes In nuclelc acld
contents  PAS-arure II for RNA content
and granules aldehyde fuch-
sin-Masson for the general appearance of
the gland and mucicarmin-hema
toxylin and PAS-alclan blue for cytology
of the submandibular d

The mucleolt to muclel ratlo  In order

HAN AND JAMES K AYVERY

in random sreas. From esch ghnd at
least 1,500 or mare nucle] of scinar cells
were counted, Of these the number of

re

corded separa
ratlo (No/N) was obtalned a5 follows.
No.nlxmddauuhiunuckﬂx

Bo/N = Namber o nucd

RESULTS AND OSSTRYATKNS
Weight chanpes
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to obtaln a tve estd of the

h of the y cells
the ratio of the number of nucleoll to that
of nuclel was stodled in the followin
manner  Methyl in luJ.ncg
sectlons of the d gland from blocs
fixed in Zenker [ormol were used. Under
off immersion nuclear counts were made
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AVERAGE BODY WEIGHT {(gm}
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DAYS AFTER INJECTION OF 75 ug ACTINOMYCIN D

h«.l Th&nmhhn&ywdﬁrdnﬁh}w&dﬂ&mmmbuwﬂ&

Sobmard 61 by
Parwtid —t—

8
e e

AVERAGE GLAND WEIGHT (mmg)
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500' as T m® ] i
DAYS AFTER INJECTION OF TS ug ACTINOMYTIN O
o right peroaid nd suboiaadivoler alaads fn e fafected
T 3 The chungs o weight I reighes wheveia s e
dyidrie il ,,W.mﬂmwawwy




634 HEUN T JHEE, SXONG 8§
changes was noted by day 14 and, by the
end of the third week, the gland recov
?g:d;;z essentially normsl appearance

&

Actnar cells Secretary cells of the pa
rotid acin{ became somewhat smaller com-
pared to thoke of the contral (figs 6 7
and 8) The selective pyknosis of nuclef
of acinar cells was apparent 24 hours
following the injection and became exten
sive by day 3 (figs. 7and 11) The nucleus
of such cells was smaller than contral

vrinkled outline,

25 lost the typical ve-
becames increasingly con

densed (figs 11 12 and 13) By day 7
the nucleus was 5o dense that only by
means of differential staining could the
or ab of the leoll be
determined. Elsewhere the progressive
rerdfication of the was notahle
in the affected cells (fig. 13) It seemed
to result from a combinaten of the de-
crease in number of secretory granules

and had an

were com
12 and 13)

which in
number and size (figs. 8 and 12) They
were most numerous on day 7 and were
often located adjacent to the nucleus

8

3 3
1

JU——
N
7

8
—l

— N

[
or 3 3

NO NUCLEOL!/NO NUCLEI X 100

DAYS AFTER INJECTION OF 75 pg ACTIN

s change In cucleocytoplaemic ratio of
day 1 s followed by  gradual recovery which

The

N

I ! 4
L o]

HAN AND JAMES K AVIRY

to be facllitated by the of
vacuoles (fig. 12) In some cels

the entire cytop was

seemed to

scattered throu, t

=3
2
=3
F
3
g
B
siEs
émgmgz

However
vwas noted In the contest of %

“

OMYCHN D

oy 20

cells of the A.L:!u:
S eccted thet of



SALIVARY GLAND AND ACTINOMYCIN D

t

tons of the duct system ( 15 and 16)
This could be statned eosin after
Zenker formol fixation as as other
crtoplasmic stains. The eosinophilic ma
terialy were cleared by day 3 (fig. 17)
The cells of the interecinar cormective
timus remained unaltered,

Ckanges in mumber of nucleall. To

Ducts Of the
cnly the granolated portion of the stdated
duct affected.

Compared to
changes chaerved in acinar cells the effect
was rather slow The ducts remained un-

chan, duﬂngtheﬂ.rltSdanwhenthc
lmp:lddegm—

eration ( 21) Ondnysldecrun
number the granoles was observed In
specimens and by dsy 7 depletion
of yras evident in many cells
(fig. ) The es that were still
Present size and distd-
bution. The basal striation a some

ztinar cells was progresal degenerat
ingdm-lngthhpa-lodmanddmghnd\ﬂum only in the parotid gland,
dropg o 3 . y protel e
tive recovery of nucleoll, in t and The av rate of turpover of
ather m—RNAlupa‘l::oit'l-:n:fB cells {s not
might be tmpoctant. This is in agreement However e rmapidity of its
the finding in which ths turpover has been shown by vadous ex
nucleglar was seen to procesd uatng & (Levinthal
that of the noclear end cyto- et al ‘B2 Stachelln et al. '63) For
plasmic 50 to 80% of the ribosome-

Histological changes of the
submandibular gland

Elhe$uﬂd The degree and extent of tinved availability of the n
demage however was in mRNA (N
comparismn to those of the parotd. The and

e was mod 4 the

ppesred to persist, although as

a strnlh ) was app (Bgw.
19 end 20) A fahdy lsrge number of (o blockade of mHNA
vacuoles were evident by day 7 As was
troe i the case parotld, an early submandibalar gland
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It {s known that, slthough the scinar cells
broandiular have 2 dis-
tinctly different structaye from that of the
ordinary mucussecreting cells the cells
seem 1o m&ymptwlm aod acid
™ (Baker et al. 64}
ﬁmthexuﬂtu{mwdghtm«ﬂa;uﬂg:
ports the general contention that the
oration of and acid moco-
ccherides {s less dependent uﬁm
mml\ activittes  than  prateln 0~

HEUN T JHEE, SEONG 8 HAN AND JAMES X. AVERY

i
it
£ai
o
T

T
W

of the nucleoli to nuciel Tarto along with
histol obervations might be taken
as evidence for the specific effect of the
drug on the nucleolar structure Om the
bch{ quantitative data on the pucleo-
1gr bebavior it could be said that the &
rect effect on the puckeoll v with the dose
used an tmmediate ane which lasts for
the first seven dayy and that a full re-

since wuch sequence of changes would
supgest that cyteplasmie  regenera

mﬁwummtmmu\,
clear recovery
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PLATE %

IXFLAMATION O FIGURLF

& A portion of the right parotd gland from a conmal rat. The sciad
mmmmm-d‘umnmﬁmﬂ"
. satned

H
§

7 A portion f the right parotid gland from a rat sacrificed
After injection. Note the salective wrinkling of ouckopltss in
acinar cells. Myocpithetal cclls, and cells L“""""""h-."“"““"xm

connective tissus appear PP
Frred in Boutn sedation and statad with bemaklio end sots.
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PLATE 3

IXFLAMATION OF FIGURIS

A poxtion of the right protid gland from an antmal sscrificed snen
injection, Numerous vacuoles of varying
fn many acinar cell X H0. Foeed 1
Bouln fixatire and stained with bematovylin and eosn
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PLATE 4

EXFLAMATION © FIOURES

secretary cell s large and
Aprroximately X 2,100, Frxed in Zenkerformol and stained
PAS-arure II.

A parvtid scious from a rat sacrificed thres day  after the injection.
mnmhxcmmmhlnuzuln-ndthnn:kov!uﬂw
matic. Note the clumped appearance of besal basophilla and degraw
ulation f the spleal cytoplasm. Approximat ly ¥ 2,100 Fred
Zenker{ormol nd stained with PAB-arure IL

wremd 7 fwr

An acinus of the parotdd gland from  ret sacrificed seven
the injection Tbenuckuyylmuuhfmhnmmad.mm
pla m contalms vacuoles f varions stres. Thair rpvcmnf"“f““
that large scuolo (V) might be formed by the cosleaceas
number of umaller coes. p'p-mxhnuelyx!.loumd Zewker
forrmel nd statmed with PABasars

afeer
A portion of the parctid scimus from  rat sacrificed seven dan
the injection. N mnulﬂmvh[hlemd!.btﬂm FP"“,.
form flamentods aggregates creating cloa regions in h‘m"'"“
! mped mames. Appro Imately x 2,100 Fleed in Zemkerformd
nd stalned with PAS-azure I
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FLATE 6

IXPLANATION OF YIGURES

10 A portion of tha subm odibular gland from  rat seven d yu after
the injection. Despte the of the
the nuclear pyknosis s not as severe as in the
section (fig. 8) Approximately x 840 Fived in Zenkrrformal and
stained with PAS-azure IL

20 A portion af the submandibuler gland from  contrsl nt. Approtk
mately X 840. Fioed in Bouln fAxative and stained with mucicat
minbem taxyhn,
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