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IHTROUUCTION

The lu-t three decades have seen unprecedented astrides
in our knowled.e oconcerning the chemical reaciions conztituting
the 1life crocescses of tissues and orgsns of the ni hily evolved
foras of anlwul 1ifs, on the ocae hund, and on Lhe other, those
nsgocluted with the slaple unicellulsr orgaenisas lixe the
bacteris, yousts, etec. & fundasentsl si-dlarity of sll life
processes emerged from these studies, whioch wue illustrated so
clasglecaily by the monner in which the stuw fes of the nechanisus
of sleholic favmentation of ysuets and of musele zlyculyuis
enmolerented nne =nother,

tost of our knowled:e resarding the tilssue netabolisn hLave
been »btained by the “arburg technlgue in whi h & toln slice
tne tlsswue under lavestliowtion 1s studled with respeot to
eitapr, 1} the recuirsents for its uetabbolisa, or 2) ithe
eheracteristics und the factors sffecting & single resctlion,
isolated fros ths hole reactlon sequence. . weglth of velusble
infor  iion hug boen obtained regarding tihe nuature of the Lio-
¢hemical resetinng occurring in the livin- cells,especiclly
rezarding the enzyme :pecificitles, coenzyse require.ents,
specific inhlbivors, ete,

The use of the tizsue homngenates wnd more recantly the
reconstituted enzyne wystorn ware furt er refinesents of tie
tlssue slice tecihnigue. These modificationg were lntroduced
for vacllitating the study of & speceific rsaotion in crester
detail then wes pogsitvls »1th the tiszssue slices. It ig obvious

-

shat in these wetiods the euphseis is placed on the ol lengl ot



andarstonding fadivional enoemical wegctions ruther then on
the overull aetabolism of the tissue or the organ from aloeh
the tigsue 12 obt lned,

1, hovever, wn orgen, llke the swosary land, iz undey
inveatization =ith respeel to 1lts overcll netouniiss, the
tisgus slive technlgue or wny of Lts sadiflostions in uot
appliesitle, mulaly because z product of bhe setabollism, s
cozplex e xllk, Y lavolved. llk cltbough very cowuplex i
gosposition ahows o ressriable e¢onstancey in couposlition ander
anrsally varying physiolowlecel conuitions., 1t aust e sosumed,
therefore, that ail the blochewmlcsl processes concerned =1th
wil%k socretion are interrsleted and are bt:king ploee cisulicnedusne
ly. The igsolation of ong resction ar one aset of resciions froas
the innwiersable other raszctions oceurrias in the awaoary 2lond
#41l tave Lo svald & wore complete kaowled: e regarding the
provesgssy involved., The lectubling Lovine msaaury 21l.ud is one
af the =ost sotive orpens of the body, syntheslizing slrultansous-
iy relatively large smounts of Zlstincs carbohylrabe, fat and
proteing, sll unisue in the anlesl kin - doz. .t the present
atate of knowledeo it sppears desirable 1o o taln asre lalornge
sion resarding the preeursors of soss of hese chemlowl
ennstitansntg of ilk.

The arteriovenocus 4ifferenee studles save exiremsly value
able inforcution reserdin. the setabollles of uhe gluad. Sluvose,

peboenylrozyiutyelic asld, gcotle weld wngd seino welds are 5046

af the cebabodlites whown Lo bo wlilized by the ocary oland
in the intsod ¢ow. The srterlovenous oifferences in any substznce

o

shu0w bup loss of tnis subztance durlng the pnesege Of i@ blond



througn the gland, The zahetances lozt are evidently utilized
by the gland for 1ts netabolisa, I, however, the :lund
eculd be iusoleted and aalatained physiologieally asetive by
serfusion with blocd, the fate of a suspected metabolite
added to the blood oould be studle., A pussags of the
blood through the gland ten times wobuld accentuate the
arterioventnus difference ten times also and eonmeguently
subztances utllized in minute amounts could be estimated
with greater acouracy. <econdly, the effect uf hesvy doses
of individusl subsirates in the blood could be deteramined,
Thirdly, the ase of tracer compounds for the stndy of ailk
secretion unanmplie&te& by the presence of other organs
would be possible,

Realizing the sdvantagzes in the us: of the perfusion
techniques physiologlsts have atteapied the perfusion of
organs since the uiddle of the last century., #Fractically
all of the organs of the vertebrate body have besn us:d,
with mixed resulta. The general consensus of opinion has
been that obteining a rate of flow eo:-parable to that of
the orgen in the body hes so far been impossible,

It has been a matter of doubt whether an orgun, even
when supplied with adequate quentities of blood by artifieial
perfusion was rnncsianihg physiologically since & complete
ceggation of the 0lo0d supply to the orgun occurs during the
intervsl between the shedding of the Llpod and the beginning
of the perfusion. Hecent work (9Ll) om cardiopulmunary surgery

of dogs have been heartesing. It appears that mo irre,erable



darage {8 done U5 any purt of thoe utndy, with the sxcepilon
of the brainm, by c¢ouplstely withnlding the tloosd supply for
ag lomy ex Torty =minates. Frow thie, qualitobively normal
motaboligg oean rescoonably be expectad oy perfusion 1 Lhe
time lapse 1s leas than Torty sloutes,

The Tirst part o0 the study rejortsd Lo this thesls wes
uadertaxsn 0 c¢atabliszh oonditions nscessary for ssintelning
the is:lated bovine cannsry glend in ag close & physioiocgloe-
gl state as possicle, the eriverion beins the rate of Llood
filre Tag gseand purt of the sludy ceals with the efleck
of tha rvegengs ol acgetic scid in the nlood on tho utiilzstion
ol beta-nydroxybutyric gol: by the mmmanry glang. This
investigation provides an exsauple of the type of studise
that czn be wde by the use of the perf alon techalqus =shich

would be ¢ifficult, 1 nwt imposelble, ia &1 iatagt cow,



Fart 1
Fastors affecting the Raute of Blood Flow
through the Iselated Bovlise lmamary Gland



~ perfusion apparatus, in escencs, counsists of 1) & puwmp
whieh supplies the orgen under investigation with the parfusate,
2) sn oxyge.ator, to restore the oxygen esntaent of ths blood
depleted darin: the pacusse of the perlusute through the orgun,
3) & reservoir froms which the perfusate is punped duck into the
orzan and 4) & tanperaturs controlling device,

Thzt life =1t be mulntalned in uany portion of the anieal
isolated Irom the rest of the body by crtificizl mesns, .5
perfusion with Llood was suxzested in 1813 by La wullols (48).
It remuined, nowever, for others to cotuully undert-ke such
sxpericentg. ay (43), in 1828, found tht irritapility in a
¢ying muscle eould ve awintained by nerfusing 1t 1th blood,
Anilur findin:s shat 1ife could be prolonged in other organs
by such artiricizl means were reported by 0OLIsTr WOrkers. rowie

saguerd (14) shoved the necessity of the oxy susilon of the

Pt

paerfuste. vy -nd Gruber (2%) attacoed the plston of & syrince
supplying the artery of the organ to = antore-ariven -iheel and
bhus ¢reated s wechanieal weans for pusutile presgure. they
alro devised =«n arrungosent by which the wmoveonte of 4 penculum
interrapted the (low of blood interaittently and bthus cressted
sriificial pulsation. These early works reprecented extresmsly
erude atteapts to sloulite neoourel condlilons and the rate of
floe o klood wes far from thet oblulned throw h Loe orgen in
vivo., GUxygenatlon was eflected by bubbling «ir or osygen
throuszh the blood wihich caused conuilderable forolny and

gonsequently exvolizas of the organ, In order Lo overcose shis,



&

Joeobd (38) used the lung of cpother wnimal in which resuviration
wes artificlally masintalned for the zeration of the blood.
Gince these mechunicul mevhods of perfusion proved hishly un-
cabisfoetory, ‘crtin (55), as far bsek «s 1881, atteapted the
gtudy of the sctivity of the hemrt by directing all of the
blood from the zorts bauck into the risnt surieles. .. live Lcarte
lans preparation weg thus effected in which the circulation of
the blood was exduded from the rest of the body. Halnbridge
and “vsng {6}, in 1914, subetituted this living prepiration {or
the artificicl periusion necitlns., The orz:n Lo be periused
received its vlood directly from the aorta of the preperstion.
The blood lcsulne out of the veln was returned to the ri ht slce
of the neart. The perfused tissue thus received blood serutbed
by the lungs and the pulsatile pressure was supplied by the Lsart
itself., nlle this form of verfusion gove suiisfzctory bleood
flow the study of an isolated organ was compllcated by the
metabolism of the heart snd lungs in the circult.

S oionificqnt advance wes mude by Kicihards wand trin-er
{76), in 1915, by thelr development of un oxyzenating Jevice,
It consiste: »f «n lnverted one liter wottle «ith the boutom
sawed off. The blood inlet tuve entersed the bottle from Lhe
top ¢nd wesg bont into =n horizontsl cirele provided vith a
nuuiber of holes in the :ide so that blood would spurt ouat
throursh those holes outwurds onto s cylinder of muslin or
5ilk, arranced to suspend vpetween the circular inlet tube
and the wall of the bottle., Oxyzen wag suppllied by means

of a U=-tube, one arm of which luy inside the muslin eylinver



gnd the olher sutside »ith the ouyesen eseaplug thrvoush holse
in the arun of the Usiubs, Thus zs slopg floved «lonx the
suslin dn o vhin Tilm it came in contuct oLbh osygen fhereby
beconkng grygmmated, The fxyoen - bed Llood wus vesaved bharoash
Lhe aourh of the bottle, 50 Secslae of blocd was absarvoed.
Tsing a plotos kind of punp and $hile wxyreniting device bhey
s Sempred Lhe perluslion of Lhe es2ntral neprvoue syateu of ¢ats
wnd Lo xbooey of Joss put dild nobt obtaln o osssisfoowury blood
Tiow. + slnilar saysenctor wes fatroduacsd by ooker (36}, in
1915, shereln o vabber dlse wes roteted inside a bell Jor by

ans of o bup sad s pulley. Slood woeg silowed Lo full on tnis

fz?ﬁ

dfae wnd was bhrovn saaiast the wells of Lue Bell jor wnd ren

in v thla Tilx thereby beconing sxysencisd by tue ¢untulined
£ir or nure orxyosn, notner deviee Loy axyvesnsilion ls lecting
the blood {low into o shellow trough cnd exposlag filus ol Linod
Lo sxyeen by seans of g nuabsr of vertically rotatiss elrouloy
dives partly lumersed In btlood. The Dookereiichardse rinker
axy-an.tar «ith spalileationg is by far the anst predos dnently
uzad,.

w0 kinds of pumpe hove heen used in gensral, 1j ne

platone-tyye, <) tie suction type, Jhe Jluld dn both Is wroon
into o cheaiber by msecr oF » peorsdal veeuusn wad iy tlhen Dorosd
sutb throwah oo outlet, the flow belng sointeslnes in Lhe desired

o of sulteble valves,

. luppe number of apparetus heve bsen descoribed in Lhe
literature Tor the rerfusion of & ousber of orgwaw viz. rst
paaoress by Long (50}, slinsy oy veadie (13), ‘feholz uad

erney (20}, decingway {32}, Janeway, dotordnoen snd cark (34),



fd

dohorde aud Clont {77) wne iooker (35); liver Ly seoinow

snd Joricourt {44), testis by Jeff et al {(83). Utner
for the perfu-isn of vurdsas or.. .v are deseriued by .olgate
{34}, ~llexn {1}, "nstero (27, ‘tewsrd (09}, ursen (24},

~

Gwyaslés {751, Selile einind {(26), ihomas 92}, apd Fleison

cerfusion Fluid

e physieologlesl perfusion of iny Lool ted srozn wiin
whole Llood was found Ly <lmost all sarly «oriers Lo be < settef
ol gxtrece 4ifficulty. The nost fupurtaant cifficuliy wae Lue
fallure o 20taln & satisfactory rete of blood flow Luroush
the orsun. The sresonce of sope ¥esasconstrietlve subsiance
wae puspected und ranee o depurture wes pade from the ase of
blood prondered ungoszsulsble Lo wn aprtifiel:l sedlum. Ison-onle
g fus ohloride, lucnsewsgeidns, dinger-inckes znd Tirode
soluctions heve 211 besan sried with oonilictin; reports us to
thelir suceess in maolntaining aorsel phyololelesl seniviey
4 blood subrtitats, Thess «reiffelel c2dle whien cnntoeln only
erystallolds 1o solatlon are A%t eble Lo esert the oonlloldul
paantic or "oncotie” pressure on wilceh the aeintencnve of
water boluonce lurgely depends. Hlesace, «lineu R a satlsfagtory
filo of $he perfu wL8 waf 0ubtalped whrou n Lud Srgan, edsoe

¢
S

kY

developed ratier gulculy. In nrder to svercuoss hls unds
Lile faot other plood subsbliules navs boen weed vese L)

plond plescs snd seran 2] heslyzed blood sod 3) hemoslobine
pear selution, 2lood plussss and serds slinoush wldely used

in serfusion stu iss oan be exocluded ax & sultsble swals for
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the Tonnsn egullibvrius they found thit nxyzen bound by henw
zlobin wes not easily made svallable Lo the tl:ssuss vut
eomoluded thet thie disadvuntege wews nmnre thas ctmpe sated

for by othsr advostages, The henogzlebin in thils preparstlon
performs o dunl roley 1) that of aszintaining & eolloidal puontie
proucgure and 2} of Lransportins orysgen to the cerfused orgen.
Crysh (87 used herozlobvinesaline in his studles .nd found that
the solutlon could Les used repeatedly, 1f kept sterilized. The
hemnoplobin=tinger Locke solutions any be sastislactory for the
parfusion of cmell ocgens but wuen deoling ith larse orceaas
such ag thevovine wuwmmary glina the preporation of wuch larze
smounte of bawoglobin that would be reguired resdere this uedlun
cusbersone, @conoly, Oxysen supply cannot be sxroectod to bhe
crloguate, in Lhe ebssnee of cella, for wn weslive gland, sspeclule

ly -ith s nmechanical lunz,

slood as a rerfusion iluld

Hlood undoubtedly is the most desirable zedlwn for periasion,
aape¢ially when the normal metabolis: of an orsan or tlesuo is
uncer investipgation. Belng u neterogeneous medium, consisting
of & lerze number of known and unknovn cheo lcal constitucnte,
it suffere from meny technleal disadvantasea., Begldes the
sfdition of =« nonetoxlie and phyeiolo icully inert antlcoagulunt,
care nsuast be bLexen to mininize henoconcentratlioa, foua-dn:, fibrin
foymation, hemolynls and trauma 0 the othor cellular elenents.

"o oleay cut observations were made on the vagocnastriction
produacsed by whole blood until a continuous perfusion ciroult

was established with ¢ sec.anlosl pump and on oxygenster. Ths
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proveiillty of o chemleal agent causing vaspgousoriction was
firgt nentioned by ciooker {36) who zhowed that the vasoconstrictive
progerty of blood sp vared to be zsasnclabed ibh Lhe process
of closting. . ayetoacile study of the vezsoconsirictor wes
mazfe by Jeneway, dcherdson and Perk (39) in 1918, They usad

plece of curotid azrtery for the asassay of vosoconstrictor
mubgtances, The technigue enncisted of pusalnsg the fluaid,
¢ ntelalng the subebtunce o be assayed, through the corotid
crbery mointulred ab conet. ot tesperasture in & hath und the
recordin: ol the conustriction of the srtery. Uslng tiule technigue
they were able to dewset spineplrine in Rinssr=iocke solution la
a voncentration of ene part in 25,000,000 or even in 50,900,000,
They round ao conuirictor cotlon in elorated klood or plasaa,.
dlood plotelets of ox, dig ard pio yiclded wun extract whileh
hod & povsrial vacosongurlcetor setlon ~oich wos not obtainad
from alther erythirocytes or lewcoeyiea, Thls veaoconeorictor
gubstence was distinct frosm epinephrine; was not 2 proteln end
sppeared to be o crystalleid., This substance, wlthough present
in envguleted blood, wes not dependent on the actusl forastion
nf blood clot ror itg productlon, nor wus it rel ted Lo wny of
the foetores ennceraed in tho cosgulstlion of bloed, »ivth the
ooszainle excaption of throoboplestin,

ctarling znd vernsy (88) used live heartelung for the

pertusion o kxioneys uac reported ood rotes of flov of
defitrinated blood. deholz and verney (20) luvestigated the

%

ealesl pusps by poarduclog

follure of kldoey perfusions Lth we
tihe Ridney slternstely »ith a scchanleul pusp an. tue hosrtelung
rreporetion. It wes found thot the pump guve .vograssively

sacreacing rates of bloed flou, vhile ths Lscarte-lun; or s



12

epinetien of nospbeluny and bhe pulp cave a fouprel i roue
of flow cver .ot opsbolosd w»ith Lae pawp aloss, Thasy coneluded
that zfgagycmluﬂg tiosuas wasl B renov) G0 LA Fastosnalprigoop
substante, “vaseboala™, progant in the delivrinsted blosd. a
anlively possivlllity »2a8 e addition of coce vasasllotar by

" - s s " 3 . s L E ;
the heardeluns prepirations.  ofoaralng o Licse sopHerg whe

P

nclusion of the lunce Jo o porfusion syeton cos epsentisd fop

endewl fillser and 2} "Lie cuin.os

8

ten roagnnz, L) Lhay et ag
in tne physicochinciesl st te of Lhe oloetd <us Lo the sboesce of
Lo lunigp ond bhe presenge ol Lhe oxygenstor wuy lesd Lo Lie
TPoycsbion ol pardicies Lnjurious o Lhe orcan®. ool
in 193%, davestipuind the detnziflication of vasoesustriclors

BY Lng luned. e round Las2b 0wl prosorties developsd ia the
long on stegastlon Lor $wd adadtes bud were reliar snulekly
recoved by lunge, The s.aitien of fefibrincted vloed ualen had
heen sbtou ing Cor o »ixlle o plogd olready cerfucing et e
steady rate Lhrouch bthe kidney ecnd lunge of 4 40 0GULBE VaBle

3 hut

ft

eoovsrietion of both the kidpey and pulmonary veses

satesification Look pluce very ~uloxly. Ia one of thely

axperinenate tney used kidney »lone Lo test snatlsr the kidasy
ticsue was sble 89 Tonove Lhe "vesotosnin® partlally or wnelly.
They obtalned an fafticl rate of flaw of 132 =l./:4ia. whieh

roge to 190 1. /cin. fa 2ix sisutes. <t tnis polnt tre luses

were wided Lo Lhe clreull wied lescorary plosdans of trne rute of
Tlow wss observed, no aoult cus to the accoltion 20 stegnant vlood
sresent In toe palmonory vessoels, Collowed gulcekly by & rize wiieh
becaoe stoaty at between 177184 =1,/ win. Reaoval of lungs [rom

vihg eireult sfter o staady rate of flow wuee abbtalned never caused
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find the lung perfusion necessary for detoxification, as the
kidney 1tself wsa sble $0 destroy the vasoconstrictors; and
provided sll the blood passed through the kidney once, a
satisfzotery porfusion rate wes obtalined aftervasrds., In
eontredistinction to the observation of paly ane¢ Thorpe (13},
the %galasian from the beginning of the perfusion of cssbrie
filhérs in the oireuit did not result in any ineressed rate
of blood flow,

snother vesocenustriotive or vuso-pressor system has been
investigated by Yuge =nd cowoprksrs (65). The kldney secretss
& substance cslled renin amd the production of the latier is
particularly marked under hypertenxion (30)., Renin is
believed to be = proteolyiic enzyme and varies in composition
from specliss to speeise. For the study of vasoconstrictlion
by thie system Page {6{) developed the technique of perfusion
of rabbii’s esr. The rate of flow of blovd through the sar
wag recorded and eny varietion due to the injsction of
suspected vesocoasirictors noted, This preoceduare of assay
hus been used in extensive studies by Page and gowdrkers
(65) and Lendis et al (47). Purified renin was found to
exhibtit no vaso-pressor properties im Ringer-lLocke solution
but when the fractian @f‘t5§~pxgc;?@«“gse&ﬁoglubulin", was
aéd@#vinta:aet;andaéoufréd and " 5&&3&&303 with vasopressor
pénpsqt;@q-waskﬁtﬁﬁﬂ96§u ”3 £n»zm@q&§b&0 suustance which was
oalled anglotonis wus isolated, Angloténis” itself was found
to be non-vassoconstrictive as such but ;n the presence of an

anglotoninesctivator present 1n blood plasma s substance was
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produced with marked vasocconstrietor aotivity.

The vapooonstrictive action of shed blood was investigat-
od in great detall using the rabbit sar perfusion technique
by Landie et sl (47). Defibrinrted blood wes found to induce
a marke& vasoconstrictive effect. On comparing the rates of
flow of blood druwn into heperin and drawn into heparin sfter
previously hepurinizing a donor rabbit, it was found thst
the preheparinized blood maintalned a steady rate of {low
over a pericd of nearly two hours, while the rate obtained
with blood drawn lnto heparin deelined gradually until it
almost ceased in about forty minutes. In & second series
of trials, the perfusion was begun with preheparinized blood
and then ghed bleod or lte various freotions were added to
the perfuaste after a steady rate of flow was obtainsed,
Defibrinated blood, defibrinated blood containing hepsrin
and blood merum were found to have a pronounced vosO-
constriotive effect, the blood flew ceasing almost
ingtantaneously. %ﬁa addition of heparinized whole blood,
hepurinized plasms=, pr&ﬁ&parlniz&ﬂ whole bloed and
preheparinized plasams ¢14 not result in may significat
aﬁtirta ntfae%,;thé ;rahépar;niz§4 flaﬁ&a:snnﬁgng ﬁqssrﬁnt
of activity. The std&y showed ﬁhat.h&pariﬁ itself hsd no
effect, harmful or otherwise., 51lizht cooling of the ear
by the opening of the incubdbutor door resulted in a lowering
of the rate of blood flow, acoording to these wmorkers, but
it is dlsputed by rFege (65). The work of lLandis ot al
(op. git.) appear to sorroborate the suggestion of Juneway
et al (39} that the development of vasococaustriction in shed
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blood w=s somehow related to the disruption of blood platelets.
A orystalline substance was isolated by Rapport et al (73)
whioch had twice the activity of epinephrine, as assayed by
rabbit esr perfusion. Its elementary analysis corresponds
to the formuls Gl?ﬁ3eﬂé or 014£27ﬁ5 and appears to be present
in the foram of a sulphate salt., Whether this is the substance
that hae been ldentified by the pharmaccloglcal sction as
"vasotonin” is not clear. It appears to be distinet from
the vagsopressor, the activated-angiotonin. It seems more
than likely that there are a number of vasoosastrictor or
potentisl vasoecnstaiot@r subatanooa. A bronchoconstrictor
sabstanca, "bruehnt@nin" nas bean reported to be present in
the blaod er soma apeuios. e.g., dog and gu&neangig,Jbut is
not’ found in that of ths monkey, g b

Although it is genarally zecagniseé that most tissues
are ospable at’ destroying the "vaaownin" and that a lung
‘perfuslan was not essentlal for a good rate of bleed flow
through other orgams, Hebd emd Linzell (31), in 1951, found
that & nearly ten-fold inerease in the rate of blood flow
through the mamnery glands of dogs, goats and ocats wes
obtained with the inclusion of the lungs in series in the
perfusion unit, With the increase in the rate of blood flow
a oorreaponding decrease in the perfusion pressure was also
noted,
Qxygenator

For the oxygenation of blood different workers have used
different gas mixtures viz., eir by Brodie (13) and Jscob) (38);
pure oxygen by Bjork (11) and Petersén et al (68) and Peaters
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and Hassart (66); snd mixvures of 1% and 5% carboa dloxide

in oxygen by Hebbd and Linzell (31). The latter found that

e 54 mixture of carbon d;pxiﬁa in oxygen gave better resulis,
Stokes and Gibbaﬁltsx) used 967 oxygen and 44 carbon dioxide
for nxygenation p?&nr to partusian. Thay ebﬁarvcd & rise in
pi, up to neg high as 8.5, when pure oxygau qu used, On the
other hand tha uge ur their gas aixture, daring the perfusion,
produced an zoidio eoaﬁitian. the pH ﬁain% down to 6.6 from
7eke On the basls br these reaalta, aﬁay used the gus mixture
for the oxygenction of btlood prior te the perfusion cnd pure
oxygen during the perfusion in order to kesp the pii of the
blood within the phyziolozionl range. Hjork (11) alse found
that the use of 100% oxygen caused an uncospensated carbon

dioxide deficit amconmpanied by z rise in pH.

‘General Comments

From a survey of the literature 1t is obvious that »
great deal of confusion persists regarding a physiologiesl
parfusion of an i#alasaa organ, There are far %00 msny
perfusion apparatus described for the resulis obtaloed,

On the other hund, s nanbeyr of workers have presented data
using this tschnique but huve not paid attention Lo the
conditions of the perfusion, which mekes the evelustion of
the Gata very difricult, As mentioned by Belt, Hmith and
vhipple {10}, oerteln oriteria of the norasl physlological
state of the organ belng psrfused need L0 be followed, They
mey be: 1) the rete of flow of blood as an indicator of

tissue normeloey(sny injoary to the tissue is iaveriasbly
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aceonprnied Ly u decrsassd reate of blood flow through that
part) 2} the functionsl acsivity of the organ such as the
messuresent of urins groduction by the kidaney; amilk secretion
by the mas-oary slend, 3) utilization of oxysen by the organ
and 4) the production of edemu, congestlon or henorrage,.

The fsotors meintslalng «n orgsn in its phgsiological
atete zre numerouns snd s perfusion of the orgun ls no better
thun 1tg weakest point., If zny one of the Tactors affects
the organ cdversely, perfection of all the other faetors

will not romedy the defect,



REPRATHENTAL PEOQCEDURE AND SEROULYTS

The perfusion apparatus used in the early paert of the
studlies was uaaensialiy eimilar to the one descri.ed by
Petersen, “haw und Visscher (69).

The blood was drawn by the pump, which oconstituted the
mechanical heart, through & zlaws coil kept imsersed in a
thermostat maintained at 3§° -40% ¢, The "heart” conaisted
of & gless tube {sleeve), approximately 1li" ln cdlumeter and
6" in length, tapered &t LOth ends to 1" in dismeter, and
provided »1th & side tube, ., thick rudbver tube, 1" in
dlsneter and 6™ in length, was pussed through the gless
slesve and was kxept in place by means of tightly fitting
rubber stoppers pushod into the ends of the ruuber tube,
go thut the ocuter wall of the rabber tube was pushed tighte
ly sgeinst the 1nnb§fwaii q: sgﬁgaqts“of the pglzss sloeve,

4 8i:0rt glass tublayg was ééaasd through oaek of the stoppers,
one of them enrrying an inlet V&l?n 1::160 tha ruuhur ehambar
snd the athar an matla% vlave autsiﬁq tnc ehambor. 80 tﬂat

the blood would be ellowed t0 enter the oramber through one
end snd leave tho chamber only throush the other ead. The
valves e¢ongisted of aya»ér@py@r balbs which were zlit longe
{tudinally. 7The side tube of the gluss sleeve was connscted
throazh s allking machine interrupter (pulsator) to & vasuum
pump. & vasuum in the line caussed the expunzion of the rubber
chamber drawing the ulood into the chanber from below; on

the release of tne vaouun the rubber chasber returas to its
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noraal size compres-iung the blood inside the chamber, which
closed the inist valve and forced the blood throush the
outlet valve into the srteriul tubing. The latler wes
eoansctad by means of a sultable canula o the meacary artery
of the udder ke -t in a net suspended frﬁm the stand,

The blood flowing out of the veins of the zland was
collected through a filtsy oloth in a funnel and passsd
into the oxygenating ohauber by gravity.

The oxygeunator conalsted of sn invertsd 10 gallon glasas
garboy with a hole of approximately 1l:° in diaweter drillaed
in the ceater of the bottom, The oxygenator was provided
with an arrangecent for the distrivution of the blood along
the ipner wall »f the chozber &nd is mhown ia figure I. A
glass tude 3/4" ian diaceter and approxiimtely 3* ia length was
fitted into the rabber atop.er, olosing the hole in the
bottom of the carboy, so &h&u'ana end of the glass tube was
flash with the lower side of the stopper., 70 the ob.er end
was fixed another etopper, arrroxisately 5" in dlasetser whilch
closed the end of another tube, approxicately 6" im leagth
apd provided with tie blood inlat t.be which waes fussd
ahiaugh ites »ell, The Llood distribator conaisted of & glass
thistle funnsl to the éﬁea of which %ﬁ: fueed a zlass tublag
mtnrawgh the middle of the ecap, 50 that glass tubes axtended
_above and below the cup of the Tunnel, ' ‘Re tube extendlng
below ~aassed tnfaagh ﬂha‘glaaa‘jaeknt eéaﬁacting the
sxygenating cheamber and the distributor head. ‘the uz.er end
of the tube wa$4aﬁtanh¢é to a moter. The cup of the fumnel

rested on & ball beariug which was fixed in & shallow
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deprecssion made in the ratber atopper and whieh supported
the weight of the sntire bloed dlatrlibator system., Incide
the chambar the inlet tabe from the funnel was connected
to another <lars tube bent &t s riht aaglé, the end of
which extonded noarlj up t0 the inner wall of the carboy.
The venous bBlood poured into the fannel and antered tho
stes of tho funnel through a number of heles in the central
tube, 48 the funnel was rotated by the cotor the wvonous
blood pouring into 1t was distributed evenly aleag the wsll’
of the carboy and becume oxygenated by the oxygen lnuside
the chamber, Oxyzsn or say gas mlxture uszed for oxygenaiing
the blood was bubdbled throuzh water o saturate it and
ontered the chamber through the mouth of the carvoy.
Saturation of the gas with moisture wus neceasery in order
to prevent the dehydration of the blood. The oxygenuting
ohazber slse formed the revervolr whenca.tha blood was
drawn by the pumpe

The pressure regulating devise onnsisted of ap srrange-
nent siamiler 0 the ?he&r;?, except [0r a gooch rubber
tubling aubﬁtitusﬁh% the tﬁiék'?abynr tube, and was kept
eollapaeﬁ by mainﬁ%inlng 8 knnwﬁ préagura {1C0~110 mm.
of . meToury) aafit.f It waz goanected gastﬂ;.égﬁorial-tuba
by Leans of & T-tube. lood fia%inéliﬁroéﬁﬂflﬁeégraary at
a presaurs in excess of the 100~110 ma, sercury c:used 'he
dlptension of eﬁe aooch tubting Qha ﬁna excess blood was
diverted from the arterial system into the "lung" chaniber,

Valves were found 0 be anneceseary in this system,
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Crre and Trestment of the.

fix to slight liters of blood were collected in & wide
mouth glags bottls or an enaxnel buekel with & thiok paraflin
eseting to svold Lhe sontuet of the blesd with tns .etul
surface, ileyarin or eilerazol fash slok B wag us-d eés Lne
anticnagulant, after thoroagh zixing the blood wa: filtered
thrsagh several filters consisting of oheese cloth sné cheese
oloth wrapped arocund cotton and Rapid Flo filters (Johnson
and Jehnson), The filtered dlood waa ozygenated prior to
perfusion. After washing the adder with salime one of the
arterles wss cunalated and hall of the udder was perfused.
The data obtalnsd with five perfusion sxperiments are
crasented in tsble I,

The data in table I show that the rate of blood Ilow
nbbained in the first four perfasions was considersbly
pelow the paysiologionl rate. The onset nf the vasnconstric-
tion wus quite rapld, the maximum rate of flow obtained at
the initicl stage deoreased progressively, The laat
yerfusi-a (ﬁﬁ. 12} whawuu an initizl ineress 1n.§he rate
wf rlsw uvtr & aaviad af’ twnat} wiautym wx&ab ﬂﬁbﬁ@ﬁ&ﬁntLJ
éaalinﬁﬂ éuriag tha next 25 ﬁiﬁﬂ&ﬁ@ fr&m a*rﬁiativaiy hi%h
'ulﬂﬂ of 625 ml/&iﬁ. to 7% 1&/3&3,: arfusion of the othey
hal? of the flana ﬁiﬁ nmﬁ *agrﬁﬁuee tno sbove initial rate
of flow and resulted in 2 sarked doorpsse o the rate of
flow; viz. 400 al/ain. was redaced to 120 ~1/zin, in five
minutes. The ralstively nlgh rute of flow obtulner {60¢ xl/

sine) 8. eured Lo be Gue to the exirenely short tiue lapse
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betresn the shedding of the blood and the beglnning of the
parfusion, The poor results obtained by the perfusion of
the other halfl of the mdcder shows that vasoconstrietion in
the blood had =lroeady developed.

In order to toat whebthar prior perfusion through the
lungs have a favorable effect on the rate of flow of blood
throu-h the mammery gland, four perfusions were earried out
after the blood hod pessed throush the‘lungﬁ. The daté are
presented in table 2., .ifter filtration the blood was pumped
thro gh the lunze once or twice znd then one hzlf ar'thsA
gland was perfused, & slight benefliolal effeet appeared to
be inﬁicataa froam the rates of flow which were signiflc nte
ly higher than those obtained in earlier perfuslons without
the uze of lungs (table l). slthough the high rates of flow
wore not mzlintained for any length of tlae, the deorease in
flow, in at least one perfusion, (perfusion 10) was not as
rapid as obtained in the data reported in table 1, This
oould have been fortuitous so an additional study was made.
rerfusion of one-half of the gland was initlated prior %o
the lung perfusion snd after noting a decresse 1ln the rate of

blood rlaw, hheiflan of bleod to the gland was discontinued
and ths blood was pnspad throuzh lungs 5“10.3 The blood was
tnoa perfuﬁﬂﬂ thrbmgh tne a&xz of the slanﬁ nat §¢rfasod
barara. A more neariy eana&aas rate of flaw was obtained
over & period of 30 minutes. It was felt that the rfirst half
of the nﬁéar.mié5t7ha#i nud sné.bload vessels blocked off



Table 1

The Rates of Blood Flow in Perfusinas vitinut Prior Lung
Psrlfanion,

rerfug- Halfl Time~ Pariuge hate
ion 2lend 1l pse ion of
lo. parfu:ed vetueen time Llood
211ling {min) rlow
and (nl/min}
perfdsion
{min)
2 izht 30 G -
20 375
0 O
iaft 185 G -
5 - 200
20 . 220
35 180
65 190
3 Risht 95 0 -
10 250
40 150
70 72
b Uent 60 ¢ -
10 184
20 &0
lLeft 30 G 350
6 230
11 136
6 iight 140 0 -
15 280
2 2070
5C 164
65 72
12 Right 15 0 340
10 510
20 620
30 200
45 85
Left 65 O 400

5 120
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and that the seecond half of the glanﬁ sizht have glven the
same results with blood not erfused through lungs. 30 the
rirst helf was perfused =gain., The data are shown ia table
3, It will be seen that the gland now gave a rate of flow
grester than obtaimed prior to lung perfusion, and was
maintelned for 30 minutes,

snother pesrfusion was carried out in which the lunz was
poerfused prior to the mamnary gl&nd parrasiun. sfter the
rate of flow had lowsé UL eaasxaoreaiy the ef:ect of the
lungs on the detaxifiaatian of blaoé was tested. Tha duta
are shomn in tablo be ﬁe fuvarablq ur*eet w&u absaﬂvsé.

That the lﬂng perfusian does not alwaya result in a
better rate of flow wes ehown ina garfnsian Ho, 16, One
half of the udder Wms perfused befors laag perfusion sad
sn igitial rate of flow of 240 al/min. of blood wes obtained
shich declined in 10 minutes to 30 ml/min., The lung was
then perfused so thet the seven liters of blood used passed
throush the lung twice, #hen the otvher half of the gland

was porfused the rate of flow was not incressed.

fect of ode of 3 nal he Gland

In the lust mentloned perfusion (o, 16) sfter the blood
flow hed -~lmost o.ssed the gland was suspended upside down by
means Of the teats to determine whether the welght of the
udder caused the collapse of the blood vessals ~han it was
suspended in a bag or & net. In the previous perfucinons the
namuary 2land had alwayas been suspended in thi: manner. 4

flo- rate of 500 ml/min, wes obtzined. an atteapt was then
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Table 3

The XEffect of lLung Ferfusion om the rate @t Bloed Mow
through the Xammary Gland,

Perfas~  Timee © Pexfustes aau n: Remarics
fen lupus tioe
Ko, betwean {Mn) ' m
kiu ing m)
gurt?oim
5 g0 e 170
20 110
32 130
titroulh She
lang 2 tiaem
and & new

udder perfused

4] -

18 250

24 250
The Lirst
gland
persused
agein

5 200

5 . 200
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Table &

The Effeet of lung Ferfasion after the Tevelopment of
Vasoconstriction,

Perfus~ - | Tise~ - Perfus~  Rate . ° Remarks

ion lspse fon af
No. §:§§::§ ?é?;) blaaﬂ
snd §m1/&183
srfusion
win)
7 150 0 - The blogd was
5 600 pumped through
2 7480 the lung tuloe
&5 730 prior to zlend
55 650 perfusion
58 25¢C
65 370
72 260
80 100
30 90 _

The lang was
perfused agein
to give two
¢omplets passages
af the dlood
and then the

seaue gland
perfased.
© 70
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mide 4o saapgnﬂ the zlsnd 1a &qnh & way a8 %@ ﬁi&ﬁlﬁvﬂ
tha-na&nral eaaﬁxtima. “hza w&a énn: by, euipﬂading the
udder from the medlsn suspensory ligament by means of three
or four hooks. Two additionel hooks were used on elther
silde of the glund té aﬁroﬁeh the ﬁkin éraﬁn& the teatas so
an to distribute the welght of the glund more uaiformly.
The 4ats on two perfusions ere shown in table 5. The time
lopee botween the slaughter and the be:laning of the perfusion
wig nearly t-o hours in easch of the perfuslong, 17 snd 18,
(table 5}, 7The blood was not passed throuzh a lung.
Perfusions 16, 17 and 18 show the importance of the msnner
of suspaading the asanary gland, epd thet eonditions
approsohing the nsturcl stete ian the hody favor u bhetter
perfusion rate, The data also show that a prior lung

perfusion 18 not essentlzl for & good rate of flow,

In a number of preliminery studies it was observed Lhat
blood passed through the glund under hydrostatie pressure
a% & more unilorm rate over a feirly long period of tinme,
It was felt that the pump used in these studies might have
& deterainentul offect on the perfusion es the flow outalned
from it was not phy:iclogliesl inasmash as the pump delivered
blood in zn interrupted saaner, It thus d4id not duplioste
the flos obtsined in the body by the pumping =otion of the
heart, which supplies s steady flow of blood wilth pulsation
suporimposed. The pump supplled blood iln spurts followed

momenturily by complete cessation of the [low, In arder to
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hates of Blood ¥Flow on Jaspunding the Udder Ly the Lediun

Tuspeasary [lganent.

rerfusion Ferfusion tlige nate of ovlood
NG ' {mdn} Tlow {=1/sin)

17 0 320

20 320

30 340

60 360

76 400

85 472

1¢0 480

115 560

130 536

145 480

15C 400

160 400

18 0 700

30 640

45 640

75 L8O

105 720

120 780
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meintain o eonstent blood pressure the blood was kept ia a
reservolr st a height of 5 to é fect xnd perfusions ware
carried out using this kead of blood. .11 the other conditions
remeined the rame 6.¢. Lesperuture of the blood, suspension
of the udder, ameant of snticoagulent, riltration etc.

The dats obtained under these conditlons in s perfusion
{%0, 32) are shoun in tsble 6. The time-lapse between the
shedding of Llood znd the bezianing of perfusion was
approzis: tely one hour. It olso shows that onece & po0d rate
wag obtained nnd salntalasd for some tie changling to the
pump hed no deleterious effect, perhups because the vascular
system of the sland is more sengitive to veristions in blood
pressure at the begin:ing of the perfusion, This may be due
$0 the @laﬁd having gone without blood supply in the interval
between the sheddins of the blood snd tus beginning of the
perfuslon., 4 farther trial iy@ffﬂﬁ%ﬁﬂ'iB) was oeondastad iao
which the norm:lcy of the blood wua-aéiablxanﬁ& by perfusing
a mamiary glend by means of gravity flow, A rute of 400 wl/
#ine iﬁh%bhzéina& wgicﬁ w;aigginzaiuiéirgréé-qaﬁéidérégia tice,
Using the zane samglg of blood the perfu:ion of asnother glend
was attempted using the yﬁ@p,&li’aae’ﬁﬁhﬁgé@ﬂa&itiﬁ&a resaia=
ing the same. :n initixl rute of 400 ml/min, Zeclined to
alaost nothiag within five minutes, This experisent indicated
thet the dnnstural nature of blood flow ohialned by using
this pump had @ definite harmful effect oa the rste of pere

fusion.
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Table 6

Rates of Blood Ylow under § feet of Hewost-tie Pressure.

Fepfusion serfusion Uime iate of :Jlood rliow  jeuarks

32 O -

iG 600

20 bub

30 750

40 750
Srevity Ilow
chizngod €O the
DL

50 7.0

60 750

ffect of yperventilation

“hile investizating the rates of blood flow obtained
with various samples of bLlood throush vhe sumnary gland it
wus notlced that & venous szmple of blood pessed throuch the
maorary glond at a rate Creter then a well ouygenuted saaple.,
It seesned desirable to follow this acecidentzl observation
further and to see “hether exhuusgtive oxygenct.on using
pure n:iyzen actuslly hsod =n adverse e fect »on the rate of
aﬁrfunihn.

#8 much of the blood as could be oSbtained from one cow
was btaksn and divided into two parts. One purt was Oxygoenated
thorou:hly with pure ouwyr:sn, the time of oxygenation varylng
fros 45 to 60 minutes in ths perfusion trials. Jerfusion of
the za . wry zlond wes started with the unoxyo2natsd swiple

of blopd snd after u steady rate wug osbbalned the periusion
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fluld waz ohanged to the oxygenated sample of blood. The
rutes of flow were psasured at frequsad intervals. .8 the
oxygenated sample of blood was zolng through the gland the
venous or poorly oxyrenated sample wuas oxygensted, The
Dxygenated sample that had gone through the gland once was
uzed s8 repregenting the poorly exygennted scmple., Thus the
gland was perfused sltsraately with well oxygenated and
poerly axyganéta& {*venous®) blooéd samples. Gravity flow
wses ased throushout these studles. Tka.aimeulapsa betwesn
the sheddins of the bloed ond tue bazimning of the perfusion
varied from 40 to 60 miautes, ﬁata on three perfusions
{Ho. gs, &3._ﬁn6 52} sxn givgn ia ta&lan ?,6 and 9. ﬂ: 

Tnége data show th&t a hy9urvanﬁ11utsa a&agla ‘of bioea
kad a definite %armtul arfant an aha pﬁrtasian rate, RBlood
sacples were analysed mﬁnametriaally (6@) for their oxygen
and carbon dioxids contents in perfusion 52, These data are
pregented in table 10, |

It can be seen that the hypsrventilated sauple is vory
nearly satursted with oxygan, The ocurbon dioxice contents

were correspondingly low,.

Zffect of the use of 5% CO> and 95% o

The low valyes for carbon dioxide coatunt of the

nyperventilated blood causing vasoconsctrietion in the
vagedlar system of the BRTHETY ml&ﬂ& sucszest the poessibility
that the depletion of carbon dioxide oaused by the use of
pure oxygen, for tﬁn oxygenation of blood, mizht be

responsible for the vasveconstrictive eflect. Two perfusions



Table 7

The Effeot of Hyperventilation o the Rate of azeea ¥low
(Perfusion 45)

Perfuslon tims  Rste of blosd flow Romsrks

{(min) (wl/min)
0 390 ewvansuness« YOROUS DloOOE
8 170
10 210
VA - 160
e e Oxygenzted blood
18 140 '
21 320
24 120
28 100
3
35 75
40 70
45 70
50 103 ~cucvoncwenamvonous blood
54 190
1 210
63 340
7 %0
77 360 , | -
L eeeeeew wane Qrygensted blood
80 330 :
83 260
87 20
89 170
93 133
93 135
95
97 .105
_ u”uwau“““‘mag blood
9 110 | B :
10} 110
103 100
105 120
107 200
109 300
2833 A0
113 360
128 950

131 - sw0
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Table &

Effeot of Hyperventilation on the Rate of Blood Flow
(Perfusion 48)

Porfasion time Rate of blood flow Remarks

‘ﬁiﬁ} *-E ‘Wm’

3 180

4 210

6 240

9 250
15 275

18 320

20 325

» --pxygenated blood

22 390

24 280

25 125

26 100
28 80

30 a0

32 90

3s 90

e vn et o o on o F G0 U B blaOd

40 85

4l 85

43 150

It 230
46 . )00

8 320

the perfusion wes %teppea and runamoa after 40 zlnutes
with the sase set ups -

49 400
51 360
53 350
56 400
58 340
nmvwe-wweeOfygonated blood
64 100
66 250

68 350
360




Table 9

“ffect of Hyperventilation on thne hate of

{ ‘xgrf’u;‘aiﬁn 52}

#lood low

?&rfgﬁiﬁg tise
( in)

~ate of Llood [low
(+:1/5in)

denarks

THam Ry

12

2C
29
30
31
33

37
42

43

£]

30

32
95
104
113
116
12l

-

120

425
LBT
560
375
f“lz:}
610
10

L0
250
240
<20
210
190

220
450
600
600

3100

430
525
600
00
620

366
310
304G

450
510
600
S00
4510
GG
625

L R 2 2 2 2 T L 2 J

W D O VS G W Y W

A e -

R 2 X X X X 2 2 X 4

o - Y

YD S A R e T e

A - S .

vanous bloond

oxysenaied Hlood

venoue blood

oxy.en.ted blood

venous blonod

sxypenatoed blood

venses blood
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Figure <. The effect of hyperventilation on the
rote of tlood flow,



Table 10

Oxygen and Cardon Dioxide oontents of blood samples in

Perfusion §2.

Sample Rature of

39

Perfusion Oy voleE GOy voll.j
HO. blood time when
ssmple drawn
{:din)
1 blood as received = 6.04 43.76
from the anlizal
2 blood ns received = 5,68 Lie33
from the snimal
3 hyperventilsted 25 18,27 23,08
b hyperventilated, 75 2.77 30.46
blood puzuced thra
tne gland once
5 hyperventilated g0 18,48 18,37
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of ths bovine udder were carried out to see whetner the same
vasoaanstrictlve effect could be produced when a gus wixture
conteining 5% carbon 2ioxide and 95% oxygen vwas used for the
gerevion of blood, The procedure sdopted wag siailar to
thoze desaribed previously for the astudy of the effogl of
ayperventilation sxcept that the ges mixture wap used lastesd
of pure oxygen, 7The dsta are presented In teble 1l sznd 12,

ﬂwe data presented in the above two tables lndlocule that
the vasoconatristion obtained by wsing pure oxyusa for
prymenating blood wae aboli.shed by using 5% carbon dloxide
in oxygen, but this was n0% beyond dlspute ap the dats obtalsoed
are served with fluctustions, Hence a third perfu-ion was
perforzed in up st enpt tO sstsblish whetrer the ums of the
gas aizture :ould ovliterate the vasgeonsiristion procaced
by the use nf p e osygen, In this perfuaios (Wo. .8} the
viood obbained frox the oow was civiced into throe betohes,
cne prygencied »ith p re oiygen, & second =itk 5% esrbon 4ioxide
in ozyzen 2nd a third wes uzed as venous blood, The rates
of the low obtainsd with these three masples of wwwum are
shoen io teble 13,

The cweasery gland perfusion was en.neanced with venous
slood and than with blood oxygenated with pure d:yzen 40
bring sbout vasooosnsiriction. This was followed by pere
faslon ith blood oxygenzted with 3% carbon dloxide wad
unoxygen-ted blpod to gsoe whether both of these bood Baaples
velieved the vasoconstriction to the mams esient. It i
soon ww@a wa@ nwﬂm cyaw wumomaa ﬁwaﬁwwwww,w nwmw uﬁ«@a of

flow were net wuwawmgﬂ. mﬁ# L6 yenous 1006 aﬁ% wwu viood



Table 11

The taebes of Olood Flow Cotelaed cith Ulood oypensted with
55 Carboa Diouice snd 95. Gxgasn 4 ture and Mmosyoensted

Alood {(Perfasion 57).

4l

Jerfusion Aete of nlood [low
Lme {al/ming

s - - EROuE bLO0G
1 150
5 00
10 225
15 256G
1y 275
24 306
cwmmmmmemn DiFoe0 bud 1004
L0 &850
3 275
ceememewem GoPfucion clseogtinusd
for lLuack of Oxyiencied
blood far 1§ oin. und
onsaneed sguin with
npymensted ploed,

76 360




Table 12

iatey of dlood Flow Ubtalned with Hlood Oxygenated with 55
Chp and 98 Up and unoxygencted Hlood (rerfusina 60},

42

Pariusion sate of flow Hemarks
tine E»u.l/ adn)
(min)
¢ - weseeccesee Qiyronsted blood
5 350
10 250
m—mwenw=meee YAOUE D10D4
20 375
35 350
wnmanaeame Oryionated hlood
50 325
3G 225
—mmmmamens VOAOUS D10DA
108 200
110 150

115 150
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The lates of lood Flow Gbtalnod with 2loed Uzysancted with
pure y o@n, 5 varbon Dioxide snd 9%+ vxyoen lzxture and

Unoryzensted ilood (rerfusion 6#)

fear-usion Bate of blood fliow RBnarKs
time {~1/nin)
{rmin)

0 - - 45 s o A - n.w (QMM wuu.nvmwaw
5 500
13 57% ==emcewe-s yonous L1lo0d
16 550
20 55C
29 470
L2 510
W 8 W . - " @M UPG@@

b 380
47 260

54 240

56 <30

60 145 _

55 240

69 240

72 260 _
75 240

78 230

£0 290

48 250

mmmmemana O 01004

30 145

100 125
104 125

—mremeweew 7ON00E b1004

110 260

112 280
114 230
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Table 14
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il por-axyasns ted 16455 <5.74
hlnod

Yenous blood ‘1.1l Xk e F0

The desree of osyaenstion ol the olood dogs adb seen 0

be oarredly cifverent fros thict obtelinsd usiaog pure niygen.

Cffaet of Uhlorol iydrate

“ince the setion of Lhe blood hyperouysenated «ith pure
oxysen orodicas o vasosconsbricetion slumost lastantenecusly, it

appeared shat thé nerve [lbres of bhe vasculur systewm of the

inol o ted santary sland aust still be zebive und tocd the
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Figure 3. Rates of flow of Llood oxygenated exhaustively
with pure O, Op containing 5% CO, and
unoxygenated blood. (Perfusions 57, 66 end €8)
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Table-15

‘The Effect of iddition of Chloral hy&rat«lt to the Bloed oa
the Rates of :zlood Flow (Perfasion 54).

Perfusion time Rate of blood flow Remarks

(min) \al/ain)
G - mwwnenscews YOR0Qs blood
2 200
? 4L5¢C
7 450
10 S04
13 500
17 350
21 530 ,
o e oxyuonated bdlood
26 500
28 o735
30 - 450
32 456
, - s venous blood
3% 500
38 480
Al 490
45




Table 16

48

The [ffect of «ddition of (nloral sydrate 1o the ilyperoiygeu
1004 on the sates of tBlood ¥low (Ferfusinn 55).

verfusinn
tine
{nin)

#ate of {low
(al/min)

Kemarks

43
&7
51

300
24,0
250
310
350
330
400
410

275
a5
200

375
425

LR5

DAY A WO D W

A . e N o A -~

W A iy S A

venous plogd

hypar=osyeanebed
blosd

hyperenryoinuted
vlend oonteining
crlorsl hydrate

Led
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oxygenated blood,



“able 17

The ffeet of Ferfusion on pu of Jlood,.

50

serfusion  Tlae gl of blood oV
Litre {xnin} Arterial. Venous cifference
3 0 7.10 - -

3G 720 vy UadU

60 7.08 7.05 Q.00

J0 7.15 7.05 G.l0

& ¢ 770 -

35 750 715 2.35

60 740 7.05 De35

1{} ﬁ 7.66 - - ‘
20 7.63 7655 oLl

L, 770 7.6C el

as 7.7C 7.53 0.17
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The acintenance of an isolated orgen in its
shyediologloally Tumetional stete Ly tue 2aal of the
perfusion te nalgues., This task ilg beset with inng-erscle
aifficultlon, wainly becauss of the necersily of aointalne
gx the uerfuscte, OLhsr z@dis whlch are artificizlly
prepared, sven if c¢omposed of blood constisuests, can =t
best be ennzidersd only & zubstitute for vlood. UL the
various olood substitutes used hexoslotine inuereiocke 0lute
ion is the c¢losest, physiologleally, %o Llood, This soluvien
1z capebls of carrying out adszuste respiretory fusnstion in
1ive uanimule (4) snd has the sdvantage of giving & good rate
of flow in the perfusion ol isnleted oryens., 1t su fers,
hovever, from & sreat dlsedventoge when applisd to the study
of milk zecration by ihe massary slend. 4ll the copstituents
of blood tnet take part in =ilk sserstion sre sol kooun
an€ hence thae preparation of ap ertificl.l medium conplete
in 8il nutrlents, =8 far =28 resulrscents for sily seorsticn
iz concerned, ie sa fapossibvility. The use of artificial
mer e iucking In one or core essentisl astavpollie -ould be
introducing conplieatings uwnd woulé defest tie purposs of
periusion, »4leh ab this 8tuse 13 10 study the gorcel aotivity
of the {zoluted saamary -land sad to deter ine the nuisre and
quentitisz of octabtolites reneved fron the L1004 Tor the

syatheses of iadivicasl constivaents of nile, Lhould s
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sustained rates of blood flow were obtained in perfusions
wheres the tiwme lapse bsetlween the blesding of the aniasl and
the beginning of the perfusion was short (perfus.om 10 in
teble 2 and 12 in table 1), The genercl pattern of the early
perfusions wasz always the same, an inltially hlgh rate of
floe ghooing down rather quiekly until the blood Ilow

slmogt coased., FPrior perfusion of blood through langs did
nit iﬂdiﬂﬂtﬁ& any slgnificant beneficiul effsct in these
studles. . slight benefiol:l effect was ohserved in
perfusion 5 (table 3} but no effect in perfusions, 7 (t«ble
'4) and 16 (text, page 27). The effeet of the lung perfusion
has boen ssoribed to the riltering action of the lung and
seonndly, the detoxifying action on the vassconstriotor
sabstunces. The ability of «ll tiosues Iin detoxilying
temporary vasoconstriotors is well xnown (9), and ss long

es the dlood contains only temporary vesotonias thoy zre
destroyad by the ilessues, but a permsnent vasoconstriction
produced in the bloed due either to atagnation or aglitetion
is not destroyed., These two distinet conctrictive phenozena
mizght expledn the fzilure of the sarly perfusions., Becsuse
of the fallure to obtein a good rate of flow inlcially, the
blood was agitated 1a the pump to a greastsr extent thereby
leading t» gns‘yroﬁueﬁién of yermaséht vassconstriction,
which would uepress the rute of {low. fupther. :ome of the
causen of the iﬁi%iéiﬂiﬁwfxagé‘ﬁf’fl@w’&ightjbaﬁthe'aﬁﬂﬁkural
menner of a#speéﬁiaa, the effect of the unnatursl flow ostalned
by the puxp by th& blaaking af ihiﬂﬁ;aeﬁ ves:seln of the organ

by filteratbls substsness or the sxcesa secretion of epinefhriae
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due to ex-itutlon preceding killing.

The aanner of suspsnsion hus & decided effent on the
perfusion rateﬁ This oun Lo aseen from the iarer&atiag
gsthered 1n perfusion 16, rPerfu:ions 17, 18 {table 5) and
32 {table 6) show that anoe & good r&t@ of ulood flow was
obtalned through the glind 131%&&117; it eontinued for a
long period ms t;a& even with the §u&p}a§e§ in these studies,
The latter has hﬁ‘ﬂ:fﬁuﬂﬂﬁtazkt?iui derinite dosrimental
affeet (perfuasion 33, taia page 32). 4 good rate of flow
through the systes does not eauge any vident agitation of
the blood inside the "heart® ian the apparetus used or eay
stagncetion lo any other part of the ap, aratus snd conseq.a Y-
ly the eantire quentity of blood would be auintained in a
andfore state of motion. This might be expectad to keep the
blood frea from vssoconstrictors, se »1l she blood is
constantly rsseainz through the gland, thorveby detoxifylag
&ny vasoconastrietor(s) produced,

The haraful effect of the pump, a8 mentioned dbefore, uay
be due to the none-physiologslosl nuture of the blood delivery
causiag sn lrritation of the blood vessels, It has bsen
noticed frecuently thet rough haeandliag of the artery causes
it to ecntract and henoe an ifateralttent blood flow being
foreed into the artery in sudden violent spurte, with even a
negotive pressare intersjarsed ian between spurts, eould be
expectad Lo ¢cuse aanai&ar&ﬁla irritation and, eaﬁ&equaamly.
oonsuriotion of the arterles =nd tho other blood vassels.

The blnod vessels sappurently are more sonsitive at the
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beginning of the perfuslion than luter, peraaps boculzs of

the soxlusisa of blood Tlow in the Interval batween (he [losde
ing of the wnlmal snd the geversnee of the udder from the
body, gt workers euvhagizge Lhe gtwoet care in the remowal
of the orgen 0 be serfused, The conditlons under shich the
maneary siands of eows were phialned 1oz the mlauuchier houze
gan nurdly be o asldered sdequsts for chyslolo le:l studlics

of = precige nnture, The stunnin: of the walzal undoubtedly
rosults in tae liberation of eonsidersble epineshrine, and
henee the tloed vesselsz of ths animals 2t the time of vlesding
muy ulready be in e songtrioted state, Tas prezsence of
epinephrine in the vlood may slso woeount for tus loversd rlow
retes ot the beglanin. ol the perfuxisn, «n idea of the
axtrese sensitivivy of the saasary zlund »f -ouis can be
obtelned from the vslue, 7.45 x L0=14 2, of sdvenaline per
grems of asomery tiosue @ cund by Jebb end Linzell (31} to
produge veano-ngs riction. ‘the values for cave asd dogs vere
of the sawe osrdéer,

The elfect of sypereoxyzenciion was on aubtirely unle
sxueeted Fuesor & sotlay the rate of olood flow., From the
sate vreassutad s table § and Jiz. 3, 1t oun be sgeen that
La@ response of the neosery cland e ayperoaygenzted ulood
is almost in tantenenys =8 evidenced .y Lhe rapid decline
af the "lood flow., 7The recovery of the ploed foilowia. tie

:418.  The

uge of hypo-oxyzennted blood is squally drow
sugzzestion fros thls obaervelion Lhet e nervous v 8blem
wap involved in sove sanner found confivmetion in ke

resulzs obbelned with tlood o wuich ehleoral hycérsate had een
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added (¢ cnd A amE T, A

In ohic consaction fiae reteuninn of the gvoltebilivy of
Lhe vogrennotrietive nerve Tibres, currivd by ths aezternal
guermatic nerves of thu sariery sload, found oy wevh and
Linzell (31) throu-hout the urzilon of their perfusisn is

af intarent,

L
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"n—
=5
&
44
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The mode of zetlon of Lhil vagoconntriw
varsloxine., The exyoen contents 20 blood axygeacted with pure
o yoen ons oxygaen conbaindn: 5% ecardon dinzide {fubles 1O
214 14 sre ant sianifiss-tly “irfersat, the 91 Uarence Leing
only anpro-laately 2 ale o7 ouyosa sar L0 wle o Glond. It
i caiva pog inls that L nger Sue saturstinsn pdint Lals
gli ay Aifferonce oy nove  orvsd iaflusncs,

The desirabilicy o0 usin, o carban dlorldee-oxysen Sliture
hoo begen -~entisaed o varlouas corkers ( 31, 1). Otokes and
Sibeon (1) found what the 28 of tihe Llood ouycen.ted with

pure owyoan rese s nhon o w o volus ws BoH wnersas usifr 4o

i
£

2

carbon “inzdice in oryren asinteined the pi o3 aboul thn =u e

level, In thelr work ooy-spn-tion for approxisctely 30 ridnutss

= ith pure ociyosn inereassed the pit volue in ithedlr excerinont

from 7.5 to 4,3 rioin: in the pext shirty sdnotos Lo 845,

o oueh =lde fluctuctlione hove boen obhserved in Lhe pil volues

deternined in tha course of tils geries of studles, shere

purs aryaen vas ead for ovyeso.tlon {(teble 17). he pH

vilaes nbtuined for arteriasl Ulnod ranzed cetvaen 7.05 1o 7.7
.

<ith & venn decrocsze of 0,19 unizy Tor vsnpus Lloods It vould

sppear froo thle that Lo in not the pid ol Lhe Llood thub

%

recualates the vute o oloed flow, slnce v.e uvlood hleh e



once traversed the glsnd usually goes through the -élaa&
at e marcedly inoreased rate even though the pH has nos
ahonged sigeificantly,

7



Part 11
Agcatate and Bela-hydroxybutyrate dstabolism of

the rerfused Lactating Bevine tammary Glends



LITHRATUHE REVIEW

Origin of uilk Fat

The hypothesis thet the milk fat ia rformed in the mamuary
gland from the blood phospholipids was first put forward by
elgs ot al (59) im 1919, The basis of their conclusion was
the difference in the phospholipid coatent between the blood
drawn from jugular blood {(assuued to be the arterial ssmple)
and the aazmary veln (Kaufmann-iagne technique) of
lactating ocows., That this technique gave erronsous results
was shown oeonclusively by Blackwood and Stirling (12) in 1932,
who pressented evidence for a considerable hemoconcentration
in the blood passing through.the head region due to the
removal of water by the sallivary glands of eows, Subseguent
worxere using arterioe-vshous analyses of fat content have
shown eanalaaively that a msjor portion of the milk fat of
runinants come :zom the blood triglycerides. For instance,
Lintzel (49) found a removal 6-10 mg. of fat per 100 al. of
blood passing through lactating mamsary glands of goats. The
valuéa obsained fér labtating;ﬁﬁviné.mammarg ai&né; are
as follows: 4.1 mg./iﬁo ml. of bloed (averaga:ef 2Uly
determinations) by Grahesm, xonaa‘hné.ﬁky (28), 3-52 uwg./

100 ml., of plasma by &éynardtgﬁ‘gl (58); 414 mg./;00 ml.
of blood by Shew and Petersen (84),.

The total amount of blood traversing the mamnuary gland
of a lactating eow was calculeted from the calcium and
phosphorous secreted in milk in 24 hours, by Shew et al (86).
It was cslculated that 494 volumes of blood nesds to go
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through the zlsnd for the seoroetion of one volume of milk,
From this bdlood volume to wilk ration, it was found that

the rat reaoved by the glapnd from the bloed eecounted for

about 93% of the fat secreted im milk,

The precursors Qr £h§7ahur$ ghain fatty ecids, =whieh
aaae»itmza ﬁaarly lOﬁ by weihnk of the Lotal Tatdy aeiﬁa
m'@mmt. in the ,ailk fas of miﬂm&a, has bawn the @abéaet
of intenzive gtudy during she lest tena to fifteen yearz.
Three possible ﬁaﬁkaﬁa héwa besn &i&éﬁﬂﬁééz 1} they may
be {ourmed by Lhe degradetioam of long chuln fasty acids in
the mammary glend; 2) they msy be syntheslzed from curbow
hyérates; 3) thay may be synthesized from the volatile
acids, meinly weetlo acid, absorbed by the amazary gland
from the blood,

The first theory that the sbhort chaln fatty acids are
the degradation produots of long ohain unssturated aclds
nos aﬁv&nao&tby.ail&iten ¢nd oollabvorators (33) on the uasis
of the study of the glycerlidie ﬁ&uﬁera'af the food, dJdepot and
=11k fats. The slyceride structure suggested that the milk
fets are forzed from Oleo-or linoleo~ plyoerides amd that the
short chaln fu6ty aelds are lormed by a process of omega
oxidation, followsd simultaneocusly by a reduction of the
oslsie or linoleic scid part of the unseturated glycerides,
Further support Tor this thedry arvey 1) the position of the
double bond inm =ll the un aturated acids chrataining ten

carbon or mere is slwayes the saume as in olelc aciéd viz,
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between the niatﬁQ&é&mtﬁé teath carbon and 2) the inverse
relutionship observed Letwoon the short chaln fatiy acld
and the umssturated fatey acld confents of allk:fata. .oy
tr@abm@atjwﬁiéh eéﬁmo& thé &Gaf;ana #§}££é~aneft ghélin fﬁtty
soid content of m11k :;;, 0.5, iRanttion, ood-liver oil
feeding ete., is aLw&fa éaaaﬁgainiad byla& incresse in the
proportion of the unsatareated fatty scids, ﬂluhaqgh
clrecusatantial evidence in faver of this hypo.hesis is siroag
the lack of 4irect evidence of the occurrsnce of omegae
oxidation of fatty acids in the mamaary gland prevsnts the
general acceptance of the theory.

The Sheory that the short chala fatly scids are formed
froos carbohydrate source is based eavirely on the respiratory
guotlents obtalneda for laotating sazmary slunde (74} -
valae of higher than unity hes bsen taken $0 sisnily the
forsetion of fat from some carvoRydrate sOUres, Tho 2. 4.
is now generally admltted to be not declsive in the drawing
of conolusions regarding the wmetabolle pabthway and hence thils
theory hes lzbely becowme more or less cbsuclate,

The theory that the lower faLty soide, mainly acetio,
aight be the precuasors of the volatile fetby sclds of ailk
fat gslined consider:ble grounds sver sinoe it was sbown that
the ranen of rusinsnts produce reletively lurge smounts of

lowsr fatty acids (70) which are sbssrbed Prom the rusen (7).

seetate xetabollsm of %

Laufaenn and “haw {(42) showed, in 1945, ohel the

volatile selds of milk fat wore closely associated with the
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dletary carbonydrates and sue ted that tne cerbohycrabes
aisht be oconverted into tLhe neceusary precursors in the
ruwren by slerobiologiewl action. 16 hud bosn shown previous-
ly by fhaw, Powell and xpoct (AS) that the Helcherteisissl
au-ber snd Folenzke nuzber, wmhi.h are an in lcation of the
guantivty of tia volstlles soids in the =sllk rai, do neot
dapend upon the level of nlood glucose, It was observed
shat in ketotie anloals with marked nypoalyeenin the =W,
value of milk fat did not decllne ag lons as the cow wes still
on foed; coovsrsely, the H, ., values of milk fet decrcaged
goasidersacly on fasting the enizels, oven for short periods
af tine (12 %o 24 hours) =hile the sluaose level in the
blood was still the ssse, Jaao and Shaw (53) then approuched
the probles in ¢ diflerent way. They sttempted 1o prevent
the decresse in H, . velus dus Lo inanition by cantinuous
gbornasal feedlng of zoats and lnirsvanous freding of edws
wich various suspescted precursors of short chsln fatty scids
of milk fat. The subastances tried were luccze, glucose and
“nanticuse” {a protein uydrelysate), sodlum oleate,
sodiwn scetats and sodium buatyrate., nxcepting sodium
butyrate all the other sub:tanves falled to prevent the
lowering of Re . walues io spite of relstively leavy -ozes
af Sthe sabstan es used, Sodlun butyrate in the firet wial
not anly seintoined the B, e value for & perisd 28 36 hours
but an attusl increasse in Polesnske value was obbalined,
This slgnificant fiading, however, could nob ue repeated.
The preseonce »f reletively large acounts of volatile

fasty acide in tho arterial blood of ruxlnsnts was cnowa by
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“00lysont (57}, ¥or cows the vilues runged from 7 to 12
mde por 100 al, of ulesd oy voletlle acidz exprevsed us
asetle seld, iellymony (58) -lgo found shut the glond
ronsves 2 15 6 a5, of ascetate pey 100 ml. of slosd, =hieh
an & peresntaxe besis ropregonts 40 Lo 20 pesr vent of Luse
arterial level, Thie relatively blih velue o1 zeetave
atildzacion by ths anmoary plond pats soetoie ap one of ibe
g gy smebalnlitea,

in 8 seriep of papers, ¥Folley and Jreceh (22, 23, 24)
dascriosd tnely work aa ihe woebate retabullsa of bos munery

glead Ly ths curburg Secholque. They found that the L,.. of

rasinant nes ey zlend wes inveris Ly nigher tosn snily «hen
goetales wad weed 8 substrueie, and lesg 1o.a unisy «ith

#lucore. » nopepwsdnent sacoery glead, on the eiber nand,

S8VS 88 Heue LBzg thnan salty with scetete «nd grealer than

anity with lusone, These cbservationg »f Failey sud Fraaoh

show conglusively thst the raninuat wossary slasds sre pariloulers
1y acapied Lo the uvlliza lon of scetate for thelr

mebenolinsn and tked soetate wehe belaz uwtillsed for the

syathasas of conpountds relitively poorer In 2aygan, o.8. Taba

or fatiy wolde. There sioht be sene evitleiaxn of the

aonolanione drawn on Lhe basds of He o on ticeue siices

recarding Lhe pebure of neleloliiss, particulariy sbhen the

ti wne be an saprd aud lobular as the sa-wsry oland, <bleh

e

nakes She outting of wunifors sestlons very 4ifricult, sooide

¥, the uneven awd luecy seotions obtained, un doubl Sus o the

Pt

zivaclar tlecuss, cokes the determinetion of the tnlckness of
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the sectlons diffiocult, Folley and Freach determined the
thiockness of liver slices cut under similar condiiions and
used thie value for the thickness of the mammery gland tissue,
a procedure the valldity of which might be questioned,
aspecially, when the thieknese of the tissue had been observed
%0 be neocessarily lesa than 0.4 mm, thiok and an increase in
this thickneas 'y as maoh s# 0,2 nuse led t0 irregular and
haphazard results., :ilk present in the alveoli of the tizsue
slicee 1o snother complloating fuetor, However, the uniformity
of the dets obtained by these workers which could be -
satisfaotorily reproduced perhaps makes thess oriticlasms less
fmportant,

An in vivo study of the acetate netabollsm wus conducted
on & goat by Popjsk, Freneh and Folley (71) using sodium
acetate, labelled with Gl4 in the carboxyl group. It was
found that nearly 805 of the injected acetsate was oxldized
to carbom dioxide in ambout & hours and the half-life of the
body acetute wag about 50 minates. The rapidity with which
scetate is utilized by the mammary gland caan be gzuged froam
the fact that 5C% of the amount of radioactive carton retained
by the whole body appeared in milk in 6 hours, The half-
life of the acetute in the formation of milk fatty acide
appeared to be 4 hours, From the precursor-product relation-
ship studies it ocould be concluded that plasms fatly aclds
sre not the source of the vol:ztile fatty escids of mllk fat,
neither is plasma aﬁbiasterhl the source of milk cholesterol,

Cowie ot g&,(lé)i§effuseé the ézytouiu ailked-out

udder of a eow, with the perfusion epparatus of Feeters and
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Huesert with blood contelining labeliled scetubo. rhe eontrol
aalf wug pervased -ith blood ceontiizing levelled sodlun
sienrianale, o oeomnuring sho specitie cetivities of the
v.rione chesiesl congtltuentg of ting uander tissus cnd 11k
it sosued cle:r thaet thore was consideruble oxid.tion nof
free zcetzte -nd Lhe cyatnsces of the viorisus volatile fatiy
wclds (Qam@ié} took plaes Ly - coadensution of G, units. The
latter conclusmi~cn vus drawn fron the fact tnut tae speciryie
sehivity of the T.tty aclies decrogred with the inerouse in
e odn lavoth.,  scetuste wasn inesrporsted in oilk cinlastersl
snd luctoze l:o, The site o7 synthesis of xilk cnolesternl
vag the euanery sland ltselfs  dn the exasination of the
rpecil. ¢ activities of the various Troctinng of glyceride
fatty secids 1t eould be ssen that Lhies conseatration of clé
wap 7«10 o sraater In She 2lond L2t than in the corcsgponcing
Tractiong ia the xilk Ffat, wideh could enn & considar ole
4ila ion of thg millik «ecreted durin- tne perfuslcon tlue with
proforned allk not resoved by one sdlvine after o =incle
xytocin injectinn., & relatively r-nld utillization of sncet te
Ly the #lund for the syntheves of hicher celids could eluo
expl.-in the resultus,

ix, Fetersan and Utrouss (61) conductad o sioilur
narfusion exreri cat asing th seme cuzntity of labelled
sembete viz., 1 dillilcurle, hess v oor¥srs report wmebtivit
in all frictinrns of slyceridse fotlty :elds, cholestercl, cuaseln,
non=¢ .celn pratels, noveprntsin-aitr-ogen reetion, clurie ucid,
luctbose etc. n c2oparing the snecific @ etivitles o0 thae wler

solucle vol tile acld ol the lead fat, ths iraetinn civing
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the maximun aotivity in ihelr data, with the wctivity of

the uorresponding fraction of Cowle ot sl (1o}, Zecondly,
while Cowie eb &l obtsined for the milk faily aold fraetions
a gpeclfle activity value 3f 7«107 of the value oblaiued lor
the oorresponding frettions obtalined from the ucder tissue,
iz gt al obtalned omly O.7% 6f the ‘glaseulsr sctivity in
milk fat fractions. Tnis could only meen thet uix g&_g&,ha&
§raetie&liy ﬁo milk ﬁ;ﬁthdsis ia baa ylrn&, Gauats &8 low
as 0.1& per Aiaute gar aialzgram ﬁt eurwan are rmg@rt«d whih
are ton low or the arum&ng of ru&iﬁﬁl& sonclasions,

from u siuly ar thc inzra#@ﬁeas iaé%atiﬁﬁ nf labelled
acetate t0 the intact oow, klelver ag al (45) fouad that of
tne carbonyl carbonm of acetate, 13 L3 ovtalned in lictose,
1z in caseln and 9» in xilk fat while Lhe cOsresponalng
velues {rom wetayl carvon were <£,2 scd 126 for lasouvoase,
ceselin and allk fat respectively. This study «lzo gave
evideice for Lue xove or luss direet condenration of the 2
carton units oF acatate o form fatty aclds, %311% & SUbe
stantial portion of the cor. om athng 0 uvetete snding Iln
lsetoss and caseln puass thArouzh the carconate pool of the body
of tho sow,.

The 2ilk fet outelined {yom the gout fnjected with lubolled
deotate in the study of Foplak, French end Poiley (71 was
subjeoted {0 fuprther detalled study oy roplek, french,
tunter and «artin {72}, They ¢ivided the fat isto tw0 ruoce
tions: 1) obtuioed ulo 12 hours after injection and 2)
that outalued bestween 12 4O 48 hours, 7The fatiy acics obtuined

from esch of these allk fats were frectionsted and the
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gspreific activities of le deteruined. In the first
fraotion che highest specirlfie activity wes obtained in the
steam volatile water insoluule fatty acids the solubvle acids
coming next., Around 12 hours after lnjectiong there vwas a
crossing over of the spesific activities eo that at 23 hours
the order of the specific ectivities wereinon volatile

solid seids)insoluble volative acids)soluvle volatile scid€>
non volatile liquid wsoids., Cpecific aetivity determin tions
of indiviaual seids showed that zcetate incorporation iato
fatty acids inoressed with chuin length upto and including
cl0 aeld (oapric) in the rirst twelve hours while later on
it incrcased upto myristic and palmitic acids, Batyrie

acid had en activity lower than any scid im noth periods;
upto laurie in the first twelve hours and leter on lower
than palmitic. Butyric wes found to be lebelled egually

in the carboxyl ecarbon {(or carbon 1) and carvon 3, carbons 2
and 4 bsiag inseiive, 4 stepwise dezradstlon of eaprole
acid showed that this acld was foramed by the condensation

of a Cp unit with butyric acid since the activity of carbon3
to 6 was found to be the same as butytie'aoid. Sarprisingly,
the gpecific activity of the carboxyl carbon was 2.5 times
the zsotivity of 83 and Gs. This was explained by the
sathors by proposing that the butyrle acid synthesized

from acetate was diluted 2.5 times by bdutyric acld from
some other source, This supposition also required that the
aoaroe ux 9rcaursor of’ hutyrie aai& bs a Levarbon eom@auné.

Shaw snd Xnodt (83) nad previoasly aug&asted beta~
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hydroxybutyrie a«cid as & possible pracursor for butyric
scid of the milk fat,

Bota-hydroxybutyrie :eid :etebolism of the Jummery Gland

Three chemieal sompounds, beta-hydroxybutyric soid,
acatvacatic acid and acetone are generally grouped under the
torm, "ketome” or "agstone" bodles, It 15 generally agreed
that the ketone uodles are foraed welinly from fute. The
fornstion of ancetoasetic acid waa first sxplsined by Dakin
(17) on the basis of Xneop's (46) werk on phenyl substituted
fatty aclids. He postulated the bdeta-oxldatlion of fatty ucids,
agcording to whioch fatty 20ids sre broken down by the sucessive
oxidution and splitting ef two carben atoms, from the carbo-
xyl carbon of th@tfatty_aaias‘ts fora acetic aeld until a
four carbton eampaau&'r%méine&'%aiah was slaso oxidized at

the beteecarbon Lut wasg gqt'$§l;t,;vTpisithéarygﬁrq;id@d

for one maleculs bf the féux>aar@$nécémp§aﬁaé ;éhﬁéhcatie
seld, for each molecule of fatty'&cia oxidized, The ror.utlion
of pragarbi&naﬁelyiﬂéxﬁ gaegoaéétiafa@i&'rrom ionger ehaein
aclds (4L1), lowsr conzunption of oxygen than requirsd by the
sheory and the fsilure to identify the presence of acetic
acid in the liver led Hurtley {37) to propose hls tueory of
multiple-alternate oxidation, Thls ithecry explained the
nxidation of fatty scids by sssuning simultsneous 9x1aét1an
at alternats earuvon stoms with eplitting of the moleeule into
units of four carbon stoms. 48 thisz theory a2lso ¢id not
expliin sll the observ:uions e.g. the produciion of ketone

bodies from valeric aecid cbgerved by Joweit and fuastel
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{40, 4L1) and oXay o% sl (52), the increased production of
ketone btodiesg wlth the use of smcetate obtalasd Ly hoeKay et sl
{51), =ekny and cownrkers (52) proposed the currently accepiad
theory of Lets-oxidation followed Ly the condensation of twd
acetic scid molacules to fopra acebtosmcetic aclié, Jlonfirsstion
of this theory ceme £r o the trucer studles of .eilunhouse,
<eden and Floyd (95) snd Duchenan and ooworkesrs (15). 7The
orlistion of carboxy=labeoliled neoctunolce acié by liver tisuue
raﬁulbgd in the prodaction of acetoevetie acid in vhioh bLoth
the vartoxyl snd carioayl groups, wers lsbelled an observation
explainable only vy the uomndéensation of tup earbon fractions
to fora scetoacvetic acid.

soeione vodles slihough considered by sarly physinloists
to be obnormcl products due (o incdaplete combustion of fatty
acids are now recoghnlized as normal metabolites o noet of
the erpdna tnd ticsues of the cody (67} Hurnes et sl (8)
ﬁhéﬁ&d Ly the p@?fuxiaﬁ.sf - iﬁéi&ﬁéﬁnnpﬁrﬁdidégJﬁéapvzhﬁ
extent of beteenydrozy butryrlie sold atilizatlon w.s
=uificient vo ﬁuaaug;,faé 805 wf thé~ﬁ&yg¢ﬂ esns.ed., slek
and brury (9¢) found the utiliza&ieﬁzar beta hydroxybutyrio
aold to dopend upon its conventretion in tlood upto the polot
where it secounted {or about 90s of the oiyson consumsed,

The utilizatios of beta nydroxybutyric scid by the
lsctatingy bovine uwnary glasd wue first chown Ly Lhew and
Enest (B3}, Om comszsriag the masmhalism ¢f the saruary glaad
87 norusl ¢ows snd odws with Xevosls chaw (8l) found that the
latier used over 1CO4 of the ﬁﬁﬁa-hyurazynbnayric seig

metabollzed by the glead of the sorwel oow. In contrust O



69

the rinsing of %iok and Drury (98) Shew 414 not find thas
the utilization of beta-hydroxybutyrie aoid stapped with
the guantisy aaaeﬂatiug for 90% of the osygen consumed,
sssusing complets oxidation, This éirfartagt can be |
sonsidered withla g&b limite of axpgrzaﬂasal srror, The
.wari of “haw ond ma%ur&er; ﬁxs@'ohawv that only the satao
hydraxybazyr&a acia fractlion of the kataas bodies of bloed
'tas atilized by th&\wﬁﬁﬁﬁry gland,

In arﬁ-r‘ta~s£ndy the behsvior of the zland towards
‘beﬁaényﬁzﬁxyautyrie acid in the presence of .lucdse, Shaw
and Petersea (85 §§xfaatea@vzae m&amaygAglaﬁdgvaiag éiaaﬂ
aantain&ng ?&tiiﬂﬁ‘@@#éﬂﬁ& ar-baa&th&raxybusyria aaié.
lilne parf&wiaa sriaia aaafzrnaa the larg& uptake of betae
hydroxybutyrie acid snd she nanwatillaat&aa of scaetons and
aea%o&est&n u¢xé. Ia ons ét%axln& balaaaa amgﬁ;‘aﬁa bota~
ayazoxyha%yria &nzé atixiﬁﬁﬁ aqa@antaa f@x ssﬁ of axyg&a
econsuned, That the taeraﬁaeﬁ nrilxmaﬁian of heta=hydroxy-
sutyrig aeld wes sot &ua to ﬁh& a@u awailahilﬁ:g of zlucose

wag ala& brought au% 1a thils ataﬁy. L
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Beilization of .icetat

agatate utilization by the perfused mammary zlend was
studied in four perfusion triala. The apparatus has been
deacribed in a previous section, Pumps were adjusted to
zive a pulsatile flow at & syséalie prassnra of 100-110
axm. of mercury., One half of the glend was perfused, while
the other half served as s control, Usling a 204 golution,
the acetic acid baataét of the blood-waa increased to any

Q@airakleilovaljé% sb«,pggxa§;ag of tnaAggrfgagen.
o ‘?ﬁa*veigt;ié%?ai§y5aéiﬁé;af the b@ééé’%ﬂé@zﬁitcrwlnsd
by the method Searisbriek (79) ueing sarkham's (54) spparatus
and were exgévsépd*ésﬁ§eéﬁiafaaiﬁ in ag., per 100 aml. of blood.
The volatile f#éty scids of nhouhddor tissue were deterained
by mecerating the gland, rondering the mascerate slightly
alkeline, bolling end using the flltrate for "acetate”
deterzination by the method used Tor blood.

The amouht of acetate removed from the blood by the
gland was determined by the anelyses of acetute at the
teginning snd after the teraminetion of the perfusion. The
difrerence in the oontents of the volatile fatty acids of
the perfused and the control halves of the udder was
nasumed to be the non-metabolized acetate. Subtracsting the
non-metabolized scetate content from the amount of acetate
ébsorbcﬁ from the blood, the amount of acetats zetabolized
by the glend was obtalned and expressed as milllgrems of
acetate utilized by 100 greazs of the glandulsr tissue per
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100 nl. of blood puseing through 1t, The data are given
in table 18,

. vopatent gtilizaetion of ucetate per anit wol nt af
the tissue per unlt volume of blood flowing throush it
wag noticed,

£ farther study was aande to deter:ine whellier the
bovine awcusary glend shows any preference tebtwesen Lthe twd
subatrates, acoetate and bheba~hydiroiybutyrste, It was felt
thut the arterlovenous 4ifferences of thege substretes
would <ive more reliable date th n Lhe anslyszes of blood
¢t the beginning and the end of the paerfusion, Lor the
followin: ressonn: 1) the arteriovenous difference in .eta=-
bollites represeats o truer pieturs of the metabollsza of the
sland, sfter esullibrius hus besn eatublistied bhetween the
Llood and the slenduler tlssus, 2} «n ascourebe assossuent
of the netavolite in Uhe serfused gslesd is Jifficult, as the
propurtion of the secretory tissue in the gland ae
differentiated Trom btus sdipose tiisue cannot De asccuratsly
detersined beczuse of its rether uneven dlsiricuiion, and
3) the vresence of nilk in the slveoll iz snotnor eosplicuatiag
factor,

The perfusion spparatus desorived in a previous seeiion
wags used with the Tollowin: modifications: 1) the glund wes
enclnoed in a glavs carbvoy and 2) & ruvber lined centriiugsl
pusg (obipined from Cehaar cnd $o,) was used for the delivery
of the ssterlel blood. The bloeod flow, thus, was non=-

pulsatile,
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Betae~hydroxybutyric zold was added before introdueing

the blood into the apparatus. At least one oomplete passuge
of the entirs asnmount of blood used throuzh the glend was
zllowed before taking the I'irst set of srtericvenous samples,
Two sabsequent sets of samples were taken, one set [0or each
passage, The beta-hydroxybutyric acid in the blood was
determined by the method of Welchselbaum end Somogyl (94).
The total gqusntity of a cetone bodles determined by this
method was expressed as milligrams of betae-hydroxybutyrie
aoid per 100 milliliters of blood.

After the third set of arteriovenous pamples was drawn
saé;um agetate was sdded in sufficient amounts to glve
apprcximauely,iaqzﬁ miiligrams ydrhleﬁ.ﬁillxiitqré of hlood,
One complete passage was sllowed for the aitaiﬁm&at of
equilibriun between the aecetete of the blood und the acetate
baing metabolized ii the gland, Twe tO three pets of
arteriovenous samples were taken in subsequent passages of
blood, .wcetic acld was detormined in these blood samples by
the method of Scarisbrick as before. Usually, snalyses could
be made only on the Iirst two sets of samples as the blood
samples for aeet:ste determipation deteriorated rather guliokly.
The adcition of sodlum fluoride or thymol as pressrvatives
interfersd with the analysis., The beta-hydroxybutyric aoid
content was determined in all the samples.

i preliminsry study, im which the bets-hydroxybutyrie
acid wes not anulysed, showed a constant acetate utillization
by a laotating mamzary glend ufter 45 minutes of perfusion.

The deta asre Dresented 1ln table 19,



Table 18

The Tirilization of .cetate by the Perfused smuuary (land,

oot

6 7 9 1¢
cdretion of pariusion 120 95 50 120
?uu.ﬂv
vol, of blood used 6 ) 3 7
(Litors)
seight of the perfused b.weo 16,300 5,17C 4,700
zlsnd (gra:g)
Ko, of times the blood 3 6.8 5.4 5.9
rassed through the gzland
{caleulated)
Initial 33,8 54.9 62.8 374
rcetate level of
blood {(mg%l’ _
Final 12.0 Ce? 13.9 15.0
soebate taken up Wowu. WQN“N P.h@n« Uo“@&
by the zlsnd (grams)
gontrel »WQW mvof N.U.s\
soetete level in
the zland (mgi)
rerfused bel lz.2 16.8
.cetate gained by ~0.588 54357 G.208
the rerfused gland
(gram).
.getite wmetabollzed 1.31  3.84 1.1l Lokl
by the glend (gram)
:acezaa utilized 0.17 G.09 0,10 0.16

ng /1008 tissue/
wmo ul of blood)
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Table 19

Utilizetion of ioetate by the Mammary Gland after ons Hour
of Perfusion (perfusion 74)

Perfusion Rate of soetie anlé h=¥

time blood flow in bdlood difference
(min) (21/min) (mg %)1 (ng %)

- ‘ TrterTel Venous ’

10 500 |

25 440

45 500

55 - 32v 52 360610» 51.3%

90 - 23028 1792& &a

1 22 icotate was added at 46 minutes perfusion time.

The data show that the gland was still functional
after 45 minutos anéd that this procedure of study might be
expected to glve consistant results, GSome prolimiaary
studles had shown thet unless sufficlent blood passed through
the gland, equilibrium between the metabolites of the blood
and gland were not ahﬁaina&. 4lso, a 4dry glend showed no
withdrawl of acetate from the blood after the initlal process
of aifraax§a ned equilibrated, These observations landicated
the roliebility of the procedure.

e data on three perfusion studies are preseonted in
tables 20, 21 =zod 22, They show more or lees conclusively
that the &raiiéb{iit; of aay%g;? 1nh&bi&mithn utilization of
bcta-hyﬁraxiybﬁﬁyfio aéié by EhﬁlQQQMﬁrf gland,



Tadle 20

75

The Effect of the Adezﬁinn of Aicetate on zha attziza&iun nr

Heta~hydroxybutyrie seld (Perfusion 76).

Perfuse
ion

noid in bloed

Rate of Bata=hydroxybatyrie
bloed

Asetic acid im blood

(mg %)

airet.

time  flow (ng %
(nin) - (al/ain)
artarisl Vensus k;v? irterial Venous -
d1if.
0 -
11 250
16 520 ,
28 565 24.86 20.56 30
z‘» &09 230?% létiﬁ 5.
3 600 9474 402 5,72
160 630 12,39 12.22 0,17 15.72 9.12  6.60
121 650 15,35 12,91 2.44 12,00 6.96 5404
136 650 gnﬁ &.20 3;% - - -

1 2 2. sodium scetste added at 80 minutes perfuzion time.



76

yvenle 21

The (ffect of the cdditlion of cetute on the Utllizetlon of
hetzehyniro.ybutyrice neld {(Terfusicn £0)

Parifuge- Hate of cetuenyarosybutyrie  seetlio aeld in tlopdl
ira ulood aeld in hlood {ma )

Line Tlow {rag i

{=in) {al/21n)

TPLerLrL Venous o=y o PLerisl venowd =¥
alif AL,

520 |

- i'.-}.?b é,@.ii‘f:i He )‘3
450 39,24 32.54  0J70
- 3‘ ig‘f} }CQ’»’G uogéﬁ

485 51.58  31.58 (.00 1la.a0 .52 5,98
- a3l 31,30 Celd losad Lie02 hodd

G 4 N B
Lo T b O

1
2 2, sodiup acetzte sdded 2% 5C alngtoz perfusion time,
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Table 22

The Iffect of the fddition of scetste on the Usiiization
of deta=hyarouyvutyriec .cid (Ferfuciosn 82)

Fapfuse Rate of leta-hydroxybutyric .ootic acld ia bloogl

ton rlood seid fa blood {mg 5)
tine T low L )
{ain) {m)/=4n)
STLeTivl venous .=V S TLOrial venous eV
Gare. aire.

O -

3 ano

?ﬁo 5ﬁ072 5%023 2&&&

38 1,600 5340 4F.78 .02

50 1,100 L7437 w338 3,49

685 14200 Lle&7  40.7 G5 36 432 5004
71 1y 30 boesh 3721 .U 1,20 - -

2 2. sodlus soatate a.ced ot 52 slnuless verfusion Liloie,



HECRRINE IS |

The four perfusions, ip which the totsl amognt of
scotate utilized by the glend were stuuied, were done in
he sarly stages of the commencesant ol this study. The
rates of tlood Plow obisined were poor or ¢n inltlsl nigh
rete of flou declined markeuly durliny the course of the
perfusion, Ths rates of blood flam obt eined in perfusions
6 und 7 sre miv«n in &ﬁbitg 1 aﬁ& 4 rwspeenivmly and in
perfucicne 9 @ad 10 in t&ble E. ln ﬁyiﬁa of the ﬁaaa
Vutiﬁ%ﬁﬂﬁﬂ in taa raté’ af &zaod flew, gha leovel qr aaatata
in the vlood aﬁﬁ the welgnts of the a&umﬁ?y dland, &
relativsly eaumtaaﬁ;aﬂatatﬁ dtilizﬁéién was obtained per
unit wei:nt of the zlend per ﬁhia voluge of btlood uoing
throarh the glend, This showed thet core than & simple
natter of diffusion waes involved and also thal the capuolty
of the gland to setabrllize scoetete was {ixed,

The nmount of scetste ~stabolized by thu glend wus
obtained by suntrecuing the velatile ratty scids gained by
the zlend from the quentity of the voletlle fatty molds
removed from Lhe Llood., Thls sssumed }ﬁﬁ&rihe volatile aolde
remsining In She zlund was the aﬁuh&ﬁuArametva fros the
vlood ~hich was not metabolized, The &istiilatian crocsiure
of “e¢arlsbriek deteraipes «ll the free wvolatile acids, tuus
batyrie scid or sny hisher volatile scids synthesized rrom
agetate but not imuorporated lato the sliycerides would be
‘included Lo thease date 88 non asebtabolized acetuta,

The work of Folley, ?@pjak and a&ﬁorkwra {lo, 71} and
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sleiver and his group (45) show that tnere sre cony pathweys
by wnloh scetauve ip :etabolized. IU I1s sosa from bhe resulte
of ti:eae worxers bthet acetate ls used by the sacary gland
for the syntheses of choleglerol, lsotuse and ocsseln la
addltiog to the faily scids An tae Lriglyecerides of allk,
Gowle et sl ouoerved nearly 40U, incorporation of the lsbelled
scetate ia the fally acvids with slanificent amounts in lacinse
and cholesterol, .luhoush no estimstion could be nade of

the amount of amcetate oxidizsed to carbon dioxide ths rapldéivy
with which this resction bakes pluce in the auooery land

was shown by the hi h speeifie setivicvy ol the plood carson
dloxide at the beginning of tne periusion. The apseille
gctivicy of tno blood carbon dioxide a4t zero tice wazm 3 1o 7
tinmes the vaelue obtzined subsequently. Thesze dutle wnd the
dats on intsct snismals Indiecate Lhaltl ths ¢oncgenion of westave
is ono of Lhe nost predosinant resctlions of tlvsue mwtabolism.
The work of flelber et al (45) also indicates thut tuere are
astabnlic pathways for she syntheses of lacloss gnd caseln
froz seeatate other thzn throuszh the oxldation Lo osrbma
dilozide snd its subsesuent Jixation, The significsy differs
ence in the incorporation of carvenyle wnd seiiylecarion siong
of the acetate in these gounpounds cleo susments il ferent

ETRd

pecnanisse Tor the watabolissm of the two il Voerons

HEILOR

fad

atons of acelate, Jally acias on the Other nand appearsd Lo
wg Toroed more or less exclusivsly by a dircet condes stion

of acetate molecules or at least =0.0 Lwo-sarbon units., “The

sxtreorcinery enuplexivty of scetate mebnioliszx In the sausnary

#luand iz thus very obvious.
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The socetate utilization in these Tour perfusion
srparinente renged from 0,07 to C 17 ailisras per 106
m411414cey of blocd rer 100 gram of the pleadulay tigsus with
& s~oean velus of C 13, Teking fnvd geoount the fuod thav tne
free fatly polis syntherlzod fron acetate g aol Included in
these velues, thene Cleures reoprensnt the ulnisam swoust of
acetete cetatnolived, hicnever vhe puthway of cebuboliss
the aostats foilowed, & anfor partion of lv nad pone farlier
then condensatinn o fors loancer chaln froe fuvty solda.

If longer orodn celde wore forred thsy weare iLnovorpiratod into
the clyeeride soloculeg. The ennslderceis ezcesns of Lhe
seatate astabolized sver tha frocilon sosuzed to be asotate
and ressinine unnstabolized would <180 tend Lo zhow that
satabelie reactiona ala take placs in the peridsed asn.sry
#land to un aypreclable extant,

The siludy of tus compatltion Lelwwen cetaenyiroayiuiyric
seld ond seetie celd show taet the cland prefersd wcsteto t0
the forcer. In the erfugica descrived last (do. 82) & more
or lass conntent uviiization of pefeebyiroaybutyric seid
wag ort Llued in tne first taree arteriovenous snalyses prior
Lo the asudition of acetube. The abeorption 07 Lotiw
hydroxyratyric » 1d »ag sunprecped on the edalvion of .cvetale
{=hown by the srteriovonous snclyses st 65 ~inuies}., Iy the
tize the next =V sosples were drewn sll the scetate was
utilized »nd the utilization of beta-hydroxynubyric scid
pegen sptin, This anews in the Dirst ploce bthat Lue gland
wak 85ill seive =nd tnot &g long sg acebtabe wes aviilsble

o the zlend betsenyvdroaybutyric zcié wap not utllized.
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From the values presented it can be sean (except some of
fizures in perfusion 76) that the arterisl level of bdeta=
hydroxybutyrie 2eid waes agproxisately the seame as the venous
leval of the previous smet of samples when this ocompound was
being utilized by the gland, 08 the addition of aeetate Lo
the blood the values of beta hydroxybutryrie acid eanhiﬁaa&
to be of the sane orier, furtuer oonfirming the aon~
utilization of thés subetrate. For instance, in perfusion
82 the initiel volue of 56.72 milligram per cent steadily
declined to 4{3.88 milligram in 50 minutes, For the next

20 minutes while ncetate was being utilized the velue of
bata hyérozybutyric acid rem:cined neerly the same and when
mogt of the aeetate of the blooéd had been depleted the beta
hydroxybutyrie zcid was utilized again,

The arteriovenous diference in socetic scld is all the
four porfu-ilons run.ed £rom 4.92 mg. to 6.6, mg. per 100 al.
of blood, moat of the values heing between $-~6 nmilligrazs,
Sueh ceasteneey of vulucs &re not llkely to be fortaltous.
These voluez compare very vell with the arﬁerleveaons.
1irferenons abéainaﬁ by JeClymont (s8) on live cows., The
raluas ahzaimaa for ta@ b&ta—hydruxxbueyrie acid in these
ssaéina were mnre Vari&bbﬂ sad in geaeral tendﬁa to be
aliﬁntly hi&h@r ﬁh&n the v%laes ohtaiﬁ%ﬁ b# *ﬁaw'(ax) in
cows vith ketosls, liowsvayr, the f;guren ia 8ll the
parfuaicaé‘cxﬁﬁptjkhe fifaﬁ“twbhin"parrnsian 80 sre olose
enoush to those obtsined in intaet cows Lo preclude the

poasiblility of abanormal zetabolisn in the perfused samiary
gland,
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A Preference for ascetats over beto hydroxybutyric
aeid Ly the maxmary :zlsnd would suggest thet these two
metabolitoc are used by the gland for -isiler, if not
identical, metabolic functions, Contreriwise, the indepeni-
epee of betaehydrorybutyric acid utilization L0 ths lucose
lavel (82) can be teken t0 mean that these two metabolites
are used by the memnuiary gland for different faunctisas, (haw
spd Petersen (84) enloulsted that almoet all of the glucose
taken up by the glend was neesszssry for lactose synthesis
80 that very little %ealﬁ be avallable for oxidssion for
energy purposes, Assuasing this calculestion to b ¢ rrect,
the eneray Ior the virious synthetic p oces.es of the gland
naet be obtained by the combustion of some other metatolite,
Acetate 1z undoubtedly ome such metabollite and 1f the identity
of the metabolic function of bdeta hydrozybutyrate with acoctate is
is assumed, bete hydroxyvatyrate would be & seodnd metabolite.
$kaw (8l) eclculuted that in the normal glaué 37: of the
oiygen consused can be scoounted by sssuming complete
oxidation of beta-hydroxybutyric scid while praeticelly all
of the oxygen would be required for the oxidatlion of this
metabolite in ketotlc cows. Such calculations of course éo
not necessarily usean that these reaotiosrc &4 take place but
enly =uggest a posaslvility.

Since acetate has besn definitely shown t0o be used for
the syntheses of longer chain acids of milk fat, it is
poasible that bets hy&fﬁx’&dnyrie ecld likewise is used for
such syntheses. idded support for this assumption comes

from the data of Popjek e% al (72) on the speoifio activities
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of individusl carbon atoms of suproic acld of the milk fat
ecbtalned from goat injeoted latravensously with labeiled
acetate. These workers calculated that the vutyric acid
forized from soetute conndenszation wus dlluted 2,5 times with
gome othar source of bhatyrie acid and augiested bets-
hydroxybutyrie acid as & poasible presursor, thls being the
only kaown 4 carbon metabolite of the mamnsary gland.,

The role of beta hydroxybatyrie acid s a precursor for
the lower fabty acide of nilk fet was ccasldered by Ghaw and
Knodt (83) but wus abandonsd (86) because of the narked
lowerin; of Relcuert-.-eliszal and Polenske vzlues of cows with
ketosis., It was argaad'ﬁhan since the volatile fatty acid
contsent of amlilk fat deereases, inspite of the greater
avallability snd atilization of beta hydroxybutyrie acid in
ketosls, this compound cannot be the prescursor of these fatty
acids,

If the indlcation from the data presented here that
soetantenand bata hy&toiyﬁaeyééte aro\ﬁéeﬁ for identioal or
at least ahmilhr b19~ehémiaal rsaauians have any validity,
then Shs anat&t’ aﬂpﬁarl tn be usad uitn gr@atar faailinr.
The nnavailahilicx of acetate to tka gland would then change
the course of the ﬂaaabailsa &a the &9&@« of beta-hydroxy-
butyrie weid, The ?ala&ive aﬁauntn of acetate and beta-
hydroxybutyrate taken ap by:the gland under normal conditions
iz ¢lrficalt to determine, as the acetate sbscrbed by the
gland ander nornel eonditiziz is difficult o determine, as

the eoctate sbsoried by the gland hes Leen shown €O



vary with its srterisl level und the arterial level is

¥nown 0 fluetuete cornrpideranly  ith tine after feeding

{57, 58). The provebllity of usling boih these coupounds for
the synthetic proces es under normal conditions ure sorong
but eonclusive avldence thuat such 1s the case will have to

ewalt trscer atudies with bete~hydroxybutyrie scid.



CUNCLYTIORE

The perfusion of bovime msmmury glsnod with tlood
pressnts certiin dirficulsles which esn be cvercose in
the perfusion of whe organs of smell enisvle. Hepurioe
izing the znimel befsre bleseding, the slaughter of the
aninzdl =4th 1iutle exelteuent by the use of amesthetics,
perfurion of the gland in gity vte. wre zomewhat pro-
hibitive in bovine w«der perfusions in view of the cost
involved, These precautions 1f tukza would undoubtedly,
result in better perfusions,

Sarring «ll these factors, care of the neture of
the artoriql tlood flow, the blood prossure sad the mode
of suupsnsion had definive effev:is on the perfucion rate,
Thorough riltration of the blood befure the perfusion
was vary essential asz a osrtuln waouns clotiing wlaost
alwiys tokes pulee when handling lurge gu.ntities of
blood, Perfusion of & luag prisr to the periusion of
the amessery glend sppeared to heve z beneflclel sitect in
a few perfuzions,

» hitherto unexpl {nable vesceonstrictive offeot <ue
to the axygaﬂaaiag of bload with pure oxygen was obasrved,
$ per gent aarhaﬁél&xﬁﬁg,ip a;ygéa;n&a well &8 tha adsitlon
of chloral hydrate pravaa%s the vaaﬁcanﬁﬁriatien.. Tht
lagter anfirwaa tku iﬁ?@lV&ﬁ@ﬁ% of taa atnvaa na:aaiazud
with ana ﬁrmaaetinn ar va&naaa&tria%&e&, a&%gnutaﬂ by
the rapldity of the géaagas af ranﬁs ar blood flow.

The matanalle &aaiwiny of the yazf&s&& glune undoube

todly would be closer to norsel ith shor.er tlimselaps
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betwaen the shadding of the divod of &ﬁ@ anim- ) and the
sstablizhment of the blood circulution with whe arparstug.

Usingz the perfu.ion teutalque the influsnes o7 the
pressnce of seatate ia tha tloog Qa'th@‘agﬁaka of uLatge
hydroxysutyric acld wee deterinsd., 1L wes seen that the
;rnﬁanﬂa of sestats inhiniis tha gpleks agvzha katone body
avan ~heg the latvey was rosent o rather bkich levsls,
Gach & competitlion :cetwsen thezs o i@p@r&&nt aetabolit es
indicates un iﬁaﬁtiaéi or at least & siziler masin cetabolie
patheay, in hich ths seetade ig ons step shesd of the
Letahydrosyvutyrie sold, The porelbility of 1te telug ased
for conversion to butyric {e suspedted bat sonclucive proof
af siach & resciion cem ve Obtuined only by the use of

labelled batge-hydrosybutyrle aeld.
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