ERPURTUENTAL PANCRIATIC DIADNTES TH TUN CALD

| A Theeic
Prosonted to tho Pasulty of the Oradunbe Sehool of
Cormell Univereity in Jartial Fulfillment of
The Reguirtmonts fov the Dogres of

Hopsbey of Arbs

iy
Sllen Towmdoy Cook
- Sppbouber, 19L6



Acknowledgments

I find 1t aiffioult to express adequately my
appreclation to Professor J. 4., Uye for his fine help
throushout this studys He suggosted the problem and
has been constantly roady with advice and assistance,
I wish also to thank Professor M, U, Adelmann for his
guldance and suggestions. To Nr, Hall, my gratitude
for hls excellent assistance with the animals.



Bloprapbioal Skoboh

Mrthplace « Covalng, Now York

neke « Juno 25, 1919

“lomentary and Jegondnry Hduentiom = Corming Schools and
Bnos Sohool, Coopepuboun, Hew Yok

College - Cormslil Tmiversity
1950 = 192 - Bacholor of Aris
1942 « 1945 - Tork fow Hesber of Arte
Mapeh 1943 - Toverbew 290h) Asglatentebip
Hapeh 19L5 < July 19hs ;“ fagulolagy Nopurbment
Hovember I9LL = Nereb 1945 - Assistontebip, Zoology

Dopaytnopt



Table of Contonts

survey 0f the I4tovaiure
Gomoral Prosedure and Lethods |
inalyeis omd Disoussion of Date
i Y d

Hppendls

Biblieography

I« 10

11 - 37

18 4 63

6 - 66
67 = 8

85 = 89



Hore thopm £ifty yoorn ego Hinkowslkl end Yeintraud
sugpested that there sre specles differconces 1h the offects
of pancrcobtectomy and thot thoso seem to be associsted with
the naturel dictary hebite of the animel.l Rocent rosearch
indlectos that theme Alfforences, vhile correlated with
dlokary habits, are a recult of the dogreo of astivity of
ﬁhﬁ.an%oriar p&%uitapy, adrenals, and poaslihly othey
ondogpine orgens.

Mintroweki?, Langondorgd, end Wointrendl, in qualitae
$ive studles on cornivorcus birds, such as the hevik, felcon,
buseerd, 5nﬁ raven found a m&rﬁ@ﬁ glyoosuria aftor
panecreatosbonys. |

Sinco then, Holscn, Elgert end Uirsky?, in o detailed
investigation of the cornivorous owl, observed am extrome
hyporglycemia following pancrcatcctomy, which could be
vapicd with food inteks, ond o ketosis whem tho onimal
fallsd to eat well, Death onsued ninc to twelve days
aftor operation duc to imnnition. 411 types of carnivorous
pirds inveatigeted shoued sovero dlabotie symptome after

pancroatic eblation.



Studies of horbdivorous bLirdso indlcate that they have
a mach pilder 4iabotos afteyr removal of dho poncreas.
Bornorab, Ninkowoki2, Welntreudl, Zaush?, and 0injed
did tho eorly work on plzooms, rooge, ducks, and chicliens,
Thoy diseovercd that, with a fov indlvidual oxcopliocns,
those birds folled to devslep glycosurlis or hyporgiycenmia.
jore aceurato and oztonsive vork has beon dono eince then.

Bott studied tho carbohydrate metebolism of normsl
ané depanercatised ehiclkons and noted the mildnoes of the'
dinbotic aymptome after pancroateotomye.

Ivy ond bia specelatesll obporved, in Gopancrentisoed
chioltons, & temporary hyporglycenmia sccompaniecd by a
slyconuris, aftoy vhich the bleood suger returncd to its
prooperative level and the birds repumsd thelr normél
stote except for digestive Ma&urbam@a vosulting from the
loop of tho oxbtornal goerotiom of the pancreas e.l They auge
pooted that tho miiﬁmsa of the symptoms right bo duo to the
progonce of extra pamereatlc inoulin producimg tioguos.
Thoy, thereforc, detormined that insulin was not oztractable
from tho tissuos of depancreaticed chichensl?®, ghoress, it
15 oxtractableo from tho ¢tissues of imtect birds, Theoy, thue, .
ruled out tho possibility that extrae-pancreantic lneulin
producing tiesuo was the agent areliorating tho dlabetes.



80ltz ond Ivyld found similer rosults in rosoarch
on the duck, s tranpitory hyperglycemia and a subscguent
potura to normal. ¥Thoy nloo neted that panorestoctony
mede 1ittle chamge in the fasbing respivatory Quotlent
in this ayecwalha

spregue and Tvydd, in a more camplote paper,
supported and payticlly ozpleined these resulte. They
concluded that thore is some change in the mocheniaem of
oarbohydrato motabolism whieh enebles the duek to dlsponse
with insulin, or that the lmck of motebolie changos ney
vo Guo 4o oome inhorent deficiency in the anterior pituitary
op adronnl sorbexe

Hiveky, Folson and Graymanl® have dene tho most
shorough work on the dusk. They state that in normald
duolrs thove o a considerablo hetonomie aftor o thirty
doy faot, Thoy contrast this with the dog and ocat,
oorpivorous animole, vhich show litblo ketopnomie aftor a
long fost. PFupthermors, pancresboctomy depregses fasting
hotosle in the Quek, vhieh agein is unlike tho effoct on
tho dog, tho ecaby and the owl rconbioned above. Thoy
oonclude that the tiseucn of the duck cen uhli-lm OROZONOua
acobonoe bodles, 6leo that death ia a vosulds of the loss of



the external rather then the internsl secretion of the
PANCIOAs .

They conflrmed end extended this evidense In another
paperl? where they reported studies on the welght loss
after pancreatectomy and concluded definitely that insulin
insufficlency ig not the factor responaible for this loss.
They also found no significent difference in the suger tole
erance curves of the normal and depancreatized bliprds., This
- paper emphasized the importance of the dietary factor and
gontained no evidence for the assumption that the anterlor
pltultery fector is the cause of the mildness of the
diebotes,. The birds falled to respond to anterior
pitultery injectiong, The authors aleo fed ducks on a
meat Alet and found & hyperglycemis of slightly lenger
duration after pancreatectomy. Thls, however, ils morely
suggestive, and the idea that the anterior pitultary defl-
olency 18 not the cause of the mildness of the sympboms
hes Boon thoroughly negated in work since thon.

' Detalled gtudles have also boen made on manmals.
Hinkowskl? bezan this work with his observations of the
offocts of panoresatectomy in the doge 8ince then the dog
and eat have beon frequently used for the investigation
of panoreatic disbetoes, The 1llterature on these forms is



vopy ontompive and well revicwed in other placopl&=25,
Thig litorature imdicntos that beth dogs and onbde dovelop
o gevers dighoten aftor tho removal of tho panoreag., Tho
offcots soem to bo ospsoielly aevero im the cets In both
animals, unless insulln iz adainistored, death fyom
aeidosie will snewe within tvo weeks or loos. LHypore-
fAycenie, glycosuria, kotosis, high urinory nitrogen,
ond tho other olagsic nymptoms of sovere diabotes are all
prosonte '

The farrob glves o pimiler response to pencreatectomy?S,

The intenmsive study of dog dinbetos hes, ia pows,
baen inopired bovause dlabetes im the dog is oo lile thag
in nane Information on hwmmen dicbetos has alouo beoon
gained through the study of clinlesl capcde ‘ﬂmém, howover,
soldom involve complete lopg of tho panoroas. Thore avo,
duo $o obvicus Gifficulbien, fow roported cnges of the
offoots of totel pansreatectomy in men. SwoenoyEl, ond
Rickotto, Drunsohwiz ond Fnowltoen2l, nowever, have hed the
opportunity Lo cboopve and report on such atnes. Thely
cbpervations sustain the theory that the dog and man havo
oimiier ronotions to Sotal removal of the panereas

The rat, doapite Lito Mn@ab and conveniont wsgo as
o laboratory animnl, 1o also & 1ittlo uweed subject for the



siudy of Che offocte of totel pancroatosctomy. This Lo
bogopse the diffuse charagher of tho rodent panerens
makes cueh romovnl lmpongible. Sheplro and Pinmcuptd
guecocded in o proboblo complote removsl in thip gpecles
s founéd & aubseguont wopked hyporglyoonis vhich was
maintained for tho 158e of the snimsl. Thils 4o not dons
olunivey bt tho ueo of clloman vhich destroys thoe lelets
of the paneyoas hos oponed $he poseibility of study of
nooreatio disbetos in the rat,

Thoe nonltey coems bo dovolop much less marked dlabotio
pympbons then any of tho ebdve mnlmals, The litorature
on panerectostony in this enimel containg somo conflliobing
posulba. Collip, Solye and Youfeld30, and Chapmon end
Pultond? foumd thet oithough tho menlkey suffers govers
welght lops, oven with the adminigbrebion of inuulin,
¢ can swvive pancrectoabony wvithout ineulin fop poveral
nontboe They nobed thut the wympbons exkibited by
depancrontizeld norkove wovo simlley to thoss of the
Gopanoventizod-adpencicetomized, or depancreatizeds
hypophysectoniged or "ousstay” dopn. Retoduris was
obsorved directly eftor Operation, but &lseppocved olght
%o fouptoen days latop. 'The anlmels reedily Baem
hypoziycemic on favbing, but even thon no kotone bodiee




appeared in t¢ho urine. 7Tho bleod swgers flockunted
widely and tho fasting nitrogen ezerotion inorcapcd,
Animals lost wolght merkedly and died of inanltion and
digestive disturboncep. NWo onimale dled in eeldosis.

Mirolky, Koloon and Blzartl2 had obeorvotions wnii%o
¢hoso abovos Thoy could malntaln their cninmels by occreful
Mot and inculin without the aevero welight losecs noted
in the ebove works When inculin end food were withdram,
thoye wos o rapld Gevelorment of mestonemia ang the
onimnls @icé in o Qicbobic aeldosis, very slmilay to that
choepusd in min. . o

There 4e 1litble in the above papers to account fop
¢ho Gisperity inm the veaulte. Ons,; howover, might oxpoet,
tuficing from the lmown dletery habite of tho animald, that
4o work of Collip erd ulton end essoclates indicetes
the ¢trucsl ploturc.

Tho rotbit, es one would expoct, hes alse shoun &
miid dlebotos aftor ponorentectory. Orecleydds 34 porma
thot tho yobbits would survive es long es four monthe
withous inoulin, Doath then reosulted from digestive
wpootio, yothor thon from tho losp of insulin. Hypop=
glycomla 414 cocur in thoss anlsnls after foodlngs bub
thore wes neither ketonomic noy acotomurin, as mi,s.mhed



by qualitntive tocts.. The dlood cumsy lovel could Bo
dopropsed by fostinge

StuGlon on tho plg, an crmivorous enimal, huvwd Deen
of intercst in comnection with carbohydrateo metabolinm.
As Imsl says, 36 is tho Yeugwome converter of meize to
onimal fat”. This funotion soems o bo medioted in gome
way by the blood sugers |

Carlson and sssociatondSs 56 in rother incomplete
gtudliosy found & mild dledobop after pancrentestony in
the pige

voloth oné Dveleth3Ts38 nave wopt

Fonhydrate notebollom of tho pigs

Inkono9 then veportod more complotoly tho offects
of pencvestico rormoval in the plre fo found thot the
onimale fallol £6 18vo move then fifteon days, bub death
wes fyom digeotive dlsturdances rathor than from acidosiss
There was o merhed Letonupie but 1ittle or ne glyeosuria.
Iafome thought this indlcated thut, although the blood
ougar ie rziped by panoroatestomy, glucose may be ot
worbed to fat vith such feoillty thet it escepes extretion,
also that in tho presonce of dlsturbod carbohydrate
utiligetion, faot is bmeﬁ in ewecapive quentity, giving |
rize to the hotommwis. The piz, sin@e 1t fells to Ag“mﬁ\me

Q out the normnl




aoidonio, muet have an unusually effective mechaniem -
for oliminating orgonic acids. Ho belleved that the

nip hos some ospential Gifforence from tho carnivoro

in the kind end dogres of its mntorior pituitary funotion
ond thet the functionnl state of the anteriop pitultery
oy somo othor ondooring notivatoed theroby o yosponsible
for the mildness of tho porsino diabetes.

The goot, t0o, haos & mild disbotos afteor popcroge
toctony. Lnkongh® found that tho pymptoms oboorved after
-opoyation wore similer to thése in“the plg, Thore was
o lov glucose oxoretion and a relatively lov nitvogen
ozovetion, The animel msnifested a certain ability 6o
utilize corbohydrate and ehowod, in contrast to the pig,
i1ittle or no ncetonuria,

Tho above literaturo indicates that thore le a
spoeles difforonce Wolvaﬁ in tho voprictions of motabolic
changos that follow punoroatostosy. Thils difforencs i
sorrelatod with tho dlctory hebite of the animals Removal
of the penoreas in tho herbivore results in & rolatively
miid digbotes whilo in the cornivoro it vegults in & more
goveys dlebetos, Mo roferopnce to tho study of the offects
of panorentectomy in tho oalf haos been fourd in the
1itopratupo, Wo, therofore, have undertalken oome cboervations



on the chavacter of carbohydrate metabolism iam the intact
- opd in ¢ho depemerantised ealf, The rosulte imdicete
that tho oelf offords enothor instance of a "milia’®
 gQichotes in an snimal following tobal pancyoatic ablation.
Thoy 68 further to tho ovidence thst asvoro disbetses
doos not cocur ia tho horbivorous animols

10



fonerel Prosefure and Hothods

i1

Three bull ealvee vore used for thls problon. They
ware obtainod from the Cormell Univurelty Fermo vlwn they

gors ahoult four days of sgo. Ulaba on thelr egse and welighbes
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Calf I

- Teoed
Dage of Dipdh

~bato of atavt OF
oorieol exporlinents

Dake of Panereatootony

Hoopriliced

#0nlf I dled folloving ﬁﬂ@@?@éﬁ@@h@myo

Hﬁl@h&in

July 16

Hage 7

L

Boplae

Bopb h&

2

Wolcht in Poumdg

duly & 1k
fage 16 130
ooee 2 140

comploting of & mizture of 2700 ¢e. of whols milk

Goae 32

Yopte
Sopba

amgﬁ@
Cele
Qabe
Oohe
ot
¥ 21

e

8 Pudt O} feud
= adly

Sk

roe

85

Omif II

Quernsey |

Magumt 25

Sﬁp@- e 9
Jepte B0
Oot o 3.9

Calf ITT

Sent. 11
Bepbe &
3@@%» 26

'ﬁﬂ‘%og}

Oty 31
Sete U
Oet, 21

e, Tho onlmols were noreally fed a Liqul

of uaker, and 500 66. of llme wator twiee dalily
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o 2100 Boll, The bomporature of tho vosulbest wizbure
wog elvaye raloed to 95° F. vo 90° Fo O somo csctelond,
homover, 1 was ueeonuedy e vary the fesding mv%mc Om
4o fivet @ay follsulng fosbling perieds, the nilk fed wes
sottaeod to ono«hall the amm?s. dally volume ewd giveon in
woe feodingsy simllorly, iU wes padueed to Shpoo=fourthe
woluso om the sosond doy end was relmstated to the pre=
Onndlng quantity on tho third day. 7% thils propofurs wO0
not coymilaed out, the auimals lmvariebly develonad ‘?a@sfsum“o

Eﬁ»ﬁ@t’immiy folloving ponoreatoslony, Sho adninistpe-
siom of Food was etapted gredunlly. 7o alloviabe the
iadigostion whloh might powelt frow the less of pangrestle
Mlgo in the lnbesblnme, twd grews mif sangrentin (Fopok)
woro bAGad te cash querd of milk. Hwven with thio procaution,
the cnlmnlo devoloped somo digeabive dlaturbenoow ond Poe
gelred fuether medificetion éf: the fecding sehodule to neet
¢holy 1n0ividusl eondlilong. I% wao upaslly poupidlo,
Lowerer, o got them eﬂjﬁ%m Lo Gwo Guily i‘mvlmge; oaeh
of 2800 6. of mille | .

iminre During & g)imimﬂmy poried,

s cpimale wowe Nept in a squave pen (7 feet n 7§ oob) with
sopaw litber. Thoy remalmed in this pom whils lesrring %o |
awiuie fpom a pall. Tollowing this, ChEy Were ﬁméﬁ to & |

sbonchion md given tive Go botome asenstored bo handlilng
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and So thoir surroundlinza boforo the toste vorc ptarted.
This all roquired from ton to fourtoon days.

Tho stanohion wee built of wood with an elovated plote
fors vhich contained o removabls grate undor whilch a Jar
could bo placed for tho continuous collection of unconben~
innted uprino (Plato 1). A% ite fyont, and on ocach sideo of
tho animai’e neelr, parallol uprights werc provided to hold
tho oolf in tho stanchion and otill permit it ¢o lle down
or stond comfortably. Undor those ciroumstoneos, 1t ocould
romala here conbtinuously for many deye. While tho onlmel
vas a%anéimg in tho stenchion, dloed somploa cculd be
drava from end glucoso injoctions be made iato the Juguler
veln with cnse. Aftor preliminery training, it was pooplble
to do thoso without unduo ezmeitomont of the animol,

Control teste. Frooporative centrol toste fav bléoa
clusosos urin glucoss, acetone, and nitrogong and gusayr
toloranco follouving tho injection of 1 gme of glucoge por
Lome of body wolsht were comducted undor norrel opd fasting
conditionse

Prooncrative earg. The care of the animals in proe-
paration for tho oporation was mood importont. .Threa anys,
ot losst, before pomercatectomy, the cnlmals wero rormoved
fron the stenchion ad pleced im the pen whoro thoy could
omoroise and hove failr freedom of movement. The daily food



vation was reduced to one-half the usual level for two days
and then omitted entirely on the last preoperative day.
Water consumption also was roduced on this last day. With
this procedure, the animals were in opbimal nutritional and
physlcal conditlions at the timo of the operation, |

used as the anesthetle, dissolved in sterile water and
injeocted into the jJjugular veln. A safe basal amownt foy
cattle 1s 6.5 mg. por pound of body u!.ghtm. This was
glven slowly and the amount was inereased as necessary.
In these experiments each animal required at least 9 mg.
por pound of body welight for perfect snesthesia,

Following the injection of the anesthesla the animal
wag preparsd for the incision. The hair was clipped from
an area on the right side extending well above and below
the last rib from the middle of the back down past the
vontral midline, This area wae sorubbed with soap and
water and sterilised with 70 o/o alephol and then palnted
with metaphane,

By use of a speclally constructed hinged tadble top,
the calf was supported sc that it rested partially on its
back and partially on 1te left side, In order to faellitate
drainage of the profuse salivetion, its head was allowed
to hang over the edge of the table,
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The anlral wae droped wlth a gtorile Tleld oleth
wud bowels go that only he aver of incision ves ouposed.
Apopbic toolmlque waz cbeopved tiwouchout tho opsretion,

.‘.gs-w “The paneroas s irregulerly cuadvrilateral
iri form, and lles alwont ontlrely to the rlicht of tho medlaen
ndonoce. ‘The dowsel gpurfeee is relicted to tho livur, pight
Tidnoy, coupe of the dlapbiagn, posteplor vens onvn, o
mmverior noacentepie ppboricss covoroed lapgely by peplionsum.
76 is attechsd o the liver at and laboral to tho pobal
Dlocews, and 30 the crwn of the dlephragm. Bobtusor these
adthesions 16 ls freo and forms the verbysl vell of (ke
epiplole foramen, On the right elde 1t ouxtends boachwerd
beyond the caudete lobe of the liver botucen the laywe of
the saaciucdoniiie.nofe 1% 1o roleted dorenlly Co the pighd
Hdnoy end By 1o voniroelcteral border So tho rotrograde
port of tho ductenun, The ventral .. surlace i iR oohke
tack with tin doreni corveiurs of the runen ond lmtesting,
Thowo is s deep moteh for the portal velim and hopntle
AGOPY eoo HEYC soo i loft out
doropally to the ovug of ‘t&w aimy

FODLICY oo0 1B Polated
PRI sco GRC L6 aChurend
ventvaliy o the ranen. The pight eyt .. L1z Ofbon
@lvided into Ltuo DIUWGheBess"



Opepotive mrocedimre. Oalf T, & trenevoreo lneiglon
‘won made just Lelow the last Pib on the right side of tho
eninel. Thio approach wes unsetlafactory.

Calf 77 snd Crif I77. A vomtiral nideline inelsion
plsilar o thob uwsuallv ermploved in pemercataecbomy 3n the
dog was uged, By blunt digsecetlon, Lhe pancroon was
sepdually frced fron ony edhoring sthuctures. IU was
noesible to remove $he crgom almost inteot ap it ues
falriy woll (nbegroted In those eniwmals., 8inoe the portal
yaln glves off many sncll brancheos to the pencreas extrane
oo had o be teken ©o aveld excessive blsading {vom those
dronches. <6 was nod, however, novessary to lizate mony
ol thowe vepsolse

The opereblon requirod aboul bwo Liours and the anlmals
apparently oxperlonesd 11ttle or no dlaburbuneo due to the
cpapstion iteslf. Infoctlon was sbpend inm ell snimels.

2agh porben emaninatlon indlcebed thet pancrontle
vonoval wee cdnplate in ouch sese.

Pogtoperebive gere. Thie is also wery lmportant. The

anleal was pleeed in the nem until 1%t recovered fyom tho
woebdesie and seewod noreel. Thiz teck aboud 2L hewry,
#hite under the anesthosls, the onll was Lept uam and dry.
Tm order to aveld eirsulstory compllestlons and pulmonary

senceation, 1% wes ¢ [lret turned from eme sido to the

16

.~
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cthwr and thom, &8 it pegeined soneciousnens, helped o
pbar] at freaquent lntervels. Peeding wus peosunmed gradually
m"‘&;ér & pootoneratlive nericd of shout 2 housp. A8 cuon
o3 the animels econdition would permli, L1t waos returned GO
t.‘éw stanehlon where urine and blood eolloctions spuld Be;
sl Y

Tepts and mg ggﬁ@ The Bomojyl-Shoifar-liartnenn
m@%z}mdw wae nood for tho dstermiantion of bloed and wrine
~iueese. Urinery nitrogon oserctlon was found by tho
" lsldenl pmeedumhi&n Tho asetono conbent of tho uwrins
wes dotermined by the mothod of Ranviml®, rost mortes
Hver and muscle glyeogon peroentoges wore obbalaoed by the
(aode-fpamor-Sono iyl m@‘hmﬂ:f&éu Qluccce tolesranece tesls were
done with the injectlion of I gme of gjlusowo per e of body
welshte AlL tocts encept ithoge for liver and meaii,@
mlyenson were s on bobh fed and Josblas anicalg. Ionurol
tosts with those mothols wore e prlow to ”;axawuammmy‘,

ahee appondis foy detells of methols.
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Aanlyalin and DMoovesion of Daba

-

Slugeng. The glycemic level is & balsnee op
eauilibriue osteblished betweon the ineone afvg“uaﬂae inte
and the outge of slucose from the bloed. The sources of
ghig inecomo are sbecpbtion of glueoso {rom the indeebins,
_giyéog@nelysis in ¢the liver and glucopoogenssis in the
aamh organ. Foliowing hepatestomy op eompl@@@ degbruction
gf tho llvop throush dloosas, all sourcea of glueose ANCORD
are sbsent in tho feptine amimel, Loss of Llood gluocse
MRy ogour ag B pogult af»giyeog@n storago eithar In e
liver or mmeelen, eonvergion of glucose to fab (prospumebly
in the 1liver), oxmication of zlueoze by the tisau@é Tor
onePsy purposes, end ok times oxerstlon in the urine.

The average obeerved mormel tlood glucoss for the
colf wes 81 maomo por sent (por 100 ml, of blood). Soe
Table 3, Flete 2. Thig ie about 30 to L0 mun. per cent
nisher than ie found@ in novmol adult eaitleh’, ruping
fogtlng statos in the normal oelf, there wee & Arop of
gbout 60 per cont in the blood auger level by the gané
hour. Dy the 67th hour of festing the blood glucese lovel
hat eomrenced to rleo. 26 Table 2. Dy the $0th and 11i%h
hours in calves IT and 177, vespeetlvely, tho blood supew
hot fallen sroin, Tho riso noted after the initial érop in

Blosd slueose level wes due, in part ab lewet, o the new-



formetion of glucose feom proteln, glueoneosenasin. A
socond possiblo cowss of ke dlood surer rlse would Le a

fooroase in the obility of the animel's tissucs tc onidise

rlueose,
Tablo 1 ,
WORMAL DLOOD GLUCOSE
‘ Preoporeatlve

Cledf I Caly TI Calfl 3IT
Deke o/ Dabe. . . Mmeole  lste . lsofo
S 70 9=6 90 o2 66
08 o5 Quly 8o Gep2 6B
8 ol Sl 81 Qe23 B2
G=10 o Headh 86 9=25 T4
Jelld al el 86 926 7
fed2 82 P2y 92 G20 ak
U=16 03 Geo?7 88 0=} 77
J=21 81 avorops 86 swercpe 76

G380 75
hkvernge ge

“he mowmel blood glucces renged from 66 mg. ofo Lo 92 mg. ofo.

The average for the hpee emlvse wes 01 mg. o/6.
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Tablo 2
BIPNOGSY AND DEOQOD ALTICOBE
- mppoporative, Fastlag
fme. / keme / Gay faohing uplnary nibtrogsn snd lueope
sauivelont end Fo. o/0 fasbing blood clweose, in onirole

hofore prnapsalactoany,

. Noura Blosd Trine flucons
S =1 DU 1251 Fitronen . . Houdvalin]

Cnlf I
vy

o o13 o7
gi | 5 o2 o(5
57 &6 295
9. 19 026 .95

3 A 1.00

Galf TT

. J6 2 '
f};‘.oﬁ gq °a Ly
% ﬁ E B

3] { ogé
’-g 37 o

0 Avovage Formel Ynlvos
2 fosovory




Tho socontad exnorimental mothed of egbimating
auwmbitatively the mopnitude of Fluewneonenssis from
arotein in the avlimel body involves (he determinakion of
¢he quantity of nitropen @ﬁé@ﬂ&a& in the nring. Uitinately
woet swino melds are desminizsed in the livapr, thoe nitros.
genong fractlion belng ozorstsed Iin the urine ag ures, Upine-
nitwogen 1 thag aa@@@%ﬁé o oa faly index to Liver glucoe
meozeneslz., In the case of festing eslves, tho urine
nisposen lovel vose es the blood nlucose 10vol Felld, {Bee
piatas 3, L, §) indleating an lasroased gluconeogenesis

ot a tPimo vhen the anfrels were 1n danger of doveleping &

lav Hlend suzar as o yogult of deersssed aupﬁlia@_fw@mggﬁhér
r220
gOWreod. . Tho urinary nltTogen inéreasod %0 par cont, 67
196

por cent end 3% per eont, Pespeotively, in oelves I, II, and
TTI during & 90 hour Tagt. & drop In urine nitrogen was
tran nwotod In colf TII in whieh be fapt weo sontinuwed fow

& loncer peyicd. (See Table 2)

& theoretioal analveis of tho melabolie problem with
wioh the aninal is confronted and Leged on avallable ovie
donse from verioug sources has proved enlightening. In
Bhls menner one la eble to ascerdaln roughly the gﬁyﬁ plaged
by cael of the factors listoed »bove in the nalntonanse of
the Dlood suger levelss Velng tho date for oslf ITI (Teble 2)

80 OoP a3 possible togothor with othor gonerelly ﬁaeey%ed



Goba for the dop en expmple ney be glver as an L1lugipee
Bione The aninol wea lsstlng, thus slinminsting @iiw@mﬁayy
Uhueﬁi“'aﬁ 6s o faelor.
aaﬁlm&r axd hﬁuBLf here slorm that tho hepmbontonlsed

Gop vihilen ed beon previovaly fed an svorane mixed Clab
of corbolydraten, protolne, fate, ste. peguires o conblne
uons intrevenous infuslon of glucope ab the rete of G.25 gs.
per Ygre Lody welght per hour (6 emp. 02 ¥rTie Hok d07) S0

irhedn the normel Mood suger levels, This would Indicate
G the nowpal Lived umy 3l 33,; zz{, g o the Bheod ol
tis rebte and, if @:é Linod ongar iz Lolng maintelned &t &
ocomatent levol, thed the exivahenaile Slssves wore wtilising

- -

bioud suzer ofb Thig same Faites Sinee the 1lver e a up
ahout % por cont of Tho Lotel bedy wolzhl or 30 «me. pob.
Yromie, il QbR ovarnpe [iFEdnun aopbent 1o © uev cent by
wolstkt, ,.t 3 c..a%@h:msmtu aboveso ie opproxlmebely 3.9 ude
Sincous @Q@aival:m b oper low, 0of the total body ?-?Gﬁgf‘;h@s Pop
am:a;;&m@:ive parpoass a1k caleudat mr.« will be Y)z,;marw)k} o the
e body welshte. IL thae livep ¢ lyeogm wae gonnletoly
ublliged and the Bole avuree of blood suzer, 1L would eneble
e antsal to melnGain 1ts Yloed suzer ob ihe normeld level

" gor 6 hovrs only &b Ehoe above rote of jlucese ubllizedionie

Doyomd this length of 4ims, other gourcen of blosd sugey
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would bo requlived Ter a fasting animel %o prewvent the
devolopeent of i‘zg‘gmg;l?a%ﬁ% mlegs the rote of oonELIPT lonm
who &lso ﬁ@@?“éﬁ@ho- Hovewyep, he animald aninbeined o ialyly
rood blood suzer lovel fop over 130 hours (sco Plate 8).

- Lnother péaﬁihlg sonpcs of th@»ﬁlﬁaé gusar feguircnent
"o salintnin the nowaald. -;:fi:ymmc levol 1a clusonsooaeslg
fror protein by the Liver. Uslag the Trinery niitvozon ase
wn indon to the mmonitude of thia gmnceaﬁs the Following
equivalont vnlues are now aceepbed ag stendaprd: 1 ome of
nrinary altrogen 18 retabolieally oguivalent to thio ¢atae
holiem of 6.2% gre. of mrebelns To ghlopisinised dogs, 1a
wideh 1t hes boen easuwnod thet the total sugsr eynthosized
foos protein by the iiver iz emefobtod Ln the wrine, ¢ie
winery clveege: urinery altrogen votie (0/F wetic) hme
boon establishod as 3,65/ Thus £0r ovory 6.85 sremn of
- meoteln ostelioldised, an eceovmed mexivvm of Bo.éﬁ;gmmmm of
rivooge mey be produeed, in other words, %.65/6.2% or 58 por
oent of tke probeln antsbollzed wmay be gonverted U9 plueoms.
This ls at best omly orn eppromimation, but is quito generally
aployed in motabolic sbudiss where suoh calevlablons G
- desiroble,

In the present cunerimonts, the glneoss sguivalupts of

d

Lé
plueoneesenenls from protein were ootaln by wultipilying the



aurboy expressing the uwlsery nitrogen lo goue/irne /luy

o

5,66 (Table 2. Iv cglf TIY, whlch had the aexlos
5 3

valuas, the o hour fasting svorcgo wat 1.0% muge of wrinery

o~

niteopene $he aplm 81 wau fostod fop 13505 hourse Thug the

ghoopetical gluccge producilen by Jluconeossuesis fop this

pepled would be 106l greo while Lo thecs

rebical gluoose smqmz«,ﬂwt o meinbain the ol LiooC
suger level would be 020 smte % 1385.5 e = 3Ll pre./

e for bhe puwe pokiotds

The Llood and @é’ﬁi&“&@&&i&zl&i’“ 'bﬁuy fluid are a&dﬁi Llonsd

pourtes of eebabolic ZInooEd,. éhﬁg chengs in the level of

blood glucese lndlsetos a dist u:s* wed equilibrium Sotueon

insono and oukgoe BDoseuse of the veady diffuslon of glucose
botween the blowd and Lody fiuid, & 4iffusian aQul 12,

';'.L:-:rﬂ‘aé;w to e sptablisboed. Uoesuse ©F this the oxlecellulory

Liuid glusose coneentyatlion woy bs gonsldersd to Lo Lo

‘same o9 ehat of the Plood, Whw tetal tlood mand (laoue

£Acid voluma indbo whieh glucose Is readlly oquilibreted has

peen dvbermained e b sguivalant Lo -ve one t.ufa of the
body welght or 3%% als per kge O body migﬁtm@ Sinoe
Y. bloed slucose ievel fell Irom 78 mame por cent to L2
mgte pep oot (3% mgwe pur 100 @le of bloed), vhe zugar

palence iadleates a ubilisetion of <

> 2 06dd7 GHEfe

et



Of glusesc por Toee bofy wolshd In omoens 0f loodis,

COther pogslbls sgurcos of blood gluoonge ars musole

L3

plyeopen and Lody £ut. Thei any greal quanbity of olucogy

&

A

avallovic o the blood arinos Irom Thogs sOUNQEY 200
doubbiule .Ifﬁ.'%w.w'@?g eortaln asstpblone ory be made as
thomretlcal posalililitles, 1-11‘,19101@ simoogen in pavar &
Qimoet aourge of DIlood suger, {?ﬁ.""ﬁﬂﬁ?ﬁﬁ‘\olﬁ*ﬂﬁ.ﬂi in rreeles.
wwocduses 1ootic acld, nob glucose, Glugy tho Oostes iy
Tewdlly converted into Iwvecss andfor [lyoopw br tho Livow
pasale nlyoopsn oy DUGoe an ICLroek buy uot & dlrect
amares of Dlood sussr. Mosels w:;mwrs lavals are fairly
weld saintalng m durlng ntervetlon end oven iv dlabwbos in
posag animal m;mc‘.’;aea Tn ¢he twe dlebetle animely cbtudled,
thoso were within the rnomal 1inits, Lolng 3.58 o900 cont
and 070 per eont. ACGLEIomel worlk needs $0 be done on
SRl part of thd prohles; bud assupdny e exbrars musele

clreogen logs of 0,0 Dep sant, there ls ebill o weirlod
dafielt in "stmw BONLOG

Tine mtmalfm of the snizmal body mzagmm ab@mﬁ . ’5:3‘ pep

aent of the bedy b:,:l velzht op TN ane e m%" brome Dodyr welght.

Agnoning & overase mmgele clreocon lose of 005 par eant,

PR

-

le would pyodues & negnblve lrbelange squivalont o

ENG 3 0% _ . o ' ,
ﬂﬁnﬁ%@—g&‘ = dof 8o ©f sineopa pwr Nrgme body walihbe
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During the Sobtal fsating period of 1%8.5 hours, the
snimal's body voight decrecscd frowm B0 kpma. &t the outset
to 3% hgmq at fte terminotion, o lome of B8 kgm. Losuming
thet 20 per eent of thlo wos due to lose of body fab, the
rotabollc fot would then bo 20,2 3000 = 2700 mes. ov
%82 2 71 gas. of fet loss por hgw. of initisl body welght.

Since glyesrol cen be convertod o glucose by the
1lver {glusoncogencels) end body futs contein sbout 10 par
comt of glyeerol; the motaboliec use of the abovo czlculated
Ledy fet might produce o maximel quentity of %&Q 2 7.1
mags of glyoerol and appromimatoly T.l1 gume of glucoso.

Sugmarising the possible souvrees af'g&ueoéﬁ for the
150.% hour fasbting period, ve heve:

1, Tivor glycogon msecesececuccwmwmcwesas 1,8 f0mge

2. Cluconcogeneeis from proteln eeee=ellol mms.

3. Bloed ond body {luidg «- - 0uellT m@e
Le @1yc@roi from fats e mmo Tol 6o
o Husole plycopor ecvesscecwes 2gS rmgo

Totol sem=e 231,817 8.
&n analyeis of the data shows olearly that oven with
whe agesptance of those oudslids values thers romglng a
marked deficlt in the carbobydrate balanes shaot for the
totol animel body. For et ¢the theoretiosl glucono
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utilination rate of the normal snimal recelving o wired
Qi%% the gluoese proguivrement for & period of 13C.H houss
wonld be Bhed grome, ho calouloted cerbobydrate sowrces
vould ascount for 8 mazimum of 21.917 gus.  Elther sono
aditionel gource oF svuredn Of glucose voro ovailablo to
tho anipal, o the conpumplion pabe of gluoomse wﬁ@ lowes
then the theoretlcal lovel of (8% me por koo per houPe
wvidence that o desponge osours in the ablility of thoe
. tlsavoe of faating eninele to oxidime gluwcoge iw avalleblo
Iron various soureca ®, Tt has been combended Ly some
vorlkersSl that prolonged festing results im almost 1f not
gaplete lesp of the ghllity of tho tlasues bo so utlllise
curhohydratos.  In the proeont ezperiments thle trend wes
Indlested in two ways: (1) in the soscncery rige of bleod
gogar during fasting, and (2) in the glueose tolorance teste
donoribed belowo | |

5% the beglaning of a perilcd of festing tho hyaledyst

of ilver glycogen (giyoorenolyslsl) %o zincoso ie canﬁlﬁageﬁ
to bo the firet phyaiolopieel moghenlom called into sction
to prewvent the fell oi Liood aug&r; In the norwol arlnal
this proooos nover lesde to complote oxheustion of tho |
1ivep glycopen ebores. Cori® hes shown that long bafore

such exboustion take Hlaco, counter mechomiems ecnslebing



in phifts in favor 6?.@aﬂagennua fab ond protein motobollam
osour. With the lnoreased protoin metabolism there is aa
aoconpenylng lnorossed Fiveonoogenesls. 56 the outuchk of
foating this Initial bHlood sugar $all aampa&&%ﬂﬁ wlih
ubillantion by the tilssuves 1s reterded hy'giyao@@molyaig in
tho ilver. Thias ip soon supplamonted by slusonoogengals
groms (1) endogenous protein, (20 glyeerol of endegenous
fat metaboliom poselilly, and (B) laectic aeld erising in
the musolegs. Those ednbined glucose CoOUrcss Lowovey, are
inedeguate to meintalin novmel blood au@a@ levels, the bleod
pugar {alls, Definlte desrsesod gluedse toluranee crives
are cbiained by the fourth day of fast. Thie landlcates
goflelent cluecse vtilisobion by the animals end is probablyfl:
the pelmery Tootor ecneormed with the sceondary »ize im
Dlood super uring Cfasbing. (See Teble 17 end rlove 6)
ginae the urinery nitrogsn onoreblen rises bto & manisum ab
about thiz time (See Flatos 3, L and %), gluconsogonssis
from protein may Lo a godondary ragtor alﬁhaugh quendita-
tively it 1s inadsguate to explain the total rise.

A result eormonly spoben of ag the 5&&&@*&#&&@9@%
rhonsmenon ooctrred i Oelf IT. Fellowlny the fivst feelding
ob the teomminatlon of e fasgi, o rether morked hypevgiyoomia

and glyeoguria Gevelopads (Sce Teble 7) . This ie Irequontly



pnoken of es umgsr Aledbedes end ls rolated to the
dooreasod rate of @1&.@@&5@ utilisation by the cabtra 2:@@&%5,3?'
tissues. This 1z probobly exgrevoted by an existing
olovat.d gzneonw&gtm&. me  The two sowrcos of blood suger
tond o summets and thwae ralee the Llood suger above the -

tidmey threghold for thoe pubstenony hanee the glycosuria.

Plood sapplcg were teken at [ A.M. with the animal in as

_ .
NGOTiF a pwte@e-#gﬁ%@ atete ne poaslbleo. Othsr camblas
ware talen a8t 6 Poile

- The enimals wore feod, unloss othorwine lnClested; af

633}} A.Me amd ot 23500 Fa.’}i‘{eg 2200 eco. of whole ﬁil:tﬂa 500 ¢eo
of watopr, YOO cc. of 1lpw wabley end 2 gme of iepek pemeroatin
per liter of milk. ,

Cg»tw ) '

The /eheve bable indlestos the offact of feading ca the
bloed glucose level, The foating values were mueh lower
thes the non=fasting valuos. '

The &verazes {Celf IT, 151 mg.ofop Celf 17T, 226 mg.
o/0)for tho animels on o nonsfasting roglme, of the morning
pgmples vhioh were taken bofore feeding wore less tham the
averagoe {(Celf 17, 280 me. o/0g Calf TTY, 360 me. o/o) for

the evening samplos whlch wore taken after the fesCings.



in whe gelf. PFollowing panercatoctomy 1n

he colf, tiee glyeamic wow pelatively proportlonal to the B
food ipbelo. {(Bee lPlate T and table B} urlng porlode of
fendling o blood sugee lovel rose to dlabotlo devoln, whille
during @mricﬁs of . faptlong n;pogija&mim Govgloged {ioe ”&azﬂ e
ené 7eble L)e On &ho voutine dlots howsrr, the Bood sugar
Loweld did not rios sbove 975 tome pev cent, teble 3 ond plate
Go The wrimery factor in the production of diabetic hypors /
siyoomia in the eall ie dhviovsly related to the dlet. Thils

(icht be due o the atsorphlon of glucoue Zup 8¢ oF to eme-

14

gonoue glucopeneogenesls fean Gletary protoln, «bt. In the
liver, Roth pﬁ@banlv oiay 8 part in this w&leg but the latter
uﬁ“@ﬁ?& to e t&a nmjaﬂ TBetoP. %ﬂﬂaﬂanaua “iuaameahan@aim,
adiboush mwma@d above Hhe level 1%&1& in norpal onizels,
e By lteolf imsuificimnt in wegnitnde to meipdsin oven &
nermal blood sugzar leesl as is ovidenegod by the hypoglycemla
vizich dovelops when theoe anlwmals avs feabods

4 mogond faetor wWich ﬁ@?&l@ﬂﬁ during the flest 3 60 §
“dmye foliowing pemcrabeetony 1s the relstive deorosse in
e @blllty of tho oxbtrehopatio %lasucs Lo onidime ylueoge,
100, B0 ubllize ocuybohyiratos.  This 1 an impertont leetor
in determinlng the Guaresped ;lucone t@iﬁfwmaﬁ-mf e

Alnbotic arimale A third factor s &g E‘*@laﬁ%&?m 7 Geficiant



giy@d@@m storase capacidy of tiw liver. Thlg, howaever, i
po%. nrfeetod o the save cxtent in the dlabutic osll as in
diabebic doga end cats im uvhioh this functlon of tuo liver
eppsarg Lo be almost votally lost. 4 combipailon of the
bieeoe fnetors Just moptloned, nenaly, ilncryaged slucow
LPOENesl e, Gecrensad Tiucose utllisatlion, @i deoretsod
cingcse gtorage in tho ilver, will odoQuabtely acoount JTop
e hyperglycemia end 2lroosuris affgélfe Cwelovsldy the

slyeosuria is sssomdary 4o the hypergiyesmlia, thevs le wo

51

svidomee thet the giuvoose threshald of the kidaneye is lowored

An ﬁiab@tmgb but what evidemee thore s would indicete thatb
Lt may e raisode IE is fmposgible with the avallable dala
on the aelf to ageortalm, with any dogres of sertalinmly, the

palative ispoptence of tho cbove mentioned feetors in the

ocontrol of carbobydrate melebolism snd the dlsturbonoos

nosoclabad 9lth pencrentic dicbetes ia thiz spuelos Fgpreh ap

anadysis of the pwohlﬂm, however, may help to prosent a
closrer pletupe of the procossas lnwvolvod.

The normel liver regponds to ingeated pluscse, ond
glyoogenie substonecos wiloh tend o prodoge oan loereass la

nloud guger, by'ﬁ@ara&aiﬁg its oubpat of pluccco, Thisg

output is effeebed thirough blﬁaeganolyaiﬁ end gluﬁ@ﬁ@&g@m@siso

“hilm (e oxogentus suooy inecme touporerily deprocpes g
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Tablo L

DLOCD QLUCOSE
Postpenoroatoestary Fasting

ool glucose &;paﬂﬁnﬁlg rose alitw thlg Eg@ﬁaag amﬁﬁ
docreased Goaln befors the nort sample. (Soa Plate O)
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replescn the proveiling oudogenmes supply ond pocBs She
capnlrepents of the tigswes lov :;,3. Ueost, Lf B SEeERnoud
goures of pluoose 1 tihuw wado availeble ut o Lime vhen

tho endogenous glusopcogenic process ls procgcding nt a
,.3”4 ilevsl, the $wo swuroos of suger lncone inby ¢he bleod
woud tw suwmate end oroduce & bemporery hyporgiyossls and
8t Simes glycosuris Steubeiraugott shonomenon)e. A sdjusbe
PRty howevey, L8 goon mwds, ospecially Ly peponied admine
letratlon of cxogenous carbubydraio goupess, whleh Lix pabure
it one of dooroased givoemeopenesis fv the llver. The bloed
glucose than reburns o noruale Tauls funotion of the liver
grmears to Gepend upon §ho proper klmnoe pobween L vo-
erllod dicbetic prlinclsle or hormone of the entoplop
phlinltary and Ineulln. Ingulln éeprasgon ggmcﬁmugmwié;
g anterlor pltuliare foetor or factors etlmulate wn
inepeaced glucondogunosis in the llver, Thie cetlswm of the
plbeisary 1o, in perk at least, duo to lls adronotropic
horsmone, and thus indirectly throupl the hormonos of the
adpannl corteste Thene hovronal ﬁm"luemw are only rogulfe
%;c:f:;, sosking ot ai®P*%% pave sown thet the Houseay |
praparabion mey hove & norpeld gluocso toloranse. In bhe
apaence of bdobh insulin end antorlor pituliary horooneg,

the liver esorcisce ibs slycogenie Subetlion in falrly normal
¥



foplion. . Uasleglly e illver Iz sable to r&symnd with an
inorenssd glycogenegle when the bleod super fs high and
with an lnereascd ggi@ copenodyals when the bloed suger fends
be fells 7Thie ls the soscelled haecebatle funellon of
the ddverS6, 16 18 uﬁﬁemﬁ%&&ly fundopontally imysﬁkmnﬁ‘éﬁﬂ
ﬂ@ﬁ@rmiming the gluceose tolersnce éf the ssiuel boly..

This rezulstory fuwnctlon of the liwa?»?&ila& LON SO,
following pancregatectomy efter which the snimal ig deprlved
of Lts lpeulln supply which s novuelly vader physiolopd cal
controls In the dlelebic stete, tho Llood suger most rise
to byperglyoomle levels beiore LU cawses the liver Go |
diminiah 1% ﬁlu&ﬁnﬁﬂ@@ﬁiﬁ'fﬁmﬁﬁiﬁﬁ snd drastlie plryeo=
genolysis, Omell amounts of glyosogem pay be abored 1o i
argen whon the Lloed super lo malntained et eulflelently |
sk lovels., Ixogsnous and sndogonous gluccse gueete Go
yield highor Licod suger levels, The llver not only fells
o cenne profuetlion o8 o rosult of the incrensad o¥emsnous
aupplys but nay aeﬁwazly‘ﬁma?@a@a profuetion thrﬁmgh BAuG0e
nsogponssls Irom slyeogerie diefery svbelaboose

o The evidonse for thie lneressed gluconecgans ig in the
dlabotio eglves of the prosont experiments is not wholly
pasiafactory. 4Ldthough (he nltrogen excrebed in the urineg

wug inersaped by 62 por cent in the cage of cell TY and by



e:lg:’,.**agwawm par cant In o
{Qablz 5

51, these Lfigurcs we not

36

TTT followming peaeraaboelony

sulTlelont nepnt tude

B0 aosount Joe mops then o eenll nart of the avellidls
guars - The proopevetlive mlucces sguivalentse of tha axcrsted
ol trogen were caleuloted fpan & 0 mabio of 3.05:1, vwhterees

‘..-

2 ~ .
F s ‘-.-r’qu TR

(.. -

thig flzuwe, n the aposant
wre laadequete forr the calon
Ciioge, howevop, nmel have

3.05:1 since evidence wnsy &lalned whioh ind

waon eonsidorat

o of dopmnersntiged anfasly 13 vevelly lowsr than

saporlnsats (ho avallatls dabe
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npooperative blood ﬁ1HQOG&A1Q?@1$a The diesbotic anlmeld
wmobilises a lergey portlon of ite hody fat 88 2B &8 soures
 zlucose would Aiffer frop the aormal 1o mmgﬁiﬁﬁdau
Muecle glgoogen values in celves 77 end ITT whils in the .
dlabetic astate wero 3,52 and 0,70 per eont rowpeciively
(Toble 21). Theso ars withiam the 1llmite of nommal values,
hoenoo this is nodt an Important souree of blood susor in

Gilabetlc galvoese
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Gm&q/'k%mu/ any ur&aﬁ ai éam coeretion following fesding
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Ag fer ng the offoct ef spubnormal utilisstlion of

gluceee by the omtrebepatic tissues ls sonccwnedy the {inal

37

word aonnot Do asld untll furthor work is dope, The offecdbs

of heputectomy end of aduipistration of the disbetogemle
hopmenos of the anterior pitultery om carbohydrade utllilze-

tion by the tiseucs should bo studlied, However, {yom the
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pparent rejatively low flgures for urinary nltrogen and

cluetnecgenoslio, 1t would scem thot the prinsipal fastor In
the production of the hiyn blood swygar of gmaayuaﬁia.ﬁiah@%ea‘
in the calf is that of diminished utilisation. Addltlennl
ﬁﬂ@p@wﬁ for this concluplon will be furnisghed ip tho analysis

of the glucose toleranco dabe

Pavle 6

RITROGHEE ARD DLOCD CLUQLSE
Postoporative, fasting

Mmse/ Lome/ duy fesbing uvrinary nitrogen end ¥g. 1/¢ blood
~incose, in enimals rollowing peneroatectomy.

¢ IX Calf ITX

’oﬁ@@ “lacd Tpine fours Blcwﬁ Tyine
Pant Sluooue Eg@gagem A se __MHifrosen
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0 level bofere feat
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Posting alse has o somowhed diffwrent offvet om the
wlood plucose end urine nidvogen of the dlisbetlie ealf than
wpom -thet of the inbtack emimel. See Tebles L, § and o
he blood sujzay lovel Gronped to 3% mgm. pw ocent nd L7 magwm.
Cper oent in 38.% and 20.% hours peapectively in calves 1Y and
I This vapldly deovsloping hypoglrocmic wae relleved ab
this time by feedlng. The lowest fasting blood sugar
ouperved im these festing cimbetio calves, namdely, 27 wmgpe
noy oent, was obtelned in calf ¥4 (soe Table 3). The

gooondary rise in bLlood glméa@@ as obsopved 1n fusting
.naﬁéal calves was absent alfer y&mﬁ@@ataet@mgvuﬁé@? othop=
wige sirller conditlong. sggoelated with thin, howover, wes
the notewortiy observabtion thet there wua a decrenoe in the
urinary nitrogen during fasting Instead of an inercege whioh
loveriably eppoared in the preoporated aaimgl under almiley
ﬁéﬂﬁitioma (Table 6). Thia would éaam o indiaaﬁ@ that
endogenoug production of glucose was low In the Lasting
dlabetie c6lf and thet the hyy@rglyﬁamia whick follows
foeding mizht, in large purt, be due to fallure of the
animal to utilise gluvose, This low gluconeogesuesla during
festing accounte for the hypoglyeemie whioh develops during
fastings Thet the blood sugpsr falls bulow the kidney
thoeehold during faoting o also ovidence that the tlesues
arg ublilisin: bloed plucoss,



ho

Those Pegulls are in morkod conbress wiih (hous found
Cin cornivora sl wouwld seonm 0 indleste thal herbisors heve
o mach lous woll developod mochenism for ondogonous rlucoe
neogenssis then the cernivore. This lg duey no doull, o
aone Alfference in the antarlor pitulitory end posalbly the
adrensl corben in these speciesn and may socouwnt somewhaty for
the mildness of the dlabotle state in the oelfe

dzgretlon of o
found in faint tracos in tho urlne of both fod and fasted
nopmsl animale (Table 7), veried falrly directly with the

Clusosey although

foud intaze mo almilarly with the blood sugar leval in
depenepantised calves (Teble 8). IDuping ths hypoglyocmic
abazos of fasting, the urine conteined 1ittle o no glueose,
while excrotlon of this suger vose o relatively hish lovels
gion the animals wero Lfod he routine die@€?&bl® 0o In o8lf
7T while fanting befcre pamer@ataeﬁamg, the urine sugay Pose
markedly following tho fimot feeding (Table T). his fe the
sowealled Pfapting 4lsbetes™, or the "Itaub-Treugotd
phancmenon” » The emplonatiom of this oondition is prosasunted
on an eariier page of this thesis. Tho fall of uwrine glucoge
duplng fasting indicetqs furdshey the failure of the dlabotio
salf to meinteln bleod suger ebove the kidney threshold vhen

swlogenons gluconeegenesls 18 Lts scle source.



Eighotlie gbote 1o o o218 i also indicabed somovbed by
tho bloed md weine hobomo bodies. The totel Metone body
sRereltion wes detommined fruam The (otal urine cestions alver
e onldetive sonvoralen of eootomcelle acld and hata-
hydrozybubyple aclid Iato this substance. For methods o
the eppendiz of %:is thesls. Im tho preoperstive snimal

0o acgtene vas found In e urine under any of the oonditions
taabede Unllko the dog, set, and other cornivoras, the

calf oxeretos ineirmlificant apounts of %stono bodiow followe
ing paacrsatootony whon the diaboble state s fMwll Blown.
e saxipel ereretlon of these substances obsorved was 1.8
e per krme pog day fTabie 9)e Thiz no doubt aagsuﬁts
someshet oy the =ildness of tho dlatobie oymptons in thisg
grocles. I lg belioved thet acoloacotle aclid 1o the hebone
body which silmuleten (3o voonplratory contors ond OMosued
tho higher bruin centore end thus cavece “ely hunger” ond
Clobotle comb. Acetoncoble feld is sponteneously oxldized
B0 acetone in thoe blood girowm, in the Junga, and in the
velnery bladder. Thue wrinsry seobons is o felrily meourate
indom Co U e presonce of aeebouncetic acid im the Wieod ard

Tlogues s
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TRINE CLUCOSE
Proaperabive

Os8o/ Lgme/ doy plucoss eperetod in fhe uvlne of nurped
myd Coeting enimals before pancpontoctasny.
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BIOOD AFD TRIEE SILTCOBE
Pootoporative ‘

L3

riocd glucose Uoe 9/0, weine plucose gme./lign./dey in

tho animeal following nenceraetegiony.

Date Blosd Urine

. | Romepls
oalf I3 - 10/2

z

1

koﬁﬁo
o9
2

500
SaG8

§ud et Gl 1d 48
O s s )
P FATO N
FRECRE

10/7 27
3074 5 "0t
3&/ Wg 0282
10/40 24 1,760
Ny 3& gg 3@&80
20/15 - egz
W 1 17058
1&[12 ‘ﬁ ogﬁs
19/18 1 0
Cold ITT 10/15 118 296
10/16 159 2o
16/ . 2h0 . 6,053
10/17¢ 106 - kel
10/18 by 0
10/20 27 9
10/22 1160 1.30

19 hyourine

Yagbing
rastlng

‘Fod 3 Daeilk

Paoting
od

Popting
Fa@ 1 bLe
Fagting
Pasting

Fapting
Paating

. PFed

Roto the @arrwagaﬁﬁing drop im blood and urine gluwoowe on

Tasting and the rilee roliowlng foedlng,

wSamplos taken 6 Pelle = 411 other sampleo teken ak © Ao

balore feedinge
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Dme/ Eome/ day emerebod in tho upine of tho enlmal
following pancpeatectony '
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"his poletive lock of acobopurie wey indleete a low
Rovel of fob retabolliss oy en vmasuelly high leveld of faf
anG Imtone Loly wtillzoet tien by the binsves of the dlaboetie

-

SGal o

2

The urinery aoobone in those disbetie anilrnls nmgmd

S

Go povo upon feoting {Teble ©), This would indleste a
selatlvely lovw wuwlogenous betegenesis of o hish hebone body
usilizesion Pebs, or both., In depunorcatlised eoxmivors it
would coom that leyge quaeniitios of fat ere peteholired to
srovide enerny, rrogurably becewse the animel lg lmcepelile
of uttlizing suffiolont quentities of ccrbohydrate G most
i:;m AnETLY raquirenents,. %ith this incvross: Dok utlllzee
tion there ls sn loernesed rate of fakb 'pi»ﬁf}@&@&ﬁ;:{ in the
Tivep ubdch rosulbs in a higher rate of kebtone Tody oHrodustlon,
o Lotonamie and ketenuria. The last two condliiong acceuvr only
et the lstone body productlon smovods the ablllty of the
axtrahepatic tlssues So ubills o thoso mata%lﬂ tese In the
gull, hewovor, thore L@ o lews seried imbelenco Datuein
sroductlon and ubllizatlon of ketone Ledies. Two powale
vilitlen em 8%, oliler tho roto of fat uetebelliom la
rolatively low or $he utlilisatiom rabe in high. The former:
most 1ikely. This conclusion ig in egreoment with tho
fact tint the dlabetle calf scoms to be botler uoble te

uhilize carbohydrates than the csrplvores. Sisbotic emlves



ooroogs betlor Jivor end cmwele slyeogon eioros end the
tynerplyeonie lovelp ore lower than In the dog end cele
Sorhohirirates ore antliebosenlie In ¢he genge thet they replace
ané deersase the qguentliy of fet metabolised,

 Zlugowa bolerpres Yeeby. PAnelyels of the dnba obteined

“ram plucoss toOlovance tests wey elpo cld ln undersionding
tho underiying aechepnlarg of %hﬂm'diﬁbwtsso Jlueose
solevonce iz the mossure of the ability of the body to
setebolloe sineonos FU 1s ﬁhe.amanﬁg éf glma@@@'tha&-mag

b given without ceangling slycosuriee ér@inmrily £ %o

bagsd on the adninlebrailon of inown emowmbs of slucose on

o enply stomeehs In the ruminents; hdmeQra i% i@‘impaaalblé
Lo mensure bolorsnes eoonrately by this mothod, so It wos
‘one instoald by injoction of 1 gme of rluvcose / e of body

waicht intoc the Jusuler veln.

“he hyperplyeemln thed follews thie Infeetion lu em
tndientlion of ¢he lanblliiy of the orgenlism e cope with
the ‘nflum Of ONCLOMOUS TugaP. The oxcesy ouser cnereted
in Lz urine algo ln@ﬁ@aﬁé@ thige |

The tolevance of rabbiy, dog end asn for slowly
injoated suger io abont 0.8 « 0.9 mme of glueocse / e of
voly weipht/ bours Gnly & smeldl frectlon of this eacosa ie

orereteds
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The extond snd duraetion of the hypovrglvesmin [ollow-
tng the injectlion of zlucosd ls a truer indlestlion of the
alnelts tolerance for thot suger thar is the amount of
lucone oxeretod for the blood rluccse indleoates The
tolerance ressbion even et subglyessuris levels and
oziﬁinatma the kidmey as & posaible variablo.

In these salves 1 gme of glucose/ kgme of body welght
was injected within a Ten minute period (injoeted as S0 pep
ecent glucoss solutiongl.

Blood glucose aamuples wore taken before the injoction,
thirdy minutes following the end of the injagtimn and every
‘houp thereafter untll the terminstion of tho experiment.

07 thirty -inmtes following the ené of ths lnjeetion In
th@Amarmal anlmal, the blood zlucose rose to en evoruge of
23l mg. per ocent (Tabl:a 10-16), e vise of 15% mge por sent
abuve the preinjection level. (See pleto 9 and plage 10,
figures B snd L) After this rlae the eurve foll with fair
vepldity, utllisation heing apparently proportional to tho
eoncentration of glueose. Iin from 1 to § hours, vorying
with the 1nitlsl post-imjection level, the Llood glucose
peterned to noymel. The higher the originel level the longer
it took $o0 return to normal, thue the slopes of the norpel
cupvea were aoll similar, Aiftoyr roaching the nompol, the

cuive continued %o fall, zolipy below the prelnjoction level.



nd

v renslned subnsrpel IoF abéut Lwo hours or & 1ittle
lenger. Thig hypoglyoenls resetion whe gpperently & reeult
ef¢av@renmp@naatian for thoe sxesaglva lnflux of [lutdsd.
Tuis hypogiycexlice ym&ﬁL 2lso ceourred In bthe dlebotis, bug
eftor & longer timo and The rodurn bo normel was Llower,

2,

ir fact 1t wes nevapr obaorwed in thogoe teels wven Shough
ono of thor was earrisd on for an exbonded pericd. (See
vlets 11, Tizvwes 3 and 1)

Some lavestligators have ascribed this hypoglycerle
rihege $o an overcoopeneation of lasulin. [Most evidence
gooms Lo indicebte, hovevur, thet it iz betler atbributsd Lo
& dmereassd sluconoogenaals caunssd hy wercompomsstion of
tho enterior pltultery, or due t6 & Cdelay in roectelbllisbing
zhle pluconeogonesig. lowsvor, 1t asppeers that the funde-

fte

poptal faster inwolved ls the "homessisbie" offect of th
iiver desgeriued Lelowe

Apparontly nownal llvers regpond g0 an lnereased tlood
gugey resuliting frow en Influx of exogendus jlucoss Uy
Coeraenzing thelr autput of sugar and ihe blood glucose
roturne o noreel op uwnkll the llver has sszein peedjusted
zoo8 below asormel. Thls "hemecstatic” functlon has boen
shoun to depend on & suiTiclenay of insulin in the blood and

uptil the diabetogenic horrone of the anteriop pléultary.
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Thoe eupve fo¥ tho sfoonerabtlvs colf taken allop o DMlve

£ o 2] S »

Eny Tast Lndleatbod o dosrease ln tho cbillty of (he anleal

Ao aenr LA ™) e o M g, T3 TaA s o
v atillse sjlucozeos (Do odabe 1D, LI ure Hs o 4E WA WOPD

Lollowinsg foating i oobebly dwe ©o thie Lneblility of the
liver to rogzond to o madden lnflux of glueoso bucsuse of

the nbeisncs betwsen {he ponoreas cnd the anb vl gpltullary
o the deeroased ability of the tlesvss bo ublllive slucosoe
25 & peault of the faste. The posifastinmg ourve fellod o
el Yo the g?@imdbﬁk“@ﬂ Iovel in the tims lluus cheenved.
Pollowlng psner-cizctomy & somewhab elnmllar condilion
provellede The blood ;lsuéﬁa rose Lo A pyerago of 201 wre
puv‘ﬁeﬂt on tho thirty winute sample (Teblos 19D and 20).
Thipg wae avoub & 59 par canb “wea@ér rise Lhan that of the
nomsol nen-Seel ing enlfe The evEvas ware @ush prelaonsod
gl Talled to roturs Lo noreel untll after the Lourth hour
of fast {Plete 31, flovre 2 oand L. The hypoyljeemic phege
vag sroetly peolonged, & roturn Lo She preinjecbion Lovel
vss nob obsorved even thiough, o the eesse of eell 117, thls

-

vive was Pollowed for @ Iwursg. Jpom this poiast the
Py &

~

Ciehotic coll aocems Lo pees dirvcectly into fecting Ly

clyeema. Thls prolenged curve Lfandieebtes o markodly

coeronsed glucose tolorsmce Ln the Gopanereatised animal
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whieh s apperently dun %0 the fellure of the "homeostalle”
affonk of the Llwor and to ©hne Inabilléy of the anilqel Lo
mddlze the ageosg glueanc adagualelr.

Tho swrve oz ths nancreatsctomizad snleel following
Pagtins was oo morn nrolonsed and folflod o ve aburn o the
sraindsction lovsl bofops the Gercinatlon of the superiment.
Seg nlate 11, Pizures 1 oand 2p Tablesg 17 and 1. Here
gommrently the offccte of She provions. fast and of the
Alabotss swamatad S0 2rofnee & furthep reducad boloranocs.

The nrine slucose exerst 4 during those Gosts way lgo
gemye a8 en Indleetion of tolasrence. 4An everase of 90 per
oont of the silueoss injsebed way utilised in $he normal ealf.
noe seblos LLe13, 1% aad 6. Following pansruaisgiomy the

nom={ogbling ntliizatlon of Injeetsd glucoss, a3 Jud-ed LY
mrine (pee ioblo 20) ~luncae czeration, dropned Lo 26 or
oente . tn the dopener wtined Tosting calfy Ly tha BEME
ariterion the nillizetion appeared to e 67 nur cont (see

- Taklo 19).  Since this émimal,mmﬂ fod Defore tho collsction
of the postinjoetion urlng: ‘samplo the fizure for ubiligetion

w1y Be gven hichee then thaze £% any rste $re dlabetle oelf

amoevently hoa o fale a&ﬂli%y-to utilice gineoss.



Taule 10

ALUCORE POLIRANOY OURvR -
Following I. Ve injoetion of Glucose
Pro=operailve

Calf « T
’f‘mu = 1
Dake » Oelbehl

Sody weight - Si kilos
Gincoso mguctm - 13.39"0‘. 80 o/o; 5O rims. .

Bioou wlucune

Sanple koe Blood Gliacoso Time
- g of0 lours
id 3 ‘ §)
1 500 0a75
é 25 1049
3 9¢ 2
A 70 5
] 52 s
2 :
Urline
P50 t‘?fluc:me . :‘ltraren . H00ECNE
PGl o ‘
Fogveinl. 123 170 0
Pre-injection emcretion _ohB0 ama q,/dc_v
Post~injection Uo%
Pifference | , | oD% .
;'»luta«?.m.;cach@ﬂ | 59 « 20

Apparent slucephl L...:sat,icn 53 o 0%
Foroontoge o ofo

51



Table 1Y

OIACOGE WULLBANGH CURYE
Pollowing To Y. Tnjoction of Slueome
Ppeaparntive

;‘"’(”, w ¥
Tegt - 11
r\

e e & ?
¥ 'ﬂ:u’? = el

»

q
Jody weight
duonse injected » 120 cows 50 Q/c« €% sma.

Slogd Glucowe

womple ¥o, Blood Tiscose Timg
S ) i%ﬁaéﬁ@i e
& ¥
3.",1:;& G"E.;:

NG e O
-t CH It

EREaE
WRETASE PO P

Tring

siveose  2h ?%,mr@n 2. hcateme 2
dize w,"ol%ﬁf 10/ L o I‘fv‘ e /0 . w.q/ ,,g_,p/*@s..
,, l"hf“”ﬁ:}'v . ki ' G
Yogteind. B4 163 ¥

Proeinjoesion @5@?@tiam , 63 gpe/duy
Popteinjecti n ererotic v«d& gnwu/ﬁay
Ti?”ewanae : g ﬁelw %o /day

1ucu»ingact®é 63000 Smoo/dny
Apperant slucensllisetion 86,60 . %wnuf&&%

@wﬁoantapa 42 o0



Table 12
CLUCOD., WULURANCL CURVE
Followling Ya ’ao Mng@eticm of Siucoss
Cdrgedpgrative
‘ﬁaf - T
CHant w

Nepte = qggf:}q'z.bug
Sody wol gt « O wilow.
Glucose Injeeted - 120 on, 50 o/o3 50 mmse

DA0XE Jlucoue

Llecud Tlucoge ’“"_‘,mr*
G

o F“ n I:‘I/O . i Q

éﬁ ‘:3: ';

&

bl
3]

i)
Q

("]

C B ) b0 £
—g
TN\ R

Trine
facaf:,om
Sl
Fo-TnTs
4’0“{-”.2.1"5 G
Pre-injsotlion emee i,s,cm 0012 grs /6By
: uwuimﬂeb_m cucretli. ' Epofif.‘ .
eferonoe 5,10 ‘
Hlugwln joctsd H0400 !
Appurent glue ~utilization eh,b2 "

Jorsentese 51 o/o



Teble 13

GL{TCO&{: TOLERANCE CURVE
Following I. Vo, Injcetion of Flucose .
Ppoe=oporative

Cedf = 1T

Tout « I

Tute = §old=Ll

lody welsht = L0 kiloas

~incose injescted = 50 coe 52 ofo

Rlood lucoge

Time

0

g@%;@ Bos Lo%gt

L]
A%

GRS
RSN A O

Trine aaizépla\a lost through contsmination

sk
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Pable 1L

GLICOSE TUIBRANCE CTRVE
Pollowing . Ve Tnjoetion of Clucowse
're=onerative

Calf « IX

Yopt = T%

Dato = J=27-hl .
Hody wolght = L3 killes.

Glucese injectod - 90 ece 50 ofe; L5 gwe.

Blood Qlucope

Blood (lucose gima
mggmgﬁg ' ' %%ggg
1 211 A 0.5
2 3345 1
1 UL p-
; 7 ]
: % 5

Tpine

ol

Pre=injection exerotion 1.08 gms./day
Posteinjsetion exeroblion oo ¥
DifTorenceo Bl ¥
Gluc-injected h;;oq ;
Apparent glue-utillzation Li.eb 7
Pareentage 92 of0



meblo 15

QLUCOSE TOLARANCE CURVE
Polloving Zo Yo .Tnjoction of 2lucoge
Pro«oporatlveo

Coll - TIT

Tout = 1

Dote = =80l

Sedy weizht -« 30 uilos.

Nluooss injected - 00 ¢ece 50 ofo3 LO gme.

Blood Clucase

Semple Uoe Blood Clucose Time
. A E%%ﬁﬁt
1 290 008
2 390 1’
ﬁ 5 2

a B
; 75 L
‘ 75 )
Urlno

Slucose Hitrogon 2l
SRR 0L Hno/simafl¥Be . Ki
Post=injo 267

Pre-injootlion omcration
Post=injectlion cunoration
DifPerence Lot
Glue=injected 10,90
apparent ziuceutilisatlion 35,20 Y
Poreontans 38 o/o

%6



Table 16

GLUTO0SE TOLERABCE (URVE
Polloving i, Vo Injection of (lucose
Pro=oporuative - Pollowing 150.%5 hour Lfagt

Salf « TIY

Uent - Pastine

Ooko - zeaauﬁﬁ

SOdy u&i§hﬁ = 35 kllos,

Cluocoee Injocted = 30 ceao %0 ofvs WO snw.

Hiood Glucoue

Blood Clucose Time
g SO + OB STA>. Houra
1 26 O 05
? i &
L 152
: 123 A
é i3 q

irine contaminatoad



Pable 17

GB?BQ@H POLERANCE CURVE
Followinp To Ve Injoetlon of Jlucose
Post=operative - Pagting

Culf « IT
Toet - Yaeting

Lndo G“?alm.
Sody u@;ﬁ%b - 1% kilow.
Sincose injected = 90 ceo S0 ofoy LS gmes

Blood Cluccss

ﬂ&auﬁ Glueose Lime
Q 4 ‘“! "“ =\ 3-" Q/ Q 2 e E}Mwnxﬂmwmm
h. 7
1 7 5a
> 524 1
g bl 2
L 193 3
5 10p L
& 171 6§
Upine

qlucoee Eh

T {!‘ S

i % 5
Pogteinfo 1789'

58



Cowabie 13

CLUCOEE TOLURARCE CTONVE
Pelloving Z. Ve Injeetion of Ulucose
fRute=Qporative « Fasting

Omil « LTT

Topt = Faptlr

a0 e 10«20

Body woight - 30 kilow. |
fluccse Injected = 90 ac. 50 o/og LS gme.

Blood Glucoae‘

Blood FHingosgae Time
Hog Lea ofa Hoyra
b é e
37
158

Yoo

1%

1d
o
20

(E;

Co~J Qe P E—-‘.?

1
e,
7
L
5
b



Peblo 19

GLAIGORL TRLIMANGE QURVE

Pellowing I, V. Inject

on of Glucoss

Post=0porative

Condf = ¥ I
Topt -

Dats o ZH.Or—t Celil
l:,.“ﬁffi:;;' 'u’&ﬁ.{? 1 - Lé.h iioG.e
Glaooao

Tnjected ~ 90 ot 50 ¢/0; LS pms.

Bloed Olueose

Blood (iucose Tine
e Q0 Hourg

32 005
2t 3
502 2
2ep E
8% .
2% 5
Trliae

o it
¥ UO”J ﬂg o
200t=inje

Fre=injootion m%nmanjon

Slacose 2L ?itmcm _ «.34.

hoetono - 2l
Ve é }31"—3;{“ @ ﬁW@ 2

Post-lnjoction ezcretion 22
mMiference 2 "
luocss injsetoed 5 °
Apperent gluceutllisetion -
?@?@@ﬂt@v@ 26 ofo

60
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Table 20

GLUCOSE TOLERANCE CURVE
Following I, Ve Tnjection of Glucose
Post=oporative

Tosh < 11

Date = 10=23=hl;

Dody welght - 36 kilos,

Glucose Injected - 90 cos 50 o/0; L5 gmas

Blood Oluccse

Blood Clucose Time
; Hours

g

OV IO
2o
WO - e

| i



Joat Lerdern Yugorvetions

Geless TT and 17T wveres geerlificod op tho 0th end on
the 12th deys following pancoreatootomy. In both anlimels
crose esaminatlon revesled thet panerectoectony was complebe.
The animols had lost woiﬂh& probatly Gue roatly to ngeaklva
dlpturbances voaulting frowm the laey of the axbirmal sgere-
tion of tho ponercaz. 7They, Mowever, coowed to have IeEn
gonewhat in gtaburc. Thel? helir wos rough and dull othipwise
e mloalie vere in falrly =zo0d conlitic and with cauntious
Cooding end cere no deubt eovld havo beon naintained for e
“long pericd. At no time wes 1t ﬂ&@@ﬁ&ér? to uvae lngulin to
alloviate the élabetes of these mimels., Vo animel showsd
grmptomg of acidosis ond no gross fatty changes wore noted
in the 1lver.

Quantitetive analyeis of liver and muscle glysooen
indieat.d that the truo glyesgen values for rusclo ware 52
pog cant end o78 per cemt and the velues for liver glycesen
were .85 per gont and 2.5% per cent in ecalves IT end IIT
{Seo table 21). Thess wvalues ars all within the normal
womralian rangs elthousgh the liver glyeogen is 1n the low
part of nomnel. Unforfunetely valuos for thie in the call

Hove not Loon ostablishod oo now 1t munt be agsuvemed that



thosse are normel. Thiz is mothoer Indioation of the milde
ness of tho eall dlaboiog and of the ability of the
pancreatactonized ecell to oztablish & nearly norkmal equllle

brlus between insome ond outgo of zlucome in the liver,

Pable 21
POST HOMTUN CESRISTRY
‘Idver end fugele Clycogen Detorminations

oedf - II
Dato = 10=19=hl
Tody welrht « 37 4om.

Pormonbably Suger Values

yvaw
Lneole

Call III

Dpte = 10=2h=hl

Doty welght <« 3% kome
Liver 276 ofo 2.5% o/0
SuBele U3 o0 o 78 ofe



6l

Summary

faperimonts wers carried out to detommine tho effocts
of parwroatsetomy In the celfs 2roviouws ¢o oneration
pomaed controel leovels of $he factors tosted were coteblished,
hig ied to the conelumlomns thetbs

lo Tthe avoragze bBlood glucose for the normal oall wos
G1 mgme per comb. This was lowered by fasting, bub, due to
the ebllity of the body to compeneote for this Pono alightly
sftor the initlal crop during the fasting poried befors ite
wertinel fall,

2e¢ Panoreatectony oauged a moderats rise o blood
glaucose. The level could bo varied dirsctly with food
intake and sould durin: feabing be dropped below the lsvel
for thw feating intest animel,

3. Urlnapy nitrogen czerotion wss not ezcoasive in
the panerceteet-mized oelfs, It rosc sbout 60 nov cont shove
Ehat for the normal snimale. Pitrogen emcration in the normel
call inoressed as the blood glucose lovel decrussed during a
fnubling pariod. Tt decreased, however, under slmiler ¢lroume
ziecos Ln Che panceroatoctonised enimel,

he Zetonuria wes totally absent belore oporation and
wnly laslignificant smounta of smcetone were found in the urine

followling penereatectony.



69

Se Boforae rembvﬂl of the pancrong slicht treces of
glﬁaoaw wore fownd ir the urlng. Following paﬁ@wﬁataetomy
nrluery rlucose oxeretion waried roughly with tho food inteke
and could be reduesd Lo gerc during factlnge

6o “lucoss bolerance, juc-ed by toste folloving
injsotion of 1 ~m. of ;2usess/ koge of body wolshil, waa
lower in depeneroatised than in nersel eninale. 1% wes also
lovered by fosting in both normal and oporated animalo, In
the sormed aniosl the wbllisetlon scemad Lo Le roughly Qe
nordlonal %0 the concembration of slucosd, Ton p@r'e@nt of
tho injeeted suger wes oxcrotsd by the nompel anlimel,
indleating alrost totel utilisetlione Targer anovats wore
axerebed by the opoerated and the fasting ﬁowmml animaia
indlonting decronsed abilibdy to wtllise glueowe following
pener:stectory and following fasting. Thess animals were,
howavor, capable of wiilislng faip msounts of the injected
slaeoso.

7. The aninals suffored from dlgostive dlaturbancos
Tollowing operation end loet weight dus £o this, Thoy soesed
%o be little @laturbed by the pAncroatoctonye. THOY Wore:
aaorlficed at about 2 and 3 weels following operation fovr

post-porien analysis.



~

Co Torminal eherniatny showed normel rmusolo end livop
civeogon and no gpross fat dopoglition in the livop.

G« Theme posults indlonte :ﬁam&i%iy low lsvels of
ondogonoug proteln an¢ fat metabolism in thia specios
folloving pancroateotony. Those effects ars probobly

»aletad to anboplor pltuitary function.

<~
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PPERDIY OF HETHODS

penn methiod for glucoseld

Sime gulfado -« sullfurie sold posgent:

6265 ga mﬁ% o T 820

156 0o. B HpB0y (hel6 ses fonce HyS0;)

Desolve and dilute to B 1libers with dletlllod water,
075 ¥ sodivm hydronido reagent,

50 o MaOll, dissolve ond Ailude ©o 1 liter with dlo=
¢illed vaber.

1 o/o stareh solubion.

1 g mlum@ sbapeh (Herelt), diasolve end dilatc %0
100 eco with setuprsted benzolc seld solution. Head
aontly untlil stareh is digeolved.

Potesaium LoGide - sodium oxmlate reagent.

205 geo EI

2:% e Noa=omalato

Diopolve md dllute o 100 ec. with alztillod waber.
Somo jyl-Bhalforetartunnn Rosgent Hos 50477

25 go Hay00s {Antyyds ) |

-
&

R3]

go Nochelle anll
piseolve in about 500 co. distilled wator, then add.

glowly with silring -~

&0



aa‘@n Emﬁﬂﬁg {Srbyrtie )
Tob o CuBl o B2/ Diasolve in sbout 100 cco of
nator and add 1t to the ebove golutiom by a pipotie
Cop funnel that eptonts well Bolow the surface of the
1iquid, atir whils adfing.
1 zo of EI, Gizsolve im water ant add glowly with stizring.
- Tpensfer b & volumetrie liter flsel and edd:
200 cee 0ol N EXOy (¥hip is the quenblitative roajent).
fieke up 6o 1 Liter volume with Qletilled walor.

Fliter throurh veshiod Spy SLlver pulore

Hetos on regetion spd sianderdizetion of peapenbe il
Blarike should titroto Lo ondepoiab with: 20 coe of 0,008 H

thiosullzto vhen & 6Ge 0f the ropgody afé wg el

The Exﬂg‘is the wont gabisfusbory reagent with wiiigh
to standurdise tho thiosulfote rougent. Uee lereir Hilg,

200 ec, of 0.1 If IX0g per liter of wemsent Toe 50
p@rmiﬁé snelysos of glucocse im 1210 blosd f1ltrotes
songalnding up %0 LOO rp. o/o of glucose; 250 6Ge Of
ﬁxeg up to 500 mz. o/0 of glucose} 100 oee of ﬁzcg up
o 200 mze 0/0. Thowse golutions would Lo 0,000, 0.025,
ond 0,010 ¥ 1105 1n the final reegente.
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he reattiop Lnyolvod fg¢

oy 12 BCR 12 RECl
2 XIOy + 10 KT ¢ 6 Tip80), = KpS0), + 68:-0 + 6 Ip
{"ﬂmew

1 1iter of § fodato or biicdmte comtains 1/6 g. molocule
of 1odine,
K105 = mologuler velsht 21,0

0.1 8 = g%‘@ = 5,567 g por liter
KH (03),= mols who 309.97.

0.1 U soly = W = 3,280 go pey Llber

Solution of either, if plesad In & sboppered bobttloe aéu:l
in @ 200l plage, will rotelm ite strepgth alnost
indefinltely.

3@&3&2@3 4 Ip = 2 ¥al + ﬂanﬂw)é
1 molsoule of thicoulfete is omidised by 1 abom of
tediine, thorefore a 1/10 moleculay wélu‘bim of thicoulfete .
28 0.1 ¥ with roupest %o the reletionship with Ig.
"he molecular welsht of erystalline ?;h,,.csulfew iz 2le2,
ﬁifwﬁﬁgﬂp o SHC
horefore: 2h.62 go of i salt dissolved end 4iluted %o
1 11%or meles a 0s 1 1 golublon



To 25 ses of tho standard 0,1 W lodate or bilodate
golution in an Erlenmeyr flask add sbout 10 ccs of & 10 o/o
solution of EX and sbout 20 co. of ¥ Hp80), or (N01).

The thiosulfate ls delivered into the scid lodate solu-
tion from a burettes vhen the lodine color has faded to a
pale yellow 1 cce of starch solution is added and the titra-

71

tion continued mui the blue color of the starch-iodine has

completely disappoeareds

Titration factor for 0.1 W
thiosulfute

Pipette the desired amount of blood or urine into a 50
or o 100 coc. Erlemmeyr flask. 5 cce will yleld more than
enough riltrate for duplicate tests.

Add, for overy 1 cc, of blood or urine, £ cce of the
ZnS0)«lp80), reasent, shake gently and let stand for five
minutes.

Then add, for overy 1l cce of blood or urine 1 coc.
047% ¥ NaOR, shake thoroughly (untll the solution mekes a
"motalllc" click againet the side of the flask).

Fllters The filtrate should be water clear,



1.

2o

Te

ls

Se
b

Ts

B
O
10,

Pipette § cecs of the filtrate into a 25 co. test

tube with the pipette at the bLottom of the tube,

% goes Of dlatilled water into 8 similar test tube

in the same manner for a water blank. Run both the
filtrate and the blank simultaneocusly as follows:
Pipette § cces of Shaffer-Hartmann reagent No, 50, wash
down the aldes of the tube with this as 1t flows from
the pipettes

Cover mouth of tube with a large merble.

Place the tubes in a wire compartment basket,

Place in a vigorously bolling water bath for emxactly
fifteon minutes,

Tronsfor basket and contents without sgitation to a
oold water bath, cool for 6 minutes, do not shake.

AQE 2 coe KT Nawomalate solution « mix gontly.

Aad 5 oes ¥ HpS0l, and lot stend for 5~10 minutes.
Titrate with , 005 ¥ Thiosulfate solution, § ccs of Q4d N
thiosulfate dlluted to 100 cec, with dlstilled water,
Use a few drops of the starch solution for the indlcator.
Durz;:g the titration keep well mixed by stirring with
an up end down motion with a long stirring rod. Wash
down the aldes of the tube and rod with distilled water
at intervals,



The end point is sharp, it cccurs whon the last trace
of blue dlsappears.

Salonlation
Reading of thiosulfete for blank - oge 1948 oce
less veading for unlmown ogs 162 o0,
Difference 346 oc,
thlogulfate

Read from chart on following pege = 8l mge 0/0



Sonogyl modification- Shaffer<Haptmen Blood Suger Uethod.
"iitTates 1-103 Zinc sulpbate proeipitates. J o&oDa 1/25/38¢

bt b 0

&

N S N L 5 3 1 8
c.’?.t! hﬁa P4 c}cé 12,0 Lhe 5@’3 102
2%.-»6 26::5} 2@95 : n9 )?9‘2 ‘5‘95 %f??:% %‘301 %g.!;
l’?o@ &9&3 5105' LY 2ol 23&5 50,0 Yol ‘rozé
7‘35@ ?Zo§ S ? ag 7932 dler} 5308 8%131 €§ !
G20 9%92 é’:&. 08e 0063 10%3.0 105.2 107-&!3. 109 q
13:.0 1162 116 9.2 122,8 128.0 127.2, 129.L 131a
15600 138.2 1L0.L o 160 7.0 1j9.2° 151 183,
15000 360.2 1 By 16hs6 166,80 169.0 171.2 173.h 175
130.0 132.2 18holy 136,60 108.8 191.0 193.2 195.L 1@7,,2
2020 aa%,g 208.y 208.6 210.8 213.0 218.2 217.5 2319.
o0 22602 220l 230.6 232.8 235.0 257.2 239 i'a_u
0 A2 2%.L 25 sg eg%e 257.0 25%¢.2 26l. 26% o0
268,80 270.2 272l 27he 08 279.0 281.2 2031 28546
- 290a0 29242 25Leli 20606 208.8 301.0 30302 gos 307
3120 51%.,2 316l 315.6 320.8 3523.0 352%5.2 327.L 329.6
53ke0 35662 328,!; 3h0.6 52, 3%;,6 %7.2 %ﬁ? 5510
1269 o5 o e pn IR 392 20 20
Ce Ade 2 ok A} ek UL e S o Joed 9% ey
:‘.2&0 }QEOZ ﬁgﬁn’é 06 Eﬂ’aog '114;0 ?515«2 Zlﬁo!é L‘:z.'?as

Formle for readings groater them L = (R = 2.2) + L

fiL



Hothod for the Defopmination of
‘ Liver ond Fuselo Ulyeogen

1e 33 o/ EOZ

2o S EMN, use Lol oce Cones MO1 per Llter.
85 cce per litor of Comnce TCL = ¥ HCl.

5@ Phonel ped o= Ol 7o phemol red in 20.2 e¢e 001 ¥ HeOK
éilubed to 260 ece

ho Oo 1L ¥ HepSp0zs == 25 ge of this salt in 1 liker of
beiled dlpbilled IpCe Noep in dork wettle awey (rom
alr 00z, This can Le wed for titration in both gluecse
an glycogon Getormlnations.

Ezgoolure:

1. Folgh stopporod sontelfupne tubs conteining 5 oco 30 cfo
TR

2¢ Drop choub 2 ge of livey or musele inte tho cold XOHp -
welch Qﬁiaklg; Mz $lpgue should be cut up sane and |
pleoed in KO es sotn as yos@ib1@ aftoy romoval from the
mﬂ.&ﬁ&lq

o AOG 2 o8s of KOO for vash po of tigsue ovor 2.5 go

Lo Hydpolyse in o woiling walew buthrun%il a honogenous

agolutlion ls obiasined.
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Minge about 2 Slaes with water, mixn, ond thon doudble

the volume agein with 9% c/o alechol and mix thor: ughly.
lient cerefully over open Lleme or in & bolling water bLath
untll 3¢ juat bollo.

Lot stond wnlil conbonts some Lo POODR t@ﬁa@emx-’w@@o
entrifuse for ebout 10 ninutos.

Pour off supernutont fiuid (w&a%)o
Wagh with 95 o/0 £lechcl, blow in from wael b@ﬁ:ml@g

win thoroughly.

Cemtrifuge agalm, pour off ©luid (eteps 10 end 11 may

not Lo nocessaryle |
Diamiw Ppbe Im Iob wwhémy weing ne 1ittle un convemiont.
Adé 6F Tl to melo {lnsl comcentrabion aboul 0.0 noveael

Hydrelyse in waior beth Tfor 2.9 0 B bours. 7o prevent
lops of wolume through eveporatieom, 1eo @ gbtialzlit Sube
sondenuer ay@%@&p o (*;um aﬁéuﬁ: éima foot lomz o Ukough
a mhnmzz“ aﬂ;mmz* is s&%* ai‘mtmjo

&G4 2 é‘@om of phonod P@d ap ap lndlestor of pie

ABS BG cw/ zfam tmﬁa., 1 pﬁmml raﬁ 3%&; turns pinke

migpate back S0 ond peint with 0.1 B HCl. |
Trensfor to 53, 100, 250 ot volumetric flesk (ep lamger

15 nosded). Washings of tube muat be sdded to flesk.



29, Dilubs to grefuatlcn mark of [laghk.
20, Teke on allguob « weually § oc. and run glucose
deternpinntion.

21, Determlns fermentable suger by diffsrenss Coborminetion

veforo and after vespt femmentatlone

Aotual oneamples ussle aampl@ o - v ofy GG o
Dilution volume esemecewtll gog
fﬁlwm S 45‘, £
Gdupess Aobanilaciion - - Y e e ®
{ Cormmandeile §

“aing tadlo prepared Tor Ulood filirates 13110, and expressing

valuce =8 m;¢/100 oos blood. On basis of per 100 see of
ploody &his v&l&@‘ia‘iﬁ z'tc@'ﬁigh'#e honee -
3 = mg¢ for, glua@ﬁ@ por €6, of a@lﬁﬁiano

RGe k1mae;@/saa ® 50 = . sotel 8Y mgo f@@u gluoose in Do seRplo .

tgg%l g@g@ “w = plucoss in mge/ gram of mmeelo.
Sfte - HIUE .

2300 = mgo E1U@0@@/100 ZmBe mANCle

T prige £ 1uamm@f100 was. mugele op
a/b gluccse in mugele

Ore Dlugose R #9287 = gmw@ glyeogen

Pep thege omperimonts this comversiun wes ROL NOCEssErY.



Jicie Am o ong

_£lugosn & ke Yol g2
H HaBg s eie o 100¢

9/0 zlucoss fn rusclo.

jueose ip muwelo -
= (3,232 ofo slroupen 3:.3

1@ E “"QQW ¢ ?"‘3

or-1n ahept ==

e ’G
0
u‘*‘.
k" :

2 Qu20 0/0

e any othor aﬂiajm 25 veod then S sce bhon mulblply by

": o - 1f 0liguot 18 1 0¢e = § or
mfrtmﬁ . o , % %Q

Cm P00 8 1,25 ofo
T T

ap mope correctly U 1 oee wore usod = 10 e ofo
= 026 0/0

Tonst Fermontoaiion mﬁ;m@b&

é@?ﬁms |
3, Uesh yoast as follow

Dok up Fielshtments vemst in a sultcble flask (wbout
3/% pownd As sufficlentl; odd Qlebilied wnitop apd mix
’ammughly until The yesst lg ip e fine suosonsion.
Tramafor G0 oandPliuss Lubes. Cenbyrifuge o) doeant
the supoenatont Cinld. Nopoeat this waehing soveral

times. Thorough vaching is casontisl!

musele

slucoso in susele



9

2%

. Tewpure 427 ag, of a 29 of¢ auspsnsion of Che wnahed

Y,

yoast 1080 a cembyliuge tubes

o Uenbrifuge.
he Digcard supernabant £luide’

o Envﬁr%vtuh@ 3o dpain foy gono sooond, el BY momne of
| 8 atplp of Filtep pogur POROVE ke woisture ndhorlng
50 the wualls of Tho tnbe, | o
G¢' Iﬁtr&dﬁam 12 = 1 ev. of the deproteimlsel f&i@r&%@ to

ho formenied 1ntc ihe tube. oks wotal volume up %o

ohout 19 ©Ge

Lt
+

Stip Wik & jless 7od end eliow o #and abt roch Lanpora-
tupe sboubt T0 wINLLOS® Iovert ¢he tube oscaglonally
bo-min Yho b e s |
Uo Sombyifugea.
9, Loeent supernabont Cinld at ones ipko & cleen recoptecle
pove Lo toslig. |
This proceduwrs without filtrablon yellds over 10 ate of
onpfeetly olear supur=iTos aolution suffielany fu¥p éwm Gebop-

sinablong of 163 rodueblon valtde

ey

N e R E R LG W87 06 1076 LO7 GeVerel nourd 2t Yoom
gonperatnye with ne 111 offects, LG 10 wimmses showld he
guftielent to ceuge Lemmeuntabion of aueh guentition of sugar
as are oriinerily encountored in thw biood Liltpatest. :




=jeidahn Yodlhnd for Loborniinatlc
> Witropon Conboent of the w&é&#

1;.'1
pr 2]

vzz.g

i‘"
to
&

R
2

Gl ¥ Tp80),

T 0ce Of Gomee Hpllh In o) 3 of fpU.

Jed ¥ Ha OH

1100005 g. HaOl por Liser of weter. Standardise Ly
titrabing with the 0.1 § Hn00p.

20 ofo Cunlp

20 ge CuB9) in e 100 os. velumetric flaslz, dlluke o
the mﬁ!z;. ’

Gonge rad _
Disgolve 2 go Donro med 1n a 21t%5le diptlilled ﬁm%;wg

alluto to 60 sce AGC IO cte wihyl aleochol.

Ploge 5 oo, of wine in a 500 oa, longe=nocksd Pyrem
Nieldehd flesle

LAG 26 ¢tq CUNGg "lw"“ﬂf

ida 2 ses of the 20 ofe sopper sulfess,

20l in hood wntll the mizvurs begomos anlwl;nm, thio
roquircs aboud ono houp,

Cood,



m
ey

A0e

S
UV -

olivke the contents of the flazl wilh aboul 200 cge

F

of awmorlc free webore

AG8 a 1ittle more of o oconocnbtroted polutlon off Taldll
e 1 neegasary to noubrallzo tho HpilLe The goiullon
willd %aurzs:; Gark bweomme ot hls paind,

AGG m fou nlaulite ching te prevont "bupplact ond o

M

arnll pileooe of roflia b pesvent Irotblog.

comnect the flaek with & condoneer so arvonged thot the
c.m&’l.‘*fwg bube pessen 1nto a psoelving ! flagk cobolning
o fow drops of Conpoe ved indlcator ond @ LW YOI
of 0018 Mgl The ond of t%x@v_f@&lv@zwg tabs mepd veach
borsath the Aurfuse of the fluld and the bubc hould e
of lavge caliver to avold "aucking Uaek' of the Tlulde
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etil for % < b minmubeo with the end of thoe eondonser
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106 £ b ce. of U0 ofo BaOH.

1i. Blovw foraefully 1 ¢o. of gniieyaldehyde initc the tubs.

12q Bhake. '

1%, Ploce tho tubes in a water bath at L5 - 500 0, for
20 minutes, shale ccaaplonnlly.

ak. Memove and cool for 1/2 hour.

1k, Read rapidly on tho Flett-Bummerson photosleetric
Colorimoteor.

Hote Since the color wiil eontipnue to Govelop 1T is

ospentiol thad the cooling time be standerd and

thot the readings e dene as rapldly es posaldles

urine = g, of nootome pep kile
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