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An FElectron Microscope Study of Age Changes 1n the

Liver of the Mouse'

WARBEN ANDREW

I

Since the advent of methods of ade-

croscopy

investigatoes have directed their gttention
to the liver Bernhard, Gautler and Ober
ling (51) described the fibrillar ele-
mmmin‘hohepaﬂ.ccr.lhwhlchthe‘yfult
curresponded v

or
Mght mi-

Dmdm' Indiena U trerstty Medical Conter
Indiana

a center of low demdty sur
rounded by an irreguler frame of greater
density resembhling, as the authors say

of an exploded

Yesicle

Upon fasting of the antmal the glycogen
areas become filled by af vesicles
and these go on to into a continu

With the comsiderabls amount of fine
descriptive work which has been carried
out on general aspects of the liver cell, and
with somne background which we have had
In Hght on age changes
in the liver (Andrew Brown and Johmson,
43 Andrew 'B5 'B6) It seemed worth
while to undertake a study of age changes
with the electron microscope

MATERIAL AND METHODS

Scventeen animals of the C57 Black
strain of mice fram the Roscoe B Jackson
studies s

Artcﬂnlmdy(Puﬂ.crlndanl,'ﬁo)
has shown the relationship of the endo-

phs ate flled by ik
defined masses, 01 to 02 u in dlamrter

P The ago in
days and sex of these antmals were as fol
lows 1059 1054 1174 1704 6539¢%
8383 54992,5494 6109, 684 9two 664 d
7014 two 7284 8372 and 887%

The

tHme was ap-
proxmately on~ hour and fifteen minutes.

i g L o e



CONTENTS

No. 3 MAY 1962
K. K. Hisaoxa anD C. F Fmurr  The Localization of Nuclele
Acids Daring OBgenesls in tho Zehrafish

Sam L, Cranx, Ja. The Heticulum of Lymph Nodes in Mice
Studied with the Electron Mlcroscope

Hosrr B LATIMIR AND PAUL B SAwmN Marpbogenetic Studies
of the Rabbit. XXXI. Weights and Linear Measurements
af Same of the Banes of 685 Race III Rabhdts

Donarlp H ENLow Functions of the Haverzlan System

Matcorm B CARPENTER AND GEORGE R. HANNA Lesikons of
the Medial Longitudinal Fasciculus in the Cat

Innrx TO VOLUME 110

203

217

307



L. M OF ACE CIANCES IN LIVEX

(fieatl

of the et

whether we are looking at &
cyte or at onc of the some-
what altered hepatic cells which we have
fourd to be scattered among the more
cells of the ltver In old age

Stody of the mitochondrlal preparations
revealed two facts about the Lvers of the
senlle First the great majority
of the hepatic cells showed a cytoplasm
with many mitochondria apparently
no less number than in the younger
antmals. Second there are small groups
of cells and in scction at least indisidual

Electron microscope firndings
The most promincnt feature brought out
in electron mictographs in the lver of
senile mice is the presence In a number of
the hepatic cells of muclear intaginations

through the nockeus In
are broad mouthed

£
g

and

plagmic elements, including lipld droplets

reﬁcu!ou;:nuldglyco‘\:cn The
a is one a series of steps In
'hmmmlchmchlndm“nbemzuhnhna
the nucleus by a process of infelding fol-
Jowed by a cutting off of the infolded por
ton.

A second feature seen In electron
croscopy of the livers of old
presence of nuclel In process of degenera
ton (fig 12) In nuched

B
E
g

microwcope
they become very conspicuous objects and
are not as likely to be confused with leuco-
cytes or other cells ax in light microscopy

Obscrvation of small vessels seems to
indicate that the focal degeneration may
be due to vascular change as endothellal
alteratton and fibrotle change in the walls
of arterloles are found in the regions
where degenerating nuclel occur  even
though the liver as a whole may show
relatively litde alteration of the blood
vessels,

Tt §s Intervsting to note that mitode fig
ures are consplcvous In some of the livers
in which the larger numbers of derenerat
Ing nuclel appear to be present.

The nucleoll themsehves occasionally
show changes even in othermise “healthy
lookine,  nuclel most  commem
chan~e Is a clearing of the central portion
ghving the nucicolus the appearance of a
ring in section (fr. 9)

We have made some general observa
tlons on the nucleoli or structures appar
ently related to them which while difficult
to interpret at the present time seem to
us to be worthy of recording here  The
nuckeali almost always are surrounded by
or enclosed fn areas in which the nuclear
contents appear denser than in the portion
away from the nuckoli In the electron
micrographs these areas are gray (fie 9)
Many cells also show bodies in the nuclel
scemingly of about the density of the mate-
rial in these areas and of about the same

to the llhl.he clumps of
ay seen i light micro-
mmh-:hﬂ:ﬂ:h Nucleoll seem to be

outer
approximately 100 to 120 A. Of this
d > ble membrape Fawcett ('35 1477)
saud 'Xlurmendxdyclmrwhe&rbah
membranes should be considered as part
of the karyotheca or whether only the inner
membrance 15 t0 be 1dentified with the nu-



4 WARREN ANDREW

cleus and the cuter ope regerded ns the
Hmiting membrane of the cytoscrne

In a condderahle number of cells in the
liver of the old animals we see what ap-
pears to be & very much wider separation
of the inner and outer membranes In
ane instance, this distance is over 2,700
A or about 27 times that described a8 nar
mal! This seems to us rather remarkable
in such an important cell argapelle. It
scems also to make more feastble the Inter

culum which thus would have become
changed very radically

but only after the electron microscope had

pretation of the outer b as less
dependent upon the nucleus as such and
puhnp:]eudnmtorvgm‘dnummﬂkdy
to be an actual “limiting membrane

Enmgmdddmlm,mththelppnmt
ck of age change The great majority of
cells appear to have a full complement of
mitochondria and the internal structure of

d us with the occurrence of in-
vaginations of the nuclear membrane,
This phenomenon itself is made more ig-
nifcant when we leamn from the experi
mental studies of others that such inclu-
slons actuaily are formed by the process of
engulfment of masses of cytoplaan by in-
Yaginating portons of the nuclear mem-
brare. This of entrapment was
first polnted out by Kleinfeld, Grelder and
Fr‘njoln ('68) in studies on rats treated
th thicacetamide observed that
tbamm ton of the tnclusfons is com-
plax that lipid glycogen and even erll
organelles may be present in them.
Lcduc and Wilsan (‘59 aand b) ntudled

of intr
!hu livers of mice fed 2 nrr.hlmﬂno-rk:h
bﬂulbenmmtud.lctmdn.boinmlcewﬂh
They showed

rcryd.lﬁmt.bodlmrc]nd
chondria and the endopluml
In such areas, which mcludennnll

of cells or even single cells the oy

at
that such inclustons contatn, bexides
glycogen and sudanophilic Iipid, certaln
emymes including add ul:ll:

euc ry

The atwmd of!.hr:lc
b in the incl

vary in general mml.belrlbamdnncc
lnthaciym'p studies showed

dria are reduced in sire ond in mum

mitochondria in these regions are actually
wasting away and disappearing
In such areas o rather remarkahle ap-
peannce of the cytoplasm is seen with
well defined trabeculz structures form-
]_ngnncmm't (fg 15) Our observations
would mnke it seem llh:}yJ Lhnt these

h-analuucnmol‘t.beendaplumkrzﬂ

Lhat.ln!hoirmatahln}cut,!hoindu—
sons were formed by an Invagination of
the nuclear envel

In hrge Nver (non-hepatoma) the
were large and connected with
C_Ek?lm only by a xelaurdy narrow

dﬂawﬂupruan buldcvcncm!.[ngom-
were fairly ¢
Our a
with th
dons as

liver an
interestin

us
inclu-
tre
nly
1re
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[:3 WARREN ANDREW

Cotsel, L. 1659 Elektrenermmikroskopischs Un-  Kieinfeld B G M. IL Grelder and W J Fraja
1658 Flectron of intranoclesr

xur Frage des Dt 7xflm b =  of ntraaned
in der Laber Kiin, Wachr 37 743 oxion found in humen end ra parcs
Dalton, A. ] H. Kshler 3L J Btriebich and B.  chymal celle J Blophyy and Blochem. Crta-
Lloyd 10830 Finar struciure of hepatic, in- unﬁ-rlﬂ.vﬂa:“‘;ﬁ
testinal snd cells of the monse as ro. Ledoc, E H. and J W Wion 1955 A hiso-
mhdbyr.hadcctrm J Nt M’ﬂl'm_‘;&uf Inclaslons
Cancer Imt, 11 430461 Crtocham., 7 8-18, 1 Hietoc
DcRohurﬂs.P—.\V\VNowmﬂtndFA.Blu 1859 An el sody of
1960 C‘ncnlcﬁulo(y mcm- mmmmuvnnd

pary Prfladeiphis lm’“"-m bepatoms. J Biophys. and Blochem Criel,

FMD w1988 unn!m the 6 437430,

eloctron Portsr K, and C. Briml 1960 ¥ins stroctuns

mla'ewwy hepatic
calls. Nat. Cancer Imtitmts, 15 (supple- changes in rat liver cells aeociated with gly-
mest) 1475-1504. cogenesls and glycogenolysle, An t Res, 133,
Frischman, C. F and D 8. Ruseell 19«2“2; 2 260-361
of

fures of foetal Leptomwnminges. J Path. apd of rats fed an high and pon-protein dicts after
Pact, 50 53-89 starvation. Acta Anet, 94 355381,

1 Lympbocyte wmall
area of ectopi Iymphold tiseue, In a 313 day femgle
mouse. This phenomenan s young an}

senfle roouss, & 733 day male. The cuntral partiom con-
lhudqphhd.lddu.]h. Hematovylin and eosln. x 450,

3 Asterile from the perpoctal reglon of | 716 day male.
The wall is Abrosed and byalinized. Acid anflin fuchsin
and Lght gresn. X 1,210,
4 Glast mocles of brpatic petwachymal cell of an
male An inclesion is seen in leftbacd portin of the
moclen. Hematoxylin end eosln. X 1,663
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xur Frage des D4
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L. within  hepatto parenchymal cell in _ small
arsa -:tqiclrmphd.ddﬂ'\:-.tu zlad.yfmuh
mouse. This phetamenon fs pot common 1n young ani-
mals but occurs oftsn in (be Livers of semfle mice. Hema-
taxylin and costn x 1352

A nodule of ectophc lymphold Umoe In the Hver o
-cnﬂamlmd.lymh. The central partion con-
suts of cpitheliald celly, Hemstoxylin and eosin. ¥ 450,

Arteriole from the pedportal reghon of a 718 day male.
The wall ja fibrosed aod hyalintred, Ackd anflin fochsin
and hght green. > 1,210

Glant anclens of bepatic parenchymal cell of sn 818 day
male, An incloslon #s sewn in left-hand portion of the
muckeus. HAematoxylin and eoun. x 1,993

Un-  Kicinfald, R G, M. H. Grelder and W J Frajla
Ratmes 1958 Electron micreecopy of {ntramucless jo-
in der Leber nl:n.chh:r,ﬂ7“—753. dnedons found in hyman snd yat byer pares-
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venlle mals mouse. The muckens has  wmall, elongated inclasion mes

of
nosted

4
ln/‘ror_

3

<
,

The incl don s simb
m&rlnmhru.k‘nbm
1L

to have been “pinched off
In this cell sorme lamelles of
IR,

C eodl

portion
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Cytochemical Localization of Certain

Oxidative Enzymes'

JAMES L. CONKLIN MAYNARD M. DEWEY awp RAYMOND H KANN

Department
An  Arbor Mic

Emphyln:lhtlcchnlqueofreu!_rsnec
held ('56)
dﬂu{bedth:louﬂudunufccrumaﬂda
tive enrymes. They rvpoﬁtdlh:\lcyto-
chrome oxidase and socelnic de

of Ansteray The Unterrily [ Mickigen Medsc [ School
higan

l.heeltctrmmadenvaﬂab!ebylbcuﬂda
Llcnmtnmfcm:d (ltebc ) to the
nalt reducing it to an insolubl

xs¢ were found oaly In the d

dthyd.mr:rnaxcwu
present in the supemnatant and DI'N and
TPN cytochrome ¢ reductases were ob-
served to be fn both fractions. More
recently Thome ('BO) has reported a
mitochondrial and a supernatant malic
dehydrogenase

lncuumnwlh:screpoﬂnonthcloau
zation of certain is the

enzymes. Farber Sternberg and
Dunlap (‘56) tested the avallable tetra

intracellular distribution as & d

20lium salts and reported that the best
lxrel btalned with

il and blue tetrazollom.
These ds have sub ly been

b{ histochemical procedures.  Scarpelll
Hess and Pearse ('58) Hess Scarpelll
and Pearse ("58) and Pearss (60) re
parted that all pydd! Jeotidelinked

Teplaced by scnsltive salts. N-ch!:n

et al. ('57) introduced the dye Nitro-BT

}Mdl-enhrg:kﬁyl 5,5 diphenyl 33 (3
d. 4

dfhydrmmmnndDPandTPNdhpbo-
were confined to the mttochondria

Nnc.hh: Walker nld Sellpman (‘58) de-

of [)F‘Ndm’h:l

drial localtzation uf TPN dlapharase

Becker ('81) observed the mitochondral

localization of TPN phmn':mld I.nlr:f

DPN dluphu-r:ne The obvious discrep-
lncybetwemﬁ;h:eﬂd—mcegnlncdbyl.hn

Bloel

cated the ute of MTT (3,5diphenyl 2-(4
5 -dimethylthiazol 2 ¥1)  tetrazollum  bro-
mide) chelated with cobaltous fons  Novi

Shin and Drucker ('61) h:\reuo—BTrvpu-r(td

unresclvable except that the

nlhhﬂjtyolcmnmo{themchmmm

P’-Bytd the previous histochemical stud-
123 are subject to question,

tion
d by Brodle and Gots
('51) the errymatic reduction of the tetra

ity with the methods wt}m
The curent medmdifm- 1he histochemn phorase which i3 being
hldcmo'nm-a of axidatlve enzyme not the (F. ]
activity depend upon the incubation of ond Dunlap 568 Nachlas Walker and
cells ot tixsues in a buffered d con- Sel C tons do nat

and g tetrarlium salt. In the pretence of
the enzyme the substrate is oxidized and

)
artse as long as the
ARk swrreried by DITHS Gramss A 3443 end

19
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diaphorase have the same distdbution.

to dernomstrats the enryme
site FarbermdBuedmz ('56) muc-tcd
that the for

JAMES L. CONKLIN MAYNARD M DEWEY AND RAYMOMD If KANN

xymamaybczudﬂ demonstrated n
wbmhlmunu'eazcdundchu:ndm
d sre avolded.

aphmnwuldbcmwmebymplcm
another intermediate dlectron sceeptor sand

utilized phenarine methosulfate for this
purpose It has been sul

Nachlas Margulies Goldberg and Selig
man ('60) that phenarine methosulfate
unhoemplaycdunmbmmm{crtbu

n the pmem study an sitempt has
to accurately localize seversl

xation was eval

MATERIALS AND METHODS
Stock Ncm 928 (L mrain) ﬂbmblu.m‘
Y bottls

zation, Thmimcmmm:ﬁ mdkm’!

mediumIQS(M mMuttmmdPArber
50) with 0 5% Bactopep-
ps and

Shin and Drucker ('81) have odvocated
for Jocall-

A tderation fn
localizatian ufcxrz-ymoacﬂvilyhlhalmu‘
]m:tnt}auulthc and distribution of
the f Itis Ty dif

substrates
Glucose-6 phoaphaee Dekrdrw
(GEDH
{02 M) tzipbosphapyrﬁ:lmc nucleotids
(TPN) (03 mg/mal) cynn}dﬁ (@1 M)
sodium flooride (01 M)
tmethane ('Tds) bnﬁcr(;g.ﬂ
M pH 7 4) phenarine methonllate
(1opg/ml) Nltm—m‘(osm/m!)

0
wdlum (DL) r;x,cmphmgms ;%u(%%

mz/mi) cyanide PMS Nito-BT T buf
H,drmbn,rtc Dehwdrogenase (HDH )~

Bhyd

e (033 M), DPN cysteint

(OOX M) n.tcodmmida (005 M) FAMS

cysnide Boremsons phosphats
buﬂ'cr(().ﬂ.!:b(pﬂ74)

Comarwahy spelied ¥y Dr Deasid L. Macchart



OXIDATIVE ENZIYME LOCALIZATION

Lactic Dekydrogenase (LDH) Tsocitric
Dehydrogenase (IDH) Malic Delipdroge-
nase (MDII) sodium (DL) lactate (01
M) disodium (DL) {socitrate (0.25 M)
and sodtum (L) malate (0.25 M)
tively DPN cyanlde PMS Nitre-BT

te buffer

Succinic Dehydrogemase (SDH) -sodlum
succlnate (0.5 M) cyanide PMS Nitro-
BT phosphate buffer

Diphosphopyridine Nucleotide Diaplio.
rase (DPND) and Triphosphiopyridine Nu
clectide Diaphorase (TPND). reduced DPN
(DPNH) and reduced TPN (TPNII) (0.5

21

can be d.lrldcd into three distinct areas: a

2one a lar rone and
an outer nongranular zone The juxta
nuclear rone conists of vacuoles em-

and the Jurtanuclear rone and contains
numerous moderately large (ca 2 k)
dense granules. Extending from the gran-
ular zone to the outer limits of the cells
is a thin layer of nongranular crtoplasm
te. the nongranular zone When the cells

mg/ml) resp y NiroTT
buffer
lthytochromc oxidase by
method of Burstone ('60) employing
Nphenyl pgbeny

cylochmmné.Cr_ﬁ:mcn}w bated

2) Indikcating Llnt m.ltochund.rla are con-
fined exclustvely to this area. The consist
ent slze of the mitochondria and thelr Jo-
callzation in the granular zone of the eyto-
plasm fnd}lmzd the l)mcrgztutlm of the

in substrates contalning elther 7.5 paly
vinylpyrrolidone K-30 (PYP) 044 M or
oﬂshl;numh:ordcrlodetrrmlmlha
effect of oxmolar protection on enzyme
activity and ocallzation.
Since the accurate localization of the
prirmary purpose
n!memdumbuumorceuuhr
organeles was confirmed examining
rhh!ectﬂsﬁthphwupdcl. Iuld.d.ldon.

wmmulzdbytupnrml wiith

by the varlous
The deposits varfed

Janus green B (0.01% i isotonic sodium
chloride)
RESULTS
‘l'hetntrwd]ulax]ocalhnuondwdda
nsenzymul.utth s

and were present In the
lar and 1

zones (figs. 5-12) Thess formaran gran-
ules wrere comldmbly nml.lcr and more
than the

fadll the rocphol

dria.  After

ueru.ln, d the smaller {
ftrobl 1 d to be clated with &
which was rough

istics of this cell. When viewed Ehua
Wﬁﬂ(ﬂpl)lhecytoplnmdthn

scparable from the larger gran-

TANLE 1
Distribution of exidethe exrymes

Exryme Jurtanboar e Cramuler sme
Crtochrome exidase Absent Large
mi Absemt L-mﬁ:i
mn Small grarules, rethcular Larpe granules, retioular
MDIT mmnﬂnﬂn reticular
HOH o arga ganales
DPND Zaeall grapvles, reticnler I-nnn-naln.
LDH Saasll pranoles, retioular
GPDH Retienlar

Rcdcul.n- fow larpe gramules
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ular mitochondde. Cytochrome oxidase

activity was present only in the large gran-

ules of the granular zone (fig 3)
exclugtve deposition

y
others, would indicate a dual Iocalization
of certaln oxidative IDH MDH
LDH, HDH GSDH GDH and DPND (fips
5-10 nn:l fig. 12) are present within the

dria nnd also fated with
ext h rial str SDH and
cytochrome oxidase (fige. 3 and 4) are
Jocated only within the mitochondra while
TPND (fig. ll)mloburvrdtnbetxdu—

JAMES L. CONKLIN MAYNARD M. DEWEY AND RAYMOND i KAIN

dart

In the relative
the varous enzymes it was of interest that
varj-

variation in enzyms activity
;ﬂonlndendtyofcellpoptﬂnﬂcm. When

a

addittves. The only apparent effect of the
mcduwutupro!nnglhe
batlon time. Likewise freezing the cells
pthr!olm.!badonlntbe:ub;mtedldnm
ter the distrilation of formazap. Freez
lug dld however markedly increase the
activity of sll enzymes except cytochrome
oxidase which was inhﬂmcd (Acdvlry was
interpreted y from the amount of
formaran deposited in a 16 minute period
lrxdlllfunctimol
tration and enzyme turmover rate.) Freez
ing was least effective in the activation of
DPND MDH LDH, G6DH and TPND and
facilitated the demonstration of SDH
GPDH HDH and IDH However the latter
enzymes could be demonstrated without
prior freezing if the incubation pertod vas
prolenged.

most fortuitious because of the character

present Y

of table 1 and figures 3 and 4 fllustrates

that only oxidase and SDH
mmacd:othemnncbond:u Flgures

5 !.bmug.h 10 snd figure 12

When enzyme activity was d rated
under comparable conditions & difference
mt.helzrtlollwﬂ:yofthevndousen-

derponstratt

the dual 1 of IDH MDH HDH
DPND LDH GDH and GEDH within the
as well as in the

In d
of rtlat:lre activity the

pl TPNchumym:pmwemmﬂ!
e fally (fig. 11) The i

grouped as follows DPND=LDH>MDH>
IDH=GGDH~TPND HDH>GPDH«SDH
The activity of cytochrome oxdase could
not be directly correlated with dchydmgen
ase and dia rhy since g duIm

ent cytoch P was

ploy

.bﬂily to demanstrate the multiple Jocal:
zatlon

to compare
particles with the distrbution of ce!



OXIDATIVE ENZYME LOCALITATION

utPnd!cs. mxmwmﬁymm
phmdopﬁadlnd‘ vmln.:inin’fly
4
though clasvical es could have
h ployed. Cytoplasms hology

23

PMS increased the sactivity of the DPN
Jinked enzymes 1t was

for their demnonstration siso. This sctiva
noted by
Walker and Selipman (°61) who reported

should be confirmed in all | 3 1
oxidative

in SDH activity in fresh-

8) If a ht to tial for the ik, of
ployed for the & of mite- oxdd activity ( angd
ths cytochrome oxidase method Pearse '58; Hess Scarpelli
of Purstone ("B0) seems to be best suited  B8) such & requirement was not evident
(8g 3) in the present study  The additlon of thess
Avnaother it introduced into to the Incubating medhun had
revious hernical studies of oxid 10 effect on the localization of the vardous
emxymes has been the fallure to employ an  enrymes and seemed to be merely an un-
intermediste electron scceptor Since it is ]

well established that electrons ars trans-
ferred to tetrazolium salts at points in the
electron the level

ate trunsfersing sgents are  doning. In view of the report
present. This o and Linnane ("S87 that centain substrates
cant be overcome quits easlly by e #re not axhdized by intact mitocchondsia
g various in  and that axidative capocity ts greatly aug
the substrate meditm.  White mented sfter freexing, it fs probable t
propied rany be cmplayed i be
d;ﬁyzmﬁnblapmputﬁammmtmﬁ by the usual un
dcnﬂy]mnﬁedmd leas damage has ocourred.
1ae 5, are d. Al The activation of certaln of the srrymes
though g varbety of redox bave been  after in the present
y (F and Loo  study amsumed. to be doe to incressed
viers, *58) the comypound of {s phe  acceasibility of substrate to emryme as the




ve compounds to
should minimize such
distrl-

enzyme
butfon. Secondly it is also unlikely that
diffudon of DPNH occurred under the
cond!tions employed since differences in
tion vrore observed for the various
DPN-linked dehydrogenases. Iuadd.ltlo'n,
in o starch gel electrophoretic
LDH and DPND (Dewey and Co
*60) the sams substrates svere employed
to localizre these enzymes in the starch

JAMES L. CONKLIN MAYNARD A, DEWEY AND RAYMOND JI. KAHN

with reparts of enryma activity in various
types of malignant cells (Monis, Nachlas
and Seligman ‘59 Stalk, '60; Rees and
Huggins '60) It is posstble that the
levels of axidative entyme activity of these
fibroblasts will more closely resemble that
of malignant cells rather than normal
since, like other cultured cells

the L strain flhroblast has undergone
changes as the result of contlnuous cul
ture (Earde Shelton and Schilling, 49)
‘The demonstration of differences in en-

the

DPNH was ahle to diffuse from the re-
glons of the LDH fractions to the areas
where DPND was located it could serve
as substrate far the latter  Slnce this never
ocmmt'dlthp'robablathnttheDPm-lh
N’ in the presence of PMS
1tro BT Although the starch matrix

h not analogous to cytoplasm {t seems
equally probable that in view of the redox
potential and sfte of action of Nitro-BT
(Nachlas M and Seligman '60)
and the activity of PMS that diffualon of
DPNH does not occur. Flnally although
some dlffusion of the formazan can occur
it does not happen readfly with Nitro-BT
nndhno-‘.npmhlunlltham;uclm
examined soon after of the

zymnndivitybetwcenthucdhu!mz

that b feal anak

ymu!!oulcnﬂpaptﬂnuamwouldh

ful if the bollc state

ofindlﬂdunl ce].lnwud.emunhedcm-
ly

by
(Kahn, Conklin and Dewey '62)

SUMMARY

lmd tyofllnm E;!W‘

an tose t enzynes yas dem
T Lch;nlnmﬂ:m-nia]]yinLhuLmln
(929) fibroblast. The intracellular distr-
butien of thesc enrymes was correlated
with the cytoplasmic arganclles demon
strable with phase optics apd supravital

procedure. In event, such artefact 1s
easfly rccognizable since the formazan
tends to aggregate In lerge masses. DIf

observed
after certain procedures (figs. 4-13)
While the distdbution of certain of the
enzymes differs from that ed in pre-
vious histochemnical investigations ¢ is felt
that barring octual differences {n the

staining. B{thlmcdwduflmdyltwu
to ato that some of these
enzymt: were located exclusively in the
mitochondrla while others were located
extramitochondrially as well

The authors are deepl ebted to Mn-
Julia Ternak and Miss Bﬂlﬂm
for thelr technical assistance.
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PLATE 1
IXPLAN TrON OF FEUXES

ATl AAgures are of the L strain Abreblast x 0OD.

The L stratn fibroblast ¢3 viewed with phase aptics. Note the fuxts-
nndmt?n-)(n ranular rovs (G) and the peripheral nongrano-

Sapravitally stained with Janus The stain {s localized n
ha granules {mitochondrda) of mm ular rooe.

Crtochrome cxddase and soccinto dah: activity espec
tvely restricied to the mitochondria of tha grammlar reme.

Isocttric and malla activity Note that
while activity i3 greatest in the mitochondria of the granular sone
thers is  reticolar dlsrfbution of ctivity in the joxtanoclesr and
Doggranular sones &y well,

¥ !JTN lactic and gy
Nots the prev-

mﬂﬁo&nﬂcﬂhmﬂuﬂﬂnmww

the cytoplasm.

TPN dlaphorase mmm:-mmam:m

all three zones of the cytoplasma, it {s nongrasular in parure The

rt-dnmlnmndmdlhemmhx incbicates the

absence of

Glucose & phosphate dtl:yv!rn‘(nl- This coryme also hs

actirity
a doal jocallration and {s present throwgboat the cytoplasm.
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Jamers L. Camkhu, Maymard M. Dewey tmd Kaymaond H Kakn







Fetal Resorpton in the Rat as Influenced by

Certaan Antoxidants'

IBA R TELFORD CAROLINE £, WOGDRUFF awp RAY H. LINFORD
The Georpe Washingten Uxiversity Sckool of Medictne Department of
Waskington, D €.

Some tal is
prena mortality pcﬂupcu

Rum-pdundltascunedﬁmntbeex
of nearly 500

ton in all mammals. thlhemu:paudty
of definitive data on total embryonic or

feulwuumu:om;nmdwhhlbawujth
of tnformation on the pathol genetic

involvin pprmdmn!dysooofetumnnd
g ]
over 50O berewith

phywdalogic and nutritional causes of pre-
natal death  Of the llterature which deals
with thls problern in man er ds d

animals, most of it deals with fetal martal-
ity elther as stilbirths or abortions.

In the rat there are many factors that
may increase fetal death and subsequent
5 as, imsufficlent protein (Barry

) 1

(Sundstroem "27; Hsu, 48; MacFarlane
and Thriff

is ted by remnants of im-
plantation ranging from resarbed fetuses
to plaques.
careful examination of the tn-

clsed term uterus will therefore supply
data on total implantations as well as nor
mal youny,

regimens used, animals receiving
et B L T R

k=)



TARLE 1
Effect of milovidant and other compennds on fetal resorption!
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FETAL RESORFIION IN THE RAT

vrell as nlpln

g uzoomleml,md
2.5.dl-tert-amy] gave the Jow
est percentage

a1

and Canaway ('55) reported that the re-
sorption sites may remain identifiable for
at Jeast a year in the rat, end Deno ( 41)
made the same observation on the mouse.

was throughout the under
1, 1 Te e
rere to te our Aindings on a sea

0
Frazer ('65) using Wister albino rata re-
ported that 315% of all litters had same
prenatal mortality on s yeardy average, but
th;:uwulowenin]uly&ptemba(ﬂﬁ)
and highest from Octaber to December
{88%) Other warkers Inucd to present

treatment of the mother
DISCUSSION

Slnce our observatlons dealt with the
Hmtl.ﬂmj.bno!phcmml altes in situ the
question might be ralsed if identifizble
plmufm-mn:nﬂlm-phnm!knmet‘l‘h:n
such scars do form where embryos have
resarbed fs well documented by the
work on rats of Davis and Emlen (48)

I maortality data on a seasonal
basls, therefore an accurate comparison
of antmal groups is diBcult, {f not im-

Another varlable influencing the per
centage of resorptons in the rat may be
the strain difference. Data on 6 dlfferent
strains Including the wild rat,mn.u‘n—
marized In table 2 and with the
of our WR-CF animals (106% ) AMa
sons OM-Alc. rats (118% ) the 4 re-
maining groups agree rather ¢l on
resorpiion tages (86-8.7%) Yet
the strain of the animal may be tmpartant
for the findings of Fekete (47) in the
mouss that fertilized ova transplanted to
different strains of mice have a signift
cantly better chance of survival in one
strain than ancther implies that one
strain des a better env

.| devel af the
ovom Holl;ndermdszxmn ('50) also

for

They reported more scars present

Twngbum‘lbeamsbel.ng ribed to
embryos-

scars do not occur spon

They also noted that
in non-
Morcover these authors

poted s, mor
tallty among varicus strains of mice It is
certalnly possible that in (he rat also
strain differences may exdst which could
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FETAL RESOAFTION IN THE RAT

concept 1a supported

of Fawcett, Wislockl
Waldo ( 47) that the overcrowding I:ry
devejoping mouse ovum fn the anterdor
chamber of the inhibited the growth
of adjacent fm ova. However
Frazers ('53) data on the rat does not
favor this idea, for be demonstrated that

33

13 the question of their mode of action and
whether the aite of action of the compound
Is on the fetal or maternal side of the
placents or both. BMost of the agents re-
ported here have been previously used in
antmal experientation (Burmell et ol
55 Schwarz, ‘58 Blertz and Schwarz, 58

rate. Similar findings had been
earller by Hollander and Stuong (50)
All of cor animals at

elimimating the possible
doe to age or weight.

Combining the data in table 2 for all
rroups of tho same rrvenhlhlt
the tame rat values lnd:a

per
ge of resorptlons are plg (377 )
soat (46 ) sheep (72% ) wild rabbit
(7.3% ) and wik rat (8.3 ) Those anl-
mals suffering on the average greater fetal
Yots than the rat are tame rabbit (11.3% )
"‘““'t‘(lss")nmlwﬂdhnmﬂer(aa.z )
“";lﬁc fetal :rhmgehpmbzblym
¢ all mammals comsiderable specles
tan does extst.
Basle to our study of the valoe of ant
oxld.mulnlhercducuunnﬂnalmmauty

embryos occurred. while no

curred In pregnant rats recelving da[]y
2 mg dla-tocopherol acetate. Our data
showed enly 4 1 resorption in rats re-
cetving 10 mg per o for .0 days during
gestation as compared to 1067 for all
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as, hanitdlon avitaminoses blood dysera
slas, endocrne disorders, infections and
the p of unphysiologh poumid
in the blood such as some of the antloxi
dants berein reported.

SUMMARY AND CONCLUSIONS
1 In 126 untreated normal pregnant
rats 40.8% had one ar more resorptions
and 10 6% of all implantations terminated
In

resorptions.
2. The cranial thind of the uterine horn

while hylene blue, hyd para

minobenzoic acdd (PABA) n propyl gal

late 72.methylene his (4-ethyl6-t
phenol enothiazine and N

e. Brambell {48) contends in
the rahbit, that the lose between ovulation
and full term iy not less than 43% of ova
ovulated and may be and indeed probabl:
is substantlally heavier Data on (ou{
wastage in the rat is scanty limited to the
early work of Long and Evans ("22) and
lnlerexry(dgd)anhuwﬂdmL These
wrorkers report: m“fecﬂvd 334% and
20 0% total prena monnilty while re-
sorption rate was 8.3% for the two strains
of rats.

Other mammals follow a similar trend
ranging from an elevenfold incrense in
total mortality over rcsorptions in pig
(Corner "23) to less than a twofcld in-

crease in sheep (Hammond, 21) Such
observal ccnamlwﬁdnnchnﬂmga
to anims) research w 8 to veek out the

cauastive factors for such an enormous
wastage. These factors are legion but in-
clude such enviromental disturbances as
abrormalities of blood supply of plecenta,
an unfavorable fmplantation site faulty
derelopment of the decldua abnormal en-
vironmental temperature and others Ma-
terna) Influences m‘:ganvcrgely affect nor

d 47 6% of all resorptions while
the middle third held anly 20.8% of the

total

3. The percentage ns in the
tame rmat falls intermedlate among the
other mammalfian groups

4 Of the mat
pounds, the tocop!
BHA, amylhydroquinone and DBMP
pear to have definite prophylactic vatus fn
reducing tha frequency of resorptions {n
the rat, while methylene hl:;dhw
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Spinal Cord Segments

A. GROSS STRUCTURE IN THE ADULT CRT

CAROLYN EYSTER THOMAS awp C. MUEPHY COABS!
Department of Anatomy Novtkmestern Undversity Medical Scheol

Chicago ITtweis

Stflitng (1859) Luderitx (1881) Don-
aldson and Davis (

made exclustvely with dorsal measure-

bat Su]llng (1859) mada some
the calf nndLndz-mz (lle)in«
cludcdmaﬂndlnpln rabhit,

adult cat.

MATERIALS AND METHODS
Cum-p!cte bilateral. dorsal and ventral
dhltcmwmdm\elumodn]tuu.
each weighing about 25 kg L

A

after the antmal's death the entire verte-

column with intact spinal cord md
assoclated structures was removed
Placed in 10~ formn].lnwber!llmkrp(
oT weeks  For better diff

tion between small arterles and rocts two
of the antmals were injected through the
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C wscgment length the length of A plus
B; D interrootlet space the length of the
greatest distance between adjacent root
lets within the reglon of each root s attach-
ment. Each rootlet pattern was recorded
and {f necessary supplemented by a pre-
e proc

end
of each fragment was touched to a stamp
pad and then imprinted B times onto a

mat—

Pimo‘lﬁcﬂ Thh"u fixed cords wers

tipliod by the corresponding average seg
ment lengths to obtain a figure for seg
ment volume,
RESULTS

The cords as a whole 'The total lengths
in millimeters of the cords studled wers:
310 325 328 335 338 338 338 340
340 345 360 and 370 Although the can-

dal tip of the cord I ususlly found near
the level of the first sacral vartebra, vome
cords end as high as the fifth lumbar
vertebra,
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Se; In the study of roatlets to the length of whatever cau-

themrmmh‘dbume m the dally adjacent space devald of rootlets was
p } of sive nerve  present.

%wﬂ]bcdeﬁmdutbsupnmlsﬁ. Figure @ depicts graphically the results

was d by g obtained from the ventral cord surfece,
the length of cord occupled by each set The upper and lower stepliks lines repre-

A

SEG, LENGTH,

B8

1|z|3]415|s|1]u,1;zpms)s];ja:sm}qni1]1}31:]5]5)7'1lglslllzjsj:'jsjsn‘

Fig. 3 Dorsal seyment lengthe.

VENTRAL
/MANN AT 2R AT TN A AT A
c 2 3 4 5 6§ 1 CBTI 2
Sy e 2 P P AP, (P / N /)

3 4 5 B 17 8 ] 10
AL TN AT AT TR
1 12 T3 Ll 2

AN, oY P e Bt L T LAY
3 4 5 6 L7 S1 2 SICal2 345
ttachreents.

Fig. £ Patern of vyniral root
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sent the upper and lower lmits in milli
meters of the 24 measurements taken, 12
on the left and 12 on the right. The single
middle line shows the average of the
lengths of each segorent at the varions
levels. Since the destred dats can be de-
rived from the graph only certain points

r T11 th h

CAROLYN EYSTIR THOMAS AND C. MURPOY COMBS

filaments show much varlatdon from one

cord level to another fn such character

istics as; the oumber of rootlets per root

at the point of attschment to the cord,
diameters of individual

the of Tootirtsy

ceptibility to being sccidentally pulled off;

the rostrocaudal length of the gte of root
h ; the extent to which the root

g

require
L1 are definitely the longest a
to 17 mm in length. Y

g 16
the

4 and 5 mm.
Figure 3 stmilar data obtained
from the cord surface. Since both

taken on the ventral surface of the cord
either graph can be uted to represent a
oo of the ch istic lengths of

segments.

General characteristics of rootlets Flg
ures 4 and 5 are drawings of the typical
arrangements found for ventral and dor
sal root attachments. As the rootlets of
each root attach to the cord, they comprise
5 to 30 subdivisions. These rootlets or

as dorsal roctlets exit evenly
dorsolateral sulcus. At the cord, the
tral roots consist of many rela
roatlets while the dorsal roots
a small number coarse
The ventral rootlets

cantly Jess tensile
ones. This factor combined with a
makes the ventral

diasection particulady
in the lower thoracic and upper lumbar
levels. Ventrally in some regioms blood
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Fig 5 Pattern of dersal root attackments.



a!tﬂc}mwutlluqthl Flguru4md ventral oot ts are shown in
5 show that, due to the vadability of figure 6 Although there is a slight lower
mcumhctwemtbedluofmnmcb- Ing of the whole curve its contour s es-
ment, the the tiglly like that for the segment lengths
upperost of succeszive perves (fig. 2) On the other hand the corre
would not give a true Indicatiom of the sponding graph of domal root measure-
actual length of the line of attackonent for ments (fg. 7) shows a stiking reduction
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in the lengths far levels T10 through L2. graphs far lengths of root ettschments
The segment lengths (8g. 3) at these dormally and ventrally differ from the
levels average 16 mm per segment, but mphaiarlcngthlofiemmudd:rmhd
the distances for the root sttachments dorsally and ventrally then the dorsal and
average only 8 mm. Otherwrise the two ventral Mterroot distances, must bear an
curves are essentally alfke. Since the equally dissimilar relationship.

mel§

¥ig. 8 Ventral fnterroot lengthe.

DORS. IHTERROOT
LENGTH
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Fig 10 Ventral interrootiet spacet.
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CAT SFINAL COXD SEGMENTS

Interroot lemgths. The messurements

43
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sent the actual of any one
cord. To test this possibility
graphs of attachment leogths and
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sectional srea was found in the cervical height of the curve. This probably reflects
reglon at C7 in the sires of the animaly used.
volume The data for this In the ona that differed o

were obtained ! ages  cantly from the high valume
for the averages f;:kwulhmtlnthcmrk:l
far segment Jengths, The rexults are given thls anima) the volume at C1 was
in fgure 13 The largest valus occurs at 250 mm® an was the ge, Dut no fn-
C3 where the volume is 355 no’ Cao- occurred gh the cther cervical
dally from this level, the curve declines levels as it did in the
sharply to T2. The volume then graduslly Howeover the measurements for the re-
Incresses uptll it reaches 270 mm® at L5 mainder af the cord did match the aver
and then tepers off rapidly into sacral age This was the sume as the
lerels. ane which

e a0 Caoh ot e
were figure
stodied. Al
found, the
was extablished.
determinationy the contour of
was identical
variation thai
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Grossly the cervical and lumbar en-
largements can be seen at cord Jevels C8
through C8 and L5 through L7

DISCUSSION

Ludedtz (1881) measured segment
lengths in 5 human cords of varjous ages
The cervical segments within each cord

specimens
longest. In all of the cords the lengths in-
creased from T1 to T7 which was usually
the Jongest of 21l the cord segments Cau-
dally the Jengths gradually becarne
sharter

Donsldson and Davis ('03) reported seg-
ment lengths on 4 human cords  The dats
for three of these were obtained frum pho-

vest] and
lupp emented those of Luderitz (1881)
The results of the present study in the
cat have shown segment length variations
ke those in the human except that the
Iongest segmments are the lower thoracic
and upper lumbar nstead of the mid
thoracic as in the human.
Luderttz (1881) and Danaldson end
Davis (03) were aware of vadation In
interroot lengths, but they reparted no

their
lengths. Silllng (1659) however ex
cluded interroot Jengths from his measure-
rents on the calf and human by taking
the distance between the and
lowermost fila of each root. The variations
in the calf were much like those described
mthcpmemnudyfurdmalmoznmch-
ments except that C3 was remarkahly lon,

g
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the root attachment lengths which varied
from 10 to 12 mm {n cervical reglons
from 8 to 12 mm n upper thoracic levels
from 17 to 12 mm in lower thoracic levels;
and from 8 to 10 mm in humbar levels,
For finterroot lengths Hovelacque (27)

vical Jevels; no messurable spaces at lower
cervical levels; averages from 5 to 12 mm
through thoracic levels and no measur
able separation at Jumbosacral levels.

In the cat, a8 gpparently in the human,
the dorsal and ventral segment length pat
terns are essentially allke. However sig
nificant differences are found I the cat

eral levels this length almost equals that
of the adjacent root attachments Ven-
mll‘y the interroot lengths are greater in

this region than elsewhere but they are
not usually e significant part of the seg-
ment len,

The cross-sectional cord areas in the
cat have been found to agree with the

described in the human by
g (1859) In both studles the
est areas were st lower and
Iumbar segments with the former being
the greater of the two.

Other investigators have not calculated
segment volume as has been done here for
the cat. Although this adds no new Infor
mation lthlmimlletarBullflt
the overall sizes of the varjous
The fact that C3 has the greatest volume
andv.hat'rll '113 L1 nndLSh.lregmtﬂ’

the ma

In the human the proportions
those described for segment }engthsby
Luderitz (1881) Donaldson and

diff
dorsal and ventral root attachments as
have been demonstrated in the cat it js
probable that Stilling measured ventral
oot attachments rather than dorsal ones
in the human.

This interpretation is supported by the
results obtained by Hovelacque (37) who
measured root attachment lengths and
interroot lengths on the dorsal surfaces of
20 human cords He obtained averages of

than L6
role played by ullgnp_h[udettr
mining segmen volume

rostrocaudal
were made the Jength ofcmdnn'hctw
which the rootlets of each root were at

the
length of cord surfsce devold of
Iying between the attachments of sdfacent
rocts (interroot length) and the greatest
distance between adjacent roodlets within



the reglon of each roots attachment (in-
terrootlet space) The segment length was
dzrtvrdby adding the length of cord oc-
cupled by each set of Tootlets to the length
of whatever caudally adjacent spar:e de-

tally alike.
Compared to segrment lengths, the root
attachment lcngthls:‘t;ﬁny are geperally







Reproductive Capacity of Dary Bulls
NI THE EFFECT OF EJACULATION FREQUENCY UNILATERAL
VASECTOMY AND AGE ON SPERMATOGENESIS'”

RUPERT P AMANN

Deiry Brosding Rrscarck Center Dipertment of Dairy Sciemer
The 7 Siate Park

Detsite much speculatian, the effect of
o

output E;uml.lyhu
nocbeenixm:nd;ned. D

tdeal for such studles
ummmuufummmbecoﬂecwd
artificial vagina. Since detafled criterda
ttative investigadons of bavine

histalogy; al and tes-
ticuler germ cell degeneration are dis-
cussed (Amann, '81b)

As early as 1871 von Ebner had recog
nired tha conld be clas-

bovine sperma
were summarized 1 a brief report
Omrmt (59) and in a thests by
('60)
EXPEAIMENTAL FROCEDURE
Preslaughter treatment

bulls which were ejacu-
lugdﬁti‘o\nflweeUy!orSmh"mdw

Range (mm_(s'g?)aumzmd mtheywmndg:dwmcn{thrm
Leblond Oakbery (56a, treatment groups on the baxis of preopera-
‘56b) and Ortavant (33) has provid five semen sexual be-

ta on havier The three treatment
changes in labers mrp:.ofthrwbuﬂnencb sexual

tory

llm-p.mdhmm Utse of the

Schiff stain Letlond lnd
Clermont ("322) lodcﬂne 14 ruugu
based dm-pho!o:y lber“

on spermatl Towever
for stmplictry and Laben (60) and
Onmm('&.'aa hareconu.mxd to use

ey similar fo
C“"U' ('18) and Eoosm»ﬂuu(e and
$0) Systerma used foc clasifying the

trro ejmcul.l:‘ngr wrek (2X)

e
had a
t durin

E'
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(about 4.5 hillion
selected to incl

but the 8X group was
e those bulls with the

on Manda,
owe o

Wednesday end Fridey and
‘vesdoy and Thursday To in-
tengive  sexual

Crease  Sperm mmt. 1o

preparation {(one I mount, two-minutes
restraint, and two additfonz! fole momts)
was used prior to each ejocnlation. Unt-
Interally vasectomired zhew;:e

oy Toala}

»

ANATY

About 20 minutes elapsed between the

stumning shot and placement of the last
tysue sample in fixative
the

separated from the adjacent eections by a
minimum of 120 u. These coded slides
vere stalned using combinations of Hur
ris hematoxylin and eosinY for Bouins
fixed tistues gnd Feulgen aszure A Schi?

riodic acid-Schiff for Orths fixed

e
to glve greater in 1
dats since then each bull could serve as
his ovm eomtrol
Group B condsted of one mature Guerne
#¢y and ¢ mature Holstein bulls Prior o
slaughter tora of these bulls were sexually
rested (SR) and three were elaculated 8
to 8 times weekly (6-8X). These bulls were
included to provide data on normal, fn-
tact bulls and to inovestigate the effect of
age on testis histology The experimentsl
tr a of i

hter treat

mh preslaughter daily sperm output,
age ot atnughter for all 14 bulls ars
Included in tabls 2. Detalled data am ee-
toen characteristics and extra
gonadal sperm reserves  testicular dadly

sperm prodoction and sperm mﬁf:
{or these bulls will be presented elsew.
AETCLOGICAL METHODS

On the day of staughter the bulls were
trocked 30 miles to an abattolr and kiiled
at approximately 10 00 A%t Tlssuc sam-
ples were taken at three lact fram each
testis, sliced into smaller { about

into Boulns
The three testicular

testis.
Locus 3 amteriolaterabventral  ad-

taruen
The cycle of the seminiferons
epithelium

After study of bovine testicular tissue
stained by the Fetdgen orure-A-5chiff
yeriodic acid-Schiff technique 1t was found
that le of the seminifercus epithe-

Glese] (50) for rats and Ormv:gfe('ﬁa)

for rams. The criterio used for acozing the

tubule cross sections were as followss
Stage I

the young spermatfd ne-
Tet.

L2

From the start of elonga-
dan unill the opset of
grouping of young spet
matids into distines bun-
dles.

From the formstion of
spermatid  bundles  untl
the first maturation divk
tlon of primary spermale

cytes.

From the first maturation
divislen to the end of tbe
second  maturntion  divf
aton, If three or four spet
matocytes were in et
phase anaphase or ulo
phase of elther maturation
divislon ot [ secondary

Stage 1

Stage 01
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SpETmAtOCYtes weTe pres-
ent, the tubule was scored
as Stage IV
From the second matura
tion divislon wundl d:re
yuun;:pen:nnﬂd

At t.hh

peared

lu;eymm spermatids
contained a light stalning
chromatin network.
medofButho

the start of acrosome de-

\-elq:lnmxinthenndd

of young spermatds. A
thau)do{SmpVIlheuld
generation of spermatids
had started to
from the Sertol cell nu-
clel.

From the end of Stage VI
untfl ol the old sperma

Stage V

Stage VI

Stage VII

Stage VIII

51

Flgure 1 summarizes the cellular rela-
tionthips during the 8 stages of the cyde
of the semindfervas In con-

junction with ph deﬂ]
tnhulacrmxu-cdom(ﬂp.iwﬂ) the
chart shows that in any seminifercus
tubals cross section (vertical axis en
chart) there are 4 or 5 germ cell type gen-
erations. In Stages I to IV there sre two

of ytes while fn
Stages V to VIII there are two gener

histoloatcal eval

The volumetric ratio between semin!
ferous tubules and interstitial tissue was
determined (X125) by Chalkleys (43)
technique using slides
Bomlnlﬂxcddnue. Objccun:cunicdu
hlum bules ({ndudi

]

GENERATION

CELL TYPE

STAGE I

CYCLE OF THE

I

t lzydlgcdll,olher
Interstitial tissue and space or artifacts

Y

T DT

T ¥ I3 ¥I ¥

SEMINIFEROUS EPITHELIUM

Flg. 1 The cycle of the seminifersus epithellum in the boll
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outxide of the seminiferous tubules. Sta-
tistical snalyds of duplicate determina-
tions cn 10 slfdes showed that differentis-
tion between Leydig cells and other
l.ntcnddnlumamum'elhhk ‘There-

RUPEET F AMANN

t in round tubule cress sections

fore, on.ly
afmhtedfarn:b]ocm(soo

m!:nmtbeud.fn.cthiudlv‘ldedmto

on seriniferous tubules

madetﬂmincd(MOO)by.cea];.ugsoo

bukmsmdmpertcsmlmming
Orths fixed dssve. 'Ibarepumbﬂit}uf

h deter blished by

Jculating the coefR ot bility
tdpll evalustions of 10 randamly

selocted alides, it was + 6.82.

The cellular content of 10 Stage I seml-

niferous tubales in each testis locus was

determined by counting (X1,250) the nu-

= o] [ g

Ab ; that cell
nucled of mﬂ.uirely small gize can be
counted. The present forrnula assumes
that cells sectianed so that their nuclegr
dlxmﬂerh)enthmmo-halrthntdtbe
uclear diameter will not be visual

lzcd. Mujormdm.lmrdl.amct:no!
mmuweremmged[wwwhum
the comrection term. The numbers of
.Scnuuceﬂ.lmdnbnmmlgumceﬂnm

Asach
ferous qﬂ:mm:
semintferous tubula and tubule lumens
were measured for each Lnd.s. Slnce
counts and measurements on
nummbulnmnmuﬂ

tmymlyulldafaxlhepoumm:—
dial-central locus from tbnmq:ndoulhc

To correct linear measurements for ds-
sue uhﬂnhge rnu!dn( !rum hmolo?c:l

“u:tng(

Wl.l

220

allowing formula based on those
quhezmmue) and Ortavant (88)
was used to correct cell counts for varls-
thony in nuclear diameter

Bection  thicknesa
+ VIAY T da /Ay (A thl)']

bull testes. Blocks of tissue fixed and
Toutinely processed while adjacent tissue
blocks were placed In amall vials in
ctushed fce. Within three hours after
slaughter the latter samples

shrinkage (table 1) averaped
18.5% which ts a volumetrc
shrinkage of 46% These values are gim!
TAME 1
Linrer of testiculer tirsme -
Orths ﬂ:ﬂ dekpdrated, and .—-um‘
fa Tlormemat
x Mimer tabular dlometes (2} -
ot St o
Toonen Facisla e
A M0 0421 mo
b} M54 1992 18
c 2664 mxe 182
D 774 rHz2 190
Maan = sunderd errer.
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with the frem  Group A bulls and 402 gm for the mature
vasectomy the differenices Gmu;; B bulls was signtficant (p <
d:ﬂylpmnwmﬁnm;themmnnd ool
X #d] have been The differences amang the three testls
to permit detectian of diferences in tests  Jocd were rot statistically gignifrant (p >
TAMK 3
Mﬁ:d&mﬂlﬁ: :ﬂnhv-r&ft.nlmdw-dﬂ{mhbﬂnh
e el I
Amst —iere
s Ben S, Ana weleht e
ke 10 ks ~ - [ -
Growp A bulls
Isinct Vi
oA T Er
.3 e 1 nane. 30 04 N7 n B
140 n oD £ 358 a3 L3 b d
m n Dene 3 00 I W N
4 % I T ™
20 183 20 18 38 -3 e T
tes 0 114 2 253 91 n il
n £ 181 n m 0 e T
Ar L0 H7 W T 0T
(>4 jea 0 173 ol HS ns ™ n
108 2 118 2 e 34 3 ked
170 0 157 3 51 bl n k&4
A 217 %4 9w 77
A Creph as ™ ™ TN
Ceoep B bualls
ml Lo .‘ﬂ -ty
23 »em. 3 ova 3 8 M | N
Reyal 20 moce it 3 a7 ™ ™
(=4 17 o L] a3 L2 40y kel il
7x Wayne ke aTe 104 457 are L] ke
(=4 115 17 P ked o M n k]
A Crow)d F13 3 400 7 kel
w NHe il Do us m 34 ] (]
Dally et b O bl xembec of tperm catbectd o dirided by T Cerr A Ml
- prrsan
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dd"mminmunﬂruhﬂemm:dom
all B-spermatogoata

ton between Leydig cells and other ﬂmdd.une The cells counted incladed
i 1 tssne was Hable. There- Sertoll cells A-spermatogonia, or
fore, only the p g {{ ley sper %ax
tubules was calculated for each locos (800  pachytens spermatocytes  and
minus the artifact hits divided into the hits  spermatids. A Primary spermato-
on seminiferous tubules) e, ahnormal atids and celis of

The rela frequencies of the 8 stages vadous types foand free in the tubule
of the cycle of the semintferous lumen were In

Orthg fixed tssue. TEpe of

such d fnatd blisked by

fmm;\uumevdum:mofmmndamly
alides it was
cellulucunmdlosu Ioemi

{zed. Mn}a-rn.nﬂmlmrdla{mermofrpcr
of the correction Lerm.“Thn pumbers of
Sextoll cells and sbnormasl germ cells were

not corrected.

At each stage of the cycle of the semint
ferous epithelium the diameters of 10
sc:n!n.lfm tubuiles and tubule Iumens

for each testis. S8ince

tesies of normal Group B bofls were evalu.

ated,

To cerrect linear meanurements for tis-
trAnk 1 dl stological

o
v

4 {eud:

the
d using 4

Bection
+ V(Ar dasB) - (Av di.-./t)']

bull testes. Blocks of tissue vrere fixed and
processed

crushed ice. Whhin thres hours
slaughter the latter samples were seC
toned at 25 ¢ on a freezing microtome

After em and stalning 100 tu
in each fixed testis sample
Linear lhrln.ljw (la.b]e 1) averaged
18.5% which
shrinkage of 4B§ Tbene rn]un are dmb
TARLE )
hrinkage of testicaler Hoswe Ll
Orth  fiwid, delpdrated, and d
& Tismemat
Mimey rabater dlsmertay {a) -
Tewts n Paratt S o
Pobdtnirt ecciany shrinksee
MOxI 20422 o
263524 19 pItd



Numbers of germ cells tn Stage 1
seminiferous tubules

REPAODUCTIVE CAPACITY OF DAIRY BULLS

counts of

ocaurence of Sertoll cells
spex and ab-

uncorrected
cells, Group A testes had 492
Sertoli cells per 100 o of tubular drcum-
ference and Group B testes 4 1 Sertoli cells
or B9¢ of the Group A value Also there
was o difference tn the total n
normal germ cells per 100 n of germ cell
volume {tubule volume minus lumen vol- 2%
cell

g.

e

: ;

3 §

) §
nl;::mmbuolluylu-l Hero ¢ tubsles

g
i
(=1
:
¥
i
A rrege  wcotrected nxmbers f germ cells {

-

g

)

3

g

g
Faelawghier
parr==
BR intact
SR wect
2X intact
94X asect
X Intsct
BY mvect
A imtsct

ten we
~e o

o
i 3s3szet

observed. Comparison semoncagae s
of the data for Groups A and B did not 1§ 5on952333 33
indicate an age effect and the small stand
ard errors thow the high degree of agree-
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TARLE &
Diewmeters of germ cell wuclel in Stage 1 seminiferons takales (microns)
Currocted dlam. Uncarrscied diam.
Coll tyre Comie
Majer  Minee A Majer Mot A
Group A testes
togonia 108 o8 102 87 78 s .65
Young yrinary 7.0 8.7 0.740
014 primary spermstocytes &5 [.7] a7
Young speruatids 10 58 o712
Group B testes
togonds 110 100 103 80 84 0637
Youny pdmary (.34 B4 Q751
Otd primary spermatocytes 84 [: %4 0.708
Young €8 53 [
durtred fn table
TR ST ST B Ko crents tar varistions 17 waches Slimater.
section

oaction thickness V(v dla /AN (A 7AW
10 10

-
70 Av de VAT

'é'g:cnmﬂeardhmttmofﬂﬁedh(mhh
vrere very consistent there ap-
pwedwbemnﬂdlﬂ’aumgtmntbe
tro groups of bulls. Since the measure-
ments were anly to 0 7 y thess diffevences
probahly are meanl.uglct;. The lmg:i
ar
shrinkage were used to calculate the re-
quired correction terms.

70 (A éa)(04)

Table 6 ahows the correctad numbers of

bers per
168 to 254 The differences in germ cell

TARLE &
Averape corrected mxmber of germ cells tn Tu croes sections of Stage T reminiferows cabulet

Prestosghter primsry  primary s Lemen
Ereccment SR S e Jma IR e
cries oy kvt
Croup A testes
SR intect 28 53 5 () 113 40
SR varect. 27 58 55 02 138
2X intact 24 53 51 03 197 s
= a2 (7] &4 ¥ 155 s
SX fntact 29 o 80 02 13 42
X vasect. 28 51 4« 02 1H 35
Ay totact 21 54 52 o 157 40
A vasect. 29 54 52 02 195 44
A GroopA 30 54 52 oz 198 L
Growp B testes
2. 19 53 &2 o3 189 18
8-8x 7 4 62 0.1 28 30
A GCroxp B 4 60 58 og st 15
A alltestes a1 1) 7] o2 203 :—;
=8 E(Nct8) 01 1 1 00 14
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to have mare spermatids in the Jumen
than Group B testes. On the basls of these

thellum or had been eltminated from the
tubule Jumen.

Based on the Group A testes it was con-
cluded that neither eJaculatian frequency
vuecmg affected the numbers of
cells in Stage 1 seminiferous tnbules.
from these data for
that in
may be 2

Seminifercus tubule diameter

The fate of morphologically normal pri corrected for histological
muyrpermmcymnmlnﬁmxddilmm age) of Stage I semintferous tnbules are
in the tubule lumen is n; table 7 The minor diam-
they were occurrence of the true dlam-
normal germa cells in the tubale lumen was  eter of the tu but the major dlameter
not to latd y ar indsk the of the
vasectomy but Group A testes appesred CcToss sections examined

TABLE T

Avrrage correcied major and miner diameters of Slage | seminiferons tabules
and tubule lemene (microut)

i

Twbals dam.

Lames dism.
Majer  MOawcx

i
i

.aas‘.nzzss“ai

Av A
= XF (M= i18)

[ 3
—ax

..!!ﬁg JF 38 33 BX 88

A CocpB
* SX (N = 10)
Carrrction darterd fram dos tn Libie 1

od 3 23 82 32
wE TE 2B 32 48

ad 3 8
2382
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for quantifylng germ cell numbers in o
testls. In Group A, the average seminifer
ous tubule diameter for 8X bulls was less
(p < 005) than that for SR and 2X bulls.
Intrabull diferences were very small. In
Group B bulls no effect of ejaculation fre-
quency on tubolar diameter was evident.
The differenices between Groups A and B
werehl;h]y dgniﬂc-nt. It was concluded

lation £ and
nnodntcddnﬂyrpmnwtputumllu
vasectomy did not affect the dlameter of
Stage 1 semintferous tubules.

The Stage I lumen diameters vwere in-
consistent and did not fall into any pat
tern efther within or among testes. The
average liomen dlameter for tho 28 testes
was 58 =3 .

The avernge minor dlameters of semnini
ferous tubules and their Jumen at varous
n?cfthecydeuftbewnlnlfmrpi—
thellum are shovn in table 8 Tubular di
ameter was much greater in Group B testes
than in Group A testes. However vada

BUPERT P AMANN

be altered by variations tn collection fre-
quency appears remote. hoefoed-Johnsen
(58 ‘Bo)fmmdthnwhentheﬂ:mn-
quired transgdt was con-
lidcmd, '.hn interval between administra

of phosphiorus-32 to bulls and the
lppenrance of radloactive in semen

influenced ¢jaculation fre-

was Dot
quency These and other data (Amamn,
‘6la) suggest that

-ndthnt chnngamdnﬂytpmnuurput
d for
mthemmoftpermrmpdonlnlbeex
ducts.

current

The finding af no differences among the
testicular locl is essentially in agreement
with reparts by Kennell (‘ﬁo)fo-rbm
and R R I They
found that the amoumt of interstitial Usme
was similar in pedpheral areas while there
was a slight increase in the percentage of
interstitial tissue Desr the medlastinum
In the present nudy the three Jocd were

tlon among stages within the two groups from per},
was not dgnificant. The lumen diameters The volume pcrccnum of serainiferous
\-radually increased to @ maximum at  pubules in the testis (77% for young bulls
Stage L‘l'hm&cdhmﬂnrofumlrﬂ-md 73% for mature bulls) a with
ferous tobules was Independent of the (he gveuf78w84$ reparted by Bay
cycle of the seminiferous eplthellum but  ocam apd Osterud ('25) for 4 testes from
luminal digmeter showed sdgnificant cyclic 4 young bulls. Determinations on & non-
e o Pl il s et
ca ginea comj
A crepe corrected minor St owindl  of the testiculer welght (Amann, 'Bll)
stages of the of th seminiferons which also agreed with Bascam
iwm  (microms) Osterud’s ('25) data. However this nhe
and 2t
I T bule s that for lhrlnh';ge dm'lngclél b;"’iﬂﬂ!
TH Grord Gromd GrerA Crur3  exteraive studies. Stocs the medlastinma
1 235 271 [ ~s  occupics about 1% of the testls volume
it =5 & 75 and testicular welght and volume are simi-
m ol BT lar (demsty 104 gm/cm) a valve of
i i b= o : 9 7% was used to correct testls volume fo
VI 25t a8 87 # these nonproductive areas, The t
Vi 252 270 a 87 length of the seminiferous tubules was
A -S54 £71 T 8 estimated from testls volume (minus
Correction derired from dota in tabie 1. 97';)pcrccnugenh.bezumwhkh":;
f—— seminlferous tubules, and the correct

These studles show that testis histology
nndlhepanmofrpamatugenemmnm

cycle of the seminiferous epithellum might

major and minor tubule dlameters. Towl
tubule length was 3,518 = 67 meters In
Group A testes and 4,050 = 197 metets
in Group B testes a significant difference
Both values are Jess than that of 4 496 cak
culated by Barcom and Osterud (‘25) fof
4 teates from young bulls. This difference
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by results from thetr faflare to con-
]:;::dnm during histol 1

As to the report by Roosen-
Runge ('55) for rats in the present study
the £ tubules

in the later stages of the
niferous epithellum and
taln 5 rather than 4 germ cell

fertilizing capacity of spermatoroa stored
in vitro

From the limited data of Bascom and
Osterud ("25) and others for the percent
ngednemmucmumbu!uinthamm
and

(see fig. 1) 1t appears that the in
lumen dlameter ts from a marked re-

to

bulls by Haq ( 48) but with the exception
of spermatogonia, are sornewhat smaller
than values reported by Knudsen (B54)
The uncorrected counts of germ cells in
Stage 1 seminiferous tubules are slightly
greater than those in the brief report by
Ortavant ("39)

Spectes varlations in testicular histology
arc summarized in table 8 The relative

e re-
ed for bulls by Ortavant ('59) but dif
er from those of and Laben (60)

spermatogenesls, e
frequencyuftbemgun!lhacydeufd:e

of
oh.havﬂwnmmnﬂndluuﬂcsreprc—
sent observations on only a few testes far a

scheme classification
systenm were used by Clermont and Leblond
('59) for monkeys and Qakberg ('58) for
mice, values for 8 stapes were ed
{from their data comparisons
should be relatively accurate since correls
thon between the 12 and 8 stage s
ﬁwmdsensugul v nnd%

of rats the duration of
Stage IV {s relatively uniform among the
various species. However there i3 o dis-

dm-hutlnlbepu-eordonu{mc’tkd
the sembr i the
Last 4 stages from a Jow value of 26 for
bulls 1o “27 for rats. The phrsiclogical

{ntra-testicular germ cell degrneration.
SUMMARY

T cly
evaluated in nine 3-year-o!d unilaterally
vasectomized bulls and 6 matare intact
bulls. To Investigate the effects of ejacula-
tien frequency and dafly sperm output en

bulls were elther sexually rested or col
lIccted at various ejaculation frequencies
for approxmatcly 20 weeks prier to
slaughter  Average daily sperm output
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after unflateral vasectomy for three young
bulls ejaculated 8 times weekly was 2.17
bifflon or 62% greater than that of 143
billion for three simflar bulls ejaculated
twice weekly Three mature bulls ejzcu-
lated 6 to 8 times weekly had an average
dally sperm output of 5 75 bilhon.

Nodlﬁemmmdelcctcdmnrenﬂt
of 1 ar f of
ejaculaton nndtpermoutput. lezwbe
differences among three testicular loct
vrere not elgnificant.

Seminiferous tubules compeised 77%
and 735 of the testls volume In young
and mature bulls The cycle of the semini-
ferous epithellum was described. The rel
ative frequencies for Stages I throuch VIIT
of the cycle of the seminiferous eplthelium
were not affected by age and a
303 181 170 104 16 63 75
and 108%
In 7-1 cross

of .‘Am-f;:temammh young primary sper
mal cs tpe-xmn!ocrml.
and lpcrmutl.dl averal ﬂ a1 568 54

wit.hng:ewrrcmdcnlﬂcnm. Mipor semt
niferous tobule dlameter (corrected for
histological shrinkage) averaged 271 ¢ far
matare bulls and 254 n for young bulls
Although the diameter of seminiferous tu-

bules did not fluctuate du:rlnglheBnngﬂ
of the cycle of the

of spermatgonta in the rat. Am. ] Anmat, 63

73502

1055 Spermiogenasts of man, monkey

ram and other mammals as shown by the
acklichtfi~ techolque. Ibid, 98

a

: gaiﬁ
i
?
:
?

f1s

AL 1918 The morphology of the

umen gnificantly from Stage
Mo Smue VII The histology of the bovine
testls was compared with data for other

species.
Although certain age effects were evl

dent, ft was concluded that testis histology
and spermat

response of tesies of
young and mature bulls to ¢jaculation fre-
quency
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PLATE !
IXFLAN TION OF FIcURIS

Al the plates ars pb 4
Orth  fixed tiseme stalned with Feolgem Azure-A Schiff and periodic acid-
$chiff atains Flgares 2 to © are 1 magnlficatin ~ H3 and Sgures 10 10
13 arv t magnifestion / 97

2 Suge ! seminuferaas tobole howl g both Baperm togunla (B) and
spermatocytes (C)  well a3 old primary spermato-
dark staining

3 Sug II tubale The op have Jong wed and
their scrovome hes  d) tinct  pex anterior to the  ucke  muaterlal

4 Stage I seminiferous tubute. The pormatsd ars grouped into dis
tnct bundles

Stape IV seminiferous tubule showing young primary permatocytes






PLATE 8

IXTLANATION OF TFIQUAES

mv-nﬂnuﬂunmbu!c(lhnwmlnnholtbnmhuhh
Stage [V) comparing the morpbology of the secondary spermatocytes

of Etagw IV with the spermatids (T) of Stags V. Also
indicated ars_ Sertoll cell (8) an Aspermatoran! m (A) nd old

matide nd ane The old sper
matids deeply Tomard the
Sige VI[ semintlerous tubule. The old spermatlds have moved to-

ward the tobule lumer. Although pot ditinctly shown, the acro-
some of the spermatid b starting to form

Stage VII1 semintferooa tubole. Spermsteroa lioe the tubule lumen
1 u prioe to relesse.
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PLATE 2




IXPLANATION OF YMURKS
Testls from intact eide of ball 168 (8 ejaculates per week) with the
stage of erous bered.
Testts from bull 164. Compartson with the
tﬂhtmthainmddu(ﬂl.lo)tmnkd histological dHfer
encer. The f tubuls cross sec

the infltration of connective tisene ) and

dence of atretic seminlferous tubules. Alewmdlﬂymmal'ﬂni-
nﬂmmw!e‘-honmm&hmw The dor
sal twothird  f the testis sppeared to be similar to figare 13

Ventral pole of the right testls from bull NH 16, Although there was

an obviows interstitial tissue (50% ) und the occurremcs
of Mu-ﬂk tubules, essentlally normal seminiferous tubules predons-
insi
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DEGENERATION'"

RDPERT P

SPERMATOGERESIS AND TESTICULAR GERM CELL

AMANN
Datry Breeding Rerearch Center Department of Datry Sciswce
The Penusplvania Stele Unhersity U henity Park,

‘The earliest descriptions of bavine
matogenesls were by von Ebner (lﬁ
1888) Schoenfeld (VO 01) and Regaud
('0la, D1b) but the exact mode of sper

renaulnndmn!dpliuﬂonnfﬂ
hnnutbemdaﬂydehnutcdmthhrpe-
es. Theu mkm distinguished two

Ral

(41) 1
suggested that each dividon of a rat sper
matogordum a pew spermato-
gonlum and a spermatocyte
Most of these reports agree in general
with the stem cell renewal theory proposed
byaemnmmdlch!ond (533 54 B9)

They
at a particuler division, one of the A-sper

did not divide but rather re-
mained a3 @ Dew stem A-spermatogontum.
The exact location of this division (which
results in two daughter cells with o df
ferent potential) s well a3 the number

spermal
m(m?mm%tm
bovine testes there is varlation in the
ttern of a stem

ofd.lrldcmxbetwten farmation of a stem
and its prd

Fu'r Tats Roosen-Runge and Glesel (‘50)

that sn A-sper

videa two or three times to fo-nnB—fper
matogonla which in turn divide twice and
form primary spermatocytes They con
cloded that spermatogonia renewal was
accom; through the fatlure of a few
Aspermatogonia to transform tnto B-sper

i parrial fuk
mdmw e o
P ot the degoer of Dector

©
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the laughter tre: and

tive testicular histology for these 13 bulls
has been presented (Amapn ‘61) Al
tissye samples were taken from & postero-
mcdlnl-centnlarea-d]mttothgductul

RUPERT P AMANN

RESOLTS
Average carrected spermatogonia counts
for 9 young bull testes (Group A) and for 8
mature bull testes (Group B) are presented
in table 1 In general, numbers aof sper

% per tubuls cross sectfon were
I} ly greater in Group B testes but

tions at exch stage of the cycle of
niferous epithellum, except Stage V
classified and counted (X1,250
were classified as

A

ttern or ratio of cell numbers was

aged 3.39 * 0 19° for Group A and 4.36 =
0.34 for Group B In Group B testes
counts of A also
to be at their
Certain spermatogonia
homogeneous finely granular nuclewrs with-
out a nucleolus and which were about the
same size as A-spermatogonia vere pres-
ent {n Stages I to VII These cells were
cmnldendtobedv.her A-spermatogonla
s0 that the nudmlus was ex

va]ueLnSugeIV
which had a

diameter and other detaily of the procedure
bhave been described (Amann '61)

ogonla in
becnabnmzu]urde-
generating cells.

'l'bey were
va.lcmlnsugulnlndlllund nthough
counted separately are included as A-sper
matogonia in e 1

Average = stamdard errer

TANLE 1
Corrected wimber of germ cell -.—de.r.m-. sections of sominiferous tubules et arious steges
! the qdl the ecminiferons
= ctandard error)
Fage In-asd  Spermasoromis Yowsg primary primary Yous
aore Aremiserels iUt Gt o !
Nine Group A testey
1 24203 75209 0.70
bt 6403 010
m 88=03 .=05
™ 25=03 89=03 010
Vi 14202 109205 0.10
viI 14=02 1742053 a20
v 34=0- 220=08 a30
1 5920 s0=1s mex108
Elght Group B testes
1 47=08 102211 130 30=17
o 95=04 o0
m 50=04 78204
™ 4304 06206 004
1 431=04 128=10 013
vi1 40203 194208 020
vm a4za. 33=038 040
1 @i1=22 8123 2t02=113
The mamber of m divives iy
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as fe el Peaks of division ap-

peared to occur at stages equivalent to

may have been In-sper It was occars in Stages I
not difficult to distinguish In- from B-sper 1 IV pnd VIOL
but it was fmpossihle to dis-
Bspermatogonla in INTERFRETATION

togonla
in which he divided the cycle of the sem! germ cells in mature Group B bulls the

TaMLE 3
Ratios of germ cell mucld ¢ ariows stepes [ the cpcle of the teminderon epithelmm
T T Ten Bage of ercie of the scmtatferows epleeiies
ore

14 m v v vi v v 1
Group A wstes

togenia 10 19 17 12 —_ 10 1.0 10
In- and Bapermategonia 2 oo 18 27 - a3 32 L]
Yeung primary spermatocytes 180
ol 137
Sperm tids €14

Croop B tevten
A-epermatogenis 11 1% 12 10 — 10 a9 10
1a and Bypermatoronia 14 oo 18 22 —_ 29 48 3
Yowng primary spermatocytes 1.8 149
OM primary spermatocyics 138
Spermatih L}
Ortavant

Asperma 10 0 .4 - - = — 10
In-end — — 43 43 s
Youwng primary spermatocyies 182

LRI ST LIS comat ta tibie YT of Orievame (7
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remainder of the Interpretation will be
based on testes from Group A bulle
Oakberg (36) emphasized the difficulty

gonia in bull testes amounts to 33% so

half of the cycle of the seminiferous epi-
thellum. This would not result in errone-

in the muldplicaton pattern rather than

germ cell degencraton an average of only

12 primary spermatocytes per stern A sper
was found.

that 24 sper theoreti-
cally are fol rather thm 16 degener
atlon sppears to be unimportant during

this phase of spermatogeness,
(Clermont end Leblond ‘53
Runge 52) and mouss (Oakberg, B6)
stem A togonia are farmed as & ro-
sult of the second division of spermato-
gonla but a total of 24 spermato-
cytes are formed rather than 16 as in bulls
and rams (Ortavant, '58) This results
from an extra dividon whereby cne of
the A-spermntogonia present in Stage IT
prod: 4 per {n while the
other produces two Inspermatogonia and
a stem A-spermatogonfurn (fig. 1) Asevl
dent from table 2 nelther the present data
nor those of Ortavant ('59) indicate that
this occurs in bulls since only 16 primary
spermatocytes are formed fram each stem
A«p A ropid d 1
of A<«permatogenta in Stages I U and I
could result in a low count far A-sperma
togonla and hence crroncous cell ratios
but there was no evidence for cell Joss at
this point in spermat esly,

In the rat
Roosen-

Although the axact pattern of spermato-

8 stages of the cyclo of the seminifcrous
epithellum which was 303 181 17.0
104 18 63 75 and 108% n:-pccmﬂ
(Amann '81) On tho basds that 18
mary spermatocytes are formed from each
stem  A-spermatogonium  three possible
E;ltnam for spermatogonia rencwal in
have been developed, Flgure 24 is

based on the description presented by
Ortavant (‘69) while the patterns in fig-
ures 2B and 2C vrers from the
present study

Both scts of data (Group A and Orta-
vants) show that there wore
many A-spermatogonia {n Stage I as
Stage IL Thus tho stem A-spermal
fum (grru:m In Stages IV through I)
vides late in Stage I or early in Stage
In Stage 1I (Group A) there was a t

1y

ogen Kramer
(60} concluded that ferr A-sper gont
degencrated but that degeneration of B-
spermatogonla occurred during the last

A

A/\A
A A A

A hihhhihihin

Fie. 1 Renew 1 T spermatogunin 3.
from Roccen-Runte (51) and Clermont
and Letlond (33)

of three sper with app Y
equal numbers of A and Inspermatogonias
Ortavant ('59) however suggested that
one of these spermatogenia was the
new stem A-spermatogonium while the
other two divided again in Stage IV (sco
fig 2A) Of tho threo patterns
only that {n figuro 2C meets tho roquire-
ment of having both A and In-spermato-
gonia in Stage IIL

Ortavant did not present data for Stase
IV bLut apparcntly be assumed that 4 In-
ivﬂmalogonl.u were formed during 5tage
IV since in Stages VI and VII he found 4
Inapermatogonia  The present study in-
dicates that 4 at are not
present In Stage IV The differences
among the values for In and D-«permato-
gonia in Stages I through VI were
highly significant an thero was a Jow fre
quencey of ccll divislon In Stape IV i was
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concluded that in Stage IV there are two
which were formed late

in Stage III, & stem A-spermatogonium
and an A-<permatogonium which was
formed early in Stage ITI and starts to
divide into two additional Inspermato-
gonta late in Stage IV Although Kramer
('60) did not propose a pattern for sper
ds this inter ion is pot con-
trary to his data, Stage V is of extremely
short duration and counts wrere not made,
In Stages VI VII, and VITI the patterns
for spermatogonia renewal in figures 2B
and 2C are dmilar and agree with the ob-
served values. However Ortavant (°59)
formd 3dentical numbers of In-spermato-
goniz in Stages VI and VII and concluded
that spermatogonia did not divide in thess
stages but that the B-spermatogonia were
all formed in Stage VIL His values were
based on counts of only 13 to 27 semint

of Gtage IVto 11 1n § VI 18 in Stage

22 for Group A tesies represents an aver
sge for Bspermatogonia throughout Stage
I Since Stage I is rather long (30.3% of
the cycle) it 1s fmposxible to tell exactly
whero the dprlmarymm of Bspermato~onta in-
to 4 speTmatocytes occurs
Inmugalmbu}amvd!orcmpr
60 contalned at least ope to-

toporia. Vore
Mm.l‘urjcmup B showed that 5 mwbules
only Bapermatogomla, 49 con-
tained both

ogonla
Pprimary spermatocytes and 26
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only young primary spermatocytes These
data suggest a pattern In Stages VIUI and
Inmhnnhmlnﬁgmwmdm ‘This

Stage I (Ib) Also shown arc the totals of
the observed ratlos. It is obvious that Pat
tern A for spermatogorda renewal does not
agree with the data. Patterns B and C

hgamhnh supparted by the observed
uecfl&Bymmgpdm.lﬂ ytes
for late Stage I tubules, Lhough il por

matocytes do pot ocar dmi
Figure 3 shows the theoretical tofal
number of sparmatogonia (A In- and B-
‘)ﬁmamgomn combined) In Stages I to
and the theoredmlnumbcrofcpcr

matogonia and g pcimary
tocytes early in Sugn I (Ia) nnd'ﬁw in

have fally the same total numbers
of cells at any given stage of the of
lht[:ﬁ-f:ﬁmepi lium and

types are considered

Pattern B does not appear to £it the obser

vatfous as well as Pattern C The scheme

a:mtedinﬂ,mﬂ(:blbwghl to be the

on of spermatogonia re-

newal in bu!h. Data for Group B teates
nl’on:ppon this hypothesls,

uction of i1 tubeles

as utilized by Cleymont and Leblond (B9)

report
Ifkely that bovine spermatogenesis docs
not {ollow a consistent pattern
The method of spermatid formatlon
from prdmary spermatocytes is less com-
Eﬁ: From examination of many tu
croas scctlons, Jt was obsious that
in Stage 1V the old primary spermatocyies
divided Into sccondary spermatocyics
which in turn divided to form spermatlds.
These meiotc divistons n‘m to bo well

process sperma
roco:mmlasedmmdm(ub\delumcnu
Lheendo!ewhsuznﬂu Figum4rrpn~
sents the sper

species bu uobﬂ:-n’edlu restey rmmrnz-
ture Gmup B bulls degeneration of germ
cells may n:ducc actual productlon to Jess
than B4 st Js per stem Aspe
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STAGE 4 A Spermatogonia
' @ In-Spermatogonia
e O B Spermatogonia
L 1]
= A 2 Spwmatocrin
Led ds
? Spermatozea

|-

|
S0

o
=
i
Y
U Ll
LI
m
v aa
E een o 123
1
™ S-S 2 3
frrtoyg
Flg. 4 The sentstivy pattern of In bully sty with the
of  eam A in Stage M wd trrmd 2tes appraximately 4.5 cycles

of the scminifetons cpithelium later with the rele s of 64 spermatorna 1 the end of Stage
v
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gonlum. However this loss of potenilal
germ cells s not related to ejaculadon fre-
quency or rate of sperm output (Amsnn
'81)

Testicular germ cell degeneration
The loss of potentia] spermatozoa for

ejaculation tly occurs at two lod:
the tests nngmmepid.ldymh This dls-

present in Stage VII and young sperma
tids In Stage VI was pot 1:4 but rather
1318 The 22% loss of potential sper
matids was distributed as follows 10¢

cytes npear the basement membrane 2!
during the first maturation divigdon md
10% as young spermatids. Roosen-Rumgs
('55) emphasized that germ cell degen-
erstion occurred in abviov.n}y normal
semintferous tubules with the same regu-
larity as cell diviston and differentiation.

A-spermal

division {n Stages I to III. Con
present stady with bulls Ozl.bemu
degencrating  spermatogonia
testes at all stages of the cycle. Al
they amounted o less than 2.5 of the
spermatogonia in any given stage depend-
ing upon the method of call

degenerating resulted in a2
loss of 14 1o 25% ol!hepo(enunlgl:rm
cells. There was no evidence

aton dunng the Jong prophase of !hch:

mary spermatocytes but there was a
of about 13¢ during the tvo melotic duvt
stons OQakberg ('56) fourrd an overall
loss of about 277 which is in good agree-
ment with that of 227 reparted by Roosen-
Run~c ('53) for rats homever the exact
stages of degeneration appear to differ in
the two spedes.

Ortasant (58} bas presented the most
striling demonstradon of testicular germ
cell degeneration. He found an Inverse re
1atian between the length of daly illumina
uon of rams and germ cell formation
Lon {lluminaton (16 hours) resulted in
an 11¢ reduction in the basal number of
Aqpermategonia. A different interpres

to the

tlom of his data suggests that this loss may
have been as great gs 30% with subses
quent losses Quring
amounting to 435 Mtfam:mumlmtron
as contrasted to 20% in testes from rams
with short illuminadon (8 hours). Orta
vant s (38) histological data sm, 2 total
decrease of from 40 to 505 in the number
of spermatids for 16 hours of fllumination.

The dotn on spermatogenexds in tables 1
and 2 supgest that there is very Utde testl
cular germ cel degwdmmw»mumb-
oldbulh but that it becomes of greater
tmportance with advancing apge. The
ratios of the basal number of A-spermato-
gonia to youny primary spermatocyies, old
pdmary spermatocytes and young sper
matlds were 10 ; 166 157 : 61 4 for
testes from young Group A as com-
pared with 10 v 148 5 138 1 517 for
testes from mature B bubs. Thus,
there was no germ cell degeneration d
ing the first 2.5 cycles of spermat
in Group A testes bmnppnru:ﬂy4"-u!
Lhepocenunl spermatids were not farmned
from old lpcrmzlncytn If this
small diffe the th ical value
(dumeslhevnluefmn!dpﬂmmtpa’m*
tocytes) ts a true loss (p < 005)
1t could be ateributed to fallure of a few
primary spermatocytes to complete
relotic divisions. This is
occasional obtervation of degenerate PAS

tive old primary

Stage 11 and in Stage IV For
Oakberg ('56) also concluded that depen-
eration of durinz

losses occurred during the melotic

slons  Data for the occurrence of abnor
mal germ cells in Stage 1 seminiferous
tubule cross sectlons also indicato that the
loss of germ cells was negligible In Group A
testes (Amann '61) incidence of

matids in Stage H

The genm cell ratlo for Group Bof 1 0
149 138 5] 7 indicales that degencta
uon was more prevalent in these 63 10
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104-manthold bulls although the ratios
{orlhodbuﬂswzmdmﬂar About 75 of
pmmualgmmgwimnryrpmnnocytu

pll:ld.un and an adgltonal 7% of the
young qugwnf me’ ocytes degennﬂu.-d
the!!\m\whm'huymin

1he itcanbeum-

dumt the ccll lou duﬂng spermato-
muld, occurred durdng dlvl—

g
Stage 11T ane-half of the A-sper

and VI did not divide into B-
untll late Stage VI or

d for spex
mnwgencd:tmledlﬂ in mature bully
This valuc a ose of 225 far
mature Tats ‘55 and 27%
for mice (Oakberg '568) hramer (60)

an averags of 42 spermatids per
A in one testis from
a one-year-old This represents a de-

~spermatogontom,  Although
not directly investigated, 1t appeared that
losses during the last £ycle of spermato-
genesis were slight. It s Impmdble to
state conclusively that the basal number
of A+permatogenia was pot reduced
through dccen'cndon However when the

ax_ly Stage L Divislon of

gonia into young in
Stage I also g to be g¥ynchranous,
but dividons u]lprl.mnrycpam:mcym
and all secondary

chronized. ’l‘hus, lt nEp:nn that dlvhlon.l

~spermatogoniz were
Eesugnm.nrequlra-bmwtjcydﬂuf

lpmn:mgenui:.
the d
mul wmm(mmg ;Ilﬂi’declﬁjﬂn&

of
Group B bulls was comtdered, the number
of A-spermatogonia per 100 u of tubu-
lar crcumference was dimilar for Group A
and D testes.

oas

divisions. There did not a
appreciable loss of sperma during sper
miogenesis.
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scminiferous epithellum for 17 testes were
used to evaluate spermatogenesfy and test-
cular germ cell deiencration in bulls, The

numbers of spermateronia at each stage
wero significantly greater in 8 testes from
€5- to 104-month-old bulls than in O testes
from 3Gmonthold bulls.  Aspermato
ronla nere at thelr batal value in Stages
VI VI VIl and L In Stage Il there was
twice the batal number of A-4permato-
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thon and exammation of large
ol‘s:;p!elvmbwt!.hanecdlnrm

result of (1)
direction of

1
cruu!ndhmeterh:m}vedlnmemphncﬂ
to di cal ¢ growth
in lcnzlh (ﬂu 1-3) Spcdﬂcban: tissze

with the aid of the Gllings-Bronwill m
ratus, One- per cent alizorin was
tered to some of the white rats to establish

teed in
Alizarin markers were also osed to con-
firm the pericateal or endosteal nature of
bone

rlrledelu!bulcbmedm
wrre“

uemofcachbme The structural and de
velopmental relationships of each bene
type were defermined Coml
prmwrrmbmnﬂnmmthemnzc
ment, pattern, and structure of these tiy-
sue types were then mapped according to
sequentlal formaton and particniar re-
gonal Jocation.

ORSKRVATIONS

mrcu ve bore remodeling used by Kol
(1853) Brash ("34) Weinmann and
Sicher (47) Leblond (50) and Temelin

('53) This penerallred s fltustrated
in plate 1 Noto that metaphysls is
in di as the

reaizae, T o e
ted in relathe pal-
ton to become part of the
o periosteal surf! k !n-
ex resarpuion of ot aces in
combinatian with appostdon on the endoy-
teal
Cortical stratification  In all species
examined the booe

tural con; te of
Jevels (ﬂgl. 14 19 e7)

and 1
precxkth:ghnullnotcudn{).y'mcdar
d
This bone of older

can ¢

Rromwl! Schentific 3902 RuspeDl Bereet, Box
392 Rocherter 10 New Yerh.
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fred rapid accumulation of new perfosteal
bone, During fast diametrical growth fust
following hirth stratified layers of primary
osteones  together with f{nterstitfal non-
Yamellar tissue are formed (Sgs 24 25)
Following lIster remodeling incomplete
zones of this tixsue remllnmlhcmmda
{fig. 19) In eddition this type of bone
ds:\muof!cnpm‘ent to which
tendons attach (fig 20) or fn any former
ateas of such aitachment which have since
been o Led X 1 lhﬁw

tihia are appraximately equal iu their
length of

&dl;tgw;zdbd}lexipbmﬂm

' owever the
ﬁnmmmbmdlmmwhmw&glzgf
ity of the distal
linear growth w is
to the neck and to the greater or letser
frech

fy in tu
bercles soemm to Tesult from the formation
of original fine cancellous deposita result
ing from disproportionately rapid

donship  writh stress forces associsted
with muscle or tendott insertion. This ob-
servation is in contradiction to the hypoth-
esis that Z resp to

£ Ax(n‘rcmh“bomfwm‘egby
tion of the dittal plate represents the pre-
m cg;‘wdvdummxbcmg
shaft
dﬁmetaof&he{mﬂmfd«
ph %‘prdifmumofiu;wncﬁ-
y‘iﬁd ¢ becomes red
mpxhntogether

¢ cancellous booe

tenston (Murray ‘385
Internal within the com
cta tself results in the formation of

underlyin
(g 8) Sub—pcﬂmcal jamelar apposition
ﬂppmnuthomckmdummumcdh-

tssues which are d larpely of

Y ¥
baneuno{inmhrdmlhch:;\oﬂxueof
many mammallan species including the
white rat (Enlow and Brown, 58)

Primary and

ent shaft, Tbcconucc between this
1 bone and the peﬂmnlbunnd
the shaft is evident in microscopic sectiont.
DISCUESSON

Tha traditional textbook pattern of tom-
pact bane tizsue structure Is 3 combinatios
of outer and fnner cireumfercntial laek

noticeably sparse in the rat
c.zphmer;m the bavis of comparative dif
ferential growth and the relative goantitles
of hone which are deposited in & given
period sioce the primary osteone is & strue
twra} result of larper volumes of bone for
mation in less tme
Structurol raviations in different bones
The relative prolfferative sctivity of the
groximal and distal epphyseal cariflages
is an important facmrmmr!budng to archi-
tectural armangementt within the cortex of
the shaft. Inequalities tn growth rate pro-
duce a characterisuce distribugon of endos.
teal and periosteal bone tissues which is
{dentified with rpccmc bones  The prod-
mal and distal epiphyseal plates of the

gement s rarely so
hvw«er ifthc(otmwggmmd

wnh FEapect o the various remodeling
hyseal-diaphbys-
eal transition chmze' in sh-pc rmo for
matlon shifts in axis osseous drflt the
formation and reformation of bony
cucs and the dews t of various
tissus types 3t s apparent thas s conside’
abhvmeryofmcmnimumu‘cm
tobe d 3

Hered

levels of the bo le?)
evel 1 ne (pla o ate

ingly the various
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are found for example in the bone struc

between the laboratery rat and human

of monkey bones. This can be explained
periost

laid down In a given period of time and
this strengly influences the
of bone tis ue which is to be deposited
The widespread distribution in a skeleton
pri-

malian forms of larger body stre however
the p Ty dd of the
diaph: cortex following reversals of

in the addstion of reladvely
freater amounts of bone with a
jroportionate removal of endosteal bone
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The distritustion of endosteal radiak canals

1s undergoing active reduction during gross
remodeling.

Generalized requence of growth
Based on the structural observations pre
described snd discussed ths tradi-
{(fgy 1 2 3) has been expanded (ﬁmx?
A% g3,
5 8) The af this mors detafled

DONALD R. ENLOW

1b to 2b following outward reversal in
direction of bons

ing on relative rates of growth,
o{ﬁncancd]mxbmc wbcn!cmtd e~
cefved sk
Stage two (fig 5
prytls has

(c) the progressive rearrangement sod re-  contours of the old boge,
components duxing b to dt by sub-periosteal
deposition of
Stags one (fig 4. Specific wress and  bone has ocewrred from 14b to the end of
008 are bymdennmben the
e fng hyseal red otloet
e;ﬂphyweniph lrumloatonlmd ward reversal in
fmmlobmubulmm be sween from 4b to I:lbmdaamlh
by endochondral Meta) Campact bone oo
dnmetﬁbasmmdkm%mllbsl paction durtng endosteal
1

of fine
y Jous mhmﬂumm Icrminzm
intramembranous sheath

the endochandral medulla (ﬂg. 16) Nou:
mnwzdumwdihnmphym
retiancnop'pome:kie(watalh)
has undergone reductlon. A shexth of sub-
periosteal

dochondral trabeculss have been by com|

and directly imaded by irerard P becul pr ded from 11a to 152

(ig. 16) srrangemrent o an actusl  and from 11b to 14b  Incresse in

bema is seen in figure 11 Mea by sul apposition of efther

pbyseal recduction in diameter by perfosteal famellar or fine cancelious
hav also octurred froan 3210 11a ron-lamellar bone is seen from 1a to 63

and 3b to 8b of coarse  and from 1b to 4b. The eroded surfaces

canceilous bone durlng inward growth is
seen from 6a to 112 and from 6b to 0
With contnued elongaton of the entire
tone  foflowing ep actvity this
area will become interred

tea) layers produced by subsequent froevard
and gutward reversals (see Stages two and
thres) ﬂmdmmm!

mxmmhedmthucmx Tbedhmnc-r
of the mid-diaphysis has tacreased by sab-
periosteal growth from 1a to 3a snd from

of Stage ome sre presen
of the bane from 6a 1o 11
from 4b to 11b In this
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parent. Note that the contours of the bone
28 a whole are maintained as
even murfaces although the sut

87

Slnce the contour of existing bone sur
ﬁcunmymgeuldevelomalr:«;d

the compact bone itself is a atte of

nfiguration of wul depast

trregular zones. Periosteal resorption has
ukmplmfmﬁmlﬁblndfmmh
to 20a. End

cmnpamcn(mtbemphy:‘;sy) u-rbythe

lmmdpuwthbymdmealdepoddonpm-
duces several distinctive bone tssue vark

PP Lhe‘ ;

rmnSnwﬁOaandfmmA!hwlaﬁ. Euiﬁer
2omes of compacted cancellous bane from
7ntounlndfmn6hm10bmrww§
com

from la to 7a and from 1b to 7b.

inner surface of the mid-disphysis
now undergocs resorption (not shown in
diagram) as the diameter of the shaft in-
creases.

SUMMARY AND CONCLUEIONS
The cortex Is composed of stratified com-

tinct growth zone and the composite of
zones represents the cumulative result of
;mmﬂmmmmw

also to differential rate of
Bmkzdnﬂlﬂnnuhul.uthnm'\m
of bone L
bones andhem’ecndtﬂerrmucdmn
varjous levels of the same bone These
structural variatons can be explained on
Lbebnho!regionalderdopmenulnm]

d end 1 and ped 1 re
\mahmdln:ctmdhmfg;mmhcm-
Lnbulc to the formatton and stratfication

cordc:lzﬂﬂe& Grmvthm‘cruhfuﬂow

I.nrol\cd in mcu:physe:ﬂ to d-l:mhﬂ&ﬂ

Species
structure of booe can be explained
by & comparative interpretation of the spe-
cific growth processes described

in the !

in this
study
ACKNOWLEDGMENTS
'l'beuul.buthl.ndebmdmumlhrm

lenﬂanntheUnL

locatton of compact bone during lipear
powth
progr hanges In sec
tonal shape imalied fn physeal \entlyol‘
diaphyscal relocation are uced by a
termed  osscous

t
Zone formation Involves a varlety of
basle osscous Ussues. §) bone t{snre
ly associated with

nonlamellar bone tis-
suc | widely distributed jn the neo-natal
cortex. In post natal long bones this bone

occuples distinet zones In the cortex
fallowing the farmation of other zones and
t sue typee during subsequent gromth
reversals,

for her
the translation of difficult passapges fm-m
carly Latin works.

L'u'ge numbers of bealthy normal em-

courtesy of Dr Paul Ayres Parle Davis and
Co. Rochester “Michigan. Rare bone ma
terials from older of Lnown age
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ltam F Windle Dirccter Na:
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of South

Dr James Gavin, Medtcal Coll
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PLATE 2
EXFLANATION O FICURIN

4 Stape Ome represanted in black. Remnents of lhhnwthl:w.l.!aﬂawin:mhﬂqwnl
maddhu

can be traced in figures 5 and & Allzarin arv indicated by red
lines. Detafled explanation in taxt.
5 Stege 4 b lined pastern. 1 1
found in Etage one, i ombted for amplicity of lustrton. The markers of
ape by vubsequent enclosteal or periosteal deposits.
in taxt,

8 Siegr Three stippled-pattern. Endosteal and
m mdwp.aflu‘:y two and thres following nmddhgmmmuphn thon
text.






Lateral shift in axis doring metsphysesl-disphysoal tramsition is involved in  bampes
and nﬂuhthmum-tmdmdlh-bmamm-h
termed  Osseouw drift.  Tha stroctural results of Luteral drift, as level A {s superimposed

Lengitudinal section of  growing povt-natal rat famor Ahu.ri.nmldznmlndlattd
by black lines. G by the natare of
mnunhtmtntbﬂdlllllmphymnndlndzzmh F.ﬂcnlhurndm‘u‘-.l

a3 indwated by elizarin markers, has formed in the distal half of the bone 5ob-
pmhmmummmmmmdw of the shaft adjscent t the
Dec

Prlhlrdhtlhrfpr\:ltﬂ“dbytd.ﬂhlut and endosteal bone is white Nots the
wideiprvad distributson, | the growing ret fsmur of epdosteal bone  Enlargeme 1 of
areas X and Y are found in plate 4 figures 13 and 14






FLATE 4

IXPIANATION OF FIOUANIS
Longitvdinal section ® growing rat femur The {nformation presented in
ﬂmunndﬂlndzhemlnmmulnﬂmﬂlndu were muade {rom this section.
Loogitndinel section of a growing mat tbis X 1.8, Compers opposite aides of (ho
praximsl metsphysis. Ontdde(l)nba-r:mb-ptrb-uﬂlmiﬂmnd}mlmﬁn
Wyh&rwhﬂ-tbembndﬂ-(nhuww:h by

in with Ses figores

lsmdlﬂ&bv{mcmwnbhntdmtnndﬂhhhrmmlhﬂm
Thh transverse section of  growing monkey bumerus {lostrates the stroctoral revolt

lamellar with 1

of osseous drift. (A) Is

tion (B) o one of the sections, snd «ndh 1 Lemellar (C) and ]
rm-pdm(D)hmunlb-oppodudde.anhuwou«kd d;{:rrﬁmmuﬂ
the top of the [Mustrs ﬁhmm.wnhrmﬁmmm- sections

of all species and ull-uh-nh x 6

Enlarged transverss soction of Ares Y figurs @~ 60, This ares of compect booe 1
cmdmdrﬂydlndﬂlﬂ]hﬂt.:;lm waupmrddlrmkﬂmm

capals in this endostenl bone. Cau-pmuﬁlp-ﬂ»ﬂnwﬂhlhcpcrwnlundlm
in fgure 22
X, fgure 9 ¥ 80 The arrow tes (he contact

endostesl bone toward the right, and mth-hﬂ.'nnm%
zone i composed bone lurm-lyloc- in the wectephyus.
Threse rones are thos seen reprewming the mnlpmd
volved to
L 1 of 4 bum.lnhn[bﬁn-l,djaunllolhﬂcﬂrby-ﬂl
<30 Nots the increase by




BONE GROWTII AND REMODELING
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FLATE 5
IXFLAN TIOW OF FISURKY
Endostes] lamellar growth In the Joog bons of -nullm(flvk) x 100, A
cancelloas enclosed within the cortex durin

mb-cuh(mvw)hbdng 1 4
inward growth. 5 partern B frequently obsrved In compact booe located in o
y':h.

growth
of distinctive zooes s {ltustrated in Agure 19
Transverse mecthn of  growing post-natal rat fenur through hmclmm-emcd

7b, figure 6. X 00. Four robes are evident. & I deposition (A) 1s
seen on tha oater marpin of the bone at the top of the illustration. Beneath thi cr
cumferentlal] yer is  rone (B) of Ane of primary
osteorin terstitla! tsrse This epecific rome detiv tive
of the booe thwene #lther neo-natal or post-na in figure 18 (above) or in
figure 20. A rone of com bone (C) i present
Vertiges cal spicules have been muha(nr.la-u:d
Int an re of older ! £, Tk beculse produced by the epk-
physcal plate. Ahmn{:ummfmﬂdhmﬂ&r(l)) following contineed endostral
growth found on the inner margl  The rmulty of omscous drift are evidenced by
the eccentric onentaton !mnpumﬂymwm

the form Hon of by sab-periosteal

ton (B) Lawellar filling of enclosed spaces Iater

o bymhmdlumtmunbm :nnmwn-rzhu
mma{pﬂmmmm booy processes freqoent

Note the presence of chopdrold tevne (A) ¢ the pexc!'.blc\hrrlngpmwu.
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PLATE 8
EXTLAN TIo® 0 FICORYS
Endostes! lamellar growth in the long bons [ -natal rodent (Cerda) X 100. A
cancellovn enclosed within the cortex duriog
inward growth. Soch  partemn i frequently obstrved {n compact bone Jocated in or

of dutinctive rotwm, as fosrated in Agure 19

Traneverss gection of  growing post-natal rat femur through  lerel represented by
“b figure 6 X 60 Fou romes are euident, Sub-periosteal lamellar deposition (A) &
seen oo the outer margin of the booo tthawpallhoﬂht(rlﬂm. Buanl.b!hhdr

Observe the st of o byh

toa (B) Lune ﬂﬂl.n‘n[ rndmdpchnm:wnw{[l ter yrodoce :lnun
osteones buneumtnﬂnmm
-nermx:nccnrm-ceolpmn.ur Y Processcs is ln'qoml

Nota the presence of hmdrddﬂnmm) (lln pex of the enlarging
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PLATE 7
EXPLANATION OF FICURLS

mnh.mmuhy 7 118 The cortex 42 composcd entirely of compacied cosrse
d by during in &ameter

bone (.
Ahmddxcm!mddhmtllnwudncedbywumh(A)mdmu Tone of

coarse cancellony booe (B) prodoced during epdostral growth. An beer
rooe of endosten] circumferential (C)hnfuﬂntdtumm lacking cancellows

trabeculae Nots th t the booe has “drifted” laterally to the right.

Pm:ddrcmlurnﬂllhm-(A)rrxlmﬂmhwrm I endosteal bone prodoced
by hnnhxcdmu:hndnuh
nndlbq'vlntled'lrnnrmtn!ulhmﬂuhlhﬂrndﬂﬂnl

Cortxcal bone entirely of 1 coarse bore










Histochemical Classificaton of Individual Skeletal

Muscle Fibers of the Rat’

JOHN M. STEIN® swp HELEN A. PADYKULA

The striking differences among the fiber
types which compose vertehrate skelets]

iIn the varous fiber
(typea A B and C) wers defined on

basis e cytochemical
activity in the

and Pearsé ‘00; Drews and Engel ‘61)
Recent histochemical evidence
that In mammallan muscles there are more
fiber types than merely red and white

In an effort to define this heterogenelty

more a

thon of ndividual sheletal muscle fibers of

the rat gartrocnemtus and soleus was un-
methods for the

demnonstration of glycogen and the en-

Tymes, deh >

Three fiber types
occur in the medial head of the gastroc
bemtus but the rat soleus has

MATENIALS AND METHODS

succinke Y
triphosphatagse and non-specific esterase
&Lﬂb:‘scdmcxmm:wmﬂupcﬁnd

odhidual muscle fibers could be compared

HUsLPHR
E:M:“:I:‘M&mmm
¥ v Yok Repiul 1 Y B
Servioe ™t ROk T ow ot (he T 8. Pubiic Beslih

13
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muscles way isolated and left intact until
the Mmb was detached from the animal at
mid fernoral level Tha detsched leg was
quickly Tastened to a dosvel with both knee
andmﬂnjdnumlmmlmmu
way betwesn extension
entiro Umb was then fmedia
maysed in g bath of 95% eﬂnnd mlid
carbon dioxdds (~75 C) for 10 to 15 min-
remaval from the hath,

of the gas(:mcnemi
sdmmdpianmxﬁsmmmd the
isolated muscles were stored in & deep
mtreczcn-&scmrnotmn:h ono

Berial cross sections {10 1) wers cut in
t.hucryosu:n-lsc. Red moscls fibers

rnpidlythxwedby plm:(ngawann ﬁn:er
under the slide.

B Histochemical and ; hod
Sections to be used for the succinie de-
d {SD! wers then

JOEDC &Y, FTEIN AND ELEN & PADYKULA

utes at 30 C. Fixed aections were washed

scribed by Pedykula and Herman ("55a and
b) Unfived sections were fmmerwed di-
rectly fn the medium and incubated for
only 10 mirutes.

Pearse s alpha-naphthy! acetate method
was used for demonstration of esterase sc
tyity (Pearse '80) Sections were fixed in
106 buffered formalin and washed in dis-
tilled water before incubation. Incubation
was carrded ocut at room temperature for
20 minutes, The sections were then washed
in distilled water and mounted tn glycero-

el

Sections to be wed for the demanstra
tion of glycogen were fixed for 10 minutes
in Rossmans fluld at 5-10 C, They were
then hydrated through 100% 985% and
50% ethanoly and brought to distilled
water  Controls were digested with 0.5%
malt dlustase in & 0 1 M phosphate buffer
at pH 6.8. Both controly and test sections
were then subjected to the Mchisnus pe-
rlodie acid-Schiff (PAS) technique

krwettempcramm. Except for the vag-

atiom in temperature the roethod far dem-
anstration of SDH followed that of Nachiss
et al (B7)

Sectiony destined for all other reactions
(e for adenosine triphosphatase ester
are periodic acid Schiff snd hematoxylin
and eosin) were mounted on clean ginss
alides thawed rapidly end air dried for
30 minutes under an electric fan. They
were placed in boxes and stored in s e
frigerator at shout 30 C untl the react

gotin, They were
fixed in cold (5-10 C) Rossman s Buid for
10 minutes and hydrated through ethanols

were carried cut. The maximum storage
was 10 days and no loss of intensity of re
actions wae poted during that interval
Two types of adenosine triphorphatare
reactions were performed using “fixed” and
Chemical Bxation was
tramertion tn Novikof's
solotion for 15 min-

ceed two Serrun fluid or 10%
buflered formalin provented the develop-
ment < S




A standard fleld was chosen for study
This fleld was located in the media] kead

presence of a muscle spindle in the region
(2 1)

The homogenelty of muscle fiber stain-
Ing in the HAF, preparation allowed selec
tion of individual fibers without regard to
the histochemical properties of the selected
fibers. The specific fibers to be studied
were designated by numbering them om

er ‘The average of two readings
was used for each fiber
D Summary of methods

Freah frozen serlal cross sections of rat
us were made. These were

'C‘mﬂulqi.mﬂcﬂ.trrlhncouldbeund
2 landmark was selected for fiberdo-

ﬁberunxnn The method for clanifying

individual muscle fibers was outlined, and
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dria in vurous parts of the sarcoplasm.

plane of

wection has been considered. It is thought,

benvever to be an unlikely explanation fn
distinct hemical

JOIN 3. STEIN AND IXLEN 4. PAUTEULA

The type C fiber s characterized by:
1 Large

riphery of the
2. Particles which are lined up in shors
palisgded streaks in the interior of the

view of the g
which will be presented below for each type
of pattern Slace the length of mammalian
sarcomeres is 2-3 u (Hoxley and Hersan
60) it is ulso unlikely that obtaining croas
sections through different parts of the
sarcomeare accounts far the general patiern
differences. Furthermore when o section
from both the beginning and the end of &
series of 13 serinl 10 u sections ore rescted
for succink dehydrogensse activity both
sections show individual fibers to remain
constanyt in the pattern of diformazan dis-
tribution

The three fiber types fa SDH reaction
are depleted In Bgure 3 gt oft irmersion
magnificatian. The 2ype A Aber which fn
presumed to be the classical white or light
fiber is ch by

1 A network of wall diformazan par
tictes which vary In size but are slmilar in

‘/’sizem(hmmlnthcntypnﬂber and

are consistently smaller in sire than those
which distinguish the type C fiber

2. Particles arranged in sn opén net
work suggesting a relative sparsity of mito-
‘hondria and a high ¢ jon of myo-
fbrillar material  Particles form lomg
streaks which are frequently parallel to
one another but in places the streaks meet
st angles with a somewhat larger panicle
forming the center of & selate confSgura
tion.

fiber
3. A cleardy defined although discon-
tinoous Tm of heavy subssrcolesmmal
SDH activity marked by large clongated
massen of diformaran.

Further distinction smong the A B and
C type fibers can be made by & sudy of
their crosssectional aress The crosssec
tiona] arca wos grestest {n the A fiber fn-
termediate in the B fiber ond smallest in
the C fiber as measured in a single sample
ol 71 fibers of the medial head of the gas-
trocuemlus.

C. "Histockemical profiles of individeel
muscle fibers of the gastrocmemisa
and soless

Gastrocnemius (medial bead) Seventy
three individual muscle fibers were selected

3 A lack of distinct sut {errmad
SDIL activity thus having an indletinet

margin

The type B fiber has the {ollowing char
acteristics
1 A veteark of particles of similar stze
o thaso af the type A fiber

appear as depicted in figures 10 and 11

3 A lack of stroop subsarcolemmal
SDH sctlvity thus having an indistine
masgin o to the A type fiber
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Intensity (Le. the fntensity displayed
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acteristics can be observed in the fibers
marked B as fllustrated in figures 46 In
addition to a striking variaton In glycogen
content, this fiber thowa some varfation in

ch
23 type C fibers. ATPase activity rematins
high after fixation. Esterase activity is uni
Immlyh.(:hnndglymgmtmgehckmdy
variable. These obeerved

fiber type shows the least variation in its

figures Desplte obvioos c
nant lmcmldu. h 1s cvident from tahle
fibers may display 2 wide

lv.bnlbetg:c
spectrum sctivity for fixed ATPase

Scme outstanding histochemnfcal cher
acteristics of these three flber types are;
(1) the sensitivity of ATPase in the type

A fiber to chemical fixatlan

Lovensity
)
waliee  ATHN AT O S
rrstine
Dark 7 e a n
Insrmetiatr 0 . 2 3
Light [ 13 13 1
Uncleruied ° 0 4 °
Prrdocainamt
inprostty Dark. Light Light Dk
Twratrseven Abemy, cla Trre A tm the
v

LA e I A bt

Characteristics of type B fAbers

Tencty

wiue  THS SN T
Dark 4 3 » 5
Intermaediate o 4 1 10
Ligwt % £0 o .
Usclarited 0 o 2 0
Fredomtneat

ixpreatty Itght Light  Dark Yarjable

JrT e S Uil o Tree X

g

both being low In the A fiber and
high in B and C fibers, and
(3) the striking vadation in the glycogen

lha(Lbut!paAﬂ.ben a3 designated in the
h hvd, [ 3

the test tion In other enrymatke

activides. It {s unknown whether

Characteristies of type C fibers
Lutrweelty
- whsed Flaed Esber-
satminy ETP!-II ATTase ) T
Dark -] 2 o0 10
Intermediste O ] 1 /]
Light 0 o o :

B
rr...-m.., H‘.-‘?.."-...wm [~y
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TANLE 4
Higtochemical proftics

JOHM 3. $TEIN AND HELEN A. PADYEULL

o1 gf?-l?.d Sl roane ras predongdnant in efther of

A Dk Light Light

b Light Light Dak

[ Dask Dark Datk Yarishle further reveal that i} the type
The k

cording to the criteria described above for
the fikers of the gastrocnemios only types
of the B and C fibexs are found in the SDH prep-
arations of the soleus (8g. 12) Noregions

Seventy per cent of these fberw show com it that those of the saless sre

patibility betvreen thelr classificstion in greater
the SDH preparation and their profiles as
determined by

thy 4 other histochemical DISCUSSION
The heterogereity of mommalisn
tal muscles

remaining 4 histocherdcal reactions (Le.  Heterogeneity in fiber content which is
the histochernical profiles) are ch 34 tred
istic of another type '}

Tha fiber types studied in longitadinal  skelctal les which have

This ty is closel
the nerve supply of the mu
Brown showed thst differentistion
Solexs This hind imbmuscie hasbeen  into fast and slow muscles occurs post
natafly in kittens. AN muscles soe slow o
of generally high and kow  contraction time fa kittens two weeks old
and glycogen stornge were  but some weeks later there i differentla
tion into the adult patterns of fast
muscle  The muscles

phatic (er gas

developed fast contraction  whereay the
of this muscle in the present study  tonic muscles (e g sofeus) bty
has further defined ity heterogenelty Ac BunerﬂaL(’GOamdb)haredemd
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the role of innervation on differentiation ly different marphol 1 relation-

may [s Lozt
for years Dubawiu-:{dl’c:m('ﬁom hxvébemd:nnﬂedmdbynspnmmﬂo—
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It is speculated that many of the physio-
logieal and Hochemical diffe noted

erenices
xmong vartous muscles are due to the pres-
ence of different of the sey
erat types of muscle fibers &5 well ay the
grosy arrangement of various
components.
Mitochondria
A point of considerable concern raised
by this paper selates to the locatlon of
mitochoidrda within muscle fibers. The
concentration of granules around the nu

JOUN M STLIN AND HELLN A, FADTKULA

ryme succinie debydrogenase This en.
xyme {s tightly bound to the mitochondrial
membrane (Skekevity and Watson 56)
Although cytochemical efforts to localize
the enzyme within mitochondria with the
electron microscope have been made (Barr
nett and Palade ‘67 Yaeger '61) the
methods em| {potasstum teflurite and
nitro BT} havo not pcnnmzd convincing
localizations. Desplte this cytochemical
Hmitedon the specificity of the hiro-
chemical tetrazolhxm moethod for SDH
(Sdlgm:m and Rutenburg, '51) s well

cled and In :henxcog!"nm
fibrils was first noted 3.
These

hypo-um!c solutions. Holmgren { 10) char

gr;nukﬂ(!{]ch}-?rd.m(l
ozA ules) depending on theis relation-
:hipgn&elmm Alack of clear deft
nition of the differences in the focaltzation

4 and the reaction product fy
knovwn to form at the mitochondrial sen
face. Iuparﬁcuhxmemlmnmlhunndy
has been to offer a better three-dimenssonal
concept aof mitochondrial armangement
within three types of fibers fn the medial
head of the gastrocuemius (see ¥
ﬂcum 10 and 11) Esrlier hist
studies localtzing SDI fn muscle
sized the validity of this reaction in
ing mitochondrial number and thus differ
entiziing between “red” and white ftbers
(Padykula, 52) u‘;’lﬂlllth’l (’85) reposted

scoplc
)wnnm;moﬁcrprcdw' i {Ben
nett god Porter 'S3; Palade 56 Porter
and  Palade ‘57

& conee SDH activity st the [
band in some but net afl human rat and
rabblt muscles Nachmias snd Pad
(’58) a‘:m-hmd high tuburmkmm

Andersson-Cedexrgren
B9) Four specific lwauom af mixnchm
dria} bon
tioned {l)memxlmrpokt (2)xhe

myofibrils with or without relationship to
the crossstriations In gentm! the rmito-

per SDH sctivily with aggregations
of mitochondsis at these sites  There ar

chondsia are distrit

rows among mycdibrils bm they may slso
encircle the myofibrils  Porter and Palage
('57) defined two fiber types in the rat
sartorius and cbilgul on the basis of mito-

chundral number structure and arrange
ment Ope of fiber ts usually of amall
diameter is rich in mitochondria

which have many cristae the mitachen
dria branch and encircle almoat every |
band The other fiber xypclshrmm

which
that SDH is exclusively s mizochondral
%PwlandSpeﬂlnz 52 fogeboom
)

In the present study thrre fiber types
are demonstrated tn the medial bead of
xhe gastrocnemius while the soleus has bt
tea One of fiber has heary subsasco-

lernmat Sg;peacuﬂty and the other two
have much Jess. The high subsarcolemmal
2c1is3ty eorreiates swel) with the abundsnce
of mitochondria fn subsascolemmal and

diameter and is poor in
these mitochondria are smafl have few
erixtas and are wsually not related to the
1 band

Anather method for determining the
location of mitochondria fa the histochemy
cal procedure for the mitchondrial en

perinuclear statlons  The position of the
mnocbmdmmﬂxthmﬂ typnlnﬂ;f

ttﬁtdtdbymekx:!ﬂuﬁ.mo!ﬂ)" The
A fber 15 presumed o be the classical
white Bler with few mitochondria per unit



MISTOCHEAOSTAT OF DeVIDUAL SKELXTAL MUSCLE FIsEas

vdmm:ndntﬂwwlu‘koffnnmhogﬁﬂd

111
regation of fibers with high glycogen con-

lndNnXk,'SS&Q:‘ndb) In the st

conient of the
A fibers Is generally high, bot it {a quite
vuin.b!ntnﬂmBlmicnban. Further-

of the
Sntcmityo!thePAsmcdmhtrhﬂnnﬂy
Hmited to three categories (Hght, inter
mediate and dark, of. tables 1 to 4)
there are actually many mare gradations
in the intensity of the resction. This vad-
stion in the glycogen content of the muscle

fibers may reflect different phoves of a cycle
storage and utfization which
wrere mnght’tnthetmzmtecﬂm. ‘The

the type C fiber The sub 1 coa- of g
centration of mitochondria would not be av
heavy Crmumm:: bt H

(fig u)uu:lwmldbeexpccwd elec
tron micropraphy of this fiber in the rat

;mmmtm.l
Thecamyo!redﬁbcnm:ybcfm
ther divided limto at least two

(types B and C fbers) The evidence for
this division rests on several bases (1)
the difference In the distrbaten of suc

rmcckmchh:mﬁbrnym AR these
differencey

sate of glycogen which has been shown
to have » half life of 4 days in rat muscle
(Stetten snd Stetten, *60) The existence

erence
extractable) and fixed
(hot KOH enmcuh!e) gycogeny as ind

except those
the mATPacpmpan
sy bo explalned by diff

or location of secton, It is thought, how
ever that the evidence presented thus far
tends to favor the individuslity of the B
and C fiber  Further supyport for the exdat
ence of two red Sbers is
hlstochernieal

and € fibery) will permit conclustve differ-
entfation of the two types by thelr ultra
structure

Glycogen
The deep portion of the medial bead
of the gastrocnermus 13 rich fn gheogen
predomainantly

xurcchulhmﬂbextypel Regional sey

by clting erences in the structure of the
Lycop ymers. Fur o
U’;’ﬂ”” zcndlﬂermxmeubo&km}a{orlhzvus

glycogens, th
fluctustions of free ﬂmmm%mdnm
varfous states whils fixed glpco-
£en remaing quantitatively more congtant

mng&mdmemard]wdmmeuhouc
state. On the other hand Hanson et ol
(60} think that the of fxed

glycogen speaks for it



58 Lamer et al. '60; Todd 60) In this
study the raty wers undocbtedly atressed
to some extent by the anesthesia and han-

ktptmdthercpmdudbﬂ!a:iflhcmmu
these preparatkns most y reflect the
glycogen content of the normal caged rat.

Adenpiine iriphorphatase
Although the histochemical ATPase re-
artion has been useful in this study for
differentiating several types of muicls
fibers the nature of this enzymatic resc
tion has 6ot yet been fully elucidated. The
reaction employed hero was perfarmed at
ted] s

JOHN M. STEIN AND HELEN A, PADYRKULA

neutral formalin inhibits the myefibrillar
ATPase activity at pH 7.2,

The multiplicity of the ATPase reaction
at pH 84 in the bleeps femoris of the rat
was noted by Naclondss and Padykula
{58) In relation to the action of
and sulftiydey! (nhibitors  Our results here
at pH 94 show a general inhibidon of
ATPase uctivity by calddum-formol #xa

acteristic netivity of B and € fibers as seen
tn undtxed preparstions is demonstralde.
That of the A fibers however remains

on:PeA’I?macd?tynhbeAﬂh‘er "Drf

sur g the
localization of ATPase activity originstes
mast lkely In the multiplicity of the ATP

tting enrymes ax as in the hetero-
;ﬁundcyofmkm;nnmﬂm
SUMMARY
Individual fibery of the rat gaimc
nemius and solews were cf histo-

chemically by comparing thelr various

charneteristics fn serfal cryvstat sectiont.

Tbssedntlbsefufmmptepnmdmdan-
e

3 oo
gen, succlnic dehydrogenase two kinds of
adenosine triphosphatises snd esterase

s % el
abundant glycogen.
ficial region has bigh oversli

pH o4 and y Y
ATPase activity {Padykula snd Herman
*55h Freiman and Keplan, *60; Wachstein
Meisel and Niedrwiedz, '60)  According
1o \Wachsteln et sl (60} fixation in cold
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fibers which are presumed to be the
cal white fibers. In fiber Band C
the evid that individual fibers

ts classical “white fiber
| types B and C represent two types
of red”
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PLATE 1
EXFLAN TION OF FICURIS

The pcweral topography MWWM
muscle of the rat taken 8§ mm from #s origin is The striped
the superficial

wharcas the fbers ( ur_t the lower margin of the
photamicrograph) bave Jower SDH activity Nots also th t
sor0 less active Abers are present in the area of penerally high sctiv-
ity and soee in the wrea genenlly low
in acthhty Obeerve the ke pindle (xrrow) which bx comvua t

n swperficial portion
ongln. Compare thi ﬂl’“r'wil.hﬂtwvivhkhll werial sectiom of
the same fled demonstrating glreogen by FAS technlqoe (X 80)

2 Glpcopen PAS technbque. This serial section depicts the wame
as figure 1 Note the orenting mascle rphd.'hdtdmltdwﬁ.hln
rrow  Obeerve that the regloos which 1w richest in alycopen (Le
the right and kower margm ) are poorest in SDH a3 seen by compark

5:‘

son with figure 1 It Is pointed out that the guperficlal red mmscle
(striped are 1n ioset of fig. 1) ha high overall SDI scthvity and Jow

t soma re-
ﬁanlur-m;hd concentranon.

y
by mualt dlastase sbow Do PAS povitve material in the cell
Em-eﬂoﬂlmiw\lylluhttmﬂvify ¢ the cell borders (x 50)
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PLATE 2
IXFLAN TION OF FICURE
3 Buccinic dehydrogenase activity (SDH); this montags {5 composed
of three mads t
patterns characterhtic of the A, B and C type fAbern

rom the medlal head of tbe rat gastrocemius ars
(A.B.lnddeicltefTDﬂA B and C fibern) (le)

1 Lack of subsarcobeamal sctivity
2. Particles in an open
Particles arranged o streaks which are sometimes parallel and 1t
meet marked by  larger particls thos
cresting  stellate conh
Trpfl

Lack subsarcolemnmal acthvity
Q_Pnrudnmn:rdmotuylnzh:lurnolmnpdywm

Type C i3 cheracterized by
1 \ery strong sabsarcolemmal SO activity with elongated masees of

diformaran.
2 Large spberical particles praferentislly asranged toward the fAber
2 aligned 1n short pallssded streaks.
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FPLATE 3
IXFLAN TI0% OF FiCtRES

nrml—arqrmlnddmmucwm:dtheumtﬂdd[mmlhmﬂd

types are
5 Swmcctaic del
Type A — light Type B — intermedix Type C~da k
The distributian of dlf particles §s sbown t K magnificaticn
io figare 3.
€ Lufized AT ate
Type A — dark Type B —Dight Type C— dark
F ood ATP w»
thh reactson with that in the soleos shown In firore 13,
Trpe A -— lizkt Type B — Lizht Type C—duk
8 Esterare (womspecific)
Trre A — Ught Type B —dark Type € —dark

Clycogen (PAS)
Trpe A— dark Trr B— anatle Trpe € — arlalle



FLATE 3

ABTOCHEWISTAY OF INDIVIDUAL SKELYTAL MUSCLE FISFRS

Jalm 3L Péris snd Febem A Padyials

d-\&!

.ru.J..\w
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PLATE 4

EXFIAN TTON OF FICUNLS

10-11 Thmmelﬂbuhmedmndmmphmdlxa
io an Hprep;nudm nedluhndunh-mnboru-m
that the

fgure 10 yhlh to pmdmbﬁhwﬂnhwﬂ
(> 1100.)

12 Swcvisic dehpdrogenasc actmity; rat soleur anypn.[mn:h
fibers are avident. muum-:nhmrnmu cytochentical criteria
lmlﬂunwhﬂcundutnmnm!urnmiktﬂuﬂ-[qcﬂkn
One grrow polots to  lighter B Aber and two arrows paint to
C fibers. Compare with figore 13 (- 125.)

13 FurdATPutrr-crin vat solrws. Two types of fibery v [ain
evident. theplxiﬂnmmlnlnundtymATPmnd

actrvity d by
Mhmﬂhmhﬂml!nﬂll (x 125)
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A Quantitative Study of the Hemodynamics in the

Laving Microvascular System’

EDWARD H. BLOCH

Depertment | Amatomy Western Reserte Unbrersity Cleteland, Okdo

The purpose of this paper 13 to describe
the results of a quantitative study of hlood
flow in the microvascular system. This
study has differed from others wherein
the rheology of blood flow was examined,

! teveral hod 1

by emy

outly to examine blood flow In living mi-
croscoplc vessels (Bayliss ‘52 Bloch ‘56
larding and hnisely '58 Jliger '35 Laax
et al 50 McDonald 60 Taylw '35
Thoma 27) These procedures have per
mitted an evaluation of the advantages
lyoitations and a statement of what is
required of the methods which may lead
to a mare cormplete characterization of the
rizeolocy of blood.

These goals were achieved by magnify
ing the contents of the vetsel and record-
ing the blood flow at motlon phcture fram-
ing speeds (fps) up to 8 000 per sec, so
that when the film was projected at 16 fps
cellular movement was slow enough to
tracc the pathwoys of individual cells.
Such data wero compared with that ob-

Clark, '35 McDenald and Potter 49 Me
Donald 52a,’60 Monro '60; Thoma 27)

The goal of all studles was to obtain
data which would asist in understanding

energy required

cells through vascular channels (B:yl.h;
‘522 Bloch, "33 Fahraeus, 52 Fahraeus
and 31 Hale et al. '35 flamil
tor, 1884; Hess, 17 Harding and knisely
58 Jiger '35 Knisely et ol 47 ‘60
Madow and Bloch 56 McDonald 52b;
Ralston and Taylor 45 Polscuille 1842
Thoma, 27)

METHGD

Aximals
Frogs, mice rats and robbits wete used.

Anesthesta

tained from vessels by direct v
with the microscope televislon microscopy
and cinerccordings taken at 16 to 64 fps.

In «pte of numcrous studies of cells in
(kmlnq bknd lhdr heh:wkx bad been in-
data
for the perlpbcral p!:mn layer and axial
mv:un were sparse (Bayliss, 5.

Clark Clark,

fon

Frogs £ 2550 grams were ancs-
Lhcdzedwlthl)ﬁmo mlufui.’:" solu-
tion of ethyl carbamate which was injected
subcutaneously and mammals were nneo;
mgms of sodium pentobarbitel per lilo
body welght

Sargery
The intestine in frocs was exposed by
ludllnu the thorncoabdomtnal wu]l with
y and In by a
mld]lnc incision mmu scissors and main-

tsed were
inf individual cells Dctallmul]y the re-
coriing rates were adequate but data for
sequentlal anatyses of ecllular movement
were not reported ( Bavliss 'S, Dloch
‘B8 Drookes and Monro 57 Clark and

taining he with clamps and liga
tures  To maintain the mre<entery flat and
maneu er '] for microscopie study it wa

T e torzmce
r o 1

5, Py Thur
T Awricen Hean Avoes
~o pd) 'y G TR e iy

118
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spread against an optically flat quartz plate
by suturing the smsll intestine to the
frame of the plate with 5-0 silk (fig. 10)
The method vsed to expose the lung of
mammals was as follows a canpula
(which was to deliver 0 to the Jung) was
£ d into a tract y so that it
ed about three quarters of the open-

ing. (The opening external to the cannula
tted excess gas to escape thereby
Iping to prevent hyperdistention of the
lung.) The right lung was then exposed
by making an incision between the fifth
and sixth ribs which extended approxd
mately from the parasternal to the mid-
axliary lne To achleve h ]

EDWARD It

BLOCH

the use of th ples which d 9
the thermal fluctuations produced by vark-
atons in Ught intensity or flow rate of the
irgating  solutl Such temp
fluctuations acted on the thermocouples
1o produce small voltages which were am-
plified and this current activated the beat
h of the controlling

equipment.

For observing or recording the circula
tion of the mesentery with monochromatic
light the animal was placed on a tray at
tached to the mechanical stage of a stand-
ard ml The quallty of the images
improved not only becnuseumgosdb!c

b d but by plac

ligatures were placed around each rib dis-
tal to ends of the anticipated inciston.

extending from the tip of the xiphold
process to the umbilicus.

METHODS OF TRANSILLUMINATION
. The quartz-rod meﬂzcd of mnxﬂ]u!nl.na

to use a ¥4
ing the microscope on an optical bench
it was possible 1o obtaln eritical allgnment
with the light source (fig. 9) Monochro-
matic light was obtained with

Uom was used for y

Due to the intense light required for
high speed ¢ ding it was Y
to modify the standard quartz rod method
of transilluminaten  The modificadons in-
volied the Light source the temperature
control system and the additlon of a tem-
perature recording system A 1,200 watt
tungsten filament lamp replaced the 30
watt lamp and was malntaloed at its optl
mal light output of 120 volts with an auto-
tramsformer  The light was transmitted
1o the tssue via a modified quartz rod (fig.
8) Informiton about the maintenance
of thermal hemostasis of the intensely
transilluminated area was essential This
was achieved by replacing the suandard
method of temperature controd for the

'] by & senoc Tled

feedback system which has
me 1n detail (Bloch and Haas
G0b) Briefly in this system of control
the temperature of the frrl ating solutions
fssulng from the up of the quarz rod and
auxllary kmgating units were malntained
2t a constant predetermined level through

This light was focussed on the tissue by
moving the substage condenser umll the
edges of the exit gl of the monochromator
and the image of the tissue were in focus
The ifmage of the vessel was studied or
directly or focussed on the
camera of an image orthicon or vidicon
televidon system and the resultant b
age obsenved or recorded from a menitor
(fig. 9)
Optics
Dry or water immerdon lemses wore
used” For the study of quartz rod ransth
luminated tlsxues 2 sterrobinoculat
micToscope (47 6% 8> and L. ob-
Jectives and 12 5 ¥ oculars) and a monoc
alar monoobjective mkTuscope (10 7
20 > and 50 # water immersion objec
ties and 10 » or 125 X ocula) were
used On the optical beneh 8 monocular
was used When cinerecording
the oculars were elther removed or photo-
graphic oculars inserted.

Cinerccording
T hi peed cameras mere used
and“E':uan 'kodak Type 111 and a Wol



Jensak Fastex WF3 The latter camera
was simflar to the Eastman camera except
that the shutter was a glass cube and its
maxdmiumm recording was 6000
fps — twice that of the Eastrnan camera,

The 16 mm Eastman Kodak High Speed
camera was used to record the circulation
of 420 to 3,800 per seC

1
gradually For example to obtain

70 feet of film were required. In contrast
motion

Analysis of the high speed film

The film which was taken at framing
rates of 480 to 7 600 second was pro-
Jected with a Bell Howell “Time and
Motlon pruojector e.lx.hahy stopping each
frame to study It using the hand crank for
slow motion, ar the motor to view them at
16 or 24 frames per secand

The ima ed
suwm!im)ect on graph

magnifical
ection distance while the rate of cellu
movernent was calculated from the
frame speed which was indicated on the
edge of the fllm and the distance that cells
moved between sequential images. These
data were inserted into the formula
vaD T
“un cf
whers V was the velocity Io mm/sec D
thedlnznculnmcmlhnv.buce“mrxed
when d; M the

and
T the average frame speed attatned dur
wng the total number of frames that the
cell s pathway was traced.

VMecthods used in determining the
pheral ©f sma layer and
avi.l “-eam
These com~>~ /= analyzed by
direct ¥is  zatimm h
from mot., pet fim which had re-
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TARLE 1
The degrer of taper of mescateric vetsels in the frog’
Arwcrieles Yenules

r D L T r D L T
s 78 650 -1 08 £ d 0 1050 +0 85
107 103 1080 ~0 & . 108 1875 =037
103 103 1313 114 103 2450 40 13
103 m 1913 -0* 3T 123 123 2100

117 117 &30 o 140 173 963 -t 0y
133 133 1350 o 140 158 1750 —0*ay
138 108 1080 +1 22 188 178 1313 +0 43
140 180 00 -1 8O 188 210 1050 -3 50
b 162 2700 o 189 180 891 o
19 173 1488 +0° 41 193 175 1488 +0 4¥
1R 18 1030 o 103 298 1839 -1 05
216 162 2700 +1 o8 19 173 1050 +0° 89
216 189 2430 +0 a8 183 245 17%0 -1 47
245 ns 1750 +0° 34 283 210 1133 +2 40
23 M3 00 o 653 25 1238 [
263 1500 o 80 H3 1750 +1 00
243 233 2805 +o 18 257 033 e +0 33

PL--rnA.ldh-ﬂt'I-llhvv-dtn rwary Imternal dlamwtey of
L'r:rl(ﬁn-‘;“m sspillary eystemy bmpth l-u:z::- - Pasd D T m‘:

TABLE 2

A compariton of the | termal dameters of mesruberio vessels { the rat which were
parallel to cach other with their tapers

bt L] Angle
ween o
Preximal Drstal proximat of
Yererl (i3] ) fergier] el
reasred * D/L)
o wy
Arteriole 210 210 12 0
Venule 150 30 1 o
Arteviole 128 210 s +1 11
Venake a8 419 78 +1 14
Arterrole 108 103 s °
Vmule 173 10 aTs -1
Arteriole 173 173 1875 o
Venule 261 727 1573 +1 16
Arterials " 0 1050 +0 89
Venoke 173 1z 1030 +2 5T
Arteriole 13 138 1050 —1 &
\emule m 7 1050 +4 0
Arteriche 210 210 1030 [
Venule 13 130 1050 +1 49
Arteriole m 140 700 -1 ¥
3 erale 1753 53 700 0
Arteriole 180 189 2700 0
Venule 170 297 1100 -0
Arteriale 213 218 2700 +0 3t
Veaule i 403 700 -0 3
340 1= 1730 +0 3y

Arteriale
Vemule 280 53 1730 <03




HEIMODYNAMICS OF MICROVASCULAR FYSTIM

TANLY 3
The axial wiream and Hwear of Mood flew ix
peripheral plarma boyper veloctty

Internal ) Axial
ometar atreon o
D) A 3 ko vE’
3 3 - - -
(Baected from 1,146 measorements )
s 13 13 44 4+ ] 164
o 44 [.5.] 109 3+ 171 125
3 41 as 78 1+ 4 142
3 14 51 78 s X 148
63 6.0 80 120 4+ 5 184
&3 130 0 13 14+ 18
74 a8 as 7% 34 1] 110
kel ae 36 72 34+ 673 110
%0 *7 14 4.1 14 [.2E] 1z
”0 83 43 113 3+ s 179
90 117 0 214 4+ a4 143
102 41 80 131 a4 177
103 41 2.0 1.1 44 819 18
118 30 s 4 06.5 118
1ur a7 13 X3 44 s 122
137 38 o 4+ 14 138
137 8.1 108 19 44 181 173
143 48 [} 45 4+ 1405 1
247 74 8 158 a+ 1312 193
190 B4 38 44 171 120
180 7 4 34 44 1773 167
201 ] BA 144 4+ 1888 114
203 45 27 13 a4 1078 128
32 45 732 17 4+ 403 11
232 » (¥ 171 4y 48 118
10 B3 63 16 a4 584 1
170 2 73 144 4+ 38 119
BAT
(Sebected from 338 measurements)
5 10 10 4 ) 125
5 12 o8 20 44 3 123
10 15 12 7 4+ 73 137
10 18 13 28 4+ 118
18 31 24 57 44 03 118
15 25 18 43 a 107 133
20 23 13 a8 4+ 107 144
20 13 17 20 4+ 17 187
= 12 17 ag 4+ 20 177
3 20 o 20 at+ 21 1118
1 0 10 20 4+ a1 1185
n 14 24 (3] 4r 28 106
as &0 ao 120 4 n 12
33 a1 59 122 34+ s 123
47 69 70 139 3, a1 134
4 70 72 M2 v 88 133
" o 22 a 4. 08 142
100 20 23 45 oS ess8 122
108 23 30 a3 1+ 1023 119
130 10 a3 a. 18 122
123 30 a0 60 4+ 129 132
13 30 a3 es a4 1283 1

um!‘h—hﬂ‘ulﬂ.'m‘ﬂ rapid thay crihular dlscriminstion porelble
E R e faarperlr it Rl teacbortor B bn e drsol ab iyl o ol angr-vand
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EDWARD IL. BLOCH
TARLE 4
Thw periphiral plasma loyer axial stream ewd lincer welocity of bood flow
in mesentrric tvwales
Pertaberal loyer Lisear
Intermal ey Axta) Rade
dameter i
(ID) A » Tatal —_— TR TIrLm
P,
L » -
L A YROG
(Belected from $08 meesurnnents)
a a1 72 153 4+ 217 124
84 90 144 3+ 408 148
100 126 17.1 2.7 4+ 112
10 17 27 i+ 1013 13
110 83 a4 inr 3+ 083 194
p¥a os 10 15 3+ 1318 18
a3 3.0 73 3+ 1238 118
137 3 54 nz 3+ 133 112
151 7 $.0 34 1420 117
180 45 0 45 3+ 73 110
180 43 45 9. 3+ 1710 1120
0 34 00 44 3+ 114
0 a1 20 171 3+ 2129 114
=0 kL] 54 126 44 2374 1
m 2.0 1~ WA 113
273 854 73 126 1+ 4 %]
288 9, 3 n 4+ 204.0 11
0 17 nz 24 4+ 2056 113
323 [5] 80 4+ a3 1
3 45 72 17 4+ 31a3 128
300 72 8.4 126 4~ M74 18
300 as 9.0 “+ 310 140
a7 4 10 4+ 3570 11
18 130 120 ” 44+ o0 118
RAT
(faloctsd from 438 mwararements )
s og L1 20 34 80 129
3 13:] 132 21 3+ 0 138
10 12 1.0 22 4+ 78 143
10 10 1t 13 4+ 19 et
1 15 bE-] 30 4+ 100 1143
13 14 15 29 4+ 101 145
14 18 15 30 44 110 144
14 14 20 a4 a“+ 141
18 21 17 as 4+ 128 141
18 38 4.0 78 4+ 24 121
1 17 23 40 4+ 40 143
13 18 11 1T 44 13 148
20 19 17 e 3+ 184 183
20 16 20 36 “+ 104 133
= 10 45 75 4+ 138 13
n 14 20 34 4+ 198 18
23 33 40 73 44 144 133
231 a3 38 71 -+ ma 138
30 33 as -1 I 1358 144
30 20 30 88 1+ 250 18
H IE] 16 o 4+ 20 17
EL 31 15 47 1+ 303 173
40 .3 80 103 4+ 7 138
40 37 1] 117 3+ 13m3 134
50 1o 185 273 3+ s 118
110 27 38 63 4+ 1048 117
110 37 . 71 3+ 1029 118

AU SR S,
webeciry of ilaed fow 4 biend Bew Ol nt ctllalar diecriolyition w  gueilble
3 T T T s TR A N T IS o W



HEMODYNAMICS OF MICROVASCULAR SYSTEXM 133
TABLE 5
Ammﬂmwwd&w ) of mesenteric arterioles

pervknl.ln—lnn(?rl.)‘

TROG RAT
i g i i

Arwrisles  Vesue Arserinles  Vesulrs

.
&0-70 18 17 510 14 14
118 118 11-15 14 18

01 100 118 118 6-20 14 18
101 130 117 119 21-85 19 14
131 140 118 119 17 16
141 1% 118 12 3133 17 16
181-170 117 1M 0 - 18
17 10 134 128 4143 — 17
181 180 1M 120 46-30 — 17
191220 12 124 100-133 11 113
721 40 122 198
241-270 11 118
171-300 1: 1

Tutal peripheral plasns layer.

The axial stream
In the translllominated blood vessel of
the arterial and venous systemns the flowing
celly appear as a red colummn, the axial

stream, nmmmdtdnthepﬂ‘lpb-
ery by # colodl the
plazma layer (Annxl.llltrezme_ﬂm

essentially only in vessels whose diameters
are grea!.:rthm three to five times the

di of the spedes erythro-
cyte F y in the center of the
stream a more central stream
or core iy the axial

)} While
cxiuxlnnl]venehbulcnfmaﬂﬂ

l!m

and
mtbemlcmmmlxtmcmofthen!.
Pasma Byes ¥

and axial stream In these
animals only 10 of the
core Therefore the results

rived from the frog where 208 measure-
ments were made in the arterial and 189 tn

crror existed when the lnear velocity was
rapld and maximal. When this occurred



134 XDWARD
maximum contrast existed between this
portion of the axlal stream and the periph-
eral portions of the axial stream. But as
rapld” flow was defined as the lack of
visual of any cellular detafl in
the stream, wras a rather wide latitude
between this and the actual maximal
Unear rate of Aow

‘The rado of the core of the axial stream
and the dlameter of arterioles was rela-
tively constant for any linear velocity of
flor The rato was 1:4 for arterioles
whose dlameters measured 20 to 160

H. BLOCH

M
and 1:44 for those o 160 to

1 1.2 for orte-
far the sxdal stream
when the linear velocity of flow
was so rapld that collular detafl could not
occastonal cellular
detall was visible. A similar reladonship

Ywas found for venules.

/" In generul as the linear velocity of fow
increased the diameter of the axial stream
decreased  Conversely as the flow rate
decreased, the diamecter of the axial
stream d hing 1its d
dlameter shen flow stopped but before

scdimentation of the cells

Microspectrophotometric study of the
peripheral plasma layer and
axial stream

In these studies the mesentery was sup-
ported vertically and transilluminated at
wave Jengths of 355 407 414 435 619
625 mu and in white Ught. Maximum
contrast between the blood and vessel
wall was obtained when the tissue was
transilluminated at 414 mu because at
this wave Iength the b Zlobin a

of blood flow with high
speed cinephotomicrography

in the vessels of the lung and sieletal
muscles No satlsfact data bowever
were obtalned from the liver

The peripheral plasma layer
When the film of blood flow (n mesen-
teric arterfoles which had been taken at

1 speeds of 480 to 7 60O per

intensively turning the column of blood
black against a Ught le background
(figs. 14 16 20 28 od 28) When such
an image was projected onto the face plate
of an tmage orthicon television camera
tube and the tmage dlsplased en a mmonl
tor there was further control of brightness
and contrast of the blood and the veseel
wall (fig 14) Thesc factors helped by

was analyzed and compared with film of
the same vessels which had been taken at
16 or 24 fps there was conuderable dif
ference in the appearance of the periph
eral plasma layer In thcplcomml film 16
or 24 {ps the perl ] plasma layer was
::h:nrplydcﬁmdg;:'zzm but wl:-rnthe
high speed motion picture flim was stud
led the “layer extended In an irregular
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13%

150 u and for the rat 30 to 40 i The ideal
et wras one in which not more than

tance of a 100 u befars
changing its configaradon. In soch -
cell vrere

one or two cells were interposed in the
optical path, conditions found only at a
distence extending 5 to 40 p from the
Internal wall of vessels.

The total length that any cell could be
followed was & distance of 100 to 150 u
whenn an initial magnification of 500 X
was used. Not infrequently the cell moved
out of focus In about half this distance
Both in the rat and frog the forward

the

The behavior of erythrocytes in
flowing bood

Movement of the amphiblan and mam-
vas d d suff-

sphere  of disturbance in
plasma and affected other cells by strikdng
them, thereby meodifying thelr flow
tern

In vessels greater than 150 u in
eter ts was possible to trace cells for short
d and their path

-

Tates up to 4000 fps for the
amphiblan and 7 600 fps In the mammal
when the cells were magnified

X 800 The best cellular discrimination
was obtatned by using a X 50 water im-
mersion objective with a X 10 ocular
The determining factor In the study of the
movemnent of the cells was the dlameter of
the veasel. For the frop the Lmiting Inter
nal diameter was approximately 100 to

spiral pathway
Adequate analysis of the cellular flow
E:;(emlnlhennedal:ynemu{them

3600 fpx. The pllot experiments
were made with the Wollensak Fastex \WWF3

the quality of the images were fnadequate
for tracing the pathway of cells therefore
the Eastman Camera was used and the



"
mesenteric arterioles when recorded at
3.600 fps. The complexity of the cellular
behavior was not appreclated fram ob-

regard
varying from a right angle to being paral
lel to the wall (figs. 20 30) Frequently
cells ad)acent to each other were orlented
differently  In general, the cells had dif
ferent rates and degrees of orentation
from each other Some red-cells changed
thelr orientation 360 within a distance
)onguto 40 g, equivalent to 2-10 msces

P
prodmately 100 . It was found that this
was not o when the pathway of such cclls
were traced through sequential frames.
Such cells had a cork sctew  hellcal
pattern of motlon similar to that described
for the frog
The distartions of the rat eryth

and thelr alterations in potltdon in the
stream are illustrated In figures 2 to 4
Likc the amphiblan red-cell that of the
rat had a he forward motion turning
on fts long and short axes but doing so
much more { y Furthermore con-
sfderable cellular distortfon occurred and

e

!

S EALIEL2 P
CXEFSSHIES
1

Flg 2 A cing tracing of  single motion pic
tare frame to il tv te the orientathon of efythrs-
crtes In 11 mewenietic arwriole of the t
phocograpbed at 1 13000 ercand (3600 fpt)
[$

Al cell in the vessel were traced ) Compare
with figures 3 4 29 and 30

1/18,000 se0 o 3,600 fps) The rumber
the vesa! indicates the mumber of frawes between
trecings and the arrows (

is-
torted forms existed only a few msecs. In
other words the undistorted form occutred
no more frequently than the multitude of
intermediato forms. Cells were lengthened
to 10 or 105 u belng about 50% lﬂﬂﬂ

cellular flow pattern exist
cells remalned In a “lamina for o long

were slower (fige 27 28) The movement
of cells {n the lamina adjacent to the
plasma stream In confluent streams has
not been studied
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The movement of erythrocytes in ressels
whose diameters twere approximately
that of the cell

streamlines were scen (fig 21)
Blace the vessels were Just slightly wider
zest dimension of the erythro-

cyte the cells were 1o be

Wmexh with their shortest
orl d of flow

There was present also & small but con-

plasma
drmhlhn-umzlrmdfmmo&unisco
10 3.800 per gecond an endrely different

137

pleture was revealed. The erythrocytes
were randomly adented. Many erythro-
cytes were arlented with their largest di-

distorted so t they were elther convex
or concave.

The of cells per unit volume of
blood vared fn t artedoles. Per
millisecond, concentration of

not because too few of cells
wrere encountered. such cells were
cbserved they were distributed

tems.
Cellxlar velocity
The linear velocity was calculated for
51 arterioles of the frog

mm /sec, varying from 1.98 to 241 mm

sec; in 13 w arterioles the average rate
was 1.32 mm/sec with & range of 0 74 to
2.16 mm/sec; and In 16 a arterioles the
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average rate was 2.13 mm/sec with mint-
mum rate of 167 and a maximum of 4 5

mm/sec.
Using the above data, eslculations were

rate was 4 5 mm/sec in a 26 ¢ arteriole.

The dimension of arnpldb(an eTythrocytes
in the arterlal cir

EDWARD II. BLOCH

and Knisely '56; hnisely et al 47 60
Lutz et al., ‘50; McDonald and Potter 49
cDonald

by using methods to examine blood
flow in I.h-lgz mlcmscu-pic vessels, The
an evaluath

I:wuposdl:ktomthed.lmn—
slons of fy

of the advantages ].lrnlul}onl and a state-
ts of the methods

measured.
251 v with a maximum of 34 u and a
minimum of 22
The width was measurable in 24 cells
whose average was 161 g with a mini-
mum of 13 g and a maximum of 19 p.
In 49 cells the average thickness was
5.8 u and it varfed between 3 » and 9

Film
Adequate exposure for analyds of blood
flow was obtalned with Kodachrome Type
A, Eastman Ektachrome ER and Trik neg
ative films at framing rates to 3 600 per

though normal color
achieved due to the mercury lght source
and the underexposure which usually oc
nnn-d at the maximum recording rates
DISCUSSION
To bring the data of this study into
spective those of others (Bayliss ‘52
Bloch °5G: Brookes and \Monro ‘37 Hard
ing and hoisely 38 Jager 35 Jefords

mmxo!l.bemm:rmm

which may 1o a more e char

hed 201 were of the rhealogy of blood in
situ. To achfeve such a goal it Is neces-
sary to in the It microvascy-
lar system the volume of blood in s seg-

ment of vessel thera(eo{ﬂmv-nﬂt.bc
pressure. The present status of the orl
]lomcuuml.bmmpcmnuhuf
avs:

Blood volume may be calculated in any
arbitradly selected ‘segnrent of a vess)
providing that the vessel is small
.:h.:wd!mimuuwnnon'xmthm
cytes  Static volume can be det
frumlhed.mpbmmn.la-ngrnp}dclmmﬁ"
the vessel which i3 projected dmulunt-
ously with a calibrated mlewbcr!by

are
values are then inserted into ;und:ml
formulas for determining the volume of &
cono or cylinder Dynnmlccellu.l:r(
rocyte) volumes may be calculated by in-
serting the values of the dimenslons aof
d cells In the

of biconcave discs or ellipsoids. (The &
memiomnfmdthnndknnhof!befm"
erythrocytes which were measured In

Uving circulation, av 251x 161 u m
in agreement with the av 250 ¥ 170u
whlchm:mobuhrdof‘dmﬂ::r cells in

1y Tutd

nnd wuh the u(mmrc (hnleely et ab
'60) ) Only an average cellular volume
:mbcobulnrddmwlhevaﬂadonm

size of eryth the probaldlity
that ;hldeu or n may be missed
because of superimposed  erythrocytes.
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linear velocity of cellular fiow in
the arterial and venous systems can be
determined from high speed cinerecardin,
in vessels whose diameters do Dot exceed
100 p for the amphibian and 30 g for the
mammalian circulation. In this study the
cellular velocities which were caleulated
wrere average velocities because the fram-
ing rate was determined by measuring the

=

E

a time signal
on each picture frame. A maore
sertous critictsm of the method is that the

s ltmited by the focal

pecies erythrocytes 5 to 10 times.
Historically the linear velocity of blood
cells in the microvascular system was first
determined by Leeuwenhoek (1788) and

sdnce that time investigators have

was
from 4?0 to 7602{{;71.00‘;1 would :lp';;ear
that a nqm 1 peT sec ot less
which was by Monro fs an untrust
worthy valoe to use for calculatng the
lnear velocity of cells.
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It would be destrable to determine the ever for recording such images on motien
velocity of plasma flow but at present no  picture fllm is probably of the order of
methods are avallabls far determining magnitude equivalent to standard record-
this value in the microvascular system ing rates.
simultanecusly with the other parameters. No nevw data were obtained in this study

other required {n regard to blood flow in vessels of the

microvascular system by standard

the copy using white light The dats were in

c vessel, Since blood flow var  agreement with other reports (Bloch 36
pres-

;

Clark and Clark, '35; hnlsely 47; Luz et
sures must be obtained. Progressis being al. 50 Nicoll and Webb 48) Again it
made to achiere such measurements. Dy was found that the fmages of cellular

tions, will characterize the rheology of was not attempted in this
blood in the living system the goal since study When white light was used with
the time of Polsefulls (1842) mon :e}mmnsyumtheo:g

dynamic
ing blood. This system has unique ad- ing to information of structure reac
vantages for the study of dynamtc blologic  tlon not to other factors inherent In these
light amplifier has systems such as light and size ampiica
utlon and is relatively stmple tion which do not necessardly inerease e
transil

is projected on to the face plate of of the capillary system. (Caplllaries are
converter  Within this tube the intensity to be cyl
of the {mage {s amplified and projected on  quantitative data to support_this concept
to the distal part of the tube which con- Is the report of Jeflers and Knisely ("56)
taims a fluotescent screen. There §s a  althouph the photographs of many in-
in the frequency at which this  vestigators support the concept quallia
be displayed. For example an  tively In this study considerabls varia
be displayed at a frequency of  tion was found in the degree and direction
sec (1 v sce) and be repeated at of the taper Some of the data were
a frequency or repeated at msec  in agreement with Jeffers and Knisely and
or minute intervals The fntensity others were not The in the
available on the fluorescent screen how data rras not due to animals or tssue since

5
!
7
2
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59 Fi and 1; Hagen- ) Also, when d were

bach 1860 Hanes ‘60 Polseuflle 1842  determined in the vessel gtmultaneous]

Taylor "85) Such & decrease ty flow and the a layer
dus 10 a & vardatons in and

el the peripheral layer was that a3 the dlameter of
er of the vessel. The rutdo of the peri plasma
perd plasma layer wae found to de- increased the smaller the
crease a3 insize with larger the peripberal plasma layer captl
Arado of 1 4 In the smaller veswels to & larics excepted.
Tato of 1 20 or more for the larger ver What was leamed of blood floer thar had
sehy of the microvascular system not been known when the dita of blood
The questlon of the abllity to flow o d dard methad.

by
the peripheral plagma layer sccurately  were compared with data dertved from the
Ras been questioned recendy (Bayliss  bigh speed cloerecording metbod?

9} In the past this layer has been poted Perhaps one of the most unexpected re-
with such case thar at one ume it was sults of the analysls was the finding that
m that a m?mhm‘ﬂx ﬂula.; mf;nm i of lther

o7 the peripheral plasma layer ce orfenta or positicn.
axial stream because they were so sharply  was most significandy m,:fﬂd“.",,
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the smaller branches of the arterial sys-
tem. When the flow of blood was observed
either with the microscope directly or
from Alm which recorded this flow at nor

streamlines

raal framing speeds, obvious
were t suggesting that the cells
were g parallel to each other This

was erophatically not the case when this
fow was studied from the high speed film.
There was found to be & randomn orentn-
tion of the cells. Then why did the flow
appear st lined? Probably b the
edges of groups of randomly oriented cells
were fused in the visual integrating

mdmmn.muwmcﬁg
(standard recardlng freq ) to give
the appearance of streamlines. Therefare
ngil:ﬁrcchcmmrdwmdnrdp!mo-

EOWARD H

xLocH

thls layer The presence of cells In
layer was eluddated further from
analyds of blood flow with high

cinerecording.  Erythrocyt

frequenty {n very close proximity to the
wall apparently touching the wall or
from 1t sometimes In pearly every frame
of the film Also in pearly every

the “per| plarma layer cxtended
mrﬁugmfm the wall 10 the
uring 10 to 100 u often to the center of
the vessel or 35 to ¥4 of this distance)

23

g2 ures were capable of re-
solving of

rue or ar

the cells.
The rate of reorientation of the cells

1ot appear to be any indirect evidence that
this could occur

The and fact Is common know!

edgr that capillarics can contain primarily

when {ngress to the vewsel has

ecn partially otzluded (Rrogh 259) This

ever had not been observed in the arterial

the amphiblan ond mammallan circula
dons and is suggestive that it may be a
common pattern of cellular flow

The questlon has been ralsed by the in
titro studles of Bayliss ('39) that the pe-
rpheral plasna layer is not free of crythro-
cytes ard by the present study twhere
dard hods of nere
combimed with menochromatic light where-
by occasional erythrocrtes were found tn

e cspecially the mam-
mallan erythroeyte fn vesaels which were
larger than such cells has not been re-

can alter their spatial podiion in the vey-
sel at rates which can be of the ardef
msecs Because of these actvitles there
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must be considerable agitation of the

plasma and therefare it is gquestionable

that a ttﬂl‘hrero!phnma:lmo!&y
T trude adi to

wall of the versel (Baylisa, 52)
The {n vitro studies of Vejlens ("38)
Moller ( 48) and Taylor (65) and in in
studies of McDonald ('sz'ﬂtgzttgd
e

Prec et al. (49) have indk d
veloclty

high phy and
other methods which can produce cellular
1 o that & tharough
ton of normal flow can be made, and then
d lacing the current name with
a more appropriate one.
SUMDIARY
Qu: aspects of the rheology of
blood, Its 4

Blood analyzed with the follow
ing m=thods visualization with the
pe television md: Ty

ton mi

have derived thetr
opinion from the of blood flow in
the vessels of the macrovascular system

phry
cyography of
cellular blood flow revealed that the stand-
ard mcthods gave an fmperfect under
standing of ecliular flowr  Cellular flow
was found o be complex and could pot
be dewignated as laminar

The major features of cellular blood
fow

lows
was 3 eﬂmph'x
routhly descnl 23 an frregular hellcal
path which decreased In dlameter In the
dircction of flow  Enthrocytes spun
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urmmd,tk_drlhgnmdlmznfn‘nmhm
twisted and folded rupidly within meecs

odentation.
The data were discussed in relstlon to
current convepts of Hood flow
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Tbe Eastman Kodak High §) Camwert positioned over the microscope (o record blood
Sow in the luny of the rabbit sbouitancomly with addittonsl Haw mark pulses (3 oa
mlmhnpkfmlﬂm)hunmm'hﬂulmmdmlh-ﬂlnbylh-
slde Jens of the (Ealarged from a 16 rmm motlon picture frame ) For  de
md&mmmnmmmm

The Ea tman Kodak High Bperd Camoeme. (D) Fllm supply spoad; (A) Arfon timing
hmp:(i)ﬂ: tter Mechantiny; (M) dichroic mirror for positloning {magpe from the side

onto the 8lm; (V) virwing telescope; (T) Alm take up spool,

b (o the ollhllu:cpndcnmcn(C)wﬂh
monoobjective microscops (31) and the Light conduction ytem (R) whea
wied to record tee eirculstion tn vertheally mounted terue. (Enlarged from & 16 mm

motion pleture frame )

The modifed quartz rod. (%) Delivery tubs for the hrigating solution and {T) thermo-

with Ughe, (G) Grllln
mhmsmrmd light souree; 2, aoguted
modified milling maching heady (c) camers (Imags Orthicon)s (0) optical ben:h.

ertically supported mesenitery In position for befug tranuluminated (T) lrrl(rdal
whkhtwuhrl a thermocouple (Enlarged from & 16 mm motion pictury frame,



PLATE 1




FLATE 2
IXFLAN TION OF FIGUR §

Arterial Hood flow ( ) pbotographed with white light st 34 fps in  borfzontal
mesentery  Note ($) lack of cellalar detall In the axisl stream snd the
pparent absence of a pedpberal plasms layer (&ﬂupdlrvm 18 mm motion phktore
frame }

Arteral and vepous tlood (rat) translfuminated  wa  Jength of 310 ms and photo-
mphndunfnm crtical mesentery  (A) Arteriole (B) Yen ke Compare with
figare 11 Note suvamlines Lack of cellular detad in blood strwam and indistioct
wrrphcnlphﬂmhvm (C)hdkcmmnmdwrfphn-l hun-l-rrnbl'b't
major stream. Arrows indicate direction of fiow  (Enlarped from 16 mae moton pict re
frame )

Blood Bow in a terminal srteriole and capfll ry (frox) Photograpbed wi
lenxth of 490 ma af 16 [pw in a vevikeal meventery  (A) Arterdols (C) Cd.ﬁlhry (‘)

Streamlines. Compare with figures 11 and 12, (Enlarged from ln-m:

frame )

Photograph of monitor (Image Orthicen Camera chaln) depicting an fmage [ 30
meventere arteriole (frog )nhkh-ubdummlﬂmnm ted st wave kenygth of 411
ma. Contra been sccent  ted to demonstrate the edgr of the vrssed wall. Ab-
sorptian of the bemoglolin | the erythrocytey hay tined the column of blood
Wack (note that the ood extinds nearly everywhere to the luminal surface
of the artrricle  (Fhotograpbed t 1/10 sex )

)!ﬂrn!rrtu‘lﬂ‘hkdlbe rat trnmmmlnkd'ﬂh whhc Jisht  nd photogrspbed st
1 1.000 sec on 33 mm Alm, indutnctness of the peripberal plasm  Jayer Com

pare w h figure 16

The same meseniteric arteriole  illostrsted m fgore 13 o dlvminated ¢t waT
length 414 vu and pbotographed 33 sccs Later
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PLATE 3
EXPLANATION OF FRIURLS

A.ﬂ-ai.xlbl.nr:dﬂo' 1 ry (frog) ln white Ught t 21
mi!m.l.l.’ﬂlndhttolc-ﬂ-h.rdﬂaﬂ. “This was the control for the clrculation
m\nmndbﬂm 16, (Enlarged (rors 16 mm metion plcture frame.)

The same  essel oo o fAigure 17 the circulatien was butornrbcdumlp;.
Note tha orfentation of the cell and pﬂfpberllydllnuhm Elupeed e betw.

the two recordings  pproximately three minutes. (Enlarged from lﬂnnmd-ﬂ!pk
tare frame )

capilisty fiow in & erthcally uupmdcd mestmtery (frog) transMluminated
-ﬂ.hl.lﬂ:ldlmml.(A)Mﬂ'lde {C) Capillary Note streamiine flow leck of cello-
datafl, thick wall and indistinct peripheral

platras Layer

The same blood fiow and versel a3 In Agurs 19 xoept they wers irsmfll minased
with lght 1 w ku‘lhol‘l(ma-ndrn:nﬂdtd l:!,mfpc.l.ul.bi-_ﬂrrld'nd
plsnma spaces and trreqular peripheral plasma o sre_orhenied
pnﬂrlmlhlwlﬂlndh’llb'd.lrmkmnlbo" ubmnn:icmu-dn. Noss the

position of ihe erythrmcrtes in the  pary (Erilarged from 2 16 mm motlon pictTe
rame )

Blood few in an arteriole wh eapillary branch In rrru:nlmeoemrry(lm)mm-
D]nmln.udvththLll,hlnndrm&dni‘fp‘.Nﬂe In arterioke
wpon the fork of the vessel Nuummlbﬂ
lnlbctl;ﬂhfy (l‘.n.lundfmm 16 mm motlon picturs frame )

The same versel 9 1n figure 21 excwpt that the fow wa recorded t 3700 fpo (Ew
lLarged from 18 mm motion picture frame
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HEMODYNAMICS OF MICAOYASCULAR EYSTEM

Edward 1L Klach

151



FLATE 3
LXFLAN IO OF ricoRIS
Arterial blood flow photoxrapbed tn  horizonts] mesentery (Irsg
fps. Note strramlines and Iack of cellular datal Thhvvnd:ucwnvl
I wtrated i figure 16 (Enlarged from 18 mm motion picturs frame
The same  cim) 83 [n figure 17 axcept the clreulation was pbanulb'duﬁ-ﬁmln

wl:.l et t 24
the circulatim
)

M-hmumdmmmmmwmlm Elapeed tiow betnem
the o rroortings spprustmately three mlotes. (Enlarged from 16 s motkon P
ture frame )

Arteral and capillary Bow in  vertically mnenmy(lml ) trapedll
-ﬁhu,,mounom-.(um«ue (C) Caplllery Net  weamline Siow lac!
lar detafl, thick wall and indistinct peripheral plasina layer

The same blood Bow and veisch in fgury 19
recorded

of celln-

paralle] (o the wall and in the direction of flow others at arious angles. Note
positson &f (be erythrocytes In tho capillary (Enlarged from 16 sum motlon picture

Blood flow in an arteriols whb  apillary branch in mUcllmﬂoIl-trY(fl’vl)m“
mnmm.ndﬂm-u-u;htmdnmm |ﬂfpv.. Note streamiine flow {a artenok

{ wpon the fork of the versd Not mnﬂnﬂ
Lnt.h- pillary (En.l‘-rnd!r-n 16 num motion pleture franse.)

The zmw vessel mﬂrmllwﬁutb.ﬂowmrmdtd t 3700 fps. (Em
larged from 16 mrm motion picture frame.




Fat Absorption by Epithehal Cells of the Small

Intestine of the Rat'

DMLACYMA.B.TA!LUE

C“-mﬁr' Anciomy 5t Bartholomex

Department of Zoslogy and
kudﬁlcﬂr’r Unbersity of London and the Depertmcnt

of Physiology Ui

As a result of histochemical studles car

dpal suggestions have been made about
the form in which the bulk of the ingested
fat enters intestingl epitbelial cells. Verzar

wivernty of 1limou, Urbams, Mineis

liker (1856) was of the opinl

5
£
4

the fat
passes into the epithelial cells in the form
chylomicrons) nh.h'JJ

apteal eytopl

bas been in more recent years
(Sborland, '55) It iy o that the
uﬂyu;hxmlamcopc generally sup-
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that canals are present in the free border
but, unlike those described by
holliker and others are Jocated between
the striations Subsequently Baker ('51)
by the use of the sensitive lipld coloring
agent Sudan black B showed partcles of
fat apparently passing dorrn the canals.
‘Theso canals were £aid to be 0.3 » in diam-
eter This work of Baker was frequently
quoted by Frazer (46 54 '58) in support
of his view that fat was entering in the
form of chylomicrons.

More recently still, Hewitt (‘54 '58)
confirmed previous vieves that particles of
fat could be seen in the striated border
within the aplcal cyioplasm and also
around the Golgl apparatus and nucleus,
Hewite clalmed thar some Hptd be-
tween adjacent cells and joins the intra
cellular lpid at the side of the nucleus,
The combined streams of l1pid were stated
ta pass below the nucleus (and within the
cell) to be eventually discharged into a
lacten) Histochemical tests suggested that
the lpid in lts stristed border was mainly
1in the form of fatty acids while that occur
;'Ing cells was principally neutral

at

Several workers have studied fat absorp-
tion by electron microscopy  Welss (35)
ald not observe any fat in the strinted
border or just beneath 1t. Palay and
Karlln ('59b) saw small droplets (850 A
maximum dlameter) between the micro
viflli of which the strlated border {3 com
posed (Granper and Baker 49 and "50)
‘These droplets were seen ot the bare of
the microvillt within invaginations of the
plasma membrane Palay and harlin con-
cluded that the purpose of the microvill
1s not to facilitate absorption but on the
contrary to allow only particles of o cer
taln sire to pass between them. also
concluded that Jipid )y taken into the
aplcal cytoplasm pioocytosis. Velns
and Palay and harlin agreed that the fat
passes towards the nucleus and s then
discharged into the space between adja-
cent ceils. Honever Veedss was of the
opinlon that the fai moves throuph the
cytoplasm within discrete Galgl vacuoles
Palay and harlin belleved it ravels within
a contlnyous systemn of membranes

1

These
+ wete {req y studded with

DENNIS LACT AND A. B. TAYLOR

fAne granules and were tdentified os ynem-
branes of the endoplasmic retlculum.

The t work was undertaken {n an
attempt to throw further lght oa fat
absorption and to obtain additdonal {nfor
mation concerning fts Toute through in-
testinal epithelal cells.

METHOD
Sixteen mature Wistar rats with an

feeding, while the remalatng animal
killed after onc hour All the animals
were killed by a sharp blow on the head
ancsthetics being svotded

Segments of the duodenum and jejunum
which contained the most fat s showd
by the red color of the Sudan 1V were
.r:fidly excised and placed into a 17

ution of osmium tetroxide buffered 10
pH 7.3 (Palade '2) Within the fixatlve
the ntestine was cut into smaller pleces
and tranyferred 1o fresh fixative foc three
hours The issus was then yinsed fa
distiled water debydrated with increas
ing concentratlons of ethanal and em:
bedded {n a 1 3 mixture of  methyl and
nbutyl methacrylate Rats of Group B o
wimilar age weight and sex ss those of
Group A were killed along side those of
the latter Parts of the duodenum
and Munmnrd from rats of Croup
B were treated In the same way as similar
Ussue olrtalned from animals of Group A-

Sectlons were cut with a glas knife
mounted onto coppes  gride previously
covered with a thin carbon fiim and €x
amined in a Siemens Dimlbskop Ia The
instrument was usually operated st 67



E. M STUDIES OF FAT ANSORPTION 157
KV and hs ob d at fe They were made on micrographs
ma, ranging from 1,000 X t0 obtained from all of the animaly exam-

40,

i.ned. ‘l‘hanvrumcandnm!dlﬂermm
of cells

taken at slightly dlﬂem:n focl.

Observations on the fine structure of
epithelial cells of starved amimals

the taken
mmnhned.nhespedﬁedm-

or derived more recently from the animal's  apparently determined by the paraliel ar
omn body (e.g., stougl tl af the two limiting membranes
pithella) l ] 1 (fig. 4 1) bimilar observations were
was often in the form of comparatively mnde-lung}rano!thel:taa]mﬂamd
large sacs. Crytopl cells. ere the dense were
particles were very numerous and o most usually seen between the two limit
curred both in contact with the mem- Ing membranes on a level with the ter
branes of the endoplasmic reticulum and minal web zane (fig 4 1) In a few cells,
freely in the cytoplosmic matrdx. The this dense material was seen between the

markedly dense
c:chnbmnOlS-lndiamexa
These bodics were enclosed by a thin

be Iysosomes (Appelmans et
a! 89 Novikolf 57)
Obieniations on intestinal rpllhtllal celly
of mﬁrnah fed with f

observations lp-ply o
q:dlbcualcdh d both the duodenum and

were very few in number usoally only
one or two being visihle in each cell (a8
seen in secton, ig. 6 L)
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Sometimes within  but usually lying
Just bepeath the terminal web zone in-
clusions were observed with the following

main characteristice: (1) ates of
mgfﬁm 100

DENNIS LACY AND A. B TAYLOR

Golgl rone Those termed 1 were more
prevalent than those reforred to as L
’Ihemwulmuhddlﬂumccbcmcm
the general ap nce of the endopl
reticulum in the suprasmuclear reglon of
cdhmnmlningmdmwwhmnumben
of inclutions of L sud 1, and in
cells of starved antmals (p 157) InLhc
fcrmcrthhc membranes of the endo-

arge
numbers in many celle (g 3) Dus to
the p of vorious intermediate forms
1t was contfuded that these Iarger dense
bodiey wern derived from those referred
to under (1) and (%) above. For con-
venfence incl

reticulum  delimited
fmumua These wern fairly well
distributed throughout the cytoplasm (fx.
10} Between tha large sacy wore smaller
ones. Colncident with the sppearance of
Sncluzlon L, L there appeared to have
bccnlrcducuoninlhcm]umcmlomd
the of the plasmml

and a cor in

the proportion of the cell occupled by the
maimix, \Vmslndnmuﬂxdc:n'whk:h
of the kind

mnbedeﬂgnawdhwhﬂuthehmm
will be termed 1 In several

woma minute cles wers acen wwithin
the densc ex compristng  incloxd

many
rel‘crmi:ouh.hmemmyfmdyoc
Thern was

texmed L {8 7 of also fig B)

In the apical zone were some mwem-
rares 10 which were attached many cyto-
pasmic particles These were fdentfied

nnnr!y :Jvuys an difference in Lbc

closing !udusion L L and the w::?:icu-
ously dded membranes of the

83 characteristie components of the endo-
plasmle retleulum  Alwo present were
membranes to which were attached few

c_"rr’:‘!i"hc rcu»ml:!m (figs 8 10) md
Kppearapee the Golgl zooe
of the Golgl apparatus also varied with the
mumber of inclusions designated L L
When few or virtually none of thess i
wero vidble the Golgl spparatus

) i under
wert some chemical or phytiochemical
change resulting in the separation of the

was s relatively vaified or compact strue
ture (ef p 157) When many of these fo-
clusioms yere present the npparmu: il

particles {rom the membranes. A few
cytoplasmic were hed to the
membranes nding = smalt amount of

the material {or tududom) dm:;mmd

th paired mem
branes und ad,\ncm: vacuo!u scauzrtd
ubou!u)cGo!ﬁmne“ So far nx could be

L 1 Most of those
were enclosed by non-granular mr:mbrancs
in accordance with the tentative sugges-
tion made above these nongranular mem-
branes may have been devived from the
ular smermbranes of the endoplasmic
retteuhem The non-granular membranes
were pearly aiways approdmately circu
lar in cutline there was no evidenco to
sugrest that the dense material they en-
closed was pasiing through a contlnuous
system of membrane-bound s Ft
naffy in the apical zone cytoplasmic par
ticles were seen scattered in matrix
Inclusions of the kind designated L
and | were observed as far back as the

Judped mier when even mwe
of the inclusions of the kind termed | 1
were present the characteristte arrays of
doutle Golgl membrancs (dictyosomes)
were xcarce while the Golgl vacucles re-
malned pumrerous

with dense ~00
in dizmeter (A 12 1) mnrm&m
for Calgt racuotes ta fie on the skde
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p:l.rtdmf.mbnmmx“nthoedlnrﬂnﬂe
(fig. 33) (4) ln?;lnadom of d:w’cell

P by
the cell membrane of an adjacent cell) and
crings of circular and sha
e leading to Golgl vacucles (fig.
13) and (5) vacualerlike dilations af the
totercellular space within which oc-
curred many bodies similar in sizo and
density to those seen in Golgl vacuoles
(Ag 13) These observations suggested
that there were canaldike connections be-
tween the Golgl vacuoles and the inter
cellular space; and further that the dense
bodles within the Golgl vecuoles were
erenm-ﬂygnmtedmthcmujn.ahw

FAT ABSORPTION 150
#from micrographs must depend upon the
different appesrance of the cells of fat fed
anlmals compared with control (starved)

of demse bodles in the Galgi

of the fat fed animals indicates
ﬁ mchn;m e slto lipoidal This

2Pp! to dense
between the cells.

Logically it would appesr that If lipid
wrere present within the microvilll, in the

{»eo introduction)
which {s in accord with this view

Any further suggestions on fat ahsorp-
ton from the observations made during the

views therefore sre advanced on this
basie.

Material, belleved to be Upld was seen
be the two bound.

y there is the difficulty of
ini g statlc pht {0 terms
of & dynamie process.

Ttis a from tha above that sny
ermation about fat absorption obialned

the microvilll. From a series of measure-
ments carded out by Zettergvist (738)
1t ts known that after osmium fixation and



shonld be emphasized that Frazers size of
particles was determined by light micros-

Dense bodics bellved 1o be lipid which

lh:nllhosc seen bchrt'::n the xwu'llmmng

DENNIS LACY AND A. B, TATLOR

gested above, this material was presum-
ably converted into the forms designated

Land L
The function of the Goig sp-
is obscure,

lipid passed into Golgd vac
uoles before being discharged into the in-
tercellular space.

Densa material, belleved to be Uptd was
seen between the two surface membranes
fram the bases of the microvilll to about

the limit of the Golgl rone Perhaps
some d was being obsorbed laterally
from between the cells as s by
Hewitt ( 56)

On the other hand, it scems
equally possible that some of the lipid,
which had penetrated the outer Hmiting
membrane of the microvilll flowed down
between the two Imiting membranes Io-
-le:do!entuingtbamulnbodznf'-bf
processes  In the latter care this lipid
would then meet the main stream of

leaving the main body of the cell. Which-
nuﬂmhmnmltuvm:mztmralh-
ways existed efther for tho entry of the
lpid [(1) aplcally via the m and
(i1) laterally from beteeen adjacent cells]

Appa: y some e
of lipild occurred within the microvilll
Along the length of the microvilll from
their aplces to their bases the dense bod
tes exhib ] Pos

a

sibly more lipid was absorbed near the
bases of the microvilli than towards thetr
spicey. An alwrnative view §s that the
gradient reflected o flow of lipid dovn the
microvili and its accumulaton (but only
for a short Ume) in this basal region just
above the terminal web  This latter sug
gestion offers some support for the very
tentatise idea that the terminal web mighe
participate in a pumping action and be
retracted at inten 2ls to allow the free flow
of Upid into the apical cytoplasm (Lacy
and Taylor paper In preparation)

or {ts discharge [(1) through the maln
part of the cell into Golgd vecuoles and
thence into extracellular channels and
(1) peripherally via the surface mem
branes]

l‘h'l'he overall plcture which emerges !rﬁ
¢ present study I that probahly most
the olive ol entercd the cells aplcally vl
the microvilli in some extrerely small
form of near molecular dimenson. This
liptd moved down the microvilll and into
the terminal web rone whero Mt under
DL 8 O, et
fta a3 apETEgAes
smaller bod.{n or as individually lareer
dense bodles enclosed by membrancs
These membranes were essentfally smooth:
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surfaced and were thus different from the

y particlestudded mem-
brane of the endoplasmic reticulum seen
n the main part of the cell. The lipdd was

of trigh
suggests that lipids may undergo a vad
of chemmical ges nature of

varicty of tranaformatons.
Such conclusions at are not contrary
10 the o referred to
above and to some extent mupport .

FAT ABSORPTION 161

fat is absorbed and the route it takes during
theHal

fine membranes

ing the perlod under examinadon and
afterwards. It is also sible as sug
nﬂtdb‘ylbewaku!l??laymd}{adm
(T9) that other long-chain trilycerides
may pursue other pathways. The route

may sho be determined by a vardety of
experimental factors such as the amount
of fat administered whether or not an
ancsthetic was used and the gerus of
animal employed.

SUARMARY

An attempe has been made to gain fur
information on the form in which

tered the cells via

vacuoles where it passed along intercon-
necting canals or channels (o the extra
cellular The dense materlal seen
between the two surface membranes along
the upper lateral pant of indhidual cells
was probably lpid which was elther cnter
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Ing lsterally (from betwecn adjacent cells)
or belng discharged so as to meet the main

tay of {ntestinal

DENYIS LACY AND A. B. TAYLOR
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Y Cox, J A Balint, R. Pirde of deodenal absorptive cells. J Exptl Med,

Flascher E. Huang snd WY H. Cevallos 102 773-782.

1900 Digestian and alworption of fat after o WleL;-::dR.LZ'mn 1935 Btod-
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Al the l cell of starved or { tfed animals. 1

adjacent cella  m, cell P cy es; cb
extracellular  space ; ER, endoplasmic reticalum; f Abers; Gm., Golgd membrane;
G, Golgl vacuole; I, muterial belirved to be Lipd scen elther in varjous foam or

Jocations or both) m  mitochondrim; my microvilli; N unde\n;p minute demse par
tcles prerctions through chanpels beligved to exist between Golgl vacuales and  fracell

PLATE 1
IXMLAN TION O FIGURE

1 Micrograph of the upper rrgion of two cpithelial cells from  rst
starved for H bours but allowed water Thers re po dense bodies
hin

wit microrill (¢f Ag 6) Dor inclosions in the proximity [
the terminal web (tw ) to those shown I figure 7 In the
mal masa of sm are occasional smeall dense bodies enclosed






PLATE 3
IXFLANATION OF FIGURE

2 Mho;npholq:hhrl.ldcd].:frm rat atarved for 24
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Deaals Lacy and A X Taylor




PLATE 3
EXFLAN TION OF FICUAL
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PLATE 4
IXPLAN TION O FICURK

small amounts of s demse material

comtrast
twx, terminal web rone 1



Rxt}



PLATE &

EXFLAN THON nco

5 Mivograph howing small dense bodkes (L) Intcrpreted
as lUpid withl microvilll (. ) The lipoddal bodies
are ke 1t n merou

the plees of the microvill
ot numerouy near thelr bwwrs. tws  termin |
w b rome 100 000 ¥






PLATE O

IXFLANATION OF FIGUAD
Lnﬂ"l

mw wmmn:

TE;W

17






PLATE T
EXFLAKATION OF FICURES

7 xcrograph of the regions immedistedy sbore and below the terminal

wyb rone (twz) A small amount of dense material (L fnter
ol

ankmal mmwkmnudanb(lhl!l.bﬂm (ct. Az 2)
Morphologically they ppear to be related to the sgeregates of fo-
dhvidually smaller Jeis demse bodles, ) mambranes -
loung tbe Upid are hsarfaced. are
present to which are ttsched  small ni cytoplaxmic par
tckes ( p) They may be  tramitona] stake between the partick-
tudded b of the {similar o thow

kower down ceil, fix. 9) and thow which enclose the
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FLATE 8
IXPLANATION OF FIGUKE
0 Micrograph of region just below that shown in figures
7

8. Inclusion iterpstsd = lipid are again prowent in
the vanca forma (l, lsi, L) sevn in figures 7 8 The
menimines enclosing this with




L W STUDIEX OF FAT ABSURPTION FLATE 8
Desnls Lacy and A, X Taylor




PLATE
EXFLAXATION OF FICURL
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PLATE 10
IXPLANATION OF FICUKES

Mxrograph showing materisl (Interpreted ss lipdd) of

the kind deasgnated & (cf. figs. 7 8) within tw Golgl
vacooles (G.v G. ) indicated arrow_one
of those dilation of & pair of Galgl

Liptd of the kind men sbore has been
only rarely seen (cf A 12, 13)






PLATE 11
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E M STUDIES OF FAT ABSOXPTION FLATE 11
Derwls Lacy and A. B. Tavier







Anatomic end Angiographic Study of the Vertebral
Basilar Artenial System 1 the Dog’

ERNESTO DE LA TORRE, OLIVER CHARLES MITCHELL, awse

MARTIN G. NETSKY

on Newroswrpery of the Bowman

Depertment of Newrology and Section ou
Gray Scheel of Medictne of Wake Forest Collepe WonstenSalem N C

An anatomic study of the intra and
mﬂ#,ml-‘rmr?m‘jwm
presented arre Netsky and Mes-
chan ("89) The cerebral circulation was

method and a study of parts of the ctrcula-

from 11.5 to 14 kdlograms. Nembutal (R)
was given as an intravencus anesthetic
(30 mg per kilogram of body weight) and
an endotracheal cannula was used to as-
sure a patent alrway throughout the ex

ts In 5 of the B dogs the wing
of the atlas was removed to hsolate the

vertehral artery in the distal of the
neck. We rdnmlhhlpprmﬁmfm

Iyethylene tubing, attached to a syringe
Fuln]tcdon of the radlopaque medium.
Rlngerllduﬂnumultdinnllvwcon-
tinuous drip between in|

In the other 4 animals the vertebral
artery was isolated at the base of the neck,
between its crigin from the subclavian
of entrance into the ver

(R)tn7nnh'nah Only 1 m! of radiopaque

Lavestirntion wes
S sy i AR

o ean,
o T IR AL) fram (o Retieast Iaec

137
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wing of the atlas changing from a darsal fnto the two posteror communicating
tofvmtnlpudﬂnn and anastormoses wﬂc-un:tbalwddtbam%m
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superior
laterally in each film. Some of the larger
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XANESTO DE LA TORRE, OLIVIR C. MITCHELL AND MARTIN G, NITSKY

TANLE 1
Results of infection of wertebral arbery
Oviwame
g Tty S, e oW
m 2 m! Diodrast 78% (R) High Middls and antedor Died
cersbrel arteres
s 1ml Hypaqoe 50% (R} High -— Normal
e 11! Renographin 60 (R) High - Narmal
250 1 ml Ramographin 80 (R) High Middle and antedor Died
cerriral artecks
253 1 ol Renographin 80 (R) High — Diad
2358 2 ml Renographin 60 () Low Yentral spinal and Nomaal
cervical anastomons
=08 2 to 4 ml Repographin Low — Normal
€0 (R)
a0s 2 to 4 ml Renographin Low - Neemal
60 (R)
310 2 m] Renographin 60 (X) Low Ventral spinal and Nocosl
cxrvical

yrere seen superim,
on the of the chrcle of
ese vesaels are the anglographic

its odgin from the subclavian sriery has
no significant brenches until ft enters the
skull.




VERTERRAL BASTLAR ARTERIES IN DOGC

HRenographin 60 (R) was used predomi-
nantly in this study because Tindall et al.
('S8) demonstrated mintmal toxcity to
the central pervous system cmmed by
methyl glrcamine with sodlum diatrizeate.
Nevertheless three of nine dogs died a3 a
result of the anglography This lethal effect
fs in striking contrast to internal carotid
mﬂmmmmlyunedummmme

in pres-

sure or as a result of forceful injections
contrast medium injected into one systern
may pass through the circle of Willis 1o
the ather. In the healthy animal, under
ysiologic conditions each of these two
systeros (vertebral-bastlor and caro-
:id)lsexd.mlnlyruppﬂedbyiumar

than 50 performed by us,

Other substances also may selectively af

fect different parts of the braln. Kramer SUABLARY

( 12) noticed striking changes in resptra A technique $s described far ango-

tion pressure caused by small demonstratdon of the vertebral

doses of alcohal or ether Injected fnto the  bamilar circulation fn the and the

vertebral artery of the dog These effects anatamy of the arterlal

were negligible with similar doses in the system is lated with the pt

system, The ebral-basiler and
phy with 1 ml of contrast me- are physiologically

dium injected in 4 seconds resulted in E;km.lulcrmbdngocnmmlymp;mo.
f 0} of the High {dtty mor

portions the crculation otber arteries tality rates ocaur in vertebral as compared

were bot clamped. We belleve that greater  With carotid anglograms.

amounts of medium or faster rates of in-

Jection are beyond the normal rate of blood ACKNOWLEDGAENT

minute (de Ia Torre Netsky and Meschan
"59) The amount of contrast medlum used
in our low & wras increased becanse
of the

Renogr, 60 (R provided
}'.R.SqufgfllnndSoSn) b by

was altered by ana
aheratlon of normal flow occurs after ex
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NmkylLG..lnthr_hm

nnm-cudnﬂdrrubﬂfm.('l‘ bcpub— sclis and

Toemtgem

Ptdut,DH-lm‘nndtnhpmmtuldn tecbograply IL
cranial rterios tn tho Cootrib, Em-

bryol. Carner. Inat, No. 21, 32, $05-281

PLATE 1
IXFLANATION OF FICURE
3 thdmuﬂmwdbnlnﬁwmdlnntn-
Jectmy Bl

0od vewsals with methyl methacrylats monomer
The upper ? the carobrospinal circle is seen at the



FLATE 1

VEXTEBRAL-RASILAR ARTERIFS IN DOG
Ernasto de la Ture

191



PLATE 2
FXFLANATION OF FIGURK
4 Roentgmogram after injoction of contrast medium in

itving animsl Ths low approach was used The scg
amtal arteries 0 the neck can be swen.









FLATE 3

YIRTIEA AL BASTLAR ARTTIIES [N DOG

Trmevis de 1a Terre







Compensatory Renal Hyperplama Following
Experimental Surgical Deletions of
the Kadney Complement*

wn&aﬂcﬂrmmwum
Brwma  Gray School of Medicine Winston-Salem N C

organ
2 peak at two to three deys follgw remove portions of these
Ing the operation (Sulkin 49; Rollasan, m,,,d,,dmdmw:?;’;""h‘
48 MeCrelght, 38) " McCrelght snd  gevers esain, To each cave o orithou
Sulkdn ('59) compared the effects of this was removed foom the Lateeay.

Mitotie figures in proximal convoluted tu- and ureter Intact

bules of control kidneys were only ope- purdsndlbemmw‘ﬁmbo!?o;mmnnmf

third as numerous anlmals as in mmwnl-rwnmmlhemmddnwn

young adults. Hawerc&etha pml!.rm;;e together 10 constrict the veasch entering

remaining the

Do e s G 15,2 S ey 10 T

: cto ':,q(d.mﬂudemetolhl! Inmmrpoflnhmhom-hau‘oluch
i mmd and Hd.oeywudclzted.lnlmherm:pn

:
;

Indicadons for

pephrectomy partial
M (et e e
mc‘mm:nn;!ud as Vll:la_‘{' traumate contralateral

|
g
A
£:51

4 k'ﬁxryvrmrmmrd.
portance of preservation of as much func mmljﬂn procedure were fixed in
thonal renal tissue as possible was stressed, :Ucm w:emﬂmmmom
This d ormed

At appraximatel

L4 P Y 1:00 rar animals wery 4

bypertrophy and stated that in remoral of ho 3 sacrificed 80
up ta erotoneb:.ldneymcnmpeu- ot Ir‘; "‘b'm"“dlm or at 3:00

satary growth could be observed in the conaiderat pat
m’c:tn(edudnq Klotz ('60) n review feld, 39) The ¥ty for the rat (Bhumen.
of sarne subject has discunsed mor

tality rates for humans anatomibeal fes. The

and operative technlques. *. and stained Feul

The preaent study was designed 1o pbe tiehod, Eltht control 37 o Feal

e prolfcraure rexpomae o varying mpmmﬁmf'.’f.,g,‘“ Sateral hemt
ts of rematning Kdneys, and 4 s

following nephrectamy and 1o de- dngle Temaining quarter

tetmine whether the mﬁmdlfﬂﬁym .\'d"""": Incloded i hyy stydy OB

removed corre’a Rewesnh Fotd’, P40 by
“lhlt‘hym'phshocrun'lnslﬂ £ o Tﬂ‘z;‘?q"s‘," mmﬁ-mﬂ:l
nes, Cw-nr.__‘x"un v
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servations of mitcses were limited to the

OBSERVATIONS
‘The survival rates of rats following the
partial nephrectomies vwere as
Three of 4 animals Hved following bilateral
) ) until the d time

of sacrifice Ftveoutof7h;vingunelnd
one-half kidneys removed survived the 50

TABLE 1

atrol kdneys and (n remainisg portions of the kidweys following partial wephrectony

Milotie mcttoty tn prextmal convaluted tabules of

<t
s

i

i

Rewslptme eolated
i
)
ooy

250

BEEE

3175
L0

283%

e
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N
segeee ¥
nagsnn ﬁﬁ
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~eavaoe b



kidney tisrme folloming partial
Jhean me.

oo TR A
%Mwm )tqg 3”3 117 a4 1398
mwu@qwm 0 by et 10 nmn
m wnilatersl Kidney fousths xﬁg i‘;: “wT R w7
stk ivrArvo N R - L R LR U]
W:‘ﬂ:ﬂﬂm(mﬁ: ﬁ;; ?'?6 £ 1% ©»A0
FrmemfuedBlriie, NE I um a4

o TEn s of e et b 0
times as great as in control specimens. In
groups of 2,000 epithelial cells for each
rematning ote-fourth kdrey from 47 to
55 mitotic figures were observed. The
mwean pumber was 5175 The mitotic
count comtituted 2.59% of the whale
(table 1)

Of the few mitotic figures found in con-
trol specimens over half were in prophase
snage The same was found to be true ln
obacniations In each of the categorics of
remalmng kxdpey fractions. Metaphases
con d app ty fourth of
the mutotle count i each incidence  Three
telophases but no anaphases were found
in the lmited mumber of mittic fAgures

speaumens  In remain-

Incidences of mutons, anaphase and iclo-
phase Sgures constituted each approwd-
mately one-tenth of the mitotic count

When the reean aumber of mitodc fig
wyTs per 2000 cells 1n the control spect
mens was compared with that in either
the hllaterall remarung half kidneys the
unllaterally remaining half kdneys or
the unflateral! remaupng fourth Lidneys
the difference of mean ®as highly sirmif
cant. Moreaver the mutots counts in the
remaining dssu s of the several catepories
Proved aigniBeandy different {rom ane an-
other (tahle 2)

Joaet teicy che standard e of the differwnce of (hest masas fn erfey

DIsCUsstoN

The finding of 010% of celle of 1)
E}ﬂmvﬂu&d wwbules of upﬁr;
YAMZ YAV I s were
c:&.hh the figare of O 10°% of 1he
fare for simttar animals f 44 by
#nd Sullin ('59)  Com,arivm

these cells in mitads 11 4
L e
th thr £y ¢
— mfor the same ec[ﬂ: farerad 1 p

lgvr‘imww the amvant of Yitrry
o b3, Wdp w Bils s whofe o
of & pr-tsp Py T et pyh
h;m:cz‘mm"]“‘ﬁlf fro®
eoval of wmounte 4§,

greater than onehalf the 4{' ;,,_,
o the ”"“w“"" ey gy L L
nx to RN

led to Vitrsdag gu’y of
mkodnm‘h:nn‘"(’ [P
masal Bfmenn;g:'(‘j';” Fatas fr
e i e 4w
onc and w&?}:‘i‘ e "Irtﬂzl A
an over 254ald ppp :"’70 1 €4dtrd 0
aof control tempey -”,"{" “ ey tha-
of ineTease In 4 1 ameurt

06T o xtrmad
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voluted tubules of remaining kidney tssus
{ollowing pephrectomy is propar
tional to the amomt of kdney tissue re-

moved. Although the two factors vary In
the same direction, they do not fallow the

SUMMARY

Mitotie fignres in proximal convoluted
;nbubdhdmndm*m&nfh?h:uum
ound to compose 0 10 e Popu-
latton.  Removal of half

closely with eardler

CHANLES E McCREIGHT AND NORMAN M. SULKIN

findings of the authors. The mitotic in-

901 440447

K G 1830 Discumion ea pertal
%myl’mmﬂml&“‘m'
1042,

A. B. 1939 Principles of Mrdical Statls
T Limatted, Lomdan.

1
rectomy in the rat. Ibid, 105 $5-11T



The Locahzation of Nucleic Acds During

Odgenesis in the Zebrafish'

X. X. FISAOKA awo C. F FIRLIT
Drepartrent of Biclogical Sciewces Logola Unirersity Chicege

It is apparent that several factors in
the t of oBcytes. Sero-

ribonuclelc acddd (RNA) This Lrrvestigs-
dmminhintedwﬂhzhelhnufmn

mmm!medwthacywphmu’(dnd—
g obcytes from the

35‘

ture female rebrafish w! at
26 C, ovnlate and reproduce at Intervals
of B days with (Hizacka
and t results)  The ovar
2 of the w

furtber to the understanding of
the growth and development of the obcyte
MATERIALS AND METHODS
The ovarles of the rehrafish were dis-

('58) was used routinely to te
the acdd
(DNA) and Hbonuclelc acid However in

to optimal g for the
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puclease. The Iocalization of RNA by
toluldine blue was found to be 1dentical to
that broaght about by
malin and Booins fuld

tion of the nucleus. Sections of ovaries
weTe also stafned with Harrls hamatoxylin
end ecsin and with iron bematoxyhn,

In taking the photomicrogea pan-
choromatic %lm {Adox EKB-14) was em-
ployed. A green filter Kodak \Wratten no.
58 was utihred Since the call

QBSERVATIONS

Growth of obcytes
General clianges The ovardes of the

are lobolated and contaln very
little stroma (fig. 1) The odcytes adse
from the epithelhum gs a cluster
of cells (figs. 2 and 3) The larger cen-
trally located cells are destined to becams
obcytes and the smaller cells

K. X. HISAOXA AND ¢ F FRRLIT

in stage 1 (fig 3) Five distinct stages of
obcyte formation can be recognized in the

with and therefore contains RNA.
The rona radiats (vii membrans )
g the oBcyts first vidbly

is relatively small (830 ) (table

1)  The thin mass possessed
this contains relatlvely littla
RNA (3.3 §) The of stags 3-
obcytes ranges 17-89 i The odcytes
in stage 2 are brlddﬁ:

15 v In diaweter The chromowsomes of
the oSgonia stain with methyl green and
are Feulgen positive the cytoplasm stains

ot y"'lthgrmht
F‘Al;!:'lulk:y-tc formed from am um

which has undergone growth and be-
comes detached from an ofgonial cluster
Such sn oScyte bas been designated to be



NUCLEIC ACIDS AND OUCYTES

TARLE 1
Swmmarized data for 5 stages of odcytes of Brockydanio rerio

fom of aleraes of oaclews
g in
1 5-20 7-15
2 17-08 11-83
3 07 17 42-T0
4 70378 5148
5 370560 w112

o of Ayprex.
wcieet! o

o macieus tm aedian -:;‘:14

LS
1-13 1-2 4
4380 5135 23
15258 150-300 1000
0.1-a0 160-230 1500
01-30 10-30 250

in diameter) than that of stages.
This stage Is P
of a thick, band of cytoplasm

also & RNA positive ring of eytoplasm
the membrane The
growth and at

stage 5 the band of cytoplasm

4) is by the fact that after di-

gestion in purtfied protease-free

clease, the chromosomes do not stain with
The chromosomes lose their

obcytes in stage 3 ranges from 370-560 1. present In stage 1-oBcytes (table 1) The
The narrow nucleoll attain thelr greatest wre during
are confined between the enlarged yolk  stage 2 and range from 45 to 6 « in
latelets are still p d During stage 2, the large nu-
The order in which the amount  cleoll possets a large
of RNA appeary in of clesr central vacuole. Some nucleoll pos-
obcytes is as follows stage 2 > stage 3> sess two nucleolar vacoales whereas
stage 4 > stage 5>stage 1 The eyto- s many as 6 small vacucles The
plasm of all odcytes fs basophilic and majorty of the nuclecll are attached to the
stains with hematexylin. during stage 2 (fig 4)
The nucleol! in number during
Niuclear changes stage 3 but individuslly they are smaller
Ck ‘The (1 5-2.5 u in dlameter) than those present
the oBgonia and stape I-obcytes (figs 2, instage 2. Ina 150-300

g
&3
3
i

f
:
g
g
|
;
i
;

(100-150 {n a medlan

smaller (0 1-0 7 p) whereas the nu-
cleoli which are against the nuclear mem-
brane (60-230 in a median section) ro-
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main approximately the sams wize as the
mucleolf in stage 3 (tshls 1) Stage 4
olcytes possess the Jargest number of nn-
cloall snd total approximately 1,500 to
2000 per nucleus.

When the ofcytes develop tnto stage 5
fower mucleol] ars presant (figa. 10 11)
In a medizn section 10 to 50 pucleolt
nﬁﬁnzﬁmﬂ.ﬁtoiiﬂumlm&cddw
to yuclear membrans gnd only 1 to 6
nucleol (0 1~07 u in diameter) are lo-
cated in the central reglon of the nacleo-

The nuclecli in the central region

K X. HISAOXA AND C. F FIRLIT

the inf
pha meaxure 58 to 118 ¢ in diameter
{fig 12) Throughout obgenesis the in-
travesicular does not contaln RNA.
However A is present in the extrs
vesiculsr yoIk in all stages except siege 5

and stain lightly
with eoin. At stage 5 lﬂd‘_&;cmm

clear
ually the more p oxix
yaik becomes deeply staived with eosdn



NUCLEIC ACIDS AND OGCYTES

In stage 2-08cytes, the nmucleoll which
are not in contact with the chromosomes
attain the maximal «dize of 6 1 in dlameter
During stage 3 the nucleoll d

207

zebrafish ofcyte udng bromophenal blue
according to the od of Mazrla et al
(‘53) show that protein 1 synthesized in
both and .

markedly in sire (1.5-2.5 u in diameter)
but increase in mumber The muomber of
nueleot

ton (1,500
per nucleus) during stages 3 and 4 and
at this time yolk formation 1s very active.
‘The nucleoll which are present in the cen-
tral rope of the leopl h in

size during stage 4 and disappear during )

stage 5 mf@mﬂmm that ;hwnunmﬂmstNAnlm
e e covapteton of yale focmaion end  This  an ot rations
at formation (3 an ]
ofcyte growth during stage 5 i3 corre- 8hip between nucleoll
Iated with the and dt ytopl RNA in the rebrafish
ance of mucleoll. oficyte.

The nuclear membrane of the eady SUMMARY

yolk 13 smooth and oval Growing of the zebrafish
outllne but after yolk formaton 1s initk. B wmltgd.icdlryuﬂn;

growth.
annlcRNAhnppmd&elnmhcd
in yolk formatton especlally in protein
ponent. Separate studies (Malone and
Hisacka unpublhbed results) en the

i

Teo types of yolk platclets are formed
The Arst type §s Intravesicular (66-119 o



and the second type is ex

X. K. HISAOKA AND C. ¥ FINLIT

Further

Hisscks, K K, and C. F Fhilt 1960
stoces of the embryoots t of the
?

rerio
chanan) J Morph, 107 2052315,
Long, ML E., and H. C. Taylor 1956 Nocleolrr
humsen colls. Anm,

relationship b the chromo-
sames, nocleclt cytoplasmic RNA.
ACKNOWLEDGMENT
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by Mr J Thomas
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PIATE 1
AXFTANATION OF FECURKS

ATl eectious were cut 21 $ a snd stafned whlh vl grewn-pyrouia.

Section hrovth  maters oTasy A typdcal evea of the oviy shows (e relative dise of
&M(t:‘ml.s 4uﬂﬂ)-ndd:m:ﬁuhmuypmuxunby

Awdm()mmmm srult gmwont of eytoplaan which
sudes alightly with pyroain. The ucdunklhﬂ:ﬁthv of  matum, virgtn f+-

ale, X 800.
b-dmwwm;h-ﬁﬂmhlhdndmﬂmhldm&(ﬂ)vﬂkwd
stage 1 ¥xnd stage Solcrinn. The photexrkcrogaph was tkan with the
wm;bvvunnwdnﬂwhnm X 600,

Stage 2obcytes (with phsse contrast microecopy) The rockeol! and fha chromossnes
e £8 eontact and both atsin, whi priontn. X 650
Snpxden-(wnphmmmd‘ 3 Whve nockeoll which
are in contact with Wmﬂyhmmmmwm

more typical #f  stage $o5cTte. X 1000,
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FLATE 3
LXFLANATION OF FIGURTS

ALl sectlons were cut at 8 o

Oocyts tn stage 6. Methyl green-pyronin stain. X 150.

Nuclsus of a stags Sobcyte. mlyl!uwnnchdiminmthacmm!mdlhn

rocleos. Methyl gresn pyronin stain, x 850,

Cytoplaxm of etage 4-obcyte under high magniScation. Note ths larger {ntravesbenlsr

yv[k(")l.ndthn-mxﬂcxcthhr!ﬂll(n) X 800,

!u..B—oﬂcyﬂtumed hamatoxylin sod eoddn. The chramosomas are in the dipto-
tene stage. Noto the larys nocheoll which are closs to the noclear membrane. x 060

Photomicrographs taken with the add of the mmmnﬂan-momnhavtbe
strinted sppearsrrce of the rons radlata (ZR) S-odcyte. The sona rahats will
later becanwe the chonem of the fertilmed exg. Hdhylln'm-p‘!ﬂmlﬂ:uh:. X 1,000.
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The Reticulum of Lymph Nodes in Mice Studied
with the Electron Microscope'
SAM L. CLARK, JL
A

of Anatrmy 1] ty School of Medicine
$t. Lowis, Mizsowrl

The internal framework of lymph nodes  degree of
s a and delicate reticulum of al

i
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They
E:u tlally mobile lar cells, and described the lning of
ps muldl They are said to f sinuses as 2 single layer of Interlocking
a lacy orated wall for the sinus and  cells which did not appear syncytial,
to extend in the adj sesscd 1o Te-
syncytlal reticulum In the ac  sembled reticular cells.  Both reticular
cording to Downey (°22) slouses begin  cclls and cells lnlng sinuses formed
as clefts cells and  sheaths for bundles of fibrils in
later do they establish connections an substance  The
with lymphatics dothel fibells were Bed ns coll

TTh ek w - e
Dot permanent stroctures but deselop and _’;‘,,,:,‘_"._’{"'_2‘?1'!!; Trem u.’r‘:."

L rtitwees
disappear from tme to time according to TH ek way .:'h o
Noverthelets slnuewes do possess 2 ¢ ' m“hi ':;me—uh-m“-'nuw-h"-

L,



they appear in the electron microscope

MATERIALS AND METHODS
Mescnteric and occasianally other lymph

room temperature {n 1% osmium tet
ruxide rinsed in water deh ted by
serial ditutions in ethanol imbedded
in a mixture of methyl and N butyl meth

te, polymerized with beat and ben-

SAM L CLARK, JL

Sectians 2 to 4 u thick wers examined
by phase contrast microscopy o after
staining with Glemnsaa stain  The argyro-
philic reticulum was demonstrated with
the silver staining method of Slidders
Fraser and Lendrum ('88) applied to
thick sectons soaked for an hour In di
chloroethans to remove the methacrylate
and hydrated through acetone.

RESULTB
All three fixatlves aflorded the same plc
cells

pitation of nu-
either of the other

peroxide  For fixation the
de was dissclved fn Ao

thres

buffers  the veronalacetate mixture of
Palade ('52) to which 3 5% sucrose had
been added Daltons potassium dichro-
mate solution (53) and a balanced salt
solution designed for dasue culture by
White ('54) but adapted as a diluent for
osminm tetroxide by Dr Walter C Bauaer
(personal communication 60) The solu-
tion contained all of the the consttuents
spectfled White except ferric nitrate
and its pH was 74 In some instances
methyl cellulese was added to a concen-
tratfon of 0 5% and sometimes the fixative
was cooled to 0 C

Thin sections were cut with glass knives
in a Porter Blum microtome (Servall) and
examined in an RCA EMU 2E o

establish the value of cold fixation, but
methyl cellulose, added becauss of its use-
ulness in preserving the viahility of iso-
lnn:d cells rurpended in salt solution
(Phillips and Andrews '59) reduced tho
swelling and frogmentation which aflllct
cells near the surfaces of blocks of tssue
fixed at room tem
As observed by Em: mtcmcopy lymph
tnbr:culu were not
easily divisible into cortex u.nd medullag
inaterd, nodular gecumulations of lymph

ocyte- l.ltemntcd in varying [n-upomom
th looso b of cells

In order to enh the con
trast of connective titsue fibers some sec
tors were stained on the supporting grd
by floating for ope to three hours on a
saturated solution of uranyl
rinsing in distilled water
effects of the election beam were mith
instances by covering
with & film of collodion

gated in some
stalned sections
(Watson "57)

l.n a spongy framework of nnu.ml but the
whole was enclosed in a regular fashion
by an extenmve subcapsilar sinuy and a
welldefined hilam  Sllver impregnatlon
stained a uniformly delleate reticulum
which permeated Lhu entire pode but was
concentrated in the walls of blood vessels
and sinuses

Both loose and dense lymphold tissue
examined In the dectron microscopo after
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uramyl acetate contalned

(Agx. 3 14) or) among collagenous
fibrils (fg. 12) fibrous rethculum was
enclosed In all fts extent by a system of

cells which scparated it from the spaces
c;cd?uﬁcd by lymphocytes and other free
1

In demse lymphold tissne it was the
reticular cells which sheathed the
d

talned erpastoplasm
in fibroblasts (Porter and Pappas B9) as
well as some phagocytie

219

tissue Here 100 there were some short
gape between adjacent reticular cells, but
agaln one may ask whether they repre-
seot artifact or nature (fig. 6) Although
the cndu!hcllmno{mch olt.hmetyrelof
vessel
nunuwnfuundinrchllmwthdrm

toral cells thelr wally were three layers
thick, consisting of two cellular layers
of reticular fibers.

tissue; there were no sdgms of diapedests.
The cells next to the lumen — littoral

thicker and to judge
phagocytic (fig 14)
contained the same three fibrous compo-
nents found in the reticulum r_hcwbere in
the node smd tbe cu\n' lalﬁr

rnu.-d g},e nn'rwndln[

(8ps.
2 3 4) Cytoplamic processes of the
same or ldj:cem cells abutted forming

and en-
cloaing the fibers in an extracelinlar space
analogous to that occupled by neurltes in

lillue.
cells ruemHLnglhen-dmluczlh already
described  In some locatons they differed
fmmtheceﬂlllningdvednuatntbcpm—

Blood vesscls had sheaths slso. A single
layer of flattened reticular cells, similar in

post
veriules (sce Smith and llenon '59)“2‘1;:3
0 10) {from the surrounding lymphotd

tained where cyto-
plasmic abutted but did pot
fuse In Ddlhcr layer were theze Junc
thons terminal bars and no

basement nes were seen. The
layer of uuor.\l cells extended to sheathe
strands of fibrous reticulum traversing the
lumens of linmcs (fire. 15 16) and
such ext cut longitudinally
looLtdlrkc-ecumso{d\ew:llafﬂm
simuc except that both ccllular layems
bordered a lumen (fig. 12) The outer
layer of the wall of the sinus w3 con
tinuor  with the cellular reticulum in the



ates both loose and dense lymphoid tesue
forms the walls of cinuses and in all these
places separates a tenuaus space coatain-
ing reticular fibers from 2 much larger
space comtaining free cells. This separa-

SAM L. CLARK, JR.

yet, no direct evidence that it occurs. Sk
nuses do not look ephemeral when ob-

served in fixed tisues except for the
subcapsular sivus their walls appesr con-
tinuvous end diapedesis f3 not seen. Fur
thermore, Drinker Wislocki and Fleld
(’33) did not find any seepage of India ink
trom ginuses into adjecent Jymphaid ts-
mccxccPtn}onzthotnncrmHuflhe
b where

tlon may or may not be absal
ing upon whether the amall

carding to this inter Iymph-
oid follicles are to sinuses, in
that their free cells Le in a space walled
off by fixed cells e aress

of lymphaid dssue look like sinuses filled
unusually full of cells Furthermore the
dssue

fore sinuses have at Ieast @ temparary in-
tegrity
There was no vidble difference between
the inper wall of the subcapsular stous
and the walls of other sinuses to explain
why only the former should be orated.
ps the migratory celly flled
the pores made them in the Arst place by
pushing through what was only s poten-
tal avenue between adjscent cells. The

JE¥EY
3
E
i
E
]
i

mechanucal substrate which may be
ent such as a basement membrane
or & matnx. If celluler differentlation is
partly the response of a cell to jis environ-
ment, within the limlts of its genetic en-
then cellular ecology — know!

space in dense P
byfmcclhcmmcumz.hmelumm;uf
orations in the

other where stasls i3 the rule Per-
haps contirmity {s the structaral

far the of sdnuses and
dense lymphotd us Gillman

sue proposed by
and his colleagues (52) but there s, as

edge of the neighborhood in which a cell
up — becomes czmalz unpommﬂn!

('58) lead a'mwculd nudhlcy;mplmld lﬁ

by its peighbors Then these q
anse do the enmircnments of connective
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tissue and of lymph nodes differ in ways
that affect the differentlation of lymphobd
cells what are the temparal and spatial
relationships of mitodds and differentia
tion of cellular blnh and death what
cells

223

are no visible Interruptions in the wall
of the sinuses except for the inner wall of
the subcapsular sinus, where there are
numercus pores filled with macrophages
lpp::rmllylnt.heucl of migrating between
the dense 1

surround
plumn cells? To answer these the elec
tron microscope 1s ble as the
best available tool for determining the
structure of cells and thus of Judgin-z thetr
differentlation but alone it
1s not enough because, limited as it is to
the examination of desd cchlll:hn cannot in-

in

$dentfy cellular constituents or
will be useful, as well as comparatlive stud-

tesue and the lumen
of the sinus. At the edges of the pores
the sheet of littoral cells lining the sinus
13 continuous with the sheet of reticular
cells separating the reticular fibers in the
wall of the sinus from the adincent dense
lymphald tissue These observations are
interpreted to Indicate that the lymph node
is onre contlnuous vascular space separated
everywhere from conmpective tissue fibers
by a continuous sheet of reticular and It
toral cells. In parts of this space — the
sinuses — cells flow rapidly and in other
regions — the follicles — stasis is the rule,
Thlnl.befrtecdhllelnlpecuu:xrem

which may influence thelr re-

des of 1 ddduue at different stages
of eml ogleal & or during .
the course of a or
other stimull.

The pecullar venules with high endo-

lhellum may pl:xy a role in molding the
environment of lymphold u.uue s ave-
nues of lon for

In which direction do the lymphocytn go?
Amlhcylnl}nlgov:ﬂldkaﬂnglympb
old tssue for stream as sug
gested by most previous investigators (see
Smith and llenon, "39) or do they per
haps go In the te directlon com-
pleting the circuit of lymphocyte rectreula-
tion from thoracke duct to blood 1o thoracke
duct proposed by Gowans (59)?

three layers a layer of lttoral
layer of reticular fibers and a layer

growth and differentjation. In

described as they appear n the electron
mi

croscope

Note added in proof Since the sub-
misston of this paper § S Han has pub-
Ushed a description of “The Ultrastructure
of the Mesenteric Lymph Node of the Rat
(Am. ] Anat, 109 183-225 '61) in

sonant therefare with the thests proposed
here

LITERATURY. CITED

Bloom, W 1538 Lympbstx thsoe lympbatkc
organs. 1 Ilandbook of Hematoloy Ed by
1l Downey Paul 3 Hocber Inc New York,
1530, Vel 2 142 1467

Bumet M 1958 The lomal schctiom theory
of scquired tmmwonity V nderbdlt Untrersity
Press, Nabville 1950

Daltan, A~ ] 1833 A chrunicemium fiuathy
for electren mictoscopy  Anat Rec, 121 381
Downey 11 1973 The strocture amd ecttin of



224 SAM L. CLARK, JR.

Frosen, O, end H ] Wellenskek 1950 Zur Phillps, . J and B V Andrews 1968
sruktor des lymphkootens.  peoteotire solutions for toe cultared cdh
Verb. Deutsch. Ges. fur Path, 43; 353-353, Exp. Cell Rex, 18 675622
Gasser H 8 12 dorial ot Porter K R, and G. D Pappas 1969 Collagen
on the two sides of the  formation by Sheoblasts of tho chick embrro
ganglion. J Gen 28 728 dermis. ] Btophys, and Blochem Crtol,
Gillman J TGElmxn,Qa?ﬂba(nndLﬂ’m 163-169
1892 The pathogenesis Bhodin, J.. Dalhamn 1955 Electron
duced lympham ts in rats (including Hodg crmcuiy.:ld;ihmmdd.udnm
kinellke arcoma) Cancer propria of the trachesl mucoss of rat.
Cowans, ] L. 1350 The recirculation of  Cell Res., 0 3712875,
Lymphocytes from blood to Iymph i the T8t gudders W 6, D 8. Fraser and A C. Lendram
1

J Phydol, 148) 400
Kirrer H. E. 1038 The fine strocturs of cot- D (4 and Race, 75 AT8ASL,
ot |2

Smith, C., and B. K. Hénon 1959 Histol
1
chlees. 7 Ultrmiruct, Tawn 2 08-121 7 o Sl el W,
eloping chick gmim et J T Anat. Rec, 135 $07-814
A A, 1934 Ths macrophages Sorensen G D 1980 An electron microwcoplo

histiocyter, In Spectal Cytology Ed

Cowdry Pagl B. Hosber Inc., Now York, 1031 Am. J Anat, 107 T3-08
T06-770, toon
Marches!, V T and H. W Flarey 1660 Elec- facts in thin sectians examined in the
tron observations on the emigrs- mbkroscope. J Biophys. and Blochem.
tion of rucoeytes. Quart. J Exp Physlol, 45 3 1017-1032

MH3-348 ol
Palsdo G. E 1903 A study of fixation for elec and plant cells. The Ronald Pross Co
tron microscopy ] Exp. Mad, 23 285-200

ALl figures dectron mb of Iymph nodes from mice fmbedded
methacrylate All tiseses cxcept th t shown in figurs 7 were flxed at 0 C in & buffered
balanced salt sol tion owntum tetroaide (Bamer 00 communict
fon_and that in fgure 7 was fixed at room tewperature in P fixative ('53) coutaln-
ing 3.8% sucTose. excapt those shown i figures 7 13, 18 and 10 ware stained
with uranyl scetats and corered whth  peoond Alm of collaklan,

PLATE 1

IXPLARATION O FTEUN

1 In this Jow-power view of part of  dense Iymphoid noduls mast of the eells are Iymph-

of variows wires. The lougated pele oclus, (R) probably belongs t  rethcwlar

The amall bundles of collagen ¢ the arrows which sre enclosed in thin cellular

sbeaths, together with the collagen in the walls of the biood capillarics (Cap) corrs-

spood In size and with the observed in the light
microscope. ¥ 4800,
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FPLATE 3
XXPLANATION OF FIUXX

3 Thess bondles af colls fibeils (C) traverse demse Iymphold tHesos
larger lesa dense homogencoas Abers, presumsbly elastie (L) apd an

sssociated very finedy Abrillar ouateris] are ted from the ph-
ocytes by the thin processes retecrilar cells (R) very tenusted In pleces pd eren

for ahoct distances (arfows) buat forming a dmtinet partition






th  vatdety
particul te materlals m it (V) and numercus dbonocleoproteln particlos (P) The
coll genons fbells sre stelated with  major perfod thet messures  pproxtmately 45
ma. % 38,000,



PLATE 4

E M. OF LYWPA NODE XETTCULUM
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PLATE 3

EXFLAN TI N OF FTOURE

5 The lumen of thls umall artery in dense
endotbelium

adrenntla
and reticular cslls (R) heatbe the whols vesscl Xll,un
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Bam L.

F LYMPM NODE RXTICULUM
Gk, Jr.

PLATE 8




adventitls are bundles
and reticular cells (R) sheathe the whole vessel. » 18,000,
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FLATE ©
DOFLAN 1108 OF FIOURE

10 This i part of postcaplllary vepule io denss lympbald tkevs, The Jumen | in Ibe
upper right corner of the pictare. mmdmbdhlmlh(}lnd:mxuh wmerous small
nxlﬂncut.hel.r Joninal surfaces and abundant Terminal bars (T)

cells, but the hr (L) lying between

Mumhwmmmhmmm endaﬁ.bgl:mb
thin tisate space containing col
lapenous fiteils (C) Next to that, tostead of the urual layer of reticulsr cell §

Lttezal cell with ma y eviches in ft s fre tese

space the Jumen of  sinus  There 15 Do smooth muscle in the wall of the

veule 000
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PLATE 10

IXFCAN TION oY FYGURX

fibrf] (C) between

adjecant stn 5. Small

(arrows) traverss the dense hymphold tissue, wrapped in retscular

bove, below apd to the laft |
cells. The free cells In both the alnes end the urrounding tissue ars mostly Iympbo

right by continoous boandary thres






FPLATE 11

EIFLAN TION ¥ FICURE

mubdividing the hooen of the aln  is eimlar except
basement membrancs can be seen. X 20,000

both cellulsr layers line a ainos N






PLATE 12

EXFLANATION OT FRIURK

was not

Yoo

vecuales but scant ergastopl am. Between
space (C) but there are no basment

m,m -t
md
mmwm mw
2
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PLATE 13

XXPLANATION OF FIGUAE

14 Thnhm-nol'.hhntnm,dﬂepw‘hhln node, is ined by  cell (8) contetring
arge vacuolar i

Banea

&::ﬂllmﬂhrﬂs(c) Larger fibers which are probably elastio (E)
-ndnam-v-ry fibellar material, bot no basement membranes. A reticular cell (R)
separ!

B

prendopod to touch the cell lining the sinas. X 21,000



PLATE 13

E M 07 LYMPH NQDE RETICULUM

Saa L Qnok, J

49
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PLATE 17

IXFLAN TION OF FICURES

R

ymphold thase, which

edge of the int
The
((

1in the wall,

betwesn them (C) fram both the sious and the dense |

paint are contitmons. X 29,000
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Morphogenetic Studies of the Rabbit
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parts wers folly saved and ghed
with the entire skeleton. The skeletal

that these weights of the entire akelaton
rxy not be as large as they should be due
to the Joss af some of the very small pleces
of bone but at Jeast g} of the skeletons
were uniformiy prepared and gl of these
small pieves were saved 8o far as possihie.

The entire skeleton was welghed on 2
labaratory balance semsitive to 0 1 gm and
the individual bones on an ansiytical bal
ance sensitive to 1 mg but the weights
of the individual bones veere recarded only

pratred
weights of the right and left bones of the

Tha sone distanoe verte-
bral border The length of the atlos iy the
um edges of

palr and the Unear are the
averrges of the measurementy of the two

wers  remaved
lltm‘iv.];u are the maxtmom lengths Figure

the 8 The tranyverse dam-
eters of the long bones were all wken at
the ends and are the maximum
dismeters  The width of the femur was
measured distal to the neck or between the

Weights in grams

The weights of the skeleton and of some
of the hanes with their standand
deviations for males and for females ars
shown In papel A, table 1 The
of variation are listed {n columns two and
Tour and the fast column has the "t values
of the differences with the heavier sex in
dicated.

Tho femur is the heaviest bone in both
wrxer with the anchylosed tbia and fibula
% close sccond  The clavicles are the light
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TAFLE 1

Wrights and perorntage weighis of some of the bowes of the rabbit sheicion. Weights are the
cmes of the weights of all paired bowes

Malee Feoaln
A Coet, o A amd Cont_ ot -~
pievieta varisiin =t vanspo
Pancl A Welghts in grams
Srdeson, 147 4282:13.938 948 154117 12 013 7M™ e308
Mandible 2073 0886 9.87 9187 0818 901 20.08
Chavicle 0301 0.018 1218 0102+ 0.014 1416 9042
foagule 4508 087X 1481 4800% 08w 11.84 9243
Husmaras aps8z: 0954 1065 9318+ 0783 249 9116
Ladws and vima 6483 0063 1073 6837~ 0.811 023 v087
Sacrum 2748% 0303 1099 2013 13.06 93.07
Ox caxme 11312 1388 11665% 1118 oM °
F + 1.638 18.385= 148 133 s002
Toba and fbale 15506+ 1490 [ 15047 1318 T.64 91.00
240 021 3514 0308 819 9039
Panel B Percentagms of sheletal weight
Uil + 039 598 + 034 870 1.58
Clarvicle 006 (.0008 964 0.068% 00068 1088 J118
Sexpale 301 = o2 748 14 = 017 543 2.8
607 = 020 238 508 x 080 343 180
Rachay and ning 440 x 025 573 = 018 487 JLT?
Becram 1AL * Q1% en 197 = 1285
Os coxae 706 > 035 <6 778 = 038 438 9111
Femerr Ly TR Y1 481 1154 = 048 401
Tibia xd fbula 1057 = 048 450 1036 = 048 442 181
Calcanens 1 = 007 401 = 008 516 7313

T Yalue of 104 and alwers sye slgmticant ¢ 5T £nd T valmes of .78 axd above are sigmilesnt ot 10
and also the most variable in welght tn Welghts as percewtages of total
skelstal weight
varable in the males, The thin plates of Panel B table 1 shows the yweights of
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the rabbit than fn man, slthough in both
cases the upper extremities are lighter in
weight than the bones of the lower ex
tremities.

of the entire :ﬁ:laonmud'lo_z;l"d&;n
that of any of ather bones. t
of the fermur in the females s second Linear measurements
while in the males it is fonth from the Tablo 2 shors all of the lnear meanure-
least variahle. The percentage weights of ments except those of the skull which will
the clavicle have the highest ty presented in table 4 The arrangement
variztion {n the males and pext to the of the data and the “t values of the sex
highest tn the females. Although the male  differences are the same as in table 1
bowes vary more in actual t (panel A} The bones of the hind Iimb are all longer
thefr relative ts are more than the cor dtng bones of the fore
than those of the femsles. limb. Al of the bones of the appendicular
The three banes of the fore Umb of the are in the males except the
males farm 105% of the welght of the clavide, k and oz coxze but only
entirs skelotan and 10.3% 1n the femoles,  the davicle and oe coxee are significantly
Similar percentsges for the three bones of  longer in the females The tibia and ulna
the hind limb are rexpectively 23 0% sud  are the longest banes ex

and humerus aro the longest in the buman
skeleton
Eleven of the 26 messurements of these

measurements
the males sre significantly longer while

in the two extremi are more alike in
TAKLE &
Hiwcar measirrminty ix milbmrirs. The lenpths are the sweraper of the paired bomer. The “T°
walmet are the same a1 in fable 1
Maes Females
-
A and Cout,
i g/t i -l

Atlas kngth 1153083 s 11492088 587 198
Atlas, width =125 are eI IM 399 9110
Axis, laangth 1951070 358 1971078 an 1103
Axts, width 17352084 487 1741146 238 020
Secruym, beaxth 44851180 4.01 450423 5.00 $3.48
Secrum, width 2 E7228 7.60 3122<1388 a2 V118
Manubrhm, bength WH-209 1053 IO 188 x8 [ES,
Clavicle length 23334148 e~y MAI=160 o3 67
Scapula, Jength 6162208 488 0= an 4083
Scaynls, width 3] 700 4083241 350 3178
Honserm, bogth TET2I=24% 34 +195 54 tal
Humerws, width 1828088 38 1623 =042 250 40,13
Radhes bength 7021203 2487 85195 180 J113
Radios width 827033 89 £.17:5031 an 4138
Utna, kength B3B5=244 291 j2 B3 283 104
Ulna, wkith T84=038 an 7814031 400 4040
Os coxee, bength 393341 sy $76322.19 234 7300
DOiwn, kength Loy 413 5418201 a7 2397
Ischium, beagth 4109x 1938 453 4476128 287 1390
Publs brugth =193 1N 281111 748 1813
Femnr leogth 10234360 154 102.16 280 222 Jax9
Fenur width 2 T7=093 a2y = ) 214
Tibla, bength 112802263 a3 1164=273 243 c171
“Titda, wihh 1434048 280 103905 285 o1
Fibuls, bength 41732101 458 4158180 M #040
Calcanrus, benath tcat 17 29360.77 183 137



4 measurements
ITeater In the females but more variable
in the males.

Lirear measurements as percentages

OF RABBIT BONES 263
tire data and the “t values of the sex dif
ferences the same as in tahle 1

these (scapula width) are
longer There are 8 dimensions with larger
Emmuzuufbodylmgﬂ:mumfumla

t qoly two of these are significantly
longer in the femsles. The larger number
of significantly Jonger
uremants in the males in tabls 3
with the Hnear measurements in e 2
may be explained at least in part, as doe
to the longer bodles of the f
(Lattmer gnd Sawin, '59) The mdex of
body bufld (Latimer and Sawin '57) also
indicates a longer body relztive to body
weight in the females.

The coefficlents of variation of theso
percentage lengthy average 4.38% for the
males and 4 14% for the females ar a re-
duction af sbout 6% for the males and

of body length 3% far the females from the
The lnear measuremants s3 percent  averages of the coeffictents of variation of
ages of or Jength ere the dimensions of the banes in tahle 2
sown tn table 3 with the of The 4 af the Jong bomes in the
TABLE 3
u"‘trmuummuflvd:lr‘;lm r]urtnaunafm-r-tmuu--:
a1t table
Males Females
-
umest SmA MmO SR
Ay, leigth 2124014 849 198=011 530 s447
Allas, width 5050M 401 1= 249 49
Axh, kngh 349£0.12 143 140= 018 348 4300
Axhy, widih 210+018 530 = E2
Jecrom:, length 012038 407 200041 506 9088
Lacrer, wicth E3045 480 + 589 *1.07
Matmbetmn, bength 2154033 202 14030 760 1253
Cavicle, lengh et 53 481034 208 r052
s bength 1148038 338 1055+0.36 Ex 2483
Seapula, width 705:04) 601 T0ix0ls 538 4010
Brmerss, length 1370031 247 wrerals 283 2487
Py, widch 1e1=008 1M =0 252 /558
L, Jemgthy 11507 294 103040 137 o587
Aty wichhy 1411008 378 141z004 1M 2553
L ey 1408041 272 uarreds 17 P
Uhag, wich LL0EQ 430 133=008 432 7333
O coraa, bength 187030 14 1088030 17 1084
D, fengih smraty 313 $13ras R caes
kb eagth 760084 314 7TP=0m FEe vom
Tubiy, length 1372018 33 104098 703 °7987
Temr Length 1ETon 1 17842031 251 400
Teony wideh 1992015 308 1802018 2199 23
Tiie, engihy 2018083 n * 208 o8
TOda, widih 33012 18 2172000 3 oAy
Touly, 7405038 48 82033 42 PR
Calexnen, 537031 405 BOT=0.13 304 PYRT
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males but not in the females sre move became separsted from the rest of the
variable than their lengths. Tbegum skull in the process of cleaning the aknfls
sex difference In the percentage lengths,

as {n the linear measurements in milt-  diameters at the ends of the osseus ncous
meters, is in the Iength of the publc bone.  tic meatt and of the bullas wrere obtained

H
§
g
|
e,
5

Dimenstons of the skall The measurements srere made upon
Slnce the removal of the bratn destroyed &1l 65 skulls,
the colvaria of the pumber of The length of the palatine bridge and

p and
the messurements are chiefly an the base

TAMLE 4

Memrurrments of the akull in milimsters and a3 percratases of
“t” vulwes is the sams g1 in table I

14
i
3
|
¥

Haba Fucnaios
Amomest  Copter Areseand  Cort v
Panel A Meagurements In millimeters

Paalon-alvealsr pt. T0E8=171 240 8008288 an 9100
. W22+ 20092138 5.3 J0a1
Post.n. mh 43.06:+1.81 EX ) ot 343 9330
1391 ar MIx1.09 868 e2.11
/ Disshrma BA8E1.30 488 1980% 150 803 9378
Boxygomatie diam. 45572138 281 4515138 253 130

Bitermparsl, and. tube 3358+334 .06 37532177 4n
» bullas 33472104 311 +095 288 ¢115
B lar dlam, 1778083 328 1788:20.71 308 9047
SAT=0.TX 242 2040t 184 N G145
Basdocciptral kmgth 135004 EXY] 1334048 7143
Pastoccipltal width 1173083 533 13.00+ 053 408 ?170
Bashspbenoid Length 12822081 485 13122084 410 0142
hepold wilth 083041 444 037045 488 ?138
Nusal beoe bngih 40072427 1048 4201290 aré ¢211
th = 228 TN E07 1 9342

ramus 48.49+178 i 45.60% 1.64
Panei B Purentsges of body Jength

jLE -1 13 13 96050 232
Basion-post. nasal gu. 7.01=03532 743 2747043 €42 4119
Post. pn. 780=0%7 347 777028 4043
Palatioe 2504023 L] 282017 842 g040
B0AD34 473 514023 434 r1.00
Rurygomatio diam. 814030 am 7H0£030 5 7838
Biterwparal, ud tube sm=0es 291 a49+09% 489 4151
::ﬁm!.buﬂu 588034 410 563=023 I /180
ylar 3142022 684 3108020 135
Alveolar 5182020 154 508025 801 an
Basoceipital Lngth 236008 343 £300.08 170 I8
Naatocciptal width 237010 49 233+013 a1 111
Basrpheneid length 223010 450 2272009 *081
bemiold width 1842000 e 1L|Rt008 523 <1.00

N ] bono lmgth THEz0T o3 892043 ass
Mandibhe leagth 11882036 n 1177042 318 093
v 230038 x soizass 3s 2387
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of the slveolar processes  the preceding tahles the measurements of
ther constant di  the males are more vardable than those of
the

nasgl bones  the females.
maxi-

mum length. The bones thempelves are Measurements of the shull as
Janger than thetr internasal suture, which percentages of body length
wis mesnred in the preceding report  Panel B table 4 shows the linear meas-

Ml”'ndc““ '57) and they are bighly \wements of the skull expressed as per
In both gexcs. centages of body length (nose-anus) Only
of these ta greater
the females compared to 13 in panel A,
is significantly

There are 14 linear measurements which
longer

sl
y to
the female rab-
conpection with

i
E

a,
g
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ble are among the most constent percent

slons are lerger dua to the greater body
length of the femalex.

DISCUSSION
Sawin snd Crary ('B7) have reported
it aate ] 1o these

of race 111 for homozygous (Dachs) heter
czygous and normal rabbits derived from
the New Zealand Whites Most of their
measurements of the normal rabbits ave

MIOAIER ¥ LATIMER AND PAUL 3 SAWIN

UT sre more varisble than thoss used
Bawin and Crary (B7)
the widths of the long
variable than thelr lengths.

%5
L
1
e iy
=8 JEIS
Eﬁ% gﬁgggs

or 11.3% for the males and 5 0% for the
ke (Latmer and Sawin 57) In ks
rabbits as well as the length

Bader ('B8) in a study of 17 measure-
ments on the skulls of wild and inbred
P of three species of vodents

of the contro! rabbits fail within the rangs
of ape standard deviation of the averages
of the present series except the nasal
bonea and the two dimenyions of the man-

T
standard destation from the comtrols ol
though thelr dlameters fall within these
Tandty

The coeflicients of variaton of the two
series show that the 65 rabhits of race

kull measurements
:hctbmlmzeﬂbwclofdwatrrmlﬂﬂ
for several races of rabbits Most of these
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MEASURFMENTS OF RABBIT RONES
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Functions of the Haversian System

DONALD H.
Department
Awn Arbor Mickigan

E

By
il
ih
%
Bp

2
!
E

ENLOW
of Amatowmy The University of Uickigwn,

associated with areas of re-Jocation tn mus-
cle attachment on a growing bone and in

‘ufpa:lns;e'njbuneludxnelm.

]

physeg! n dt sud re-
glanal chenges in shape The
is ad d that this typs of Haverslan

%ggf

these species

structara)l cammot be entirely ex
Phtnedunz;‘bamdthmmmmc
wuﬂtﬂpﬂ. This report will propose

system functions as an anchoring mecha-
nirn which can maintain mruscle con-
dnuitymd-:tar.hnlamtwﬂ.hbonadqinz

vers befare
the Royal Soclety fn which he described in
detafl structure of

and stroctural

ps which are assoclated with

d‘pmceuﬁx! Ha Tecon-

Toction. It wxs £ that loczglized o
widespread  areas DOG-pa

the “1 d and in
These ving ¢
erally known, by the middle of the eight
centh century as the canals of Havers
(Albinos, 1757) Havers suggested that
o olls in order p
port Ilary to  mollify”
L of the bone, and he belteved
that the canals located near the ends of
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teresting to remember that ome entire

DQVALD H, ENLOW

findingy. It will be demonstrated thar
areas of bone necrosis appear in definite
pattemns of distribution and with predict
shle structural relationships,

MATERIALS AND METBODS
Forms studisd.  Bome tiysues from 89

and age re-

wlan space m:ﬁdon canal) was

fled by Tomes DeMorgan (1853) amd
these wrere the first to putz
that the Hoverslan system ropresents a
substitution machanism. The term  osto-
one was introdoced by Biedermann, (‘14)
at the osteone do-

and tha
lmeghmmlrt:pmuamrm«

selops &3
Yvy Gebhand

v
ston vas for
oay rela-

sccondary bone

ve been investigated snd
(48 51 "52) and
of secondary

fortcones near
ticnlarly in bony fuberosities
Peterven (730) and he termed these
Flaversisn marginal osteomes”
¢ Randosteanen}
1t ts well known that necrotis boue ts-

(between Haversian systems ) was noticed
by Mueller (26) Jaffe and Pomeramz
("34) by Sherman and Selakovich ('57)
and by Frost {'60) These workers did not

studied
a{thcmonkayl. Mu}dp!e «ntzmlnm-
verse were mada th
l.lmbone:fmmthdrpruximaltodmd
exdis.

Expe:{mml)nm;o'th To teat the re
¥

thm@npcﬂoddﬁmmm The cauter-
ired areas were then examined hmolot
icalfy and compared with pormal bone in
the opposite femur and with bone from
control animals,
Methods of tissse
thin-sections

sutpest that the H;mrrd:n systera fune
tions as a specific

In response to the prue'nos of necroms.
By mmungmcmtmlu!mp? hcumt
andom mmcoplc fields
Uon that ba:na
mmehmanummfrvqumtmoua
tndividuals and that it is more
s extra-llaversian bone  The results of
the present study are consistent with these

transparen
due 1o the absence of trapped alr normally
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present in canaticull as viewed In ground

The distribution, and extent of
normal necrosis to be
directly related to the arange-
Toent of tskue nvolved in the
structure of that booe. Areas of bane
which are y of

osteones or of 2 closely.
canals
(“Plextform bope fig. 11 ow and

these tasues is typically dense
{ lamellyr bone which con-

aud stained sections vrere

Pepared by stapdard methods uaing a
Iftrotome. rere also made
b7 & tpectal techrique tn which ground
and stalned

‘were
(Enlow ‘g1
ot Toar 1) This method gave asmur

tains a crowded grimary
vascular (non-Haversisn) canals also ap-

resistant to pecrosls (fig 3) The
and

ance of osteocytes seems to occur inidally
at selective focal pointy which are fartheat
removed from aedjacent vasculer canals
(fx. 1) In a microscopic section of any
bone, the pattern of necrosds depends

mallar bane which {s present fn that sec
ton. Necrotic bone may appear thuy, as

isolated patches (figr. 1 10) or in a wide-

circumferential rme (fig. 8) As
an area of becomes enlarged in
extemt, eells in those immediate]

fe
4
:

observed
Examination of & variety of skeletal ele-
ments from the same dual, and of
dtfple sections made L { levels

il
il
gégﬁg
41 a
TH

3
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wr.haden\ho“ummy\m Couw.ne}y
a sparse distribution, or totnd
mmeofvzmﬂarcanﬂshcmdudnm

. rMLow

necrotio bone and with all surroundlog
lacunse lacking cells, demanstrnie an ino-
creased number and distdbution of e
sorption spaces and formative

osteones (table 3, 8gx. 4 5 &MU

ary
can be loented in re

zones of coenpact bone which n

local celiular and necrosis.

Death in any population of ottencytes is
xmﬁona!dmaﬂmwh{:bhmm:dby dpiﬁcantwmt.butmch
the pastern and amang:

dasue types.

Re: Bone tuves o individusly of the sune speciss
which cansls are partlally or completely

o ded * ¥y of living secom

s
in which canals are located directly within

B not an
process aod ihat & period of tme is in-

TAWLE 1

Theess maclers

FPrimary Mimd  Peomenewt Unkoewsn n:...
dhectition drmgizies  dfunrion  sentition

Abweut 17 18 g 1 3
Keatterwd patches - 13 1 4 L]
MicTopetrens' (1o Ny 1%)
- Extonaive o + T 9 3
(s iz Ag 16)
Absent 5 3 o 11
Scartersd paiche Q 3 16 w
Necrouls {w in g, 10)
Txteoeben o a 3 1 4
Tas i S 8
"_w""mq (Erou s sy chacked for svtewcyts mﬂmwh«
utmd.m hnum-mmmuhu m e
catandyis Sorth Dt
TANLE 3
Plosars Deyy Revorption l.-ﬂdc-:pﬂ*n‘
Hecrati DMK, yumiir el iheereik baae  DnTee bomeis
% aXambnd  owkere  Gwr  moslary  degr
Absent is 3 o o 11 »
Scattsred 7 2 2 1t ¥ m

{83 10)

Extenstre L % 28 238 8 26

(8 2}

Toal wwmaber of reanTtow rpacts amd FUUArToraed versediry oeenrs Trem amrre it
diaplryss) sectiomte o Ut Tym b wmmwm‘mh
wrvis of twmache ey and dwring endemesl growih als wot re
wa:«mﬁmaxammmrm‘g— e

FirCwmatLAcTE.
icully Jeoaisd bm piribweral bema
P h e

o w war gl fractiee beiwive redoced
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pported by the experi- ones. The secondary osteonc thus, ap-
be described fn & later pears to be & structural product following

tion of a newly formed

the muperdmposd|
not *buds from populnﬂuuufnvmghmnocmm:hmdd:r
af localized dead bons

regions
been of former necrotic bane which are not
cangls completely replaced now

as dead
Interstitial bone tissue between Haversan

bone accumu- e, selective Jocalization of re-
canals and ofteonts
individusls beyond very necrotic bone which was previously

i

Dpecrotic bone (figs. 4 tative vertebrates indicates that
of concentric mn.pecmh-vmzmmml’“ﬂ’
Tesorption canals will convert Intc!yoft.umetypﬂwhlchmmun
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t many
thewhiw at. Conversely speciea which
y have more massive de-
erential lamellar bone
of vasco

DONALD H. ZNLOW

which determine why they do or do not

ve 2
lar caoals as in portions of the human
xkz)e:m.mmoncfvl pocsmmoreorbx
v Haverzian
bone. Evvnmn!derhxxmwbme

Haversizn tissue in suy typically  tion  In itself this does not confirm that
exhibiting this type can  the Haversian is a unigue result of
be arranged fn ed ¢l or @s & £ wis. It docs,
tended zones depending on the pattem and tndicats that the cbeervations
extent of nacross, descebed {n this study can be reproduced
Experimental evidence 7To test ex  experimen

lly the resp of dary Conalicl Ld ot In aswcis
Haverstan oetion 1o the tion with natural necrosis a pormsd cond-
of aseptic necrosts in & species which does  tion csn be t which mvolvey the
ot normally have eitber depesidon of mineral wi canalicull.
necrosds of Haversisn systems Soon after the y recent dis-
small areas of cortical bone in the white  covery of lacunae by Deu! and Porkinfe
T3t were necrotired by therms! cautery in 1834 (Leruwrenhook may have seen

y covered it. The initial stage of
the caflus involved the formation of fine
mﬂm‘u rovlamelar bone with sub-
sequent 11 g

and |

( waccul!
Bruns (XBH)

545) utini
and Gerlach (1848) gm

mmmmw‘h"w

de-
within these spaces vas obserred
(ﬂ;&ﬁ) mlhthcumef:xm:ﬁm

sian formation.

The results of this t muat ba
interpreted

ment perf Ruoth ('33) demon-
strated that onteones can de

severe calctum deprvation (causing re
Lorpdon) follmv(td by 8 period of ?"”’
'—‘ or Te-

gmmtimbx;?epvduan) This vnxk dem-
under conditiomy hdoe-

feull dark in dried thin-sectiony
d,_,ewl of and he argued
thet an MW@

was
Schwann (1837) and cells located in the
( )Dwﬂm (XMB)t”TP.omc!

{1841) :ndby
{1843} the ceflular nature
bons tisswe but he d.w
that many canoliculi can be
mﬁx}zm This observation was
recently 1 d by Frost (60) who

R

velop controtled
ok, however define natural
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face undergoing sctive resorption rather
than deposidon, the continued insertian
of that muscle must survive even thoogh
the bone into which the muscle iy attached

cussed by Petersen (30) In species
which show periods of rapid skeletal
growth  however ge

ot abramed

DONALD 1L ENLOW

endostenl growth in combination with core
responding perfosteal resorpiion. Bpongy
bons in the medulla of the metophysis i

on & resorptive ss well a3 on the de
positional surface. While perioateal attach-
ment is pot necessarily camplétely severed
during periods of
the mcle

stance of the osteone is in direct contact
with the since the filrous
matrix of the entire Haverslan cylinder i

the drift but are i advance of the resorp-
tive surface In this sftuation the second-
ary Haversan system appears to represent

during metapbyscal remodeling
Compaction of coarse cancellonr bone

Reduction in dlameter of the bone durdng

metaphyseal and diaphmeal remaodeling

fovelves the lamell A

cancellous bone. This is & process of

Avidual

angles of 1 313
sepmenits or vestipes of lamelise are em-
bedded within the former trabeculae and
spaces of widely varying sires showing
progressive  stages of compaction are
present (fgs 14 25) Strwtural results
mwm Lcdmﬂc!withe‘ndot-
on arv associa! i
o The

tesl growth as coarse

not ived in p P

structure is a moslac of cteones deman-
bs ok e s Sparscieite
proportions ond

type of bage can ueually be recognized by
these features in addition to the con-
voluted whorled configuration always
present in the interstitial bove (fig 14)
Thccanalmm!onMngcmnmum,
may be classed as “Haverslan sinee each
canal i3 surrounded by o concentric often
trregular  lomellar sheath. Since recon-
struction iy involved to & greater or lesser
degres in the formation of this bone type
1t is to be considered aa secondary in na

ture Regeneration of necrotic bone fs not
tovolved in its originat formatien but like

bone tissues §t 1r also subject 10
this process Haverstan bone
revulting, from

coarse candelions compac
tion is frequently found in routine section
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peﬂon:n‘l resorption in combination with
a2 tion e

P desy "dnﬁng
the remodeling of the proximal and
thirds of the bone The resulting arrangs-

coding the dog (fig. 11) It {3 com
parable with the primary osteone in that
it develops by lamellar filling in fine

are arranged as a closely sno-
plexus, pinmary osteone
1t s observed to In areas of

sverslan sgystem g3 a functional mu:ba’
nism providing progressive muscle anchor
age during remodeling changes.

DISCUSSION

growth  The primary osteane 18 quite com- dary osteome P

mon, for ple in the of H lamell Josing a central

young growing dog and but al Haversian canal.

though present it Js relatively limlted 1n  The true ostoone has o 1O

the white rat. Primary ostcones are ar  stricted but distribution In (1)
the v of vertebrate species
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3

emalt. Only a vely few vertebrate involved, is a structural system involving
Jorms have troe d 23 o the deposition of bans within a confined
o

strocture space
even then, their skeleton may con- The distribution of most Haversian bane

m osteans

md patterns of distribution. necrotic bone, (3) the secondary osteons
The mtrre of this distribotion makes prodoced by the cormpaction of coarse- can-
explain the function and sl cellous bone during endosteal growth, (4)
tho concerned  with

secondary osteone Any the sccondary osteone
frimtre explapation most satisly the  muscle relocation, and (5) the secandary

tecondary dered. Sec inh verzatiiity of the Haversian
o, one may question the broad geperall  tem itself Studies are now needed an (1)
Zthn that the presence and arlenta- correlstion between aging in bono

ket to the cxme mechamical forces tn tssue and (3) diffodlon or

Seleton a3 forms which do bave sac- rates in the calcified

aduy osteones. mineral re- The non Haverstian canal system in

Swribution can . bone Ope of the most widely distributed

¢xplamation of the osteono relative to sec  types of vascular canals in bonre

ondery compact s the stmple non-Haverstan canal (figx
1

Ltion, particularly in dlder individuals.  pears

the total sbsence of secondary and at all agelavels. Itls the rypical
mﬂnmnnmemm&pedu,mdudml prosent, mm.mtbcm
Moy having & long life togetber  of the white rat and
40 the havacteriptye dlstefoution of s¢ Thbe eversizn canal h found
N‘Ummm@luudwc\ik n .ﬁtud monkey compact
Sie relarionsnipe Jand locations when bone and In significant numbery whhin
Powent 1n the cortex, indicates that sec human boze even in the 1
dary reconstruction is not restricted to skeleton. This canal type strangely hog
4 blochernical function. remained wnkmown to the peneral
Veriation in the types of Harersian fys- histal The noo-Haverxan canal is
[ the formation termed eimply 2 vascular canal™

taendan osteone s increased recogny of the
ng'umpﬂuf developmental factors primary vascular (non-Haverstan) eanal



280
as a major structural component of bane
is urged.

Osseous necrorls The present report
is primadly conterned with the functional
signifi of Haversian systern and
not with a detafled cytological study of
necrosis in bone Interest in the process
of necroxs itself however has Jed to a
preliminary examination of necrotic bone
at the cellular level. The results of this
work are being continued and expanded
as a separate cytochemical study

Bone 1l

areas of
were stained with oll red O in order to de-
termine the extent of neutral fat gecumu-
Scattered

DONALD I, ENLOW

crosis
recent  development.

changes in necrotio bons of lang standing
are not kpowno

A great deal of information is needed
on ol Invalved
in osteocyte degth and the resulting in-
fluence on smurounding intercellular mao-
trix. It is posaible that the di

of bone cells does Dot

comrmun 14
sl tly produce a metabolic isolatdon
of ular regtons. With continued plug

Dr E.T Hooperand Dr N E.
the University of Michigan Museum of
Zoology

nal tysue cement within compact
bans yet w does not disturb the gross
form of the
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the reduction of metaphyseal diameter

to wcattered  during gross g-
depending on the distribution and 11 Itis that bape s com-
extent of companent tissue types which poeed of a wide variety of basic bone tissue
e mare to types and that each type represents a
5 Bone fram very individuals of ot to a particalar

stoation., This important

nmust be considered in all experimental
and descriptive studies dealing with bone
as 3 tssoe.

LITERATURE CITED

Yo 1"‘] Hmmmn;lemdmmmmm

U:-Anlncrmdtﬁstdhxdmaf!wp- Amprine, B, 1943“.&. wﬂmﬁmc
cansly and secamdary ostecnes were tional meaning substitution of primary

tissoa, Acta. Anstomica, 5,

dnmedtnmufmmld:em m_m .

Secondary  reconstruction pedosteal "~ "yp5; structars ot [

baoe i not marked when necrosts s con- phyiclogle de I'os. Ann. Soc. Rouale Ec. Aled

Lned to scattered, interstitial o Natur de 4 pat @

7 A poticeable degres of canalicular —— 18 ot T

nﬁc-ntnnmt:uflnmumpl::hfc.‘h -nermtnddn: du:h:l'xn:

displey necrosis. The presence of both ex  Zalforschung, 37 144-183

tenttre and restricted necrosls in H“m‘h"‘;rnmﬁ Beitr, Path.

bones which have not experenced :ﬂ Anat, 17 65-141.

kder  calcifica bovrever 1 der Vergle-

M%’;P;:::nfdlmmthuthmh‘lr : Fasiclosis By I Wt ©

osteocyte Bowtock, sysem

&mgﬁmwmm BT o o atrees icskter Ses

Process of mineral dep in

id with necroxls have not been estab-  Anse, 21 083-7es.

Yiahed, Brums, ¥ 1841 Leluboch der Allpeenen
i 1

a:':, lllgpothf _J“t:f Coben, J and W H Hards 1953 The thres

apatomy of systeme.
J. Bane and Jeint Sarg, 40-4, Ho, £ 41943,
Differences in the woxle

$0-306.
Dwutsch, C, end Purkinis 1834 De penttiorl
osslurs sireciura observatiooes,
Dondets, F C. 1848  Hollindtsche Beifr Auat

fanetion. and muscle se-
wmﬁmmwﬂ"w
*orption of external bone sutl Wide-

. L

Fhoe ¥ ¥ 1870 Uber den (eimarem Ban der

s Bd, der Sitipber, Alad

Wiss, [TI, 785 49-134.

Enlow D. . 1054 A platicseal wethod for

mouning sections of ground bone, Statn Tech.,

TR N

1m61a stalntng of
Tech., 34,

groand thim-sections of bone Stain
4 1011



282

e 10810 A of tha post-oatal gromh  Muller W
MM% Am,

DONALD H ENLOW

xod J Anst, in

Toew und des BIJ vors Nekrose

Enlywe D H and £ 0 Brown 1838 oo Jer Beidt, & Kiin, Chir 135 814-034
ttre of foesfl ¥0d recent Muxray P DL ¥ 3
thaoes. Part 1 Tex J 3, 8 No, 4 Tersity Prossy.

A hintslogieel r

of fossll end rvcemt bove tisoe. Part I Tex, Pefersen, I, 1030 Dia Otpans sn fidetn

No, R 288224 tama. Handboch der Mlmsdhexdechen
wfmﬂn y ante des Munschen, berwcsgerrhen voa ¥

it tissus. Part 1L Tex, Zwelter Tull, 804-810

No., 2 187-330. Ruth, E. B. 1933 Bone stodies, IL An exped

e o w‘m%%mﬂlw

oot furg, $3-A, N 2 138-143, t,

¥ and Jolnt Bcb'mn-s T 2 mﬂbwﬁﬂlmd”

Lascing, 5. 1848 Uber atn Plasoatisches Getas-
ta e lascbeacnders B o

und H
Mayer G H 1M1 Dber die

! Miescher ¥

1838 De ioRapmmabose oestum. ten ootpetts i s
wotrarte rneccaniche.
Moors, A, 1783 The sustaeny of tbe bumiss st for arscinmy, 43. 1747
bonws  Edinbargh. Winmlew J B 17M  Exposition of fee %ro>
834  Ortrologls und Myclogle Abh rare of the humum body Trasdewd ¥ O
Wirs Douglss,

Muoler 5 3
Berl Aksd

Bedeutung der
Mulers Arch., 210-4185,



FUNCTIONS OF THE HAYERSTAN
Pemaid 1L Falew

o IR A P

bt -
‘—."\-
,.r_.

-\.“ -

PLATE 1



FLATE 2
LXFLAN TION OF YRCURER

).Nccrwh(x)m-mnd senlarined yone in cirennfereatie) Jammllte. Uiriag orteo

c1ry 37 prosent 30 these larumas cloee to tm pelmary vascolar canaly. Sfumcros,
Rheys moakey 83 X Dyeakcilad sod statned ground-section.
3 Prnmary noodf wmian canal fn comwpwct boow Cellelsr pecros! 1 abeent This
variety of bone twuto b widddy dumbied fo most wertsbeate speckse. 1 b produced by
which enclos The indoridusd
canals are not sorroTDded by & broad, tubulsy eet of tric






PLATE 3
TAFLANATION GF FIOUREE

4 Serowdary cetvemes (A) and resorption canal (B) In an extensrs one of estcacyte
necrosts (X) The intrrstitial Iscona i1 this acoe are afl without oeteocytes.
shudows xppeay {n some of 15e Lacunse dus to the thicknes of the section and do not
mznmmwd oateanes do contain cells, Osirocytrs b

vawcular zooe (D) bxvs not necrosts. Fewur Rbesus monkey
eu/ Saatned and decakcified preperation.

L] wmammdmnmmmﬂmu) bave The

PecTOs Drposition




TURCIIOMS OF THE HAVERKIAN SYSTEM PLATE 3
Ealow

H

!

o
k!

-’

{ ] ' - 4
L #
__ o .

1 , \ X ,{"‘ v

- N



PLATE 8
EXPLANLTION OF YICURRS
8 uwﬂumdmmmmmmrmunmn thul:-cqwnt

Iamwilse this Iaysr will foera » thin “rona w
ﬂ“}lmmmmmm Foour Rhesus mookey 82 X
wtaloed ground-eecton.

10 Nwmda(x)m-ckc\m!mudhmo(compmbcm Note that the sowpty Iscunae
are located m arca whxh ers distant from vasculsr sopply mnrdwm;r Ds.
Mmmﬂon
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PLATE &
TXFLANATION OF FIGURRE

11 “Plaxiform  bone bcm! ma{pﬂmyhm-mmlmﬂlnmln rmhtut
secoon of

Iim;mmr I!mu-u:cnudo(. wx Dtrﬂdﬂdmdmhed

11 Gecordary octeorws in an ares of muscly ttachmwmt Note the pacs (A)
 an sdjacent xops of pecrosts { ) The scondary oakeones in the tul toelf (B)
did ot {ovm 23 & repoDes te metrosis. Femur Swewn monkey 85 ¢ Decaldfied nd
stained ground-section.
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PLATE 7
EXFLANATION O FIOULKS
attschment. Nots that the tubercle s drift

osxooas {1 n ares of ol
homdd.(ﬂ)wdd-(A).adthﬂdnntwdmmmm( ) and
:Em(C)hndbvﬂmd weomary nen-liaversian canahs () (o (he directson of
h 5T x d and ctalwed ground settion.

with growih  The cempactiom of
b are both involved. Nowr lrregula cow
toors of the interstial P’d]owfnxrmnlh:dncﬂm growth, ooter clream-

(
Taw  Femur Rbesus monkey 57 ¥ D«-nkih-dmduu.wd






PIATE &
KXFLANATION O TIGURES
Irregular patches of d L
(B} and mcondary osteones (A) Femmr Hhaesus mankey 133X Ground wecthon,

Necrote aress 1 ! It ) tan be {deniifed by
thew Lighter trensperent ppoarance (A} Femur Rhenn menker 183 x  Grovnd:
sechoa.

Ext betwoen first and wecond generations of secondsry
catconen, Tible human. 123 v Geeundsection

Ptchadmmuhwm;mﬂnphcmhmnd osirones (B) Nm
(A) mlthemr-cdmdbv.nm

cnmk. Tmu,Rhtnnwann 123, Ground-sectior.







PLATE @
XXPLARATION OF FACURES

Becondary ceteones in patches of micropetrotic bovo in  species from  Yerisheat
wmmmﬂmmr‘mmmrm
Gromnid-section.

rarely

(Gopharas) D18 x

Microradiograph of mmu(u)bﬂw Note that micropetrosts does not
lﬂ'mt.bowmndu:dryul toverstitie] matrix botween osteonen. 228 X

contouss of the lnmziﬂdﬂb@llnthhmlm((l)hmpmd $amer chrowt.
Ferential lamellne. It is the result of which did pat by
volre . are reduoed a number
m-m:mmmumwwmmmuwmmummm
zo0es bas been tradipeaslly adopted a3 a standard, repeesentative pettern of hone siroc-
fure t i boportant to realtre that many other common pattern of wrangement may
ba found In compact booe tieoe. Fomur Riwsws monkey solddiphyseal transversa
wectxan. 87 X Gaound preparabon







PLATE 10
LXTPLAN TION OF TicUREN

b= Amolmusdn tiachmamt in the femur of the Rherus monkey Note the concentation
&f secobdiy (A) tn this ypecific repon. Canal lateral 1o the tubercl on both
11808 Ar0 PTUBATY DO vaninc-n:.h(!) Rundles of Sharpey Abers can ba wees b
the mtersilsl s, 28 Ground-soctian.,

M Secondary ostecnes Jocated within patches of micropetrotic bone Femur Rbesus oo
Xy T8 x Ground-sscticn,
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FLATE 11
TAFLAN TION OF FNCUKES

Corrp of ecarse ! bony during o prewtx by the etepiyvi
S!tondnymbmhmdulnmﬂd trvadoa of the k-

wrogrewirve perhetesl
wardly shifting cortxs. Humetns Ahesss momkey 26.1 X Cromndsection.
n canal in Indweed aecrotic bone (B) Note the depoition of

sane roncmatric lomefllas within the canal. The external hayers of the cortex (A)nw‘-
»ent & callus which kaa enclosed the ares of canterized bone. Femur white rat
Ground-section.

Pre of mhﬂnidtcrnnh-l;:yhncdm






FLAYE 22
IXMLAMATION OF TITURLS
o ‘l‘hkpncn-un‘({ prodmced by loward growth dartag redocthon ftn metsphyves! dlumeter

bone ¢ not Javdved, and endoser) deposits are 1n the foror o
eircumferential lamelar aheets (A) A brosd rone of secendary ovisones () hay de-
ki endosteat Rberow peonk,

veloped within the outer part of bone. Humserus 5y BIx
Groand-seebon.

2 Following mmdmm-mtmhm
viors Squre (18) will now have 1he pattern som In thia sectlon. The
Haverman tmue (B) fotmerly Jocsted an the oultide of the certax form [

of
ToDR of outsr
rangement f commonty obwerved in 1bs middle third of the bons.
key 53 X  Ground-section









Lesions of the Medial Longitudinal Fasciculus
in the Cat’

MALCOLM B. CABPENTFR anp GEORCE B HANNA
of Amatomy Collrge of Phyvicians nd Surgeons
wmbla OUniversity New York

Although the medial longitudinal fasct- the MLF (Carpenter '60); most of thess
the coldest fiber flbers appear to be crossed. Descending
fmitemy of the bratn stem and mainteins & fibers from Detters nucleus are ipailatersl,
thcu.lu.-h:'pe nomnotm y orgamized and comstitute

iy
i
i
:

At
7

§

%

|

:

and and Pompet
"Pm!hnttbempajmmuhxlfrnudan apo m‘d Walbery, 57 Bux‘cbﬂbgl')(gt)-

and

in the MLF while otbers (Langwurtty 28 dorsal bundle Paviow ‘00 Coller and
Yan Beusekom, 55) suggests that d Buzzard, '01 Bechterew 1897 Rasmus-
fbers from the nucleus are both crossed sen '22; Paper and Freeman, 30 Mer
md uncrossed. The view of MAluskens burg and Warner 47 Birgl, 57 Altopan
(14) that the suporior vestibular oucleus  and Carpenter '61) (3) reticulospinal £
contributes descending fibers to the tpst-  bers from pontine and medullary levels
pported by other In-  (Bechterew 1885 Cajal, 0511 van der
vestigations and is open to several objec-  Schueren, ‘12 Gray 26 Fapez, 26; van
tons, Recent evidk ( Pomp and Beusekom, "85 Ste '36- Busch '61) and

?"Ptdcrm) d"ﬂ{mdem dL:-llhz: - W 0 ar

vestibular not pro-  —

fect fibery to spinal levels Vhile the 1at  33080ca} From che inoricete o] Homrmiorie st B
el vestibolar nucleus gives rire Biimdmess o
g and descending fbers.
cending fibers from this nucleos

é
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of the tnfedor olivary raclens (Masso-

pust, 58) referred to as the medial teg-

mental tract by Busch (61) In additton

there are presumed to be some fibers in

the MLF concerned with the mediation of

mn}upeghaxg:mdeyemmmuwhlch
ha and ocul,

noclel (Spiegel and Sormmer 44 Grinker
and Bucy 48 Crosby "50 "33) Whether
these fibers arise from the vestfbular r-
clet or other sources (e g parabducens nu-
cleus Truex, *59) {s unknown, ay i3 the
termination of these fibers

Clinically lesions lnvalvln
rostral to the abducens
scxibed

‘50 Christoff Anderson, Nathanson
Berder 60) In most of the clinical mate-
sl examined pa braln stem
lesioms have been s0 i 1o pre-
clude rellable anatamical correlations. Ex
perimental stodies In the monkey (Bender
and Weinstetn, 44 S0 Shanzer Wagman
and Bender '59) indicate that unilateral
lestons of the MLF in the pons producs
paresis of adduction in the ipsilateral eye
ard mimocular nystagmus in the contra
lateral abducted eye. While these excellent
observations establish the
importance of the MLF in this interesting
syodrome the peural Tespon-
sible for it 1s not understood.
The ob! of the current research was
physicdlogical effects and ans-
ton from

disl longitudinal fascicnlos in the hope
that such information might contribute to
. ding of this plex peural

the
pathray and the structures ft relates.

MATERIAL AND METHODS
Twentyelght adolt cam were used in

this study In these animals rere

BALCOLM R, CARPEMTER AND GEORGE R. HANMA

tervals of 10 secondy.
Ph

lestons in the medial longimdinal fascl iy
culgs at varios 1 by axie Lo modit
hods. Coordin were (30




MEIDIAL LONCITUDINAL FASCICULUS

OUBAENVATIONS

tuvdvt:gthanﬂhﬂb\md]a
the vicinity of the abducens nudld in 14
B'eu.um the composition ::f the

coniderable alteration In this by the
ietionty bl 73

the most part theso fibers entered
vestibalar nuclear camop] I

the

§
g
§
g
%

i
gi
55
2
gg
£
aﬁ’
§

vrere to all Scan
degeneration in the superdar vestibular nu-
cleus usuelly was

armanged
passed caudally to oIl parts of the struc
ture.
From the area of the lesion & large num
crossed

clear complex was the same as described
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shove on the side of the leston, though
quantitatively less. In two antmals of this
preterminal degenerarion was seen
m uncingte fascleslus of RusseR
though po direct invelvement of the fastlg:
hﬂmnic:iwanev!c!.te}n;tw Faatighal ﬁfmmg
fibers were apparently interrupted In thelr
intracerebellar course during placernent of
the steveotaxic lesions While the number
ofd d £ 1 eff fibers was
not great degeneration in the vestibular
nudlel imquestionably was Increased by
fibery from this source.
Above the level of the lesion 3t

MALCOLM ¥. CARFENTER AND GEORCE X. "

fiber drgemeration was t Dilaterally
1 the MLEF but was dways gresteat on
the right side. Ascending entering
the contralateral MLF croased elmost ex
du:j"'d!flnthevtdmryn{tbeabdum
nuclet for pracically no degenersted f
were sen crossin, themtdlmr;ﬁ:
spsflateral
wrere seen in oIl parts of

b
1358
ferks

i

ted fbers
the fasciculus, including the Isteral ying
lke extension which characterizea this
e gt candal midbrain Jevels, De-
generated fibers within the contralateral

of the lumdle in the upper poms. Sectlons
cut harizontally revealed that most of the
fibers adjacent to the raphé were novmal
or only partially degenernted. At candal
midbrain leveds whers the configuration
of the MLF changes, very few degencrated
fibers were found in the lateral winglike
process on the sido opposite the leskon.
Ascending preterminal deg; tion en-
tered the trochlear nucleus on ench side
from the ve MLF Fibers were dis-
tributed to cells in all parts of the nucleus,
Quantitative differences in the smount of

degeneration within the right and left
trochlear nuclet were not discernible

erat somatic cell columns. In mwost cases

Cajal. From this location fibers
ventrally and rostrally to enter the darsal
1d. In this Jocatlon

differences In the amount of deg?
on the right and Jeft sides were very small
The midlne visceral nuclel of the oculo-
motar complex contalned litde or no pre-
terminal tion. Although depen-
erated fibers closcly surrounded somatic
cells of the oculomotor muclef extensive

ascending :{gmrn-
Sescribed  distinet groups depen
cﬂ;nmd fibers In the reticalar formation



MEDIAL LONGITUDINAL FASCICULUS at

mdrmmﬂylnthe}ocnﬂmuft.hncm—
in

Cu.udaltot.balcdmdaccndlug

Lbisregiunwu !lwusbn.lnys

é

liclevels, A

was presant in sll parts of
thctpﬂuen]m.r‘ In the cemtralateral
was minimal tromedi-

ooasly at
lbhmndtbmﬁ.banpm]wtedh
portton of the

:
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Immedumlyruﬁrdtomlcdcmd
small pumber of degeneral

the midHne ascended dorsal to
ynnlmy This

:

g
Red

MLF o
pexr th
MLF in the sal
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was seen in two animols (C514 and
C-571) 'This degeneration was ipstlateral
to the lesions, but 2 mmall amount of de-

generation in comresponding Jocations was
seen contralaterally in cat C514 In @
third antmal (C-537) profuss preterminat
degeneration was in the venotrolat
ersl outgrowth w)

MALCOLM B, CARPENTER AND GLORGE R, HANHA

medisl cell colwmnn in the anterior homn,
Other arcas of the central gray contalned
no d 3 fbers. Through sl
spinsl levels, except posxibly the upper
cervics! segments, preterminal degencra
Hon was greatest on the right side At
lumbar spinal Jevels depeneratdon was
scanty on the left stde.

Unilateral destraction of the abducent
nucleus  In one cat (CH70) the leskm
destroyed the entire right abducens nu-
eleus part of the Shers of the right faclal

and small number of fibers ln the

large small
not enmresh the largecells. At

spinal levels a
mﬂf_}:e number of et horn
M evident. anterior
prete :mmlnu.l was localized fo
a relativel

the ven! funiculus. This same pattern
of fiber distdbutlon was seen In lower

Rt 1
§5% 3
4 ;
B'EE
Jih
iaig ﬁa
S%&%&%
18533

i
%



MEDIAL LORGITUDINAL FASCICULUS

mmm-w fo ter

sbout cell groups e _grcuate

Lnxhcponunoanddcauddltl:;ﬂn'

tegmentum a fev degenerated as-

fbers were seen lateral to the

fibers could nat ba clearly fal
levels, Mintmal
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distobuated Bilateral degeneration in the
crussed fibers of the olivocochlear bundle

nerve root. Rostral to the genu of the
fecial nerve degenerated fibers from the
MLF passed laterolly and slightly caudally
to enter the vestibular

In the reticular formation fibee

degenera was found bilaterally onl
in sreas immediately adjacent to tlo M
It wax not profuse and no sipnificant de-
generation vras evident {n the contral teg
mental fasclculus on clther gldo

e doa vt of ths ML o e S
on coch ekl
At ca midbrain Jevels erated

MLP {n ent G510
though a ferr fibers wore soen in thix area
in cat C-538. In one antmal (C-53,
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termin d was peen iy the

of the superor central N
appeared 1o be orentid ver
deally :mi mu-bo{bed nlﬁt celts e
trochlear 3 1
ciel was bilaterad and gimtlar 1o that
described in assoctation whh unitatera] Je-
sians of the MLF bat not ap profuse. In
oaly ome (C535) of thrag animaly could
the udd“o? (,:: 'lmm] h&z
o! al and
nucld of the mfm(tr‘or eumn{’h.m:c
Degenerated Qbers projecting fo dienco-
phalie level “"‘g‘::ﬂon\y in cat C-535.
found blaterally (g 1],y ;mm'“’ ﬂbgr' part
of the medlal penicyjyig Loty and an::

¥

ge

i
a
?

g%

i
:
El

:

T # medlal nuclef of tho thal>
mus. Flbery Teaching (liexo nroas £O0
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than that found In anbmals with

Mwmammcm;tmrwrﬂkvdx

data suggest that a larger propor

tan of the descending degeneration in this
cose conxisted of reticulospinal fibers

Physiolagteal findings

Disturbances of conjugate eye move
ments. ‘Three animals in this series ex

these
sgnificant portion of the right MLF angd
tovolved the abd 1

right eye was the only disturbance of oo
lar movernent in cat C565 In the ather

m eral yais

at pardlysis was &
lnmeunhn%”) but enduring n
the other two cats (C-370 and C-571) In
the latter antmals the eyes were never seen
to be directed to the aide of the lexton.
Howvever there was no forced direction of
the eyes 1o the opposite aide. On attempted
left gaze the left eye abducted fully in a

sterul gare in ome animal (C-
570) suggested that the paresis uc-
tion in the left eye might be greater than
the paresis of in the right eye,
In both of these caloric simula
tion of the labyrinths tended to exaggerate

ce water njected

eyes usually were not conjugate.

Other ocular findings  Two animals
{C-521 and C-535) exhibited 2 detectalle
rotxtion of the right eye which n ta
be in

ey tion of this finding is possible \

since
and C-522) with nearly cor]
sions did not have this ocular fatorton.
Only three an!m.alsin‘t?:loeddm
found to have nystagmus t was never
ﬁcgvmm:m or a3 enduring as that %
ted with leslons of the Labyrinth (Cer
Glhmnnn-.'”)of"‘?;

Y
nystagmus with d;:‘n phase to the
lefr. Atteropts to stimulate the left laby-
rinth in both enimals required repeated

As horlzontal oystagmus developed wi
the rapid phase to the right (1) neither
eye seemed 10 move past the midiine in s
excursion to the right, and (2) the ampll
tude of the nystagmms appeared greater in
the left eye.

“Two other animals (C-569 and C-372)
were noted to have weakness of ocular ad-

for a few days
In tho thind antmal (C21) combined
horizomtal and nystagrus

In & antmals with unflateral Jestans of
the wight MLF {t was noted that it was
roare diffcult to succesfully stimulate s
Teft labyrinth ealorically and that the reac,
dons to surnulaton  were }1‘ b ed ot
when pared with those it
the right side  The most important QU3

e Gesebed In ribstion with the dir
wwrbances of conjogate cye morEments
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of equillbrium or postural ab-
mm A mather mild unsteadiness

fibers
to wdde, but at higher hratm
#tern levels no de were seen
to decussare or enter the IR,
The muclel ot :he)nphé (Taber Brodal
and Walberg ap-
peared free of
uxcep(faralewﬂbu'lﬂtbemwillpan
of the superior central in antmaly
with Mlzteral lestoos.
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bular nudeus are described (Busch ’61)

as entering the MLF rostral to the facial

g:nn,meﬁbenfmmthhmumy
ve been

Although the MLF i adjacent to the
ventral tegmental nuclens of Gudden, no
tlon was seen in this nudeus.

MALCOLM B CARFENTER AND CEORGR R. HANNA

orginate from the mwdial and laeral
sestibular nocled, while umerossed fibers
prebably are derved from (he Jatera] and
vestibular nuclet,

n

Althongh a few investigators have re-
ported that ascending vestibular fbers
reach the infedor collleudus (Sachs and
Alvix, 21; Gerebtroff 40) and the mipe-
Hor colliculus (Russell 1897) evidence
from this shudy indlcates that degeners-
&onmtbeh}fedarcomcuhuwuduew

atton coudd d into the in-

terstitial nucleus of Cajal, the nucld of

the posterdor and the reglon

of the periagueductal the
3 of  Darkechewhch (P

ge to the dorsal scoastic
the modified Gudden tech-

Seversl authors have indicated that
ascending fibers in the MLF praject to the
thalansus but precise infamation concern-
m&ethe srea of distrbution s pox
¢ and Tooth 1888 Fraser 015 A. van
Gehuchten, '04 van der Schueren, ‘12)
Cajsl ('09-'11) simply atates that the
arcuate nucleus recelves o certatn number

uedial Jongirodinal
materfal Lorente de

P aobal

and Walberg, '57) D in these
ocations  was but

In Gdlgt

N& ("23b) flustrates an ascending vesttd-
wlar fiber in the MLF which into
mucheus of us. As-

cording to Spitzer (1899) Bbers of the me-
Hal longitudingl fascicolus pass to the
’ and sroched

cent 0, arcusis ven
in thiy case muliple

yond

gation suggested that fibers to the trochlear
and oculomotor nucled were dexived pod-
marily from the medial and so vestl-

ascending fiber systems were fovolved by
e et S pttoyer and Alexasder (39)
descrtbed mulipie sites of thalamis

bular nucld even though vestibul
nuciet appear to p‘r?}cct fibers to the my
clel L

of the ext

A relatively small number of deg
ated fibers rostral to the interstitial
nucleus of Cajal m fibers prﬂ.{:“l
largely 1o postetoven
medial m s of the thalamus though &
few enter the centromedisn pucleus. De-

the
ted

nerve. The preciw cell groups sctiviied

could not be Identified in thionin

grneration In these locations 1y bilateral
but greatest on the side of the lesion.
These data suggest that a few crossed and

of the -
mmo;mmfwmd‘f'. fibers in

. 4 by Hanler

uncrossed 8bers 1 the MLF reach thalam!
levels. The crossed fibers would appear to

the thal are thowe rep {archi
(48 '55 '56) based largely upon
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cl:us.

MIDIAL LONGITUIMNAL FASCICULUS
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eration in the MILF Because most

would

ular m-
Lhe-nﬂberlmn&e
B (81)
deu:mnum in associsl

y that these fibers
Ity as a
lesion in the MLF 1t {3

superior vestb
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of Roller- only occarlonal degenerated #-

that the MLF does not contaln

bers were seen in the nucl
except in a few tnstances (C-513 C-538)
With unflateral lesions most of the de-
generation 18 {psdisteral. Recent studies
(Brodal 53 Torvik and 54 Car
penter Fabrega and Glinsman '59) hawe
shown that the perthrypogloasal nuchd pro-

in the MLF ess g fibers ap-
pear to be mostly

Lestons of the MLF provoks intense
terminal degeneration in the

greatest in more dorsal cell groups. Uni-
’htm.llnd.am indicn;e that most uflljwm

fibers to the
muclevs.

In additton to the above degeneration &
considerablo munmber of fbers from the
MLF appearsd to be distrfbated to the
candal pontine and ‘mednillary reticlar

areay adj 10 the MLF Thesc

a ' Joealtration
within these muclel {3 lacking
10 Broda) (40) the ventrolateral out]
profects contralateral

fibers are The 1
reticular nucled ke the pcdiuypoﬂml
nuclel project fibers to the cerebellum
(Brodal "33} tocluding the festighal muclel
K ter Bard and Alltng "S6). Sowves
of atlerent fibery to thesa nuclel ars mald-
ple (Brodsl and Gogstad '57) and in-
2

chude (1) (2) vestiular
nuclel (3} cerebellum (4) ponto-mesen-
cephalic e P end (%)
ascending fibers from spinal levels. It

would appear 1o be ether meticuloreth
culor ot vestibulo-rettoular Abers, but this
cannot be established from avafiable dxt.

5 degeneration ud &
ouﬁg:lleﬂmmmuw‘mbﬂawl;ﬁ
fred to the sl rginal area,

detectablo tn the anterlor borns 43 far o3t

Al d writbin the ber def; pinal

MLF olso projeet 10 speciBe pestlons of ormlmmlwmnrglnﬂm’du‘:wmx
the inferfor olivary nuclear ex Lesions of the 7,
nocens (R Bychapan, i1

parted to cause spinal degeners
m:mvﬂ fusiculus as far caudally o8
tharackc segments, From l‘l\fm’ﬁ
sented obove ft {3 apparen

the MLF interrupt signieant rombert of



AINIAL LOMNAITUDINAL FASCICULUS

segments may be

mj_ Busch ('81) mentlons an
stody (Staal) deme at Leiden

thown fibers of the medial
degenerated in

uclel
“nﬂatcnlnndbﬂnmmlluﬂm:ufﬂm}'ﬂf
and caudal to the abducens

was

was regularly
In the Vuﬁbulumld.culpre-
ternminal distribated to” anl

these is meager Golgl
nud.iuaf(lljd(‘o‘)—’ll)lndlmmtoda
N6 ('33a) that axons and
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from the interstittal nucleus of Cajal
and W, B7)

have lesions In the fastigial nucled, degen-
erated fibers in the { )

MALCOLM B CARFINTFR AND CEORGE N HANHA

factal genn soempthens thiy hypothesis.
Since hilateral paresis of ocolar sddoction
€an oCcur as & of & unileten]

t
were scen definitely in tero is Of Atsturt gaie ey move
interest In this regard s the find-  ments. Becauss nvolving the it
ing of Walberg and Jamsen ( 61) that 1o eral and descending vestibalar nockf &
stons in varous parts of the cortax

Py

lowing thets lesfons, thus indicating a
;ﬁ'\;:t but perhaps wgnificant, difference

eral
lestons of the MLF «t the level of the ab-
docem ruclel may produce paresds of ad-
duction in the ipsilateral other Jeslons
mthhnmmypmmk:mztenlm

the cat (Carpenter 3a not provoke sk
oaﬂu( el?)leemamﬂylhﬁb'

of fivers crighmsting from
vestibular

i

§
£

of ocular adduction. Whether the patests of t to this argument and ¢ FT
ocular adduction s ipsil or bil 1 meeedingm Ahhou;hueeﬂﬂ"‘m
wroald & t0 depend upon mumber of  eration in the MLF was bilaterth
crossing Int by the mmnbmdzntmmhmﬂmthmhk
1t the lesion is to the MLF an ons ouofomhrconm‘l?ﬂ"bm
side and interrupts Telatively few fibers of lateral gaze pasdindd B 0
3 4 ds the opp MLF the g:;lmuphmmdmwﬂm"mw
parests of ocular sdduction is likely to bs for camvergeocs fEEEE]
ipaflateral. However a unilateral MLF le- ently It is of interest fpstlat
sion stuated so a3 1o Interrupt & large lmcmmdm%m
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