A 8%udy of the Hepatic CUell Eitoochondris
of the Hat by the Ferfusion Hethod

by
Donald Emerson Shay

Thesis submitted to the Faculty of the Gruduate Sohool
of the University of NMaryland in partizl
fulfillnent of the requirements for
the degree of Dotter of Philosophy

1943



UMI Number: DF71105

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI DP71105
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



FABLE WP UGHTLNTS

. Stotement of ProbloMicscoccssessncsvrsncs
I1. ACcKnowledgement sesscevicsscorazcisoosens
111, Hintoricsl RefViMGuecssevscrrssvoscunnnese
IV, ¥aterials and YetBodBes.ccovecscvecrsnsss
Ve ODmervationSes.ciscesnccarssovsessssesese

Ae Desoription of Rormwal Liver lobule....

B. #ltochondria in normal liver timsue
by perfusion VWCINIQiI@eerrvivrsersenans

& bistribution of fat in Jobulesssesssen
#l toohondria ﬂnﬂw M_ngg.cuab;c»;nﬁt‘

1. N%ﬁﬁ”ﬂﬂta;no'wazcaa»-:n.act;talt
3. ﬁﬁuﬂﬁ#ﬁgnotwi»u.waxaﬂ‘cau:&»&&?:t
de Perfuglonecsssrssvssssscnsrssnanse
s
Be I8000L8.avsevcsssvsanotsnnsscnvennsee

e %ﬂwﬁ’wtb;coﬁg-s.tatc.::#.gbttﬁtot

ﬂ* “ ' 'EXTESEEEERSESELLE SR SR R Y S NS

\
Y. DI00uaslONfeccovscrvivvcecviassnccsnessnone

&H& ConoluslonBecscavrrssosverasecasenssvonae

3"“:%&@?”%&@3.;;;:1:»«;;a..n....-....q»ctsﬁpcia
iX. Desoription of plet@ececaviscrcivsccasse

101495

Page 1

L

4

838 88 & 3B 8 &R



J. STATERERT OF PROBLEM

Biudles related to the mitocnondria of the hepatic
suliles huve been rumerous. In general workers have atteapted
to determine not alone the morpbology of the altochondris
but the poneible relationship existing between witochondrial
fore and nusber and the physisluglcoal sotivity of the oell
angd the lowule. GCutstanding swong the contyibutions are
thome of Moel (%33), Katex (31, %33, '37), Suwith {'31),
Later and Swith (*33), Muggis and Hasuelll ('32), ¥oel and
Pallot (*33, '34), NoCradle ('37), HoCurdy (*39), mnd the
wost Teoent Deing that of O%effens (741).

The writer esrliexr attawpied en experissntal study
of she effect of insnition on the hep:ztic cell mltoohondria
gg t38)e During tbe course of this study great dl“floulty
was experiented in meguring proper fixation of hepstic tiesue.
Inzediate questions s¥ose. “Does the ususl fixation teddw
slove rendery sn accurate ploture of wltochondrie, as in the
living ocondition?® *If not, how may a techulqus be wodified
to assure unifors resul$s?® *“Is it not poseible the dis
orepcmoies ocourring between resulte of various workers on
$his subject may e due t0 a 120k of uniformity in fixation
teohnique?®

By 5 modification of the perfusion uethed a Seobh~
nigue was devised by which the mitoochondris of hapatic cells



may be fixed ss they are in the living condition, that e
fixed while in the living eell, thus eliminating srtifects
due to faulty penetration and autolysie of oytoplaswuie
elensnis. This degeneration is in svidence when the lapse
of time 18 too gress betweem the killing of the animal end
the removing of the tissue. The method devised by the zuthor
is 2 modifivoation of the perfusion feshnique es wpnlied by
Be Mo Shevrer (*33), in his atudy of the development of
arteries in She anterior 1iwb of albino rate. A detalled
zooount of this perfusion method ss spvlied by the suther %o
the study of bepatic mitochondria snd 1%s praotibility in
general bistologicel wse will De disoussed. Thuse, with the
develooment of a Secimicue which would assure g8 perfeot a
oytologloal fization s8 possible, the more leportant study
of the moxphology, distribution, and %0 a lesser extent,
physiology of the mitochondria wes instituted. 1t was felt
that by the utiliszation of Shis teconicue a more acourate
study of the mitochondris could be mgde, snd the results
snelyzed ond compared with enxliery studles by other suthors
in whieh lene sdeqguate methode of treatment of the tissue
were used.

Zmuel's (440) woxk on the effeot of ischemia on the
rensl mitoohondrie hae sugrested to this author a pescible
correlation Letween the oytologleal pioture and warying eix.
culatory phenomens. Sinoe the cliroulatory network is util-
ized in the perfusion sethod, a atudy of the correlation
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IIX. HISTORICAL REBUWE'

Thers i® no one man who Can be given the oredis for
discovering mitoohondria. The'filia® of Mem:ing (1583), the
‘oytonicrosomes® of Strasburger (1883), and the "bioblaste*
of Altman (1890) and others ave zll recognizable among the
various struetures shioch are regarded as being xisoohondria
of today.

In 1897 Bends, through new teohniques, discovered
these elemsnts in many cells and applied the term “Nitochon-
drie®. The ters mitochondria derived from the Oreek ifitus
(mltor) a threed, and Lordpos (chondros) a grain, literally
mosning “grannlar filament”, was wmed from 18397 until 1919
when Duesberg (19) introduced the term chondriosome. This
t00, was derived from the Oresk Xordpos (ehondrus) --graim,
and owpa (soms) —wbody, hense, granular body. He substltuted
this new term for the teram mitochondria, however today the
terms are wsed by oytologists ae eynonymm. Tae work of
Altman, Benda, Regaud, et al, offered a sha¥p lmpetus to the
study of mitoohondria; their distribution, morphology, and
physiology. The results of sltconondrial lavestigations
covering the many yeays of study singe thelr discovery, are
t00 voluxzinous %0 review here. 7The interssted resder in
veferred to such reviews as those of Cowdry ('18), Wilsen
(+34), ond Sharp ('34).



In general, results of previous work permit us to
nake the following conolunions regarding wltochondrias.
kitochkondria ocour in praotically all animsl oells es well
as plans tissues.

Enowledge as 0 the chemlical weke~up of mwitochondrias,
shough adnittingly incomplete, indioates that mitoohondria
are probably otmposed of phoapholivides and proteins in
varying proportions. These structures etaln blsok in Fee
hemstoxylin. They show a obarsoteristiec affinity tor stalns
such as Juous green and msny other dyes oowmonly used with
fixed materiel. They do not astzin with neutral red. sccording
to E. Y. Cowdry (1913} mitochondria may be provisionally de-
fined as "substances which ocoour in the form of granules, rods,
and filswents 1n adwost all living cells, which resot positives
ly to Janus green snd which, by their solubilities and stain-
ing rezotions, reseumble phospholipine and to a lesser extent
glbunins, *

Another problem whioh has greztly concerned the
oytologint 1a the origin and mltiplication of nitochondris.
The zuthor in his obwervations has not made ab sttempt to
determine the cytugeunesie of thess elements. 1% would be %00
aiftficult to oconolude or to establiiah wn hypotheshs on this
mntter until s farther study could be made on the gytoplaan
of those Sells undergoing =itosis., Beame and King (*43),
in their work on the origlin of vinucleate oells in the
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hepatic cells of rets, report the saze three predosinating
types of mitochondria in the cells undergolng division as X
have observed im undiviaing mature hapatic oella. This wight
lead one to balieve that tiney arise only frow preexieting

i tochondris and are Sherefore, persencnt eyteplswsie
siructures.

Researchore ou liviog materisl {Levis & Lewis 1914,
18, 18}, leave no doubt that ad tochondris may arpoar anew mad
disappeny, probably with some relaltion %o metabolio nroteszsnes
in the oytoplamum.

Sinee sl toooundria were flrst 1dentlfied as permsnent
oytoplessdc structures mauy researchers hzve attemntad $0 of-
Sablish kuowledge concerning thelr morphon-physiolopioal
significance.

One of the ocutstanding contributorz to this knovledge
in Koel ('33). He bas divided the loxule of the mouse into
three oconcentric fones based on witochondrial deviatiomt
{1) sone of percanent repose, {2) ihe intermsdiate verisble
zone, sud (3} the zone of pscamammt function. Thase Hhree
zones gontaln vode, variable rforme =ad gramles rermectively
(rig. 18).

Katexr ('31), in bis work on the liver of the ocat finds
no intralovular ranation. e reports Tilamentous wi fochone
dris in the periporsal zong, and sperical ritochondria in
both the peribepstic sud intarsmuclalte Zunes,



iogpts ond Neeulli (1833), from thelr report on the
oysology of She rebblis Idwer 90ll, are of the pinlon thes
the sitoshondria ave filamentows in all stages of the physie~
logiazl a0%ivity of e solmal. The sopesrande of gPanules
is due to z Sranewverse sedtlion sovees fllesentouws ndtochend

Puilot (1833}, o tie study of the ochondriosonss of
the liver oells of outs, states that the witochonaria ars file-
wends wud small plaques orlentes ot right sngles 40 nuolesy
and osll sesurane.

B%ephen {(*41), msde a study of hepatic aitoshondria
afinr Mypopbyssatosy, ponerzatectony and Wyroldestony with
sondlsioned feedings In the firet cuse She mitoshondyd
wete spherioal; in the setund, perinwelieur aluwsplng wes
evident. In the thirzd wand lost oaee, Whyroldeotumwy, no
vaeriztdon sas obasrved.

44th reapsot %o She physiolegiosl sotivity of the
uitoohondris 45 the liver lobules werious ldean nawe been
sugoested bt no siogls theary in Lesed on sufficlent ovie
dsnos Yo tue exclusion of others., Xater eand Swith (34) stave
that sl tochondris are responeible agents for fut furmation]
woel (*24), bile farsstion; Rater (*33), glysogen foraationg
Sowary ('58), intrsoelluler elewenta; and ls (133}, seoretiom
grenules.

Kater wnd Sudth (*34), ad Sadth (*34), in thel® ine
ventigation of the hepatie witochondria, state that fas s
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synthesised in the centers of these cellular elements.

in considering the possible aethode of fixation of
hepatic mltochondria, 2 faotor which uzy not be igsored is
the influsnoe of the pi of the warious flxastivez on thess
strustures. Soott ('23), stetes that wdtoohondrie are bBest
preserved g¢ indloated by the degrec of staining when the
wedie is alkeline with 2 pH of 7.5 %0 S.0. #fter incubation
in an slkeline medls o deoresse in nusbhers 13 ap-arvent while
an incresme in elze il svidentewsoue of the prenvies belng
as much a& twice the diameter. Rasult: must be bosed on
living sninals instend of teail-fibe cultures. In the tead.
tube they ars not exnosed to a9 oomlex o physiologleald
s8pe0t g8 when in the btepatie lobule.

Tae dse of the peviusion tegshnligue supgpested 2 study
of the effect of varistion of the sirculstory flow on hepatie
ud tochondriae The 1itsrature on thies hepstie cireulstion is
volwminous. The conclusions of mos€ of the investligators
bave been based on tae evidencs from perfusions and injestion
prepazations of the exclsed livers and frou sxperimental
ligation of the hepatio srtery and vortal veln or both. Very
fow workere have perfused the ticsues of the living snlimm}
while under snestheslia.

Hyrtle (mai), w ugse of injeoted preparations of
livers of amphibians and reptilee, concluded that the terminal
branches of the hepntio artery do not form 2 ceillary nete
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work of thelr own, but empty direotly into the lerge ocupile
lary nstwork of the portal vein. Hs stated that the hepotle
artery furnishes, together »i%h the porssl vein, s sixture
of aPterisl wnd venous Bloed fo the hepatie oslle.

Leonsrd (1857}, after studying injsotion of froga'
livers, 434 not agree with Hywsle (1394), but ovncluded that
the hspatie artery suppliee hload only %o the supporting
tiscus and Mle duote of the ilver,

Oolnielw and Litten (1878) 2iated that in genersl
exslusion of portzl blood from the liver the Lepatic srbery
sould assums the funetion of tha portal weln.

Mall (*08), after injeoting deflbrinated blovd lute
the artery of = fresh liver obaerved taree-fourths of i% case
sut of the portel veln snd one-fourth out of the hepatic veln.
He conoluded that the hepstie srtery communiontes mars Iresly
with the portsl Shen with the hevatic veln,

purton~Orpits (10, '11, '12) etated that sbous 7%
of the totzl blood of the liver i3 furalshed by wey of the
Poxtal vein., He ststed that zn iatimcte relationnbip Letween
the venour snd srterial blood ie muuperfed by the f20t that
the flwld introduged into the henstie srtery escapsz into the
portsl system,

smep (*31) by injeotion of cavmine-gelatin into the
portal veins and Heriin Blue into the hepetlio srtery studled
seotions of the liver to determine the diotribution of the
Swn flulde. He found the sinusoids predosinantly filled with
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the fiuld that had been injested through the artery. The
interlobular hranches of the portal veiln conteined, in some
parts, fluld that had been aduinietered by way of the artery
and, in other parts, mized fiuid from both srtery and vein.
In the periphersl sinuseolds, mizxed fluld from both sxrtery
snd vein was found.

Aunep ('31) then ssrumed that there was direot
ooumunications between the branches of the portal and hepatie
artery in the interlovular spades, but he conld not find any.
Agcerdingly, Awap attributed the findings to the high
pre-sure exerted on the arterial injestions, s pressure
whioh pushed the fluld through the lobules and central velnn
to the sublobular veln and baock inte the interlobmlar
branches of the Portal weln. He sald that the hepatie cells
do not receive arterial blood, becouse embrwlogically speak-
ing, the heputio artery belonge not to the hepatie parenw
ohyma, but to the gall-dbladder and bile passages.

Jay (*24) in her study of the "intrsoellular blood
osnslioull, inter and intracellular bile oanalicull® of the
rat, disproves the theory of intracelliulzar canslioull as
desoribed Dy Shafer by wse of the injection msthod of prersre
ation of tiszues. Using oaruine gelatin snd Berlin blue she
demonatrated thet by controlling the pressure at tiww of ine
jeotion snd the ocemotie pressure of the solution, whioh~in
this ospe-wss Loche's solution. Ho intracellular injection
materisl wes visible.



i3

Knisley (*39) studied intrakepatic ciroulation in
the frog weing hie trausilluminstion technique. He noted a
sphinoter at the exit of enoh sinwrold which regulutes the
smount of whole blood or red cells conisined in the simwsoid.
Enisley etates that afferent hepatlie arterloles and pordal
venules are csontraotile thus permitting the sinuwmoid to re-
geive mized bloed or blood from only one souras.

Two workers sho coutributed mueh to our knowledge of
the vasoular system in She liver are Wakim and Mann {'42), in
theliry most recent work on "intwshepatic oirculation of the
blood", state that intrahepstie ciroulstion manifests intere
el ttent rhythmlioclty of irregular occurrenes. About 754 of
the heprtioc ciroulation is in an insctive state under ordinary
condi$lons.

surthermore the above authors state the liver hes &
great funotiusnsl reserve in the sotivity of ite vasoular
sy~tom, The insetive sinusolide go through $vo phases-a non
storage phase during whioh the sinusolds bave sOsroely any
blood celle in theiy potentiel lwsins. This sugpests a blood
storage funotion of the liver, as well a8 a storsge phase
during #hich the sinweolds are packed full of mutionless cells.

Hany suthors have made studles of hepatio ciroulation
snd at the ssme time conduoted studier of voluntary lachemias
in various orgene. Briefly reviewing shis literzturs on
vaso~00clusion Yoeptlin et al ('34), on theiy obeervetion in
ekzlatal suacles of the rat, the author observed gradual riwe
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in sotdity from a norusl vzlue of V<85 o x range of from
6.8 %0 6.6 in two hours,

Wnite (*39) in his study or glomexular fntermittance
in normal doge snd rabhlitz found that varyiag responwe of
di fferent tubules may be reluted to elreulztory condition at
the time of veso-osclusion.

The most outstanding contribution in the study of
isobesis is the work of Buuel ('40), who studied the changes
in witochondria and tlesue acldity following interrvupiion and
reatorstion of the renal eiroulation in the rats kidney. He
found ensphexulation and fragmentation of adtoohondris ovoury-
ing in & fow proximal tubules within six miautes after en-
closure of renal artery. As the ligetion was prolonged the
number of tubules involved inoressed.Mitochondrial ohanges
in the distal tubules beovume apparent aftey Shirty minutes.
#¥ith 1igation of the rensl mrtery there wos s rise in the
tiarue pH from 7.3 %o 6.8 In the course of an houre In view
of the ¢lose correspondsnoe between the appesrence of =ifo~
chondrial changes sad the rise in $lszsue aoldity 1t might
suggeat that mitoohondrial changes are to0 be ascoolated with
changes in Sissue acldity.



IV, SATERIALS AMD HETHODS

The white ras, #us norvegiocus slbinus, of the ¥istax
strain vas used in this investigation. 7This laboratory
speciaen was ¢hoeen becauss of previous obmervations on the
same species. The perfusion method hes been tried by this
worker on guines pign, eats and redbite in the preparation of
materisls for genersl histologlesl study. ¥sny animals wers
used in carrying ous this experiment as well as perfeocting
the technigue.

The snimels were of both sexes sveraging in welght
Betreen 300-300 grame. The aniuwals were kept in o room which
had a constant temperaturs of from 8577

The sninmals were fod regularly with = Dalanced diet
detersined by known mutritional requiresents of she laboratoxy
rat ylelding on a chemlosl analysis the following:

Enown Nutrisionsl Anslysis of Purina

R SR Sy

Protein, % 32.50
Fat, % 5.50
Fibrs, % 3.78
Ash, % 8.00 7.00
Carbohydrates

A e traet, 80,00 50,38

Holsture, % 11.00



Galoium, % 1.00 175
Phosphorus, % «50 1.00
iagnesium, % 11
Potzesium, & «T5
Solusble Clorides (s» Nacl), % -5 1.35
Hagunese, parts per million 78.00
Igon, parts per willion 180.00
Copper, parts per million 8.00
Gobalt, paris per mililaon «10
Vitenin, B, U.8.P. 11 Units per grem  1.00 2.3
Vitamin A, U.5.P. XI Units per gras'i’ 6.00 8.50
‘uhﬂl per mdllilons U.S.P. Unite per gram
4.8
Usrotene parts per million 1.70
Mismin Ghloride (By) parss per stiited®2.00 4.00
nint&mﬁw Units & Parts williion
3
Ribofiovin (B3), parts per million 3.00 4.75
Fantothenic aoid, parts per million 8.00 10.00
Fiecin, parts per mililion 36.80

Tisaue designed to study the effect of fixation by
the fmmersion mwethod was prepared as follows: the animal wae
killed by a blow on the head; the body cavity was opened; mnd
tinsus was immedietely rewoved from all lobes of the liver
end plagced in the following fixatives, Bensley's, Regaudts,
Regsud'es modificoetion, Champy's and lgon-Kopseh. furthey
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information regerding the chealonl mske-up of $hese fixatives
may be had W oonsulting Lee (37).

Tergitol and cellosolive in 14 rolutions were added
to the varicus Tizatives in sn atteupt o inorease the rate
snd intensity of the fization a» suggested by Hanos {438),
Theose reagenle did not produce any acoreditable inoresse in
penetration of she flxatives. Sellosolve has bsen recommended
by $he above worker as 8 Ou33lyst %o deorease the staining
time. In sn effort to get uniform staining over the entire
slide ;tMy were nlaced in a ¢oplin Jer of pure cellosclve.
Very 1ittle 30 sny lmprovement waes noted.

Af%er fixationm of the tizsue 1t wee washed for twenty~
four hours, denydrated, ¢leared in toluel =nd esbhedded in
paraffin {sep. 529C.-58%0.). To overcome herdening, cedare
wood 2dl and benzene were used an dazloochlizers, cedarwood
oil giving the sorc astisfaotary resulids in that the shrink~
age was negliglivle.

The tissue wan seotioned at a thickneoe of 2 %0 4 w.
The neotivns were ajplied to the slide with slbumen fixative.
Soaeions were atolned with the Altman tegimicque emnloying
sold-fuciedin and plorio seld or by the Heldesbaln teshnigue,
directions for whioh msy be had by ocnsul ting Les (*37).

Aftey the Llamersion method war used in attespie 4o
obtain a true ploture of the mitochondris, 1t was found that
this teolmigque did not offer a very satiafastory opportunity
to stuly the entire liver lobule sinos the fixative 414 not



ar

penetrate Shroughout the pleoe of tiarue {fig*s. 3 to 10).
A Sechnique had % be established Ly whioh the $issnue oould
be fixed evenly throughout the =ntire blook instend of the
periphery as wos the ozge above. Ffixation of this type was
ensential in order to study witochondyia in the oentwal as
wall zs the periphersl ¢ells of the hepatic corda.

The first att mpt at perfusion was Ly the injection
routines The sninel was snesthetised, and the body eavity
was opened 38 previously explained. 4 sterile 5 oo, syringe
was used with g 31 gauge needle. The post vene Opva was
nicked and the blood perzitted %o pasz> out into the body
osvity. This wue removed with cotton swaba., The needle
wan inserted iz She hepatic ports]l and tled in plade with
8 silk theead to permit only the fizativs fo pase into the
liver. About 5 to 10 oo, of the fixstive war injeoted
direotly into the hepatic portal weln. This method did
not prove too satisfasotory, prinarily begmuse the amount
of the fixative injected was too swzll. imple gonsidev¥s.
tion will be given % this method in the discusaion of this
paper. Becuwse of there tncounlered diffionlties 1¢ wue
neoessary o devise sosme metihod Ly which large smounts of
the fixative sould be neszed tarough the liver at s minimun
of pressure. Thus the perfwelon method of fixasion wes
attenptod,

The apparatus consisted of two ampirator botties
of approxiwately (5000 o.0.)« Esch botile wes held to s
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38 in. irom leborctory stund {fize 11). One Bottls con~
Sained Ringer's sclution, and the other Regaud's fixstive.

Babucer tubing ons sizbhtn lneh in dizzeter sonnected
snch asplrotor bottle to $he ends of & tarse way sitop-cock,
A pleces of mubier tubing the 9ane dlametasr was attached to
the middle openiag of the atopeoseok. Attached o this
rubber fubing was & glass cannula assds by pullisg one~foorth
fuoh glass tublng $o « fine polat, {fig. ldal.

The anlmel wis ansstetized with ether oy belng
placed in » glass ohsuber with ether sosked cotton. After
spproxinstely toxes slautes the wnlsul wer coupletely
snestbetimeds The malmcl was then reagwved fx0a the chsnbier
and stisuhed %o & bosxd by frog olips, dorsal slde down.

An other Cap was Rept haudy in csse the salmal showed signe
of recovering fros snestoessiaes After the anlmul wes SEOULde
1y sttached %0 the bDoerd a longitudinzl iusision wae made
in shdominal ouvity runzing from o polunt shout 5 om.
enterior to the geulitels o the digphrogme A trunaverse
inoision wne made in the region of the livers The smimal
wae seotioned in this way in ovder S0 expose the nbdowinel
orgens, e¢epeoiznlly the liver and the hepatio portsi. The
next step was to rewove the Gounsotive and adipome tiasue
wiiobh surrounded the hepstieo portal blood veszel. Aftey
this wae completed a small light was a plestic book on the
end was plaged under the hepatie portel. This instrument was
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fasiioned from a plantic tongue deprassor (figs. 11,13),
#ith the use of thle lamp the anithor was able %0 observe
the blood flowlng through %he hepatie poriael dlood veesel.
AfSer the light was nDlaced in position wnder the blood
vensal the glasn ganmuls was forced 1anto 1t Imredintely
& 8llk thrssd was tiesd srownd the omunule in order %o bold
1% in pesition znd prevent the hHaok flow of bloovd. The
stopoock was turned in order %o poymit the Nammellian
Kingerts o flow into the veanel., The dorsel Borin wes
nioked to permit the blood to flow from the animal. Cotlon
#wabs were Wsed %ty remuve the oollecting bloode The
Hammslian Alnger's #lowly replaced the blood in the heart
and the liver, The first noticesble ohmnage in the liver
was the ohangs from s deep yYed color, charscteristic of
the liver, to & zkite culoz. Thi2 wes due to the replaeing
of the blood within the lobules with Yusmallen Ringerts.
The gredusl removing of bLlood from the liver and replacing
1% with ¥ssmallan Mnger's 1o clenrly visidle (fige. 13,
14, 15}« Upou olase exzrination cne will obsarve very
suall aress, 1 » 3 sge om. in disceter, from whioch the
blood has not besn Temoveds Ak explanation of this will
be consldered iu the subsetuent dlsoussion. After the
RKinger's sae persitted %o wash through the hecrt snd lunge
and was evident at the dyrining polint in ths dorsasl aorta
the slopouck was tuxned o permit the flow of the fixative
through the animal. Gomplete perfusion wss evident when
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She liver turned from a white ¢olor %o o desp yellow in-
dicating shat the fixative had paseed shroughout the liver
lobe. This perfusion was continued for fifteen minutes,
permitiing comlete fization %0 take plave. The liver at
the time was very firm. These suell reddened arsas afore
mentioned were still the same ¢olor indioeting the persence
of bloud in these aross.

Alterations of this tecimique were wed. Certain
lobes were tled off and the remsinder of the liver perfused
after which comparisons were made botween She tled off
iobules and the perfumed. Samples of tissue were faken
from all areas of the variocus lobes and pladed in the To~
speotive fixing solution.

Drawinge were made wlith the ald of s wonooulsr ro-
search soope, having & 10 X oooular and an 0il luwersion
objeotive #ith a numerical aperature of 1.35, the combing~
tion of lenses giving o megnifloation of sprroximstely
1100 dismeters. The cells were drawn with the ald of a
gamera~lucida. The ecuipment used for doing the photo-
graphic work in this report was a Bausoh and Loed Howie
gontal-Vertical eamera (Type R), and an B, Leltr i#iore
Camers attschment with s side inspection sube,
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Each lobule contains s oental vein, s terminme
for all the rzdaieting oell cords, the sinusoids, bile
capillaries and intralobular veins, Esch lovule is support-
ed by & resiculzr mesh work of conne¢iive tizaue and cells
whioh composs the reticulosndethellal systems Connegtive
tlasue 18 more evident in the reglons of the peripheral
veine, marking the boundry between the lobules. Indlvie
dual lobules are not as ensily ldentifled in the rat as
they e¥e in the pig or osmel.

Generally speaking, sil hepatic oells sppear
similar, seve for variztion in sirze, nusber, and form of
nd toobondria, nusmber of auclel, and amount of inolusion
materiale preasent,

The hepetis oalls of the rat ave polyhedrsl and
aversge 45 w in size (Shay *38)

In thene ¢sll? the nucleus is centrally looated
and the aytoplssm sopenrs granular. This is probebly due
%o the crtonlsawic incluslions presend;, fa$, glycogen snd
ol tochondria. The uninucleate condition is predowinant,
however, vinuclaate cells are not uncomeon averaging
about 168% (Munzer '23)., Binuwcleate cells are regional
in that they are usually found In groups in the reglom
of the periphey of the lobule in young rats, thus indica-
ting gellular multionlication in this sres.

Vell mewbranes separsie adjoining hepatic oslls,



as

Bowe abservers state that cell meuwbranes are not present
but shat thely avparent pressnce is due to highly concsntrated
raglons of the sotoplaans of the eell.

A desuription of ¥be hepatic mitockondris snd the
intracellulse fat will be given in detall under the observe.
tionm uf She paperx,

The following is & description of the arterisl and
venour blowd supnuly of the liver.

The Ooeilsc Artexy (fig. 3) ie uupsired, arising
from the latersi surface of the sorte at the level of the
orue of the dlephrogm. It has 8 short trunk whioh divides
into three branches, as follows:

The Left Naatrio - (coronary) ~ runs ilmsediately toward
the oardiso cpening of $he stomsch from whioh i% bronches %o
both surfaces of the stommoh; the Linesl Artery {(3pleanis)
passer to the left and belind the stosach to the spleen,
giving brenches to the stomach znd pancreas as well, mnd
the Hepatie Aptery which twne right sending a branch down-
ward toward the ducdenum, before cantinuing $o the liver
where 1t bresks uwpe into meny small anastonoses snd termi~
nating sirmusolds.

The Hepatic veln (fig. 2) colleoting branches fyom
the liver, enters the vens cava inferioy jwt as this
vesnal pierven the disphregm. The Hepatio Fortal System
comprises those veina whioh receive blood from the digestive
traet below the diaphvagnm, and from its assocliated orgawe,
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B. OBSERVATIONS OF HITOCHONDRIAL ¥ORWS
IR HORMAL PERFIMED HEPATIO TI8aUR

iisochondris as abserved sre of three general
types, nsmely, rods, filamente and spheres. All other
forms zppear clusely asaooclated to the sbove types. The
fpheres are the predominating type lovsiized in the normal
liver tissue in the peripheral, intermediate and ocentral
narts of the lobule. They constitute nearly all the sua--
chondris in the peripheral region and about half in the
intermediate aven. (fig. 20). In tinsue which is fixed
with any other fixative other than Aegsudfs--the spherical
mitochondria tend to inareamse in numbere in the Yespective
oells and at the same time are present in larper areas
throughont the lobules (fig. 31). In tissue whioh is not
properly fized (fig. 6) the witoonondris avre spherical
throughout the entire liver lobule. A4s to the size and
eontour of these srheres, they are very diverse, ranging
in pize from .5 to 2 niorons (fig. 33). The outer sur-
tace of the lavger oitochondris in some Guses APPOIYS
rather coeyse giving an apsesrance of a souewhat dis-
torted vody (f?ig. 324). 7The sscond most frequently cocurr-
ing type is that of the rod sheped body, locslized in
most cases in the intermediste part of the lovule (fig.
34). The rod shaped witochondria vary as %o lengih,
ranging from .5 to 5 miorons, the outer surface usually
being of & smooth nature., They are of variasble diameters
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renging from fine struotures, which remquire conomtrated
afforts in order to sec tham, to swollen slements of a
spheroldsl nature (flge 34), Bome of the longer rods ave
courved in z quari:sr woon ghape.

Tho third most frequent type is that of the flls~
ments This form of mitochondria has been ohnerved by the
suthor only in the oells of the central and intermedinte
areas This type of witochondrio iz more wimerows in She
oells of the vontral reglon than in any other pars of the
lobulae Therc 18 very 11¢%le varintion in thiz form of
mi tochondrlia.

M toohondrisl frome no$ entirely like the afore
mantioned were vinible in some arews of cartain bepatie
lobes., The presvende of these forms 1g not consictant.
Gonalider firzt the %ype shwwa in fligure 35A which seems
to ve » form related to the sphericel type. The sise of
these strudtures wes slways veletively larger thsn the
s:hericsl types The cdges were rough and the body of the
sl tocnonarivn wer disotortsd, This forw wse presest in a
few gages in the perizhersl reglom of the lobule, locuded
within the 6cll closcly associcted vith the emelley ephepre
fonl foyuse Another type, vhinh eppsersd at various times
iz the pariphsral tiersus of the lobule end In the inter-
agdinde zone se well zs whem the tiscsue war exposed to
ischenis, was that form of mitochondria with olexr ocsnters
2ig. 34A). This veried form wes usually spread evenly



ar

smong the misochondris in the cells of the intermediate
and the perinortal zones. There wes no visible relation.
ship betwsen the mitochendris of this type and the vacuoles.
Ia oells that were fixed with Bemsley's fixing solution the
hollow suberioal forms still persisted, Should the centers
of thene forws have been of a faity consistency they would
have blsokened with osvio seid. In calls where the hollow
spheriosl mitochondris were observed theve wrually aproared
many otbsr waristions of this type in the sewe 0211 {(fig.
3)e In fcohendie tismue this type of mdtochondrial form
was more prevelent in the peripheral zres.

inother Sype wee that of the rod with either one
or both ends swollen (fig. 3BA)., This form was few in
pusber snd shen nrescat wae found in the peripheral parxt
of the lowule in other thsn normal tlsesue. They were mont
preveiens in the veripheral celle of the intermedizte
roglon of isohemic tisoue. There were no cleay oenteys
in those olub shpped forms. Hot any of these varied typee
of wdtoouondris ware very numerous with the exeeption of
the bollow spherical type which was present in greater
numbers in the intermediste and the veripheral reglons of
the lobuls,.

Addd tional obrervatione were conduoted on liver
tixsue that had been perfused with Ringer's solution whiah
was hypertonie to the blood in the sinuscids., This hypere
toniolty was determined by the use of the hematoorit (fig.
38). The celle one to eleven Tepresent s complete hepstie



¢ord. The celle of the central zone one, two and three,
show fine gramler sitockondriz of varisble sizes and
hollow sphericel types, Iu addition there sre smell yod
shaped rdtochondris. In the intermediate zone (oells
4,5,8,7) the sitoohondria are graoular with ovold yods
snd o few nollow spherse. In tha periphernl part of ths
lobule the mitovhondris ars w1l gpnerieal of sbout like
dizmeterse All she oellx in the thres ZTones snow the
presencs of veouwoleas. The vacuolee are not large enough
t0 gsure g bumshing of the mitochondris. The blood vells
in the rotive simmolds sxbinit oreuation. Cells 123 to 18
wore taken from s replor bosvdering a centrel vein. These
oells exhibi¥ about =1l the forme {fig 23 Yo I5A) that
have been obaervad up to this point. 7The blood cells in
the simwolde boardering these 9alls are crenanteds



Ce  DISTRIBUTION OF FAT IN THE HEPATIC LOBULE

In normal liver tissue fixed with an vswmie aoid
fixative fat globules may be sesn %0 be spresd throughout
the entire liver lobule (figs. 37 and 39). This figure
shows cells taken from an hepatio cord, oell one being
adjscent to the central veln, and 0Oell four bheing close
to the peripheral vessel. Cellis two and three have been
teken from an intermediste ares. The fot globules ave
more numerous in the cells nesrest the central veln,
raning from sinute spheres to large vacwoles in eize. In
gome cesen the fat globulem are so large that they cawse
the mitochondria €0 have a congested mppearsnoe. Oells
in the intermediate area do not have as many fet globules
a8 those cells of the central 2ome. In the peripheral
cella the fat globuler are ferer snd show no relationahip
to the mitochondria (oell 4, fig. 37). There are hollow
spheriosl mitochondria present in the intermediate and
peripherial zones in whioh there wam no sign of fat present.
On closely foousing, the mitochondris appear 0 fors bands
around the fa$ vasuoles.




Ds  MITOCHOEDRIAL BHAPE AND DISTRIBUTION
RALATING TQ FIXATION

1. By Imnersion.

Hepatic tissus fixed with Bensley's solutione-
fixation by an ¢smic acld fixer of this Sype offers W &
very specifio ploture (fige. 3 and 4). PFixation in the
penetrable zone, was evident to s depth of sporoximately
three cells {(fig. 4). The cells show no distortion of
the cell wall or intracellular slements (cell 1, fig. 3).
The nucleus was ovold and exhibited chromatin granules
among the linen wmesiwork. Thers was a tendency on She
part of some nuolel to retain the stain. The cytoplesm
was smooth snd showed no coagulative tendenciss. The
mitochondria in this area were of two types, rods and
spheres. The rode appear sbout the sase size in thioke
nesees and in lengtha, The spheres were variable, range
ing from smsll punctiform slements to large glotular-like

strudtures. There was a tendenoy toward grouping on the
part of the mitochondrial elements in & few of the cells
in this ares, however, majority of the oells showed the
elements evenly distributed throughout the aytoplasm,

The nuvber of mitoohondria in this area wers more numerous
than in the transition (cell 2, fig. 3) or the central
area (oell 3, fig. 3). In the transition area the cells

didé not show an even ousline as in the former ozse. The
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is very shallow indioating that the fixative entsered She
tiseue to only & emell extent (fig. B). The ¢ells in thie
zone appesr %o be fixed satisfactorily (oell 1, fig. 8).
The nuclear und oell menmLrsneas ave intaot. The =l tocuondris
are numerous and are of a small spherxical nature, Xo rod
shaped mitochondria are in evidenge. The mitochondris ave
evenly disperned Shroughout s smooth aoytoplassme In the
transition sone (o0ell 3, fig. 6) the cells sppesr to be
fixed matisfaotorily, however, there is a differonce an

to the mitochondrial mmbers as ooumpared to the peneirsble
ares.

There iz no grest line of demarcation bdetwsen the
penetrable wrea and the transition sres {(fig. 5). The two
areas extended into the tissue to the extent of about
twelve to fifteen cells., The aitoobondria in the transition
arsa are all of = spherical nature and are svenly dispersed
throughout the oytopdasm. The tranzitional area is very
eusily distinguished from the ocentral srex {fig. 8). Im
this ares the oells are shrunken; intercellulay spades and
ginusoide are abnormelly large. Intra-eytoplesmie and
intrs-nuocleor strustures are indistinguliahasble snd peri-
portal structures are fragmented. There is no evidence of
wi tovhondrisl elewents in the central region.

Observations on hepntie tlezue immersed in Flemings
mitoohondrisl fixative (figs. 7 snd 8) in the penetrable
sres {cell 1), the nuoleor snd oytoplasmio struotures as




well a8 the nuoleor menbyanes shov evidence of alight
overfixation. In the sxtreme outer row of oells, the
witoohondria are of verisble shapes and eizes including
rods spheres, and many intermittant stsges of these (cell
1, fig. 7)s They are numerous and are spresd evenly
ghout the eytoplass. In the cellz nearer the transi.

tion sone the mitoohondria are generally spheriosl {(eell
3, fig. 7). In only & few inatanoes weve short rods
obzerved. The mitochondriz in this ures sppesred slightly
larger then in the extireme outer row. In the transition
area, some of the cells have the same =i toohondrisl
charaateristios ae ths penetrable srsa. Seecuse of this
it is rather difficult to differentiate precisely where
the one stops and the other begins (fig., 7). The only
differente between these two areas is in the nusbers of
uni tochondria and the location of these elomsnts within
the cell. In the transition arss the wltochondris ave
fewey and are loested centrifugully in respeots %o the
tissue oubs (aell 3, fig. 7). In the cmmtral ares very
3ittle difference is noted from that condition found in
%anne-Kopsch as given in the fowpoing explanstion {oell 3,
fig. B8).

Obgervations on hepatie tissue lauewsed in Regaud's
mi tochondrial fixative (fige. © and 10), fization was more
eatinfactory with Regeud's solution than with any other
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Of all the above mentioned fixetives used only
three genexsl types of altochondris, filaments, small rods
snd sphares were viewed. The only variastions of these
forms were in size. No besded witochondris were in
svidende.

8. By Injeotion. *

The amount of injeoted material forved into the
hepatio portal blood vessel was too small (5 ce.) %o give
eoumplete fixation of the entire lobule. As & Tesult of
this the immedlate arex surrounding the perihepatic vesaels
slone waz fixed. Only the peripueral vessels of a large
nature received the fixative. The smaller veszels of &
higher order did not receive any of 1it. Ue shall for the
present consider the perilovular canals, which contain
the blood vevsels and the bile duots (figes. 18, 19). The
supporting conaeotive tiseue imwnlm whioh paass Shrough
these O:nsls are fized satisfactowily. In 211 csses where
there sre large zmounts of gonneotive $issue present frag-
mentation appesrs. Thir presumably is due Yo the pressure
exerted in the eanal by the foroing in of the fixasive.
in regions where sinuscids were seen to be adjacent to
the periphersl vezsels they sppesred sbunormally large
indioating & result of intra-sinusoidal pressure exerted

*  For an explanation of the phrasecl used in the
cbservations and disoussion see figure 18.



by the injeotion fluld. The blood gells have thely
ohareoteriatio shepe showing no sigoe of flaccidity or
turgldity. The reglon surrounding the iater-hspatio duocts
may be divided into three aresp similar to those reviewed
in the regiona of the periphexy of She tissue prepared ty
the imuersion methed (fig. 17). In the layer of oells
immediately surrounding the interhepstie osnals the wito-
chondria appesy only a8 spheriosl bodles or varying size.
There 18 no evidence of grouping of the =itochondyias in
any partiouler ares of the oytoplssms The oytoplasm is
not congealed, containing a nuoclews with & smooth nuolesr
menmbraone and ¢learly dietingulshsble nuoleor elementa,
There is no evidenoe of cellular variation. The nunmbers
of mitochondrie are frirly oconslant ia all cells in this
ares. The extremely large mitochondylz =hich were in
evidenoe in some of the gells may have resulted from a
fusion of a few smgller ones, singe the large -nes were
usually in close acsoclation with the amaller forms.
Yoving centrifugally, the transition sren in zarXed by

e group of oells whioh appears %0 be satinfaotorfly fized
but has very few mitochondris within the cells (fig. 17).
The ®»ftochondris are localired in that par$ of the oell
nearesnt the periphersl vescels. They are of one type,
namely, spherical. Very little ilantra-cellular veriation
is noted in the sise of the mitochondris. There is cone
sideredble voriation, however, in the number of mitochondria
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presented in order %o snhow the various forws and theiy lo-
eations. The mitochondris show no svidence of polarity or any
nuol sor pesoclation a8 reported by previous workers. VYew
vaouoles were dbserved im the 0slls surrounding the sentral
valne There was no visible relationabip Letwesn the wito-
chondria mnd vaoulor gene:ia.

Hewing peripnerally, oells 3 Figure 20 and oslls 3
and 3 figure 23 ere of the *intermadiste zone® of the lobule.
These aslls have the Same genersl charsoteristice as oells 1
with the excoption thet the =l tochondrisl elements of the
three types zre fewey in number and the rods are no$ a8 long
s those of the "oentral Sone”. In the intermediate zone
there 18 a definite inorease in oytoplaswie vacuoles. All
wltochondriasl forme are distributed evenly throughout the
ortoplass. In gell 3 figure 20 and oell 4 figure 23 we
have oells typicel of those in the perxipherzl zons or the
"eone of permsnent funotion®, Iau this ares a great number
of the =itochondria are snlarged, the rods delng more ovold
and the spheves inorsasing in size; few filamenis are pre-
sent. There 1# no evidensce of any variation of foxrm othey
than the rod, filament and sphericsl sl toobondyia in these
hepatie gords. The mitochondria temd $o decrease in npusber
from the oentral %o the peripheral zone. In the central
rone the filamentoue type predosminstes. In the intermediate
region all three types are equelly represesnted. In the



pexiphersl rone rods and spheres are equal in number and
filomentous wituchondria are conepioucusly sbsent,

4 few exuvple of perfusion were completed with
Beneley's fixative. In figure Z1 are shown representative
gells taken fYom an hepatic cords Iin oell 1 of the cen~-
tral zone or "zone of permanent roepose®, she witochandria
aye of three typss, the filamentous type predowinating.
The midoohonudria that are of spherioal nature ere emaller
in cell 1 then in oells 3. Iu this sone the mtochonaria
ave evenly JGispersed throughout the oytoplasm. Fat veouoles
were present An several of the cells. In the intermediste
rone (cells 3 end 3, fig. 21), the =itochondria were of
varicole foruws: spheres, spherolde, short rods, ourved rode
and » few fileaments, These various forms were evenly
divideds The sitochondris in these celles showr sowe evie
dznee of grouping. The elear zones formed Ly the abaenoe
of mitocnondria appear to be of the same nature as the
vaoucles previously obeerved. In the peripheral zone
{oell 4, fig. 21) the mitochondriz are of two general
$ypes, Spheres and rode with the filamentous type appesie
ing occasionally. All the rods and spheres snow 2 tendenoy
0 be gwollen., Witochondrim in this ares were fewer than
in sny other zone in the hepatis gerd. There was no evie
dence of grouping within the oell boerders. ‘he mitochon~
dria ddd net £ill wp the entire oell; the region adjacent
to the oell meambrane was free of mitochondrie.



Ge IGCHEMIA

1. Hatarsl Ischewia.

In Ydvere which were belug peyfured there were
aresg yanging from .8 to 15 wu. which would not perfuse.
Inatesd of permitting the bloud L these aress 8o be re-
plaged with Ringer's solution snd then the fixative, the
tisee retained the blocd throughout the entire perioed of
perfusion revsrdlons of the length of the perfusive itiae.
These sveas which exhibit natursl ischewis may be seem by
observing fipure 15. Uonsider first the extracellular
elements.

The loves of the liver while belng pverfused turn
almoat white due to the nerfusion of them with Ringer's
solution. They them turn yellow while the fixstive is pess-
ing throush, diwplacing the Ringer's solution. ALl this
time the natural icchemic arese retain thedy red blood
eolor. These islete of wnperfused tissue were spreud in
yarious reglons throughout the lobes, but variouwsly lo-
eunted in exch perfused enimgl (fig 18). On a wiorescopie
exavination of the entire lobule (fig. 9) we oan see a
grotion of one which has retained the blood in the sinwsolds.
211 these siruzoide are in s storsge phane. Binusolds of
thie type snpesr to have a grexter dlasweter than those
thet lagk blood. In very few sazes wers serisl seotions



goupl~te, thus waking 1t 4irficult to follow through the
entire length of these elnueolds.

£¢311 other sinusoids within the same lobule may
be clezred of all blood; these are thought to be in an
active phase (figs. 29 and 30). The blood oolle in these
storege sinusoide in & Bajority of the czses were slightly
crenzted (fig 30). The mitoohondrisl and oytoplaswic plow
fure wan aonfusing in «ll osses where obmexvations were wmade.
In figure 31 we have gells representing an hepatie cord.
In the csntral zone {(gell 1) de-ignsted as such by the faot
that this cell murke 20 ares deflaltely different from al)
the other oells in the ocord, the wmitochondris are spread
evenly throughout the cytoplasm with the exoeption of the
ares lrsedistely surrounding the gell memurane. They ave
of varled forms, small spheres, ovold-bodles, and swollen
ah;mts rods, dells 3 to 5, making wp the remsinder of the
hepetic cord, show a great siailazity as far as oyloplaanmio
elements sre Concerned] some have small vacuoles present.
Gthern show the presenge of larger vaouoles whieh prodbebly
resulted from fusion of the smaller vaducles. These
vecuoles influenced the position of the witoohondria within
the gells. The mitoocnondria in both hepatie coxrds make up
& lerges group of diversze elements. Theme slenments inolude
sbart ewollen rods of warying size, snd spheres including
very large ones with olezy centers., There seems to be no



formetive relationship between these vacuoles and the
mi Soehondria. Cell 6 was drawn from the outer part of
the lobuls from an intermediste region between two portal
veins. It ie oconsidered as a oell of the "pone of perma.
neat funotion®. The mltoohondria in $his gell sre sll
spheves, the larger ones being courser in outline thsa the
emaller.

$4111 snother observation of natural ischemia is
that of figure 32. Cells 1 %o 4 are types from regions
of an hepatieo cord. Oell 1 was taken from the perilobular
rogion; ¢ell 4, in the region of the peribepatic canal.
Thene oells ocontain few witochondria, 2ll of a spherical
nature. There 13 no difference hetween the mitochondria
of thome in the region of the peripheral blood vessels and
Shose merely lylng on the margin of the lobule. All oells
in this region apesred to be vesioulax. The intermediate
zone of the lobule is represented by ¢ell 3. The wi to~
chondria in this ares are spherical bodies ranging from
very small granules to large hollow apheres tending to
lovalize in the ocenter surrounding the nuclcus and the
intermediate parts of the cell. Coll 3 is a memsber of the
oentral sone. The umitochondreial forms in this ©ell consisé
of dumb-bell sheped bodies, surved rods, snd spheres, sowe
of whieh bave ¢lear centers. The witochondria in this
central zone ave more numerous than in sny other mren of
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of the entire lobule. In both the central snd intermediate
zones vestioulation is evident, however, not to such a
great extent ae in the perilobulay region.

8. Induced Ischemia {figs. 23 %o 38)

This phase of the study of miltochondria was under-
taken in order %o cbeerve the variation in the mitochondrial
forue during wvarying periods of induoed ischesia. The ob~
servations of ischemia have been ntudlied from tiseus pre-
pared by the imsersion wethod. 7Thie wethod 1s inadequate
for fixing the entire liver lobe, however, it fixes a
suffieient muer of oells in selected areas to persid a
study of this type.

Comparisons osn be zade with the perfused tissue,
since lobes were tied off for the same length of tinme that
another lobe was being perfused. 1In mot all cases were
the same lobes tied off. JEvery time the perfusion was
ussd another lobe was ooouled; by doing this interlobulay
variations could be studied. 7The llver lobes that were
perfused sppesred as those in fipure 15, assuming & hard-
ened consistency as perfusion progressed. In the lobeas
that were tied of7 during perfusion the only visible ohange
wae that in color from a red to s dark red.

(1) Ligstion 8~10 minutes (fig. 23). The lefs
and Spigelian lobes were tled off.

The cells shown here are taken from varlous parte



of sn hepatic cord. In the oentral zone or *zone of
permasneat repowe® (0ell 1, rig. 33) the mitochondria arve
similar to those in the same sress in normal liver timsue,
with the exception that there are fewer spheriocal md to.
chondriz presents In the "intermediate zone® thers eppears
to be s general thlck-ning of the rods and filaments {cells
3, fig. 23). In the "sone of permanent function® (ocells 3,
tig. 33) the mitochondria are enmpherulated snd show rods
whioh are swollen and slightly surved. Iltochondria with
olear centers were obeerved in the "intermediate mone* of
the lobule {cells 3, fig. 33).

(3) Ligation - 15 minutes (fig. 34). The left lobe
was tied off.

The oells were taken from a short hepatic ocord.
Little difference 12 noted in these delle from those re-
ported above that were ligated for ten minutes. Shore
rods and few fllaments are seen.

(3) Ligation - thirsy minutes (fig. 235). The
right lobe was tlied off.

Some cells of the "centrasl mone* still have short
filamentous mitocuondria (oell 1, fig. 38). Hisochondria
are mo¥e numorous in thies aresa than in the intralobular
wones. The lurge mitochondria sppear closely asnooisted
as fueion elements in the oytoplasm (oell 3, fig. B5).
Clesr aress are visible in the zone of the moleus.
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to the loomntion of the vadsuoles in the mid-ares of the cell,

{(5) Ligstion « forty-six sinutes (fig. 37)e The
lateral lobe was tled off.

The figure shows a group of oells in the reglen of
the osntral vein end in the reglon of the perlhepatic blood
vengel. The blosd cells show no signs of swelling or
shrinkage. The mitochomiria in the cells in the "ocentral
zone® {oellm 1, fig. 37) are of a swell granuler nature,
distributed rather evely throughout the oytoplesm All
calls of this group heve about the seme number of =l to-
chondria. In the cell which represents a typlosl *inter-
mediate type' (call 3, flg. 27) the mitoochindria all all
fine granulee showing a tendency %o group in spote. The
oytoplasn ahowed evidence of vasuslization. This vaguoli.
zation is also evident in the *perihepntic sone® (ocells 3,
fig. 27)« The mitochundris are spherioal snd are of all
gizes. In some of the sells there seems to have ocourred
s fusion of the smaller witochondrial granales to Torm
large, swollen, irreguler massed. Ognerally 1t may be
seid that the =mitochondria sre more numerous in the “gen-
tral zone' tham in any other zome in this type of lobule.

{8) Ligation - one hour {fig. 38). The wedisn
ventral lobe was Sied off.

After veso-ococlusion for a period of cme hour the
oells in the “gentral zone” (oells 1, fig. 38) show fine
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¥l. DISQUEBICH

Thiz iavestigation of the witochondric in Fate!
livers differs fryom previocus stuiies in that the perfu-
alon of livers through the hepatie porsal waee sttsupted
vhile the animal wae still alive, thus giving a true plo-
ture of the mitochondria in the hepatie oells of the
2lbing rat while they are in an aotive physiologicsl stute.
Befors this wmethod of perfusion was adopted, the effeots
of etheral ansstbesls on mitoohondria hed to be deterained.
Thie was agocomplished by comparing the wmisochondrial foras
of the anesthetized rat »ith those of the animal thet was
rendered unoconscious by o blow on the head, and those $hal
were snesathetized by the use of ohloroform. On comparing
these aelis no visible effects of ether or chloroform
snesthosia were noted. These observations seem to ugree
with those of Krupp and Hay (1937), in their study of the
effects of ether, oxygen, and sarbon dioxide inhalation
on the sltochondrie in white oells.

¥osshle inconsistenclies among previous work-re
dealing with mitochondrinl forzs mgy be dus W the tesh-
nique of fization used by them. All these workers have
used the regular method of immeraing the tissue in the
fixative, which ufter observation and sxzperisentation has
proven to be unsatisfaotory for socurate determination of



the Mitochondrial pleoture. Waen this jmmersed tissue is
goupured with the perfusion technique tisaue, it 18 pessible
$0 identify areas which are probably & Srue pioture; but-at
best-they mist be oarefully interpreted. From the results
n’ht&sm from imumexsion of the tissue in an osmium fixzative,
such as Bensley's solution, 1% was noted that the fixative
had very little penetrating power (fig. 3 and 4), a¢ in-
sufficlent saterisl wae fized in the superfioclial ares for
an adequate cheervation of the entire hepatic lobule {(fig.4).
Higglis and Masuelll (1831) in $heir invectigation of the
hepatie ocells of rabblits in whioch they uwsed only an oswio
2014 fixer, state that the mitochondris Shroughout the en
tire liver lobule were of s filamentous nature. In ay ex-
perience this obeervetion ocannot be substontisted., Homy
triales with this fixative desonstrote that the penetrating
power, in the liver, is confined to only a few oell layers
a$ the periphexy (fig. 4). The remainder of the tissue is
oithar}; gxﬁogyﬁmmtrah amitocvhondria or 1f these struo-
tures are stained they are so sltered as o render inter-
pretation impossible or at leznd inaccurate. In some of
the celle 1»7 ;:ti;:hny of the timsue, ¥9d shaped sito-
chondria are present. Oinge these foras are not found in
the ¢ells in $he dseper layers we have rescaon $0 believe
the presence of spherlieosl mitochondria is not due to transe
verse geotioning of the filawentous mitochondris
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the livers of newts and memmalisn kidneys the mitochandria
are 8til) olexrly visible. Young ('33) substantistes this
aonclusion by reporte that 5% socetloc secid in oombination
with s ohrome salt does not dissolve mitochondriass The
rate of penetration of osmius fixatives is too slow %o
reach sufficient depths in the short time which i Yoguired
by oslls $0 change thelr oytoplssmio ploture during woyi-
bundisy end deeth (Pig. 4). By noting the specifie avtion
of the resgzents mms\g up thete fixatives little doub$ ze-
malns as to the grest infiuence exexted on the mitochon
oxusing a variasion in shape, sige snd number within the
lobule. The visible mdtoohondrie at the periphery of he
tissue, belng saturated with the fizing agent, are flxed
satisf-otorily. The tissue in the tramsition area receives
only the benafit of the potassium dichromate and scetie
aoid; the oemie zoid does not penetrate that deep. These
two ochemicals exert a different sotion on the mitochondris.
The penetration of only the noetie mold to the center of
the tissue rerults in colls whth fixed nuclel snd the
oytoplasm a gospuluted mass but no pressrvation of the
misoohondria. From the desoriptions given of the variows
reagents one has 1ittle aiffioulty in sseertaining the
reason for the varied plotures of the hepsatie mitochondris.
Thorough saturstion by sn ossde fixer is required if preper
fixation is %o be realized.
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%hen tissue wap lomersed in Regand's solution Sherxe
was & somewhat different wAtochonirisl ploture (fig. (9).
Grester tiaoue psnetration was evident, presanting s pene~
Srable zone of grester depths than when tissue was Lfmrersed
in an osmlie aeld fixetive. Thin may be due to the faat thad
there are only ¥wo chemloel resgenta o be considered in
uning the flzative: namely, formslin snd poltsssiuve diohromate.
The formalin her & high degrse of penetration and is not too
chemically sotive, giving hardened oytoplasmie siructures of
elastic nature., It fixes oytoplesmic eclssents of a von-
jugeted lipid nature; conseouently, the =ifochondris, being
of this sume constitueuoy, are like-wise Cixed.

By observation oue o2n see that shriaking is neglie
gible {figw. 3, 10.)s The potassiuvs dichromate penetrates
slover than the foraaiin and as = resuld Lt effectivencss
s not a8 lmzediate. However, 1% penectrutes to greateyw
depthe aud flzes the oytopluenio clementa withous any pre~
eipi ation, reswlting in satisfactory fixstion. From the
afors going facts conocerning the penetrating power znd it
ability to fix the nuoleor and oytoplasaic elements, one is
lead to believe {fig. 10) that fixstion of the misoshondrial
elemonts ls cumplete %o a grester extsnt when using Regewd's
fizing solution,

From the resul$s attalned in using thees various
fizatives Uy ths Lmmersion method, one way conclude that
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sone of perssnent funotion. The part between thess two
renresent the intersediste varisble sone, in whieh the

wd Sochondris gooear a8 boih spheres snd rods. The results
attained by the perfusion method do net confirm the rssults
of Boel au %o the specifie type of mitochondria in the
various ragions. All the aitoshondria of the lobule seem
%o be of thres generszl Sypes: rods, spheres and fllaments.
In the oentral zone the thres types ars reprezsnted, the
filexentous type predosinating. In the intermsdiate zone
the misSochondria sre of 21l three tynes, and are abous
saqusl 1o nusber. In the peripheral zone She apheras pre-
dowinztes The rodes agosay swollen, some aseousing an ovold
shape. Noel ('33) tooXk exosption to the conclusions of
Kater and Suith snd stated that although the three sone
he himgalf dencribed are not 400 Clearly defined in the
liver of the rat, neverthsle=s the general zonstion whioh
exiats in the mouee 1s present alro in the wate I am ine
clined %o sgree with Kater snd Swmith that the forms are
vayisble in the thyee zones. The vessoning for this con~
olusion is almply Shat since the mitochandrial morphologles
shor signs of a stolohiologionl signifioance 1t might be
preansed that they wary in socordsnos with Sheiry partiou.
lsx funotion. The mitochondria in the peripberal poxt of
the lobule show the greatest amount of variation in form,
If a ochange in shape of mitochondria is determined %o be
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& refleotion of physiologieal activity, then we may bellieve
that the periphersl paxt of the lobule iz the most antive,
and the nswe se glven by Noel, "the sone of parmanent
funotion®, is very opropriate.

™he author 15 1a ascordence with Noel (*33) as to
the relstive nmunber of wltochondris precent in the three
zones. 1Iu %he oclle in the cemter of the lobule, the mito-
chondris a¥e 80 numerous that clesr views of the individual
slewents are difficult, Beosuse of this great numbey only
& fow of the representative types ware shown in the sketacbes
{rige. 80, %1, 23). In she periphery of the lobule, the
ultochondria sre fower iz muuber. #ith sny witochondrial
fizztive used theare 18 & progressively decressing mmbeyr of
wd $ookonidria fron the ceatral vein to the periportal reglion
{fig. 30). Deane ('43), in hcr studies of hepatic mito-
ohondria in controllsd snissls (fasted six hours) states
that sitocbondria in the centyrsl zome avre fer in muwber and
s¥e of o fine, luug, taogled, beoaded, filomentous nature.
The reculd: of the writer are not in acscordsnoe with thoee
of Doune and the disoreponcy wmey only de sxplained 5% present
on the basis that my animals were in a full nutritionsl
stuts, not fuzted. The bepatlic mtochondria tend to en-
gpherulate in aniumels that are starved for = period of five
hours after the allotted time for digestion (Shay *38) which
wonld sugrest the poszivility that the oells obsarved by
Dezne a8 normal oells are those suffering from inenition.



58

Intrsoellularly the =itochondris are evenly dis~
tributed throughout the oytoplssm with the exceptien of
thase regions wsheye the vaoudles of s fatty noture are
sbundant (eell 3, fig. 31). In cases 1ike these $he
s4 sochondria are bunched on asoount of intya-oytoplasmis
pre-sure osused by these veaouoles. Pallot {*33), on his
etudy of the witoobondria of liver oelle of memmale, states
that mitochondria are filamentous and are st right angles
to the nuslear and cellulsy membraned. In normal llver
aells I have obmerved mitoohondris %o be evenly diatribvuted
throughout the oytoplsen. However, in those oella where
ischexda hss persisted for esometime the mitochondria are
bunched sround the nubleus with no special arrongement.
The suthor hae been able to observe mitochondria whioh
exhidit polarisy omly in those ¢ells whioch zre solumay
in nature, such e those in the digentive traot of the
rouch, FPeriplsnata ameriocerne, (Shay '38). In the liver
cells, on w=hioh moet all observations were bLased, there
wae no evidence of polarity. This lead one to ballieve
that the arrzangement mentioned sbove 12 due to the tur-
gencense within the ¢ell daused by the inter-celliular
pressure smong eells of thie type snd han nothing to do
with the physiologlozl aotion of these elemants,

Recently in the work of Smith (*31) on the
ontogenetio history of mitochondria of the hepatie oelle
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in the liver lobule of the mouse, but the zomer are mprked
by an entirely different mitochomdrial form than in the
nouse. 1o oontrzet to Boel's work, he found sapherioal
witochondria in the region of the sentral rTone, yvocs in
the intermediste, and fllements in the periportal sone,

Ia the author's own cheervatiosns there appears %o
be & carlaln degree of zouation within the bepatic lobule
of the ret, but in the wmajovisy of the cuses the Sones are
not ¢learly distines, uor sre they to be ldentified by a
specifio morphelogionl Sype of misochondris. Hinoe the
type of zonation an reported by Kater {'31) iz the reverse
of Noel, et a1, and the Yesults of the current atudy are
of a warked disorepanoy »ith either of these workers some
explamation should be evidemt, but at premsnt the varring
resulds oan only be interureted = due to puoh faotors o
the mutritional condition of the snimal, the type of fixa-
tion, or the differences in the ¢iroulstory phesse of the
lotale &t toe $ine of fixadlion.

Apother faotor to o cunsidered whan attempting
%o asqertain the influence af eanviroamental echznges en
ul socondria ie that of osmotle precoure. The suthor has
been unable to find any specifio work on the influsnoe of

solutions of verying osmotio preseure on witochondris with
the exvepiion of tne work of Kater ('37). In bis article
on the liver ploocd fluld exchange and morghology of the
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iz the laborztory the erenation of blood cells vhen work.
ing with phyelologieal soline solution which iz suppossd
%o be ommotlozlly corrzeot. The influsnoe of the cemotie
pressure resulte in the spheriosnl mitochondris becoming
sualler in dismeter and the Yod sheped mitoochondria
chenging %0 ophaxical znd 9vold shoapes vith sa incresse
in thelr dYnmeters,

By wre of $he poevfusion teelnigue the por-ibility
swrrseted 148417 of etudving the 27f2e% of varying $schemie
oonditione on mitochondris. ¥ithin the lgsd faw yoare
fasulte of riuenvoh have offered s wore dompleds knowledge
of livar oiroulation than h;mtarws has been avatlabla.
R uee of the transillusination asperatus the funotlonzl
henetio olroulasory syztem nss Beoen studlsd (Ynlaley,
wakinm and Haem). The suthor has disseoted with grast cars
snd exsofnese the route whioh the Benaiie blood takes
throuch the 1lver. In 21 sttennt 40 determidnsg the type of
anas Somoses bebwesn the oollcoting hranches and the post
oeval wein {figs 3). The hopatio sinusolds ave swprlied
+i4h bHlood from the ramifications of the porkal wain :nd
hepntio aztery, and sre drained by tribhwlaeries to the
hepatic veine and thenoe o the nost envsl.

By wacorgecopie examiunation aresas of natwral ische
exia a¥e noted on the surface of the liver lobule, indice~
ting an intermittamoy of elroulatory aptivity in variows



regloms of the lobe (fige 18). In sowe aress where this
eondition exints wot just une Dut several labulss wrs Lo
cluded as eing inastive in an izchesdc conditione

9y mloromeeple exaninstioes af the lomle, Terlons
of verying degrees Of iscaomlz wore obwarved. The numbey
of theae sinusoides as well sz the suvber of prevs shoving
nasural ischesic is highly varizble. This ls also trua of
hepatio losulss in diffsvend anisules In these ewollen
rinusoids thers are xzany bHlood calle in the Lunwen, wwwing
thex %0 have a bulging aspseranes. Thers sinusolds ere in
the stovege nanme (Plgo. 39, 70). A111 other sinwoilds
have no blood wasb-noegver; they nre tacugn? % b4 In the
zetivs phaoe. Hesrly all $he vlood wags Pecoved DY the {ne
Jeotion of Ringer's colntian.

foena bcervations wre sinllory 3o thowe am roporded
Yy Kninley '32) wio uoted in the frog's liver a sviainoter
at Bhe exlt of esdh plonssld waleh regul:des Me srount of
snols vlowd or red cells sootainaed 1a the sinuesld. He
states that the sffarant hepatlo axterloles md poxtel
vonules are wontractila taus pearsltiiog the sinuscid %2 Yo
celve mixes Lloed or bloud frem only one Saurge.

Wukin sud dsnn {(*42) 1 thedr sfuiles of tho Intre
hepatie sizouletion of the Lliood in rate, reports thet tla
siawolds draining inte ihe yedficetion of the hepalie
vedn wre slightly awpuilated jusd before they join the
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¥itoohondrial changes take plage vary quickly shen the liver
lobe ie deprived of ts bdlood.

Within 10 =inukes after the left and Spigelian lobes
were tled off the mitochondria in the central regions of
the lobule show a tendencsy %o shorten and thiokem (fig. 23).
Many of the mltochondria have & Ting form. In the peripovtal
area sll the mitochondria are snspaeruleted (fig. 33)., Ir
the »itochondyrial pleture is followed throughout, from s
psriod of vaso-oucliuveion for ten minutes up to that of sixty
admates, 1t is noted that the mitochandriaz in all regions
of She lobule snd in sll the later stages tend %0 enspheru-
late, later bheconing smaller amd fragmenting. In the later
stages the mlSochondyia completely dimaspoesr or Lf present,
they are embedded in a Gongulated eyteplasm to such an ex-
tent sthat identification is ilmposzaible. ¥Where wvaso-goclusion
was persiited to continue for sixty miautes sowe oells in
$the perivcortel reglion showed z tendenoy to pyll awsy from
the connective tisaue trabeculas wihlch susported the peri-
portal oamnals (fig. 27).

In some of the hepatlo cords taken from livexr lodes
ovoluded for tem, fifteen, thirty, and tidrty-five minutes
the vells in the central =one showed mitochondris whioh
still wetuined their?:gmp&i charsoterintics. JIn the otherx
lobules there was a differende in She size of the mito-
chondria within the oentral and periportal regions in tissue
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#ith determinations made on a Hellige pil metex, the Xe-
epul ting hydrogenion concentration for the fixing sclutions
used was approximztely ss followsi Regaud?s « 4.37 pH,
Bensley's - 3.97 pH. It zopeared from the cbeervations
that eolls fixed with, # low pH (3.97) Bensley's, the mito-
chondriz are smeller in size than with Hegawd's whioh bhas
& slightly higher pH (4.37). In view of the work of Socots
{1938) whe incubated liver oells in a slightly slkslin tissue
oul ture medis, 2 deoresse ln numbers aud an increase in
size was noted; results similaxr o those the author ob-
tuined with Hegaud's flxative. Thether the slight diffor-
enoee in pit was sufflolent %0 osuse the obesrved changes
in sitoohondrie may only bes oonjectured. It is perfinent
to point out thut Hootstls resulte were obtalned from esllse
grown in an srtifiolial media and not subjest to normal e~
vironuental conditions. Without doub$ the Ainoresse in
soldity of the smvironment appears %o have a decided in~
fluenoe on the morpbhology of hepatio misSochondria during
netural and indueed ischemie. Reformation of the mito-
chondria in response to zltersation in tigssue soidity has
been cboexved by other workers, Lswiz and Lewia ('1B) as
well a8 Seott (*28). Thelr investigations sugpest that

=i tochondria ave in osmotlio equilibrius with the surround-
ing ocytoplssam. Since the distribution of water 4n a
eolloidel system can be sltered by changes in hydrogem ion



setivity, 1% 45 possible that the changes in the morpho-
logleal sspset of these atruotures may be due %o inoreased
eoldlty oocourring during leohemia.

The Tesults of Abell and Qlexk (*38) in thelr ex-
perinent with uslng indlcator dyes intraduced inte a transe
parent chasber in the Psbbit'2 ear, 1% war oboarvad thad
by sompreszion of the blood vesaels %o thet region injected
there wor a rise in tlscue acidity from pE 7.8 %o 6.8 in
fiftsen minutew. The tlsene s0idlity observed in these ex-
puriommte on ischewda is probably due %o the formation of
onrbonio acid resulting from sn inorecsing amoung of W,y
s biproduct of cellular respiratiocn. Voegtlin (*34) re-
ports from bie woXk on ischexia in skeletal muscle, states
that the 1z0%1¢ aold content of the tissue inoreames during
sn oxygan deficleney.

fontrary %0 the vbserved results of this suthor,
and others afore mentionsd, Wioholeon (1934) in his work
on the Shyroid gland, find that with ligstion of the large
arteries of the thyrold no alteration was noted in the
i 3ochondria after thres daye when 4the biood supply was
reiugsed, AS the end of this period mitoobhondrial file-
renbes bacswe shorter and more granduley, eventuslly passe
ing through the same stsges that were scen in the trans-
formation of she hepstie mitochondria. But not until aftey
sixty days of reduced blood supply did the mitochondria



completely dizanpear. In sadition to Fioholson (1934)
Shere ars other authors whose observations are at vari-
enves with the reperts 28 included within this paper.
Bawel (1940) reports that Isreel (1891) Dennehl (1898),
Takaki ('), end Oks ('20) whe Bave studied pastmortem
sutolysin wod snemic neoresis in the kiduney b crude aytow
logiosl menns, veport that ad tochondrizl changes sre not
spparent until six %o twenty-four hours aftex Lschewia.
Eomel (*40) takee isoue with Sthese renults stating thel
the resizl mliscchondria wight wnderge postuartes changes
soere repldly. 4s evidence he citer the work of Pappets
helmer (*18) wbe noted that thirty winutes after desth
the =i tochondriz in the ralts kidney hroke lute grannles.
The bepstis sltochondris from the present study have heen
obuerved to undergo thepe same chenges {(fig. 28). An
explanction for the formetion of granules in fschesle
tizsue moy not ve complete 2t thim point beomme of in-
sufficient experinental evidenge. However, thers are
reasons to believe that beoause of the oepsstion of the
blood flow the proceze of metuboliss in repluoed by kKate-
bolisn end the process of autolysis begines, ryesulting in
& degsnerative type of witochondrie, the greaule.

A gondl Sion which may produse ischeads in animuls
es wvell 28 in dumens is that of flbrosies and vasculay
coniruetions. The resulls of ischemie indused by fibdro-



sis iz the reglon »f the heputie blood suinly to the ex
tent of osusing death %o the patisnd, wmay bLe ssen in
figure 40,* Iu the lew power photograph a ssotion of the
liver lobule from the geatral veln to the periportal os-
azlg nay be seen. It thowe the complete abeende of bLlood
ang fivrillar degeneration of the tunioa of the vein take
iog plsoe. In the peripheral reglon the ¢omneotive tissue
troveculae supporting the Hile duets and the periporsel
versgle siow & elgn of deteriation to the extent thad
fragmentation way be seens In the high power photegraph
the osounestive tlesue fibere are sesn separating the
funotionsl hepatie oslls. It slso showe & yeglon of the
perizortal osmal end bhapatio cells whioh show zigne of
intussusceptive goinective tissuve growth. The ebaracter
of the cells shown in figure 41 are similar %0 thoee in
$he hepstle thesue of the rat in the leater stages of
ischesia, with the poesible exoeption that lechemias in
the humsn 1iver has progressed to a farther extent. I
would be most desirable %0 seoure tineue from sueh pathologlesl
fschevde conditions a2 deserived abovs for analyses and
sampxrizon of the mitochondrial ploture with that of ax-
porimentally induoed isohemis. Huoh aomisition of tianue
has not bHean pozaible to date.

® The materisl for these gheervations was procured

through the cooperstion of I¥. K Wrelts, pathologlss
Saored Heard Hoapitel, Allentown, wgmgm. ’



The neture of ol tochondrial aotivity is naturally
the goal of =11 studiem of mitochondria. Up %0 this tiwme,
thie primary cbjeotive box proven %0 be ons of en Lllweive
neture. Thue fer the interpretations of the generel fuso.
tionsl sigvifionnoe veries from the dentisl fay growds of
any kind of sonclustioner ¢ mssigneent of specifie functions
to these elements, In the oane of the liver where the
functione sxs 20 voried o %0 include belth exoorine sndcen—
deerine sotivity we encountey prest difficulty in establishe
ing perfsotly controlled conditions for exverimentsl work.

Ap orgen like the liver with wveried functions pre-

pentes & greater source of srrox in attempted controlled
experiments. In the followliny phase of the discussion

the amthay will sttempt %0 utilirs his own ohservations,
rhich pre &n ne vway complete, a8 well a2 the work of prede-
esssoxs on witochondrie fusotion. I¢ 1o neeeseayy %o
glve due gonsiderction to She work of previous and don~
tempory workers for otherwise we would be llikely to re-
gard thelr work unjuetly. Needless to say, the rTesulte
thye far stt-ined by mr oollesguer zre fay fron complede.
Tso of the earliest vorkers uever ('08) and Negsud (*11)
surgectad the npoc~ible conneotion between the mitoehondria
and the formetion of smecvetion granules by utilisiag
watorials from the oytoplaswm. The seeretory nature of

mi Soshondria has Been oontested by Heysr (11-'30) whe



siates that they are merely srgastic produsts of an ale
businus nature. He Compounds his views in that thely
sotion is juet wiat would be expected of reserve sub-
stances nedoessTy as & sourde of energy. The view that
sl tochondria are products of metsbollic aotivity rather
than distinet protoplasado orgens has been held in one
form ar the other by many workexs end sppears %0 be well -
supported by obeexrvations on both living end fixed cells.

ne of the problems that has demanded muoh atten~
tion in Shis fleld is that of the synthesis of fat Wy
hepatic Oell mitoehondris. Kater and Smith (*33) de-
seribe the fst ss being formed wishin the vesloulated
mitoohondria, while Hoel und Pallot (*34) consider 1%
elaborated on the surfage of the larger mlt. 1In the work
of HaoUradle (°37), HoOurdy (%39), Steffens (*41) as well
as this suthory all comolude that no direot relationship
exiots belwsen the fat droplets and wmitochondria # thin
the liver oellas. DBecause of these conflicting views the
previous work begun by Sthis suthor (Shay '38) wen ex-
tended to inolude sddltionsl obeervations 30 profitadly
restudy the problem.

In norasl liver, fat is sanousnalated as droplets
in the cells surrounding the central veln, some sppearing
very larzge end confluent (fig. 37). The fat is precent
in deprecisting smounts when moving pervipherally iz the
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lobule. Xater end 9umith {*31) used warious fixstives in
$he investigztion of fat formetion »ithin the mitochondris
in normal hepstlo oslls of the whlte raf from fetsl to
pdvlt 1ife. 4% a luter age thess fri vaousler becane
levge wnd comesdtantly thelr cowering heoomen $hin end
fraguented By 2 provazs of furvowiag from the outeX sur~
feos. This reeulde in the formstion of chord, creacint-
ehaped, vodwlike mitocrondrlia wnd $he liberztion of the
vrouoley sppearing strasturs in the ground oyloplaswm.

I have observed vesiointed =i tochondris in
normal lver tiswue (fig. 3e), The idez of Xatey end
Snith thet only r»ads 2% birth zhow small ot vamoles
surrvounded by witochondriz {3 not sudetantiated by »y re-
#ulte. ¥inute fat droplets zve present in the heoatie
geils of atults &o well 23 in the fetzl liver. Trom a
thorough study of there preparetions, there 18 no snpar-
ent relationsbip between vesioulated mitochondria to the
Gemosition of fat. Hith 2 noresl dist, the mitochondria
in the oells of the perivhers) and middle monen sre rod
shaped, oveld and elongatod and spheriesl, some zphores
being vesloulated. The greatar deposite of fot cre
larzely orezent in the central 2zone yet the vosioulated
vl sochondrie in whish the f:% 1s to be synthesized arve
more mamerous in the peripheral 2nd intermediazte ronen,
Gonsequently, the rone relationship doer not substantinte



the dlalm of Kater and Smith (*33) Shat the vesiculated

ol tochondrie synthesize and deposit fa8 within themaslves
or the stutement by Noel md Pgllod (*34) that the larger
al tochondria elaborste fat on thely surfades. 4se previously
siated, where large apheres are present, the ldea of Kater
and S=d%h Is plawsible, Ume would comclude that with an
ingrezse in size of the fut vaouwoles ami no ineresos in

the intracslliular spate the ¢ell vecowsn congesteds Az »
reault the mbtochondria are viewed as a @overing of She
individusl fat vaowoles (fig. 37)e In asdddition I obe
served these wmoucles with Siacue perfused #ith an osmie
sold fixative whioh should oxidize all fat sithin the cell.
However, the centers of the witocbondria remzins clexy,
Acaording to Nath {*34) tule 18 not iumpoesible, 1 the

fat was present in s -saturated state.

In enimals fed on 2 noymal diet, as well o8
#tarved animale, the mitochondrial tranefarsstions such
ae formations of sphexes and ryods take: place. Jhsther
or not this rezotion of the wmitochond¥is ¢ assoc¢lated
»1%h a specific function of the ¢ell is diffioult %o
soderteln, bul seeme doubtful that it ls reluted % the
systhasis of fas., Thie troneforsation and vesticulation
wight be eocvcisted with the depoeltion or secretion of
glysogen or bile forsstion as reported by Hoel ('23), or
1t might sevely be the response of the mltechondria to
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3 dhonge lu the oyteoplusm which way be effeoted by usny
Gilferent couses 28 yet undeleruined. The apyeernuce of
Bhe kallew apuerleal aiteosondris in the outer lovular
Fegions a8 coutrusted with aress adjacent %o the ocentral
veln seferrved W ahove aight lndigate thut this region is
iu the suarstony stuge. Accordiog 3o %the work of Worgseen
(239), he reubit'e liver Lus a Thybhmie funetion with
sl kevuating assimulasoRy and georetoxy stages, scareling
bile in one region and assisdletiog glycogem in the otbey.
To coufize tale, segtlous would have S0 be We&&m& )
deteralne she presende of vile and glyovgem and their
speaific distribution. Perzaups agaia mséa fugtors may
be intexprated in teruws of the raytade ciroculatery
Caonges a8 previcualy discusced (pge 64). Haay oyto-
loglets pave suggested that sagpherdiation of wd tochone
dria is ao indioution of & reduced rage of cellulax
ozidation (Uaedxy ‘x4, Joyetelavergne *Ju) and thus the
enspharalation followlng the norwal and starvation diets
wight in botk instances be attzibuted o 2 iowered rate
of wotapolism of the liver oeile.

Addd tional attoupts o alter mitouhundris by exe
parisentally changlog the vhyeloliogioul siste of the
saimal Bave reosntly Deen wade by Sgeffens ('4l1). This
warker noted perinusiear clawping of witochendria in a
panorestestouizad rat fod on gludose sluxllar v thosse in
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¢ell 2 in figure 26, esnd enspherulation of the i toehan-
gris after Wyoophysectomy. The guention of the sigalfle
cenge of these changer in the vitechondrlia wnder these
oxpewinentsl condiiions romeine wsolved.

This author iz underiaking fArther experimonts
with the 21Q of the parfusion technlgus for the purpess
of sttamptlng to ma¥e mcourstely detcrwine the relatione
shlp of exporiwentel diets, mnd consequent modificetion
of l1ivey fupction, o =itochomdrizl forz snd dlstributien.
It 12 felt thet fiynt the serfuecion techunlgue offers 2
Bore acourste mexne for oytolepiecl study tBan baw HOTe-
tofors boen wred for & study of thle organ. Uecondly, W
carefdly controlling and modlfying the dietary condition
@? the onlasl, reeuliling chenges in the mitochondrisl
ploture may offor o Detter index to hepstie eell function
than 9o 2re now awere of.



Vi1 CONCLU3XOND

l. ldver tissue prepared by the lumersion method
for the study of mitochondriz in majority of the cases
i* inadscuate betaupe of the lack of penetration of the
fixstive.

2. then using the injection method fixation is
attained only in the sress surrounding the perilobular
veins. The mitocbondria in these areas are upherical.

3. Adequate fization of liver tissus is attain-
s by using the perfusion method.

4, Zonation apperrs $0 n certain depree in the
liver lobvules In majority of the ceses these sones are
not clsarly distinet. MNltochondris of the gentral sone
are of three typea, filsments, spheres apnd rode; inter.
mediste zone - rodis snd spheres uppeay in enusl nusbers
peripheral zone rods snd soheres(some being vesioulated)
with the loter perdominating.

Be In perfused tissue areas of natural ischemia
persiste The mitochondria of which are spherical and
rod shsped inoluding verieble foyms such ss, sphers with
distorted borders and hollow centers, and rode and file
wents with one or both ends enlorged.

8. Hitochendrisl forms, roda, spheres snd fila-
ments, as seen in the normel $issue, changes to varishle
forws when the tissue iz deprived of its blood from
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lo %o 60 winutes. The areas influonced by induced ischemia
and that of natural {aohemls are very elmilax.

7+ The intermiitznoy of clroulation in the liver
in csses of naturz] lschemls, 2ud in sinuscids in the aotive
and Btorage pbhase, may fevor the interpretation that loeal
alf forences Ln owrculztory setlvity may have a direst inw
fluenoe on the »d tochondrie in Shese arevs.

8« Then a hypertonie Ringer's solution iz pedw
fused tarowghout the hepatio lovule sspherulstion of the
i tochondria i noted. The hepatic oells are vaoulated
and the blood cells fu the adjoining sinusoclde are crenated.

Be fat le loosiired in the celle surrounding the
centyal vein. ’L’hez;e 2 no reletionsiblp between the oftow
ohondrie wnd she Zat vaouole.

10 The perfusion method ofTerz & wore zoourate
means of oytological study then hes heretofore Deen used
for a study of this organ.

1l. 38y esrefully controlling and medifying the
dietary condltion of animals, resulting chznges ia ihe
zd sochondrial ploture may offer & Detter Aindlx $0 hapatic
gell fungtion %han we are now grare of.
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PLaTE 11X
Tirrue Prepared Ly the Imsersion Method

Flgures 7 md 8 - represent a2 photogrsph and sketches

of tlssue fixed by the wse of Fle uing's solution. Qell 1,
drawn fronm the nenetrsble zone, the light srez to the right
in figure 8, mhowe mitoohondriaof verizble shapae evenly dis.
tributed turoughout the cell. Jell 2 wag drawn frowm the firane
s#itionasl sres, $the dork central zone in fipure 8. oot all
the wdtoonondria in this rone as shown in thie oell are
sph:rical with few s2hort rode orecent. UOs8ll 3 wes drawn from
the centrsl unfized zone on the extreme left of figure &8,
The tiscue Is not fized satisf:cotorily. The mitochondria
shown are of a sphericsl nature snd are loczlized in one
dorney of the cell boardering the transitionsl area. JNote
the large intercellulzy apaces in thiz ares snd the uneven
ey taplagm of the cells.

Mgures 9 waﬁ 10 - reprecent & photogruph and sketches
of tlssue fixed with Hepeud's solution. Cpll 1 wae drawm
from the penetrzble area shomn in figure 8 on the exireme
righte The mlitochondrisz in thie area are of three types,
rods, gspheres, snd filaments. <Cell 2 waz dram from the trane
sltional aren shown in the oemnter of figure 9. The =l tochon-
driz are in the form of sphares and sbhort rode, sphares pPre-
dominsting. Cell 3 wae dresn from the central ares shown on
the extreme lefd of figure 2. The »dtochondria are of #wo
types, onheres and rods wxi are swollen 0 twice the size of
the wltochondria in the other two aress. There are unfixed
aress 1n the central zone sbown in the uwpper left corner of

figure 9,
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PLATE IV

Apparatus

FMgare 11 « Haterisls in position to begin
parfusion.

Pigure 13A - Gless oennula used for perfusing
into the hepetic portal vessel and plaetio light used
for illuminating areas snd showing boundsries of the
hapatio nortal veln.

figure 138 - Close.up of the znimal 1o poeition
for perfusion showing the ¢zumis snd 1ight in place.
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PLATE- V

FIGURE- 13 FIGURE *1 5



PLATE VI

INTERPRETATION OF THE
HEPATIC LOBULE

FIGURE-I6

A-CENTRAL ZONE, THE ZONE OF PER-
MANENT REPOSE

B-INTERMEDIATE ZONE, THE VARIABLE
ZONE.

C-PERIPHERAL ZONE OR PERILOBULAR

REGION, ZONE OF PERMANENT
FUNCTION.
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PLATE V11
Tissue Prepared by the Injestion Hethod

'8 17 « drawn from sn ares surrowding the

gﬁm&;@mm veszelr of the lobule on the slide photographe
el in figure 18. The comneotive tiesue trabeculas and the
cells lwmediztely surrounding the duete mnd versela are
£4 zed.

The grea wbioh shown = tocnondyiz w2y be divided
ints turee zonesy the oesetrable ere: where the mitochonw

dels are fired and spread svenly throughont the aytoolsang
the transitional ares where only = few of the wl foonomiria
npe fized, woslly on the elde of She ¢all pecscest the perie
pheral vegeely and the unfized 2one whers the 0211ls show uo
i Sochondrie pres: g, ALl the mitosbhbondris shows here are
of a2 svherioal aature.

fApgure 18 -« ™he dark area surroundin: the peri.
pheral vesrel Bhows Cie aitoshondris in the fixed aslls.
Yoving gentrlfugally, the lighter transitional ares Cone
trine few mitochondria. Toe sxtrawe onter aree i the
central zone in which firxztion was not moosible,

Foure 19 - Bame desoription s that of figure 1%.



PLATE- VII

FIGURE'17

FIGURE-18 FIGURE-19
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b9 PLATE IX
Induced Isoheuwic Tiveue

Hgure 33 - From the left and Splgelian lobee ligated
from 8 %o 10 winutes. In oell 1 of the central zone the mito.
chonarda are mmall mpheres mnd Podss In cells 2 of the intere
medicte zoue there iz & geneval tilckening of the witochonurial
forme: varisztions of the holladw sphericsl type are visible,
Ualle & from tae zone of permanent funetion, show ol tochondria
Sn the fowms of #pheres af well a2 swollen and sligh$ly curved rod

Mgure 24 « Prow the left lobe ligrnted 15 minuvtes. Little
difference is noted between these cells and those desoribved in
figure <.

“pure 25 - Prom the right lobe lipgated 20 minutes. Cell
1 of the sentrzl zone in which larpe vacucles appesr around
the nuoleus, conitsing spherical s a few rod shoped mitochons
dris. Cell & of the intermediaste zone with lorge vaousles
oocupying the space surrounding the muwleus, shome spherical
mitochondris crowded in the perinheral part of the celli. Cell
3 with lerge vaouwole presnent in the reglon of the nucleus la
drawn from the nperipheral repion snd 1llustratee wl tochondria
an large irregpgular shsped bodles grouped smlong the ¢ell mene
brane. The nuclel are somevhat dlstorted.

Mgure 36 ~ From the lateral lobe 1lgeted 33 zinutes.
In oell 1, drawn from the centrzl rogion, the mitoohondriz are
swall rods =nd sphericsl bodies dlaitribmted evenly throughoud
the oytoplasm, Oel)l 2 drswn from the central region, contzins
only scvheriosl mitochondris. In eell 3 revresenting the peri-
wheral sone, the mitochondriz ere larger thon in the other two
sones snd are grouped sround the mucieus, Vaouoles are present

in 8l) three arens of the lobule.



ol oo

%
v. ;T.

o /'l
\ »v
..0..°
/. e
FIGURE-23
= 3
g A~ TP
FIGURE-2 5
FIGURE-26

3

PLATE-IX



yu

PLATE X
Induoed Isohesio Timsue

figure 37 - rom the lateral lobe ligated 48
sinutes. In cells 1 from the centrel veln region, the
oi tochondria are of 2 sphericsl nature and are well din-
tributed throushout the cell. Uell 2 from the inter
mediate zone, exuiblts perinuclear oluwping. UVells 3
dragwn from the peripheral region, show perinuclear
clumping md witochondris lergey than those of the inter~
nediate region. Large vaocuocleg are present in these

celln.

Fipure 28 « From the median ventral lobe ligzated
60 sinuter. The mitochondria in cells 1 are fine
granules grouped in the coytoplesm. The cells show clumping
of the intracellular elements. In oells 2 of the peri-
pheral region, the cytoplssm was a goapulated mass with
lnyge vacuoles present., Mitochondrisl identification
was impossible and the nuolei show signs of distortiom.
in the peripheral region the cells have pulled away
from the perilobular vessels. Type oells from the {inter-
mediste area are not shown becsuse of their similarity to

those of the periphersl reglon.



PLATE - X




vi

PLATE XX

Mgure 38 « A prester pordion of an cniire hepatio
lobule with one-third of the ainusoclds in the storape
phase. HNHote in the lower righ? corner of the plotogreph
the Llood cells naeked in the cimusolds sad in She uppex
region of the lobvuls the supiy simsolde.

Figure 3 -« Another seotion of an hepatic lobule
in the reglon of the central vein. Hote in the lower left
corner of the figure the sinusoids 1n the storage phase
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PLATE AITI
Hitoohwadrial forus

N

MRgure 33 - Sphericnl mitochondris found mostd
abundantly in the periphersl nart of the lovule, and are
rore numerous there than in el ther the interwediate ox
centzel zone. Thelr disceters renge from «5 t0 2 W

Mpore 33A « Vorles from the sphericusl type
mi tochondria in that 4t is larger, has rougher edges,
mad distorted bodles. If wmost evident in ischemlae tiseue,.

Tigure 24 - Hod oheped w tochondris of this Sype
are usually sacoth, vary from .85 %o § u in length, vary
in dlameter, =nd zre sometimen curved in = guarter moon
shape. |

Mpure 34A - M tochondria with ¢lesr centers.
ivident in normal and ischemio tissue in the periphersl
part of the lobule. The vacuolas are of vartable sizes
a8 fllustrated in thie figure.

fipure 35 - This filamentous type has bean obe-
servzd to be more avundrnt in the central than in the
intermediate areas of the lovule. It does not avpear in
the pheripheral zres. The only vielble varistions of
this form are the curvature and length =hiloh ranpes from
2 %o 12 ug the dlameter 1s fairly oonetant.

Tigure 354 - Mlamentous end rod shaped mito-
chondris with enlarged ends., They ocoupy the peripheral
part of the lobule in normal tissue and the peripheral
and interszediate aress of lschemio tissue.
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PLATE x1V

Influence of Usmotic Ppessure on zitochondria

Tlgure 38 - Tissue prepared by the perfusion
method showing an hepastic cord whioch exhibits the ine
fluence of an hypertonio Finger's solution on hepatic
zd tochondria. QCells 1 $o 11 represent a complete
hepatic cords Qells 1, 2 and 3 are from the central
ares and show fine granulasr witochondria of wvariable
sizes. Hollow spherios] mitochondria and s Tew rod
shaped m&tomhanﬂri& sre present. Cella 4 to 7 are
taken from the intermediate region of the lobules, $he
mitochondria of whioh are granulsy with ovold rods
present in some of the cells. Jells 8 to 11 srxe from
the periphsral part of the lobule, the wdtochowiria
ell of which sre spherical of like dismeter. The cells
in the entire cord show vecuolization. Cells 12 %o 16
were tsken from another lobule in the reglon of the
central vein snd show mitochondria of all the types
thus fer observed. Hote the orenated blouod cells in

the sinusolds boardering these oells.
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PLATE AV
Fat in the Hepetic Lobule

#fgure 37 ~ Tissue prepared by the luwersion ametbod

using Bensley's fixative =nd stained with adid-fuchein
snd Pilorie ascid. Cell 1 drawn fros the oentral zone of
the looule showe fat globules spread Shrouzhout the e~
tire osll., The globules very in sigse. The mitochondria
are of three types, rode, spheres, end filpsents. OCells
2 and 3 wove tuken from the intermediate arep. The wito-
chondria avre of three types, Yods, epheres snd hpliow
gpheres. There is a growsing of the witoshondria in
oell 2 due to large fut veouoles locaiized in one area
ef the cell. In oell 4 of the peripheral %one fTew fat
bodies are in evidenge. The widochondris sre spherical,

many of which heve olenr vonters.

flgure 33 - Section of lobule showing the re-
lationship of Fat %o mitochondria as dvesn in figure .

"gure 29 - Photogreph showing intracellular
distrivution of ot
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PLATE-XV
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FIGURE -37

FIGURE-39
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FIGURE-40

FIGURE-41

PLATE - XVI



