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Ye Ëhat aro drunken, t¡r¡t not with wLne,
llhrt rtaggorr but, not, wlth ltrong drLnk.

I¡aLah ÍIxf19.

lltre moder of rn¡nla erc lnf,l.nft,e ln a¡reeC,cr, but one
elonc ln Eenur. For lt {¡ aLtogether a chro¡ri.e dc-
rrngcn€nt of thc mlnd, rtlehouÈ f,evor. For lf thc
fover rg ariy ÈLme ¡hould comÉ! on, lt, t*ould not ot're
Lt,a pceullartty to Èhc manl.a, br¡t to rome othcr lnel-
dcnÈ. Íhu¡ wlno fnfhnc¡ to dellrLum Ln drunkennotat
ar¡d eertaLn odj.blc¡, ¡uch ¡¡ nr¡ndragorr and hyoreye-
nu¡, Lnûuce ¡na,d¡rorrl lx¡t the¡c aff,cct,lonr ¡t€ ne\¡cr
crlled nanie¡ for aprlnglng f,rom e tempor¡ry cau¡e,
thcy gufckly ¡ub¡Ldc, but rr¡d¡rc¡¡ has cmeÈhfng
eonflrned fn Lt.

AreÈ¡eu¡, ü,hc Crppadoefrn.
Edttcd and Èran¡leÈod by Prancl.¡ Adauu.
I¿ondon - The Syûenhan Soelety, 1856.



To ilry wffc, Adclo, wÀthort wÌ¡o¡e ¡lostly

¡ntLent, f,orbearancor thore ¡tudLer could

noÈ har¡s bcen undcrtakon or conplcÈcd.
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SUMMARY
***tr*t*t****

Irlver sliceg obtained from human subJeete undergol,ng
elecÈlve ourgery rrere ineubaÈed in 2ml. of Krebe RJ-nger

Phosphate or Krebs Rlnger BicarbonaÈe in ¡nrre o:r1rEen or
95% oxygen - 5% CO? respectJ.vely. The following radío-
actÍve gluconeogenic precuraors $¡er6 employed in
coneentrat,íone of 0.01 t,o 10.0 micrornoles per ml. (0.0I
to 10.OnM), CI4 - lat¡elled f,, - alanine¡ L - glutamlc
acidl glycerol and D. L - Iaetj-c aeid. ExperJ"mental
vessels were further eupplemented with I to 1O mM of
unlabelled ethyl alcohol or eodium acetate. After 2

or 3 houra of incubaùion, radioactfve aaeaya u¡ere per-
formed to aeae¡c the effecto of ethyl aleohoL or
sodium acet,ate u¡ron the dfspoeltion of each labelled
gLuconeogeníc precurgor.

îhe followlng acpects vrere rt,udiedr
(a) FormaLion of glueoce by meaaurlng gluco""-cl4

ln the rus¡rending media and. as tiEsue glycogenl
(b) O¡cldat,íve deearboxylatlon by collectlng C14O

2
(c) Reductive retention aE a 3 - carbon fragment

þr meacuring Èhe rElca¡e of, lacÈic acfd - c14
(d) lrrhere pocolble, the¡e pararneterc w€r6 related

to the 'upÈake" of the cI4 - tabelted pre-
cursotr as Judged bV tts disappearantce fron
the suapendlng media.

Ethyl alcohol (lOmu) reduced. the formation of glucoee
and the evoluùion or c140, from aLI of the gluconeogenic
precursors stud,ied. "Uptaket vras also deereaged and the



v

fornrtlon of t¡cÈ.[c ¡ata-Cl4 vuLably augæntcd. lltro

lnaor¡nntlsn of grlueo".-Gl{ lnto glyoogrn u rrlt ¡¡ È}¡c

rc1¡r¡¡ o! gluaor¡-çtl lnGo thr turD¡ndlng mdÅrn wrre
tnhlbtÈ.al by ttr,byl rleobol tndtatttng tù¡t gluaonro¡ren¡rl,t
hrd b..n laterruptrd Drlor ùo Èh¡ fora¡tlon ol gluoo¡c-6-

¡ùor¡ilnrtr.

Irr lr¡otrlo rtuðl¡¡ rtlryl rlaolpl dtd not, deprctr
o{ilg.s conrrqrtlon mn thln 2OÍ rt thl t¡rnlnrtlon of 3

bour cr¡rrlmntr fndtertlag tlrrt tom archeni¡n othrr thr¡r
hl¡totoxfo rnoxlr ur¡ lavol,r¡ed.

?rnlhl rx¡rrrf.mÈ. Ðlng rodlrn ¡Ë.ùrt (f0nil trlL¡d
to Etmrlrtr thr chrngu ûr to ¡ttryl rlæhol r$gg.rÈlag
tlrrt the ¡ffrcÈr nre noÈ du¡ to rtrylc dl.tutfon wtÈtr

2-s¡rbon frrgurntr"

fn rùtqÈ 1r nrd¡ to rxplaf¡ thcrr ft¡rdlngr of tlrr
rff,cot¡ of rttryl rlcohol, tn trrur of cbrngm fn tlre r¡tlo
of eyÈoplunfo (nron ./xro+l r¡¡d tlr¡ rl,¡e rnd trunovrr of
tàr ! a¡rbsn pool.

ütrrttlt
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såfr ücw,t, it to €.Ët.lGf

tü*t tt¡tn ttrrtr ffirfil Ëû ülttr¿rl tþt¡lb M
m roæçÈ*f úot tüt'**¡t 6 W ü*hü ry'¡ü.
s tl¡ü.mr.tn ery¡ eùçrnl,üry ut tht Èe tb
Þ.üt oÍ rry btrlrû¡r d hlt f omtrtar no

ntrrtrl n¡rd*rlf ¡nbf!,¡ht æ wlÈÈm I¡r

ruothr 
'rFrñ{ 

ffis ffi ür ¡rúrËw ir
Dft l¡¡ th. È.#.

ttræ Güü*
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CHAPtsBR 1

IDTfRODUCITOI{
it.**ttt*rtttt*tt*t*tG*

A cureepÈ of, lfypoglycaeml.a long awatÈcd an underctandlng
of Hy¡nrglycaemla. Dl.¡bets¡ rnslLltu¡ fr a dlsea¡c of,

anttgutty lx¡t thc theorl.e¡ as to lÈ¡ aetfotogy taÊr3 bízarre
and wfdc of ühe rËrk untll Mathcw llobrqn {n 1775 racogmíred
the cvr¡cct nAtsrlal fn d"tabct,tc urfne to bl augar and Mfchel
Chcvrcul tn tgtrS eharacterf.rcd Èhc cugar ¡l glucore - the
aan€ à¡ that Ln girapea.

In 1849 Claude Bcrnard crtabll¡hed the glycogenLc

funct,lon of the lfvcr by denqretrat,Lng sugar ln Èho he¡tt'Le
vcl.n of dogr; frd clÈher .ugar or protcfn. El'¡ l¡olatlqr of
glycogon frø the livcr added rub¡tanec to the prevLq¡r
cvJ,dsnco Èhat Èhc bod'y cq¡ld clmthealrc l,te own chemleal¡.
He ¡trcrrcd thc lmportanec of Èhe l{ver at a sorrec of
perfpherel glucoce eu¡rply a¡rd lts alriltty to maLntaln ùhLc

i.n thc ab¡ence of aarbohydrate frqo ühe dlct,. fn addåÈLon,

he drew at,ÈenÈion Èo the thrc¡hold pÛrenoncnon of, renal
gl1rcocurJ.a. Bernard Naun¡¡m a¡rd hdg oo-worketr! (le9a1

eorrelqted Ëhc ElycoturLa ü¡e to the elevated blood lugar
wlth tha dlagmo¡f¡ of dfabetc¡ ¡noIIi'tu¡.

Ttre loeall¡fng pathologr¡¡z of the coqdLt,fqr wal tndlcatcd
þr ople (rgox) wÌ¡o portulated that dLabetc¡, Ëhe antlthe¡la
of hyperln¡ullnL¡n, Lr dr¡e Èo rlterat,l.mr ln t'he f¡let¡ of,

f,angêrhanr, N!.cholla (1902) reeorded the fi.ndlng¡ Ln t'he

flr¡t neoplaam to be tdânltftsd a¡ an 1¡lct eell tumor.

Allcn qnd a¡soal,ater (19201 dlrected attontLon to the
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fi¡notlon of Èhe lalet, oells Ln their work wLth experlmental
ddabet,a¡. wfth the recovcry of an hypoglycaemle agenL from
tho anat,onrfcally Lsolated cclls of the ¡EncrèatLc j.glets þr
Eant,tng and Bert (f9?2) the deû¡cü1ve chain r¿a¡ forgod and

wfËhln nor¡th¡ of, the cllnlcat usage of lln¡ulin', Campbell
a¡rd Fleteher (1923) had ob¡c¡n¡cd tho r¡mpËqnr of, hypogly-
casmLa foilosing an oucrdorc of the ¡naterl,al.

iløttn fI921) had reeogrn!¡ed the Boesiblllcy of hyPogrly-
caeml.a j,n dlab'etl,e¡ ri¡ûro wcre beI.ng ¡trEnuourly treatcd tryr

undernutrLt,Ls¡. In 1924, Clblq¡ end LarLmer oblenred fa¡t-
tng hypoglycaamla i.n a yd¡ng df.abet,i.c ttoma¡r who¡e dlsea¡e
h¡rd bccn preeenÈ for t,en yoast and ldro was not recelvf"ng
fn¡ulin. Re¡ntlÈtve glucoec ahallonger to tht¡ ¡ntlent
re¡ulËad fn progrreleLvely prof,orrnd hy¡¡oglycaeni.c rotltor¡t€s
q,hleh Èhcy atËrlÌ¡t¡ted to ln¡nlred glycogrene¡i¡ a¡rd lncreaaed
urfnar¡¡ wartage of gluaoce, t[ort lnportently, they eqreluded
thtt ellnåcal eor¡dl,tlq¡¡ exLrÈedl ln wtrlch the h¡r¡nglycaemfc
rËatc¡ oeaurred wl,tha¡È thc a&rrl.nJ.¡Èratlon of ercogenqrt

ln¡ulín.

lFlre term 'Hy¡rrlnruXlnl¡nf was Lntroå¡ecd shorÈly af,ter-
r,rard¡ þr Harr{e (1924} to explain ths ¿ÍüuaÈ1ør wherel'n

rymptmr of hy¡rcglyoacnla oceurred i.n qhe ab¡ence of In-
JceÈeê fnrulLn, Hir conoluelq¡¡, Åne!.dentally, aù¡¡nbrcÈed

by rnany y6rr8 the ngtr egtablÍ¡hod concept of hypoglycaemfa
due t,o the suetalned act,lor¡ of cndog€Rdrs fnruli"n ln the
atagc of, laÈent di.ab.tot þllcn, t95El Scl.tzer et ¡1., 1956).
trLnatly, Wlldsr and hfr al¡ocLaüec (f927) e¡Èablf.¡hed the
anatqnleaL cqreeBù of organfe hyperln¡ulf.nl¡m tll¡en they
reporÇ,ed the ftrrt lr[et, eoll tumor to be removed f,rçnn a

patlent,, Largrc amounts of, l,n¡ulfn were rseovered f,rqrr Èhe
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¡Ðqrent ùumor and frc¡r net,a¡ta¡ec ln thc lf.ver. lrclrt
Tülldertr obgc¡rtqÈfqta and aub¡cquent sr¡rerLenee, the
hlrpcreecr€Èlqr of ¡r¡ch tumon wa¡ erüablfrhed' Hcn¡land

et aI. (1929) rc¡rcrt'ed the f,fr¡t, eurc of a carc of,

hy¡nrlnrulln{em follglrglng thc rcmoval of an adsnolna of t'hc
X¡Iet¡ of Langrerihan¡¡, and llhlpple, up untll 1!XÌ8, r*a¡ able
Ëo eollcct 74 eas¿; of, ¡uch tu¡aore frqn the lfterature of
whÍch 56 were loeallsed aË operatlør and l8 at autotrtty.

napfdly wf.denlng eltperlcnec wlth Èhe ure of lncultn ln
dlabcter nellttur and t,o a leecer oxts¡t, É.n ¡rychlat,rlc
eqrdlt,lortü sueh e! rehlao¡ùrrenia rnade cltnteta¡¡t aware ol
the allnlcel plcËurc of hypoglycaemla I'n lta comnone¡t
forur a¡rd tcd to Lncreer:lng docu¡nentaÈl.or¡ of casel tn r'u?rieh

fnrultn war not thc ¡redtatlng faet,or. A olearly dcllneeted
reguentfal analyrfe of the uarlqre ¡*raecr of ccrcbral
oortfcEl dcprf.vatfon of glucore wEÍ Prt¡ented bV HfÍ&tLch ln
1944,

änfunal ex¡rcrLræntaÈlon had long prceeded cllnleal
apprcalatlqr. !{arked attentton had been f,oeu¡cd qr thc
llver at a Eot¡rcc of body glucoee rcto¡xret. &rpsrfmental.
hc¡nteeùqrry Or excluelor¡ of, the ll.ver frø¡ thc clroulatJ.qr
hud been Braetlted ri.ncc thc ffrcÈ cx¡nrfmcnts of, Bock and

Iloffman (18741 . Mi.nkonkl (18S6) ln hlr cl"a¡¡l.cal rccearch
on the sffect of the rcmoval of the lfvcr Ln geere noÈed a

dsctrcace fn blood tugar. h¡rthor ex¡nrlmcnte tn dogr
(gsegen, Lg8lr Sahenk' 1921) E¡Bply csrf,l¡mrcd thts t¡ttportant
obgerrr¡tfq¡ but molt workem attrilr¡tod llttlc ctgrntfJ.ca¡rce

to the faet. lhe llvcr n¡å3 not rcmo\tod rurglcally f,ron any

of tha ar¡lrnals exee¡Ë Èhe goore. the d.Í,ffercnt, ¡nothod¡ of
exclu¡fon entaflcd r gr€aÈ elteratlor¡ fn thc cireulaeLon and,
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ertcepÈ fn those ex¡rerimer¡tE ln whíeh Èhe cLrculation waa

rcstrLcted Èo the anterior parts of the body, great loas
of blood mret have occuned frm cørgestlon. Ít¡e ¡nethod
of experlmentatlø¡ a¡rd lengËh of llfe after the operaùl.on,
with the exqeptist of ÈhE e:cperlrnenta ür geere, precludcd
any correlat,lon between the reõucËdoqr of blood cugar and
the developnent of, a¡¡znptom¡ r

llhe elega¡rË experi¡rnnt,¡ of Mann and MagaÈh (1922) pro-
vldled the fLrsÈ opportuniÈy for detalled and rrnhurrled
rüudy of the anfunal wl,th surglcally tndtrced chrs¡tc lfver
fnEr¡fflcienclt or followj.ng tot,al hepatectøtty. UaJ.ng a
graùrated oporaËJ.ve proeeå¡re þz neane of príor porÈo-caval
anaetomose! Èhcy nêtrê able to occluds the he¡nttc cd.ncula-
tlqr ¡t a ÊLnre when the ex¡nrfmenÈrl ar¡i.rnals had recsl¡ered
frm Èhe lnl,tial manl¡Hlat,lm¡ and ln thi¡ way n¡erc able
to u¡e the ¡a¡ne a¡¡I,¡nal a¡ ftr qrn sontrol ln eLrcurn¡êanee¡
prellnfnary to the flnEl oeclurLqr.

these workcrr noËsd ¡n cxact correlatiq¡ betvreen the
decllne fn blood rugar, the enctjronce of, r1rtnptffis and the
onseË of death. ft¡L¡ r¿as t,o auqh an extent thaÈ the arrc¡nt
of, blood sugar cq¡ld be pred{cÈsd corrccÈly after a clfnicEl
e¡4lraical of Èhc condltlqr of Èhe ani.ua1 as the rynrptou
appeared. These obren¡atl,cr¡¡ ?r€rG followed by the f,fret
aùnlnistratiqr of, fntravonq¡a glucore for hypoglycaemia
wiÈh dranacic rer¡er¡aX. of the detcrl,oratlng cll.nl,cal Gcltt-

dition. Moreou€trr I qurnÈj.È¡tLvc relaÈlqrchfp rrae estab-
llshed w?rereþz varyfng amounte of glucog€ Per kllogrram
boef welgrht, eotrld resÈore the anLual¡ Èo corrcrpørdlng
degreee of well bclng. Althot¡gh thL¡ wac cubJect to fn-
dlvldua1 variatiq¡r the resllonse wa¡ relatlr¡ely conetattÈ,
albett LnfLuenced, W the length of t1¡ue follovdng o¡teraÈlon
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a¡rd the amount of glucoaa prevlanaly a&nlnlrtered. Ftryelcal
act,Lvity and the Enbfent tem¡nrature w€re lmporÈant factor¡
Ln glucocc requlromcnt¡.

so¡kLn ¡nd hfr co-wotrketrr (l9fa¡ reffned the obaenraËLqrg
of Beraard arrd Èhoee followlng htn and de¡oonstrated that the
perf,uacd dog llver reno\tcd glucore from the blood ¡trearr
whsn portaL blood cq¡ùafnect htgh glucoae levelr. Converrely,
r¡vtrcn ühe porÈal blood was lqr J.n glucoec thlr sub¡t,a¡ree waa

produocd by thc lLver,

l¡he obcenratlona have basn a¡ryty co¡rflrxrsd and e¡ttended.
gponËaneanr hypoglyoaenfa occutrs ln a wl.de varJ.eÈy of
he¡nt,lc dL¡ordsr¡ whLch, for the moct part, s¡rc dt¡e to
to¡cfnc of che¡nlcal or fnfectlqtc n¡ture¡ to raplacernent of
f,unct,l.ø¡lng wlth hon-fütrctlonlng tls¡tre ln the llver or to
dlaturbar¡ces of, funeÈl.o¡r resultlng fro¡u vascular chanEer
(Frelnkel and Elcfeher, L963). Hornat¡er, hlryogrlyeaemfa lc
not to be cør¡ldercd a characÈerl¡tfc of thc¡e ctates
(zlmnc¡man, 19531 and êvon thorgh a reüt¡ced blood augar la
culpaeted a¡ a courplicaÈLqr of hepatfc d.L¡eaee lt¡ oeeutrrence

Lr unucual l¡¡t not rare. Thl.¡ lnf,requency ni.Eht belLe its
terl.o¡anGerr Slnce i,t reflect,g a reü¡ced ca¡ncLty f,or
glycogrene¡í.¡, gluconeogrenoal.¡ and glycogcnolytla on Èhc

¡¡art of the liver {t lc ucually an indleatlor¡ of, Erave and

dlffu¡c parcnchXzual dlrea¡c.

Ëor centurfe¡, fnfu¡Íonc of, varlqre plantr wetre used tn
ths t,rsaÈrent of d.l¡beÈer urellftur. guch Bre¡nraÈlone ruay

stgnlflcanÈly redtree ral¡ed blood Eugar levek at Lc now

knovnr, lxrt u¡ua1ly þr unde¡frable nê¡rn! cuch ae he¡ntocullular
demnEe, Several organl.c ehenLcsl¡ act afrnLlarly.
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TA8!E t

OïHER $JBSTA¡.ICES ALLEGED To PRODUCE HypOcLyCAB,ilA tN MAN

$,8ST$€E SOURCE AUTHORS CLINICAL DETA]LS POSÍULATED AETIOLOOí

ÈrosRronus OtEilcAL FRÁNK ¿

lsqACr
r 9r0

DIRECT HEPATIC INJITI

¡fþRAztNE

PARATH¡oN

DlsoDltjvl-
ETHYI,ENE-

DIAI.I¡NE

TETRA-ACETIC

ACID.

PorAsslr¡,t

lHsecrtctpe HRUBAN

6 Ator
t96)

ExpER¡.

HENTAL.

Acct DB¡TAL

O{EIATtNc

AGENT.

ALFALFA

(Lucen¡¡e )
l*'lED I cAGo

sATlvfu

lzt¡¿e È

[Evt¡ s
t926

MELTzER

ET AL.

t96l

Rt,B¡NSTE IN

ET AL.,
t962.

e[LD, RooM

SPfiAYED WITH

O{LoRDANÉ. NEUR-

CtoGlC AND !lYP0-
GLYCAEI,IIC SIGNS.

B.S.L a7 uel'
DIED.,

!þ e¡recr oN

NORI¡ALS AND NO

EFFECT ON DIABETICS

NoT oN INSULIN-
TAKING DIABETICS.

ÁcTION þ,ITHIN AN

HoUR.

IN RECoVERY PI.IASE

OF PERIODIC

PARALYSIS. 2 CASES.

lNn¡seo K Sq€tLD,

t96,

FAILTRE oF GLûcoNEocENEsE

SECONDARY To HEPATIC lt'UUff

DIRECT STIMIÅATION OF ISLET
CELLS SI PARASYMPATHETIC

OVERACTI VITY

CHELATIoN oF ztNc THUS IN.
CREASING THE SOI.UB¡LITY OF

ETTRAPANCREATIC (I.E.,
CIRCULATING INSUL¡N).

RAPID TRANSPoRT oF GLUCoSE

FROI'I EXTRA TO INTRACELII.q.AR

SPACE.

MUSCIJLAR MÁtE,

DIABETIC. RE-

PRODUCED BY

oRGAI'¡¡C lvl¡I.

IR'ITII PARTIAL

PANCREATECTOT4Y.

th,tK,¡or,¡t. ? l¡lcREeseo pgn¡-

PHERAL UTILI SqTIO¡.L ?,

II*IIBITION OF GLUCACON. ?

INCREASED INSULIN RELEASE.

I'IANOANESE
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TABLE t (Co¡nD)

OTHER SUBSTANCES ALLEGED TO PRODUCE HYPOGLYCAS'JIIA ¡N MAN

SJBSTANCE SOURCE ATÍÍHORS CLINICÂL DETAILS POSruLATED AETIOLOçY

LEUC t NE

GAt¡cTosE

D-R I BosE

I¡.ANNOSE

DlFrffü,
et8ilcAL

Dl ETARY,

BREAST

l.rlUt

fune
CHEI I CAL

!NTRA.

VENOUSLY.

l¡¡vesT-
I CATI VE

tNR Sl0t¡.

Coc¡{RÂNe

ET AI.,
t956

BRT,CK È

RAPEPoRT,

t945

SEGAL ET

AV¡ 1917.

l.l00D t
cAJt lLL,
t96?,

M¡NOR RESPONSE II.¡

NORMALS. ¡4ARKED RE.

SPONE IN SENSITIVE

SUBJECTS, FA¡.ilLlAL

HYPOGLYCAE}4IAS AJ.ID

THOSÊ PRESENSIT¡SÊD

I{ITH SI'LPHOMí UJREAS.

I4ARKED DECREASE IT{

GLUCOSE LEVEL NOT

ASSOCIATED WIfH

SIGNIF¡CAiIT RISE OF

PYRWATE OR FALL I}T

SERIJî4 INORGA\¡ IC

PIIOSPHATE

l¡¡R.¡stor¡ ¡Hto
NoRÎ/,AL I'tÁN Wlll{

',!qRKED 
A¡¡D PROLONGED

DECREASE IN BLOOD

GLWoSE

POTENTIATI ON OF INSIJLIN

SECRETIoI{ Bl A METHoD DIFF-
ERENT FROM THAT OF THE

SI.!.PHO¡fYLUREAS. POSS¡BLY SC4E

DIRECT ACT]ON ON THE LIVER.

MEcHANIsr'{ t[lKNohN. ToTAL
NTRUE SUGARII ELEVATED EUT

GLUCOSE REDL'CÊD. ? PAÍ.ICREAT¡C

ISLET STIMULATIO}Ù ? EFFEEI

ON HEPATIC GLUCOSE OUTPUTO

? FAILURE TO DIsTINqJlsr¡
BM.¡EEN TOTAL SUGAR AND TRIJE

GLUCoSE ? t¡ü{tB¡TtoN 0F

PHOSFÍ{OGLUCOMUTA SE BV

GALACToSE- l -PHOSPHATE

(sroeumr, t96t )

OBSeIÃE. DATA EXCLUDES IN.
CREASED PERIPHERAL GLIJCÍSE

UTILISATION AND RENAL

GLYCOSt'R I A. POSS ] BLE STI l'þ
U.ATION OF INSI,LIN RELEASE

lfrzz¡- ET AL, tgrol.

PROBAELE Acct¡IULATI ON oF

Y,ANNoSE-6-PHosPtlATE DUE TO

REDUCED AVAILABIL ITY OF

PHO SPHAI'{ANNOSE- I 60i{ ERAsE

Poss r BLE HEPAToroxlctTYo

lNvEsTl-
GATIVE

INR Sloil.

cAl't lLL,
I 964.

¡NFUstoN tMro

NORMAL 
'.IAN 

WITH

REDUCTION IN BLOOD

SUGAR LEVELS.

D tRECT HEPATIc I NH.AI"['4AT¡01{

AND DECCI'TPENSATION OF LIVER

R'NCTION. :

L-soRBosE
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of these, phoaBhorîut (Frank and lgaac¿ 1910) araepic and

Il¡¡rdrazfne (f¡nrne and lrew{s, f926} are good examples. }tore
reecnt,ly, Inrre vegetable sotrrces of hy¡¡oglycaæLe maùerl,a1

ruch a¡ the llckee nut (altghla capidal wtrfeh cauces
ila¡nal.oar¡ vonLtfng ¡Icknsc¡ (Has¡al and Rcy1er 1955¡ Ffsteln,
[960) and pocclbly Èhe nangqn€le content of Lucsrne
(Usdlccgoeatf.va) have becn charaeterLs¡d (Rubtn¡tej.n ct aI.,
L962t LanceÈ, 1963). Eæsvetr, thc ¡nechanlan of actLon of
mort of Èhc botanfeal hy¡roglyeaemle agrentr l¡ unknovn and

thl¡ ctorehq¡ee of former f,olk medLcLne may lnelude druga

of cllnleal vaLuc and hlp,oglycaemLe rnechanl¡m¡ of wl'de

i.nterert. Wi.th thc lntroductLon and acceptanca of cmplex
and rnargtnally torfc lnorganle chemf.ealc to the therapeutLc
f,ield lt la probable that t¡ore examplea of ¡uch dntg actim
wtll be brgt¡ght to lC,ght. trtrc ttterature cqtoern{ng the
actiona of the sul¡*ronylursa grqrp of dtlgs Lg nout exten¡{ve
and well cununarlsed (Frawley €t a1', 1959) and nefther these
nor the blgruantdc preparatLon¡ wf[l be furthsr dlscugqed.
Tabts tr a¡rnotatea Ëhoae oÈher rnateriall ln whlch an hypogly-
cEe¡rrLc aetfot¡ ha¡ been ¡atlsfaeÈorlly substantLated.

Deeplte the plethora of vlci¡cLtudes attrl}uted to lÈ¡
ure, alcohol har never been so l"nerLmdnat,ed. Certatnly
aleohol' h¡o been desultorlly used ln the thera¡ryr of d'{abetes

nel$.Èug, fn 1922. Allcn and Wfshart, re¡rorted thaLr erc-

¡rarlence wlth ft ln two dfa¡tst,lc oubJectr. lfhofr gEudLs¡

w€re lnstl,tuted bccaUre of ùhe knor¡r absenco of di.rect
convertLbllfty betwecn alcohol and eugarr becaure of the
laek of lmnediate relatj.or¡rhlp between aloohol ar¡ô the
fonnat,l.on of acetone bodia¡ and, a¡ a crltfcql t'rLEl of the
vaguely aalutory eff,ect,c attrlbr¡ted to thLa ¡ub¡ta¡lce.
trl¡eÍr revlew of the lJ"teraÈure to that Èllne suggested thaÈ
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alcohol aløre waa nev€r rerÞmrÍble for gl1rcosürl.a. Íhey
cl.ted Vor Noorden (1891) ar ¡howlng that alcohol ¡pares
proteln qn Ê BroÈeLn-r{eh dlet ln¡t, not m a ptotêlrr-poor
dlet. fheXr ruEgcrted that Morenthal and Harrop (1918)

had eqrtrlbr¡tcd the only accuraÈc rÈuQz untll then of the
f,ood value of alcohol ln ¿fabêtfcr. In thtE revlew they
eLtad Ncubeuer (19061 ar rêporÈLng that, wlne, r€pretelrËtng
65 to 135 grqmt of alcohol pcr day uhen added to ðlabet.tc
dlet¡ had no d,l¡tlncË eff,sct uXtoûr mtld cal€ü wlth ÊrJ.uial
ael"doair Ìn¡t cau¡ed a dt¡¡Lnutåor of both glyeoeurLa and

¿cLdo¡1¡ f.n ¡¡ore aev€rê caÉe!. Íhey f,urther noücd Bened!.cÈ

and Torolc (1906) a¡ shor¡Lng that r¡trcn f,at wat wlÈhdr*¡n, Èhe

aectere arrd auger lncreaecd, but, that, t*rcn aleohol waE addsd

the aeeËct¡re, rugrer and ¡rn¡nonla dfm.Lnl,rhed. In the two

¡ntlentr otuûlod þr Allen and Wl¡h¡rt Ln thl¡ reporrt the
follølng obacnratfenc u6r'€ ¡nadc.

Dotad.led ealorLc a¡rd l,¡o-calorÍe ¡ub¡td.tution values aro
chftrri acld the conclu¡Lqr rçqched that ethyl alcohol lc noÈ

cq¡vErtcd lnto tugar 1n the body. tha adôl.tl.qt of caloriea
ln the f,orm of, alcohol ln exccas of, thc ¡ntlent'Is calorLc
tolera¡ree proôucod and return of glycoausfa ln othsr d,fabstlc
dJsÈr. lfh€ addlülon of al,cohol or a mLxture of å'È a¡rd

aleotrol Èo a ¡t,andard dlct gave ri.¡e to very mrch ler¡
acj,dosl.¡ that ¡lmltarly er:tccèttlvs dlet¡ bul.lt up by addÍt!.crt
of fat alqre wlth conecgu€ntly l.ere danger of ae.Ldo¡I¡ rdrøn

Þart of thc fat, of, a hJ'gh calorlc dl.et, q¡a¡ subctl'tuted þr
aleohol, 9l.nee ¡Ieohol was elcarly recogrnlecd ao Lnca¡nble
of converaiqr lnÈo sugar or acetor¡e ln the boêy, they clalned
Èhat, theee experLnenta ¡hqled aleohol Èo adveraely fnfluense
thE dlabetic balance tn a m¡¡n¡¡er lndcpendent of lto calorLc
edttent. Arty actual hypoglycaEmla act{sr of aleohol wag not
recogml¡ed or ctregaeð,
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lieelerg (f922) studLed two Juvenlle dlabetLcr fn a

¡rychletr!.c 1n¡t,LèuÈLcr. ft¡ey erotre both rclat,lvely
agl1rcoauri.a and kEÈone boôy f,ree trrhen nalnÈalned on a
I'000 ealori"e di.et, þuÈ ruf,fared a nurksô augrnsntatlqr of
hlz¡¡crglycacnla and kctqrurLa v*t¡en thl¡ ôlet ra¡ Laerearcd
Èo 2,0O0 ealorle¡. ÍÌrl¡ ehange a¡rd dcËcrLoratis¡ rnr
oecallqred regardLe¡¡ of wtrather the qrlorle lncrea¡e war

attql.nad þr aleoholr fat, or a ml¡rture of tho Èwo and the
etuôy thur relnforecð the flnê{ngr of All"c¡¡ and !{l'shart
(1sa1,

thortly af,Èer tht¡, Fullsr lf922l reportcd ltudi.ar øt
reycn di.abcttca of varyLnE tsvorlty to sih6¡tr ¡lcolrol wa¡
gJ.vcn. rhe çubJectt rcccl,veô ?0 to 3o ce¡ of, alcohol ry
nrouùlr. In f,fve s¡aoð r dcflnltc refr¡eùl,on of blooå lugar

rßr ob¡cn¡cd, Xn oash ùrrlng thc f,lrrÈ oE tesond hqtr. trn

a f,rrrther ttudy of, f{ve ettes hc war able to eoarfl.rn the¡e
flndingr and di.ffcrcntlaÈo the rrn*ln¡l hy¡toElyeaemfc cf,feet
of LcoaalorLc ¡ubstLtutloq of al.eohoX. f,or fat ar agal,nat

the le¡¡ar retttoat¡ç wtren the alcohol rras cf¡ly addltlqtal
Èo l,t. In all LnrÈaneçr the ¡nltd.er dfabqtlcl serc ¡fiore

rcaponeir¡c than thore wlth ¡GYcrG d.l.¡çane.

!ûo¡m¡l eubJcctr nalntalncd m an adcquate dl'et of aalorLes
br¡t hlgh f.n fat and 1o¡r ln earbohydrate sufflolcnt to lnduce

kcto¡raer¡ni.a a¡rd ketsrurla npre noe affectcd bU ùhe exlrlbùt'tor¡
of alcoÛrol (Neb¡uer, 19o61 Bancdlct a¡rd lForok, L906¡ Hlgglne

et a!.., 1916). xtl a re-a¡¡amLnat,lon of thlg uhole Problem,
Arky rnd lrelnkcl (f eeC¡, havc denrqr¡tratcd an aÈÈcnuatLon

of the rfutng blood Eugar and an arro¡È of the progrrccrlve

kcÈsr¡rrn!.a Ln -Juvmllc" dlabetlct tût€r tl¡e fntravenf,it
fnfu¡l.on of ethyt atcohol rûren food rtral wlÈhheld'
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CTTAPTER !,1

Íhc Clfnfcal SXzndrano.

In e revl,cry of fi'vclve ca!€t of ketore ael.docl.¡ ln
nqrdlabat,i.c adt¡lt¡, Di.lton et 41., (IXO¡ delfnc¿ted
f,qrr catoü ln whsm eq¡rfdcrable hylpgtlltoacml.a war de-
tcoted. Alt of the rubJcetr Ån thc rorlea wore chrsrLc
¡looholi.c¡ ¡nd rn¡ch undcnrotrrL¡hcd lx¡t qlly tn fq¡r of
the¡e wer€ level¡ of blood ¡ugnr, rangrlng frqr 10 to 42 mq.

¡nr cont rccorded, AJ.l ttere rovlr¡ed båt thc a&ntnl,stratJ.on
of, glucore aftcr a ¡nrlod of eerebral obfuceatlør rangÍng
frc¡n sot¡fu¡lon Èo eonÀ, lthll¡t thc rols of alcottol war

brl,cf,Iy n,entiqrod, no f!.¡r¡r actLologfcal rclatiqrrhJ.p be-
ùwecn thle and Èhc hypogrlyeacmI.s wa¡ luErErstüed.

A year later Brqvn and Hanrey (1901) dræ attcnt,lqr t,o
¡fx ca¡g¡ of hypoglycaemla occurrLng ln ¡ntfcntr wlro had
rccently fngecÈed ltnokðt, a¡r lnt,o¡lcatlng bevcrege G€rl-

tatnlng donaturcå aled¡ol eolvcnÈ¡, Ílrels expcrLcnco had
sßtcnd€d ov€r a nu¡nber of yearr lr¡t elocer obaerrrat,Lqr¡ of
rubrequent admlr¡Lm¡ os¡firned thr ar¡ocf.stl.qr of, thc
nctabotlo ¡t¡te rrfth the lngcrtanÈ. After thla reporÈ,
Írrskcr snd Portor (f9¿2) rÈudled fq¡r sÊt6¡ i.n whs¡ the
prcclgl.taÈtng ¡n¡terI.al wt¡ fgol.or¡tn a shellae rolvent
cortalnf.ng appronfinately 90t6 ethyl alcolrol. lrom there
two ¡u¡rcro the clLnLeql ar¡d bloeheml.cal eXmdrorne ha¡ been

oxtcndpô, crLtLcal!.y lnrruetfg¿ted qnð mlrèerl.aIIy clarlfJ.od.
Tabl"c 2 Lncorpor¿tc¡ a prec{r of the reporÈcd catat uP

unttl ntd-1967 on r*trlch the entuf.ng dercrt¡Êton of 'Alcohol
¡lypoglyosemler l¡ ba¡ad.
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Althargh the condLtJ,ør waa orlgLnally accrl,bed to 'gnokel
orr motr€ lpeclflcally, denatured alcohol colventl, ¡ub-
requent rGport¡ havo cxcludcd a}f but ethyl ¡leohol" as the
coffißüt f.ngredfent and Frei.nkel 6t al.r (19631 have repro&tced
alt f,c¡tures of, the rlmdrome wtth ethyl aleohol alone.
llhu¡ tsottura et a1.. (f9491 reporting tho f,irat eacea i.n
wlrlch ethyl alcohol can be clearly lmPlieatsd, a¡rd ln whtch

¡nca¡urernent¡ of blood alcohol wore obtatnedr wetre able to
oxcluô€ Èhe Breacnca of neÈhyl alcohol from all aamples of
thc J.nto¡¡i,cant f agruardentt whfCh rn¡ the lour:ce of €xPæufe¡
I¡ater re¡rortr have excluded ethyL acetate, gacolJ.ne or
rnethyl !.aolruüyl ketqrc (Heve¡ ct a1., 1950¡ Feluffo et, a1.,
L95gl ileune €t al., 1960 Cu¡mln¡, l$l and Neame a¡rd

,Íoubertr 1951).

!4ost lncldents have been de¡crLbed in chrqri.e aleoholfcr
Tn¡t the repêated dercrl.pt,f.qra 1n chitdren lndlcate¡ that,
addtction is not a proreqfulaLte. In the 20 ca¡ea raport'ed

frm grazltr by Neve¡ et al., (1950) two were of acute

alcoholLc lntorlcrtlor fn nonaleoholf.c¡. TrthLlst, all patlents
have con¡umcd cxeer¡i.ve ethyl alcolrol. ln øre form or ar¡other,

gr6at \tarLätfon ln ùhe Ètrne fnten¡al betrrcen lt,s lngert,lon
and ths dcvelo¡ment of alzn¡Êmr L¡ recordad. Tt¡ckcr a¡¡d

Portcr (19121 report a lapûe of 12 hourr and Kahi! et 41",
(lf¿l one of lÊ hu¡ra. In other i'nrtancer ftfa¡ü¡aek, 1957)

thc ¡nt,tents nìere acutely alcoholf.c.

Nutritl,onal lrn¡nfumanÈ, l¡ eoqmqr ln¡t, not, Lnvarl,able.

lDhe very naturo of the GxltoËur€ dLctatec Èhat moeÈ eubJecÈc

have been heavy drl"nker¡ Lf noÈ actually chronlc alcotrollc¡
ln thê aece¡rted locíologrj.aal aeï¡Ee qnd Èhe condftLurlng
reçnlenc6 of poor dieÈary lntake J.s ¡nramornù ln th.lc group.
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Hourevar, the prev{ourly not,ed occutrrencG Ín chlld,ren
(P€luffo, 1958; ileune Gt aI., 1960¡ Neamc and dlouberÈ,

l*i3) eont,aLns two rcf,ersncct (wettt and Gorotrbcn,

1950 and Cummlnc, 1961) in utrom adcquatc nuÈrIÈl'on fr
doeu¡nentcd.* Alt of the cares of Frel"nkel ct ê1., (f%3)
t"era rcarqrably nouri¡hed.

the overatl clfnLeal foaturer of aleoholfc hypoglyeaemla
do not vatT lntrLn¡ica!.Iy from tho¡c duc Èo hyPoglycaemLa

of othcr eeure althorgh rnarked flndinga of rympatheÈic
excitat,ion directed tortard,t snhanecmcnt of he¡ntLc
glycogrenolyrl.r are not promLncnÈ. lfhe deErec of menùal

Lmpalrment varler wl.dely frorn mlld confuslon to complet'e

conìÂ and relatlvely rapLd exeur¡lo¡rr through ùhe¡e cÈager

havc been ob¡enred' rn the eaee reportcd þz !4arka ar¡d'

Medd, (1964) the aubJeet tapaad Lnto coma aft,er adml¡rlon
to hoepltal dcrBltc f,urthcr abgtlnence from aleohol for
30 hotrr¡ and lntravonou¡ Èhcrapy war rcquf red f,ox L2 hours.
Most, ¡ntLentr w€re unco¡r¡cloüt. Conrn¡l¡ive aolzurêt'
exten¡lon tpasmr, eoarse trcmor¡, ÈrL¡mu¡ and eonJugate

devLat,Lons of, Èhc €ye! tillre fotrnd. gome of the¡e feature¡
may be at,èrLbutable to dopre¡aed levolc of nagrnc¡lum
(¡'lc cotlfeter et aI., 196q Frankurhen cÈ aI., 1964). A
f,ew, erpeelally chftdren, had doprelscd vlt,al cLgml¿ Ef,l!-
eular flaccldlty and abrcnt dcep tenðor¡ rcflaxe¡. lftle
plantar rGrItontG wat utually flexor þl¡È rangh eorrelatlon
can be nndc betwecn Èhe detcrlpt'lon of, the depth of, cqna

ar¡d the dcvelo¡ment of exten¡or reflexe¡ in ¡eaord wlth t'he

preaeneG of the moro omlnotrr 'med,ullarlf tyndrq[n€r (Elnn¡lch,

1944), SweatLng 1r not f,requently reportcd. R¡pt1lary
changee îtere fãFe. the ¡rulre and blood Prclluro varLed
but were usually slow and øomcwhat d.epra¡sed relpectlvely.
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Il¡rpothcrmla wa¡ cormonly obaenred rvherc ternpcraÈurot
are notcd and rccorrery har oftcn dlrclo¡ed ar¡ uneur¡rceted
¡ryrexLa. fhe hl4pthcr¡nLa rnay ref,lcct the cenÈra.L orlgLn
of the hypoglycacrni.a ar reeognLred Ln afflLcÈlq¡ of the
poaÈerLor hypothalarm¡r. Hytrrothe¡¡uta as a .lgn of hypo-
glyeaemLa har bsen cøune¡rtod ugør þr Keôer and 8feld,
(f 964) and, has boen cor¡f,l,rmcd by furthcr rtudle¡ of
thl¡ author (Gohen, un¡nblt¡hod ob¡enrattor¡sl . Such

¡tudler haue ¡howr¡, corverrely, that potentlatj.qr of, the
hy¡rcgtycaemLa fndrrecd try ethyl alcohol ¡nay be obtaincd
by cxporure of thc rubJect to eold. trn Èhir respecÈ
tÈ 1¡ Lnterc¡tlng to noÈe that Ma¡¡or¡ (194f) flr¡t de¡-
crlbed thc areater hypoglycaemLc acÈtür of J.n¡ulln ln rat¡
f,aEÈcd fox 24 hqrra ôrrlng êr€porure t,o -zoc to +2oc f,or
l, 2, 6 and 9 dsys. the ef,fcctr beeEns grcater the lørger
tho cxporutre. Othcr workcn havç noÈcd a dcplctLon of,

he¡ntLe glyeogrcn ån the llvcr of, Ëhe rat afÈer Lnttlal
Ç:ßporure to cold ar¡d an lncFeaae l.n glucot6-6-photphataae*
acÈl.vlty. llhe turnouer and oxfdatLqr of glucoae Lr al¡o
l.ncrea¡ed (Brf.È1.¡h trtod.f.cal Bullctin, 196l),

the urlne conLai,ncö acetqre ln nar¡y ca¡êú and o1J.ght
redr¡cti.m of rcnrsr bLcarbqrate augge¡tod thc prercncc of
aeldo¡!.¡ ln rqna earêr, 1!he blood augar wat rcô¡ced 1n

all lnsta¡rce¡ tnt varLed wldety de¡nnding qr the nethoð
of e¡timatLqr, ths tlnc tntcnral beÈween c¡ßtrþ¡ure Èo

rrhrqrghor¡t Èhl¡ the¡{r the Èrt"vi.al nqne¡ of, cnnynce
are employed. lfhe¡e are al deff.ned by flrc Report
of ths Cqunl¡¡lon on &rzymee of the InÈernat,l.onal
Unl"qr of Blochorntetryr 1961" tr,U.B, Serlas,
Volume 20, Fergranør Pre¡¡.
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rtcohol s¡rd the drawtngr of blooð and rørctfino¡ Èhs

LnÈcrrrcnÈlqr of, enarT¡ency glucose aörr"tnktnt,Lø1, Valuc¡
a.r Lon ¡r 6 nEr.* (lrc.Lnksl cù al., 1963) and 9 ¡rgl.S
(Hoane anê üq¡bort, l96f) rre not uncümon,

Blood alcohol lcr¡llr, whcra crtl¡naÈcd, worc rurprlelngly
low a¡rd have not crtcacdcd tho levol of, mllð lntro¡LcEtlor¡
rcgarded, a¡ ¡bq¡t 200 rng.S. ßrcccpÈf.on¡ srrG the ça¡c¡ of,

Nover eÈ È1., {1950} and Ìfcill and (þrq¡bcn, {19601 wtrsrc
Ievelr of 482 and 260 ng.t6 rer¡nctLvcly wcre rccordsd.

À1¡¡ogÈ ell care¡ h¡vc reo¡rørded raptðly arid eomplctely
to Èhc aù¡lnf¡Èrat,Lqr of glucoee anrd rÞontanro¡r r€eo\r€ry
r¡ar noted ln Èwo of the rl.x ea.c¡ re¡nrtod þz Brovm and
Hamcyr (19411 wlÈhøt rpeclffc thcra¡ryr. lfhe¡o are the
caser ob¡enred at thc ifotrn¡ Hopklnr HorplÈal ln Èhe

¡nrlod 1934-1910. In the fj.nt, rpcrtancerc rcecn¡cr?
occurrcd ln 5L hq¡rg after ¿&lLttrncc wi.th a rLrc of blood
rugrr frm X.5 to tOs rg.S ¡nd the tom¡rerature frqn 96oE to
101.6oF. In the other, a clorp apcrtaneere D€cotrror1r Í3-
gulreå 2 day¡ tnd no firrÈher dct,aLlr are gJ.vcn. In the
éaEe reportod þr DÍarkr a¡rd ¡csdd.r (1964) prolorged a¡¡d

vfgororr dsxÈroco thera¡4r rcar requlred to prcvrnt rela¡re,
Of thc 3 fatal çarce In the serLe¡ of 1l re¡rcrtcd þr
Eottura cË, aI., (19¿g) all rccslveð glucore and, ln¡ulfn
ar therapy.

qypogf¡¡acemla r¡nrelatad t,o alcohol conrurrpÈlqr oecur¡ ln
a wLde varLeÊy of hc¡st,l.c df¡ordsrr ¡nd f¡ a¡r ind,fcatfor of
Er¡vc end dlffu¡c ¡rÐrGnehyrnal êilee¡e (Hed, 19581 . !fi¡eh
dircucsLon har Èh¡relorG natur¡lly cantrod arqrnd Èhe roLe
of the llvcr fn thf¡ elfnlcal r¡mdrmre. Btrowtt and Hanrey,

0941) notcd dsmon¡trablc evfdenec of damage Èo the llver
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ln Juet or¡e of ¡lx carer a¡rd Suclccr End Portor, (f9¿2t

equnenÈinE on thc porr!.bte prctctlco of, oÅrrhoaLr noted thaÈ
{lÍttlc wa¡ fornd aftcr rÊco\t€4rñ. ÌÛlrcrc auto¡rler have

been perfoumed, the nort cdwton abnormrl ffnd.tng har been

fatty lnfllÈratLm of, thc ltvor türleh would not be Qtlsxr

¡netod Ln any grouP of ¡n¡lnqrrf¡hed, ¡lcohol-r^nbfbfng
Garêt. tho¡e ¡ntLcnüe rcportöd þz ll*rmack (f957) of w?rq¡

13 ant of 36 dlcd, tttrc for the mo.t PErt aeutåIy or
drnEcrourly,ûntocf.cateô. HyPoglyeaemå¡ was raportod ln
orrly 6 ca¡c¡ and wt¡1l¡t fatty fnf,l.tÈratlor of Èhc lj.r¡er
wat pr€Eent Ln the autg¡rly maËcrLal, Daner-eat{e haamorr?ragee

eould noÈ be eorrelated wlth thc hypoglycacmLc pLcture'

Gr the othcr hand, noút bLo¡ry ¡tudLe¡ have rcvealed
abrcnt, or nlnL¡nal hc¡rtLe parenchynrar changer ' Ít¡e llver
war normal 1n thc fÍret btoply r'E¡tortüd ln thc llterature
þr Nevee et al., (l950l and ¡ubregrranËly Ncane and dlo¡bert
(1961) perforncd 20 lfycr biopalcr ln thefr ¡crle¡ oÊ,29

cat6r of whlch 17 wcrc avai.Iablc for eÈU$¡. Of thcre 17

blo¡rtol, otlV 3 wcre abnomal, ¡hcslng cvlde¡¡ee of çlrrho¡Ls.
l[he remalndter ¡horcd I nor¡nal archfþeetural ¡nt'ter:n.
Sufflcfcnt tlerue wat obtelned for fat rtalnlng ln 4 ca.et
a¡¡d ln 3 of Èhaac rfgrnfffcant faÈty lnfllt,r¡tLo¡¡ wa¡

úren¡rd. Ifi thc 3 etlQs rrttcro llvor bfo¡ny rr¡t trt ttformtd
q¡ adnrL¡¡Lqt, ab¡cnee of glyeogsn set not¡d, wt¡lle fn the
cate ¡ürore Èhe llvcr båo¡fy wal ¡nrfotmcd a¡r hq¡r and a

hatf after the aùrl.nfrtrEtlqr of, dcxÈro.ct ntnln¡l grXyeogen

deporl.tlon wat obtanled.

El0chc¡otc¿I ts¡t¡ of lfver functlo¡ have been lrür-
rpecl.f,lc, lut ¡noot, caaet haVe yleldcd normal re¡ultr and fn
thc rom¿Indsr¿ rtrrrc a@. rnrlf,qaetloa bu be¡c¡ &rcætd'
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the Cendcney haf, bea¡r f,or LÈc oorreeÈ!,orr ¡oör aftEr Èhe

ecute cpirode har tubtldtd. El.cvatlqt of the lerun alkallne
¡rhor¡ihat¡to hat bscn ùhe nolt eømcrly re¡tortcd abnotmal{ty
r¡rd lavel¡ of serum gluÈanrfc o:<aloaeotLc tran¡an!'nage have

¡Lso bcen elevatod fn ¡me ca.s!. lfhe tetter ôstfmâtion
v¡mIê ts€m the mort ¡en¡ltfve ln the u¡elgmcnÈ of the
effect¡ of aleoùro1 dl the llver. Bang et al., (1958,

Ob¡rn¡ed elevatlo4 of fen¡¡u glutanlc ocaloaCetlc tra¡¡-
¡¡p.f.na¡c activlty fotlowlng thc lngcrtlng of alcoùtol ry
ehrcrlc alcohotLc patient¡ and conclu&d thaÈ lueh ehanger

¡¡iErG ¡on¡ltivc lndleet of lÍvcr dnmcgel they fafted to
Jhcnd any ruch rl.se fn healthy voluntecrr. D1ad¡en and hL¡

colleagruer Ê9591 ec¡rflmsd thc¡e oherîvaÈfcrre f,lndtng the
tranec¡rrLnatgr alevated fn 27 of 35 chrsrl.c alcotrollc¡ afüer
alcol¡ol. t'he feterLc Lndcâc, thynol cxt!.nctLon and platnÀ
proteLnl rernal.ned normal. l!trqn¡a¡nLnr¡c actlVlty remal'ncd

clcveted frqn 2 ho¡r¡ Èo tI day¡r [tu¡lly falttng to nonuel

by th€ 4th day. t!þcrc wal rorgh correlatlcr¡ betwee$ the
bt ood aloolrol and. thc m¡xfinun totrum glutarnfc oeloaeetLc
tran¡a,¡nLna¡o. Eeckstt, êt a1', (lgOZ) f,otrnd s{nflar
elcv¡t,Lq¡¡ of Èhc tfanlamfna¡cr fn 3 of, 4 cacea tn rrhqn

all oth€r lfver f,unctlon Èertg sn!tre normal a¡rd corrcludsd

thaÈ ino tc¡t of, !.Lver functfor¡ oÈher Èhür thc ¡en¡m entlzme

Ècrtr eqrrtantly lndtlcaècr li.vcr eell damage. " ffhey

furthor cqrcluded thaÈ aceurÊte {lagmolla of [l'ver dlta-

fi¡r¡ctlon wat on!.y goellble af,tor lLvor bio¡ry. Hqperter'

Neanc a¡rû ,JcuberÈ (1961) r N! alraady nsrt'Lo¡rcd, had 14

norur¡I l!.ver bLo¡rlel otlt, of, 17 ca¡e¡ a¡rd ¡overal of the'Lr

¡ntl.cnùe thowed nlnor elcvatlont of, lerum t,raneamj.nale

aot!,vtty. lfhe¡e clevatlørt \ilcre egeln lndr¡c¡ð I'n one of
th6lr ca¡ol to v¡t¡qa alCohol r*ar gLvan eft'er t€GeVêafr
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Ítrfs potnt has been nore exÈs'nsi.vely t,reated sLnce it
dc oþnriq¡rly of cq¡¡lderable Ln¡nrtance. Opinfqr¡ v&ry
wLdely ar to rrrlrcthrr aleohol Lr rteclcr to the llvcr.
Smc author¡ bcllcvc therc Èo bÊ no 4Lract aetl.ø¡ and thc
work of Eumersklll et aI., (19571 ror¡ld lesrn to conf,Lm
Ëhla. On carefi¡l obren¡at,lsr of llr¡cr fi¡netloc| te¡ts and
rcpoÊt€d lLrrpr blo¡rfar they rËra unable to demør¡tratc
eny d€tcrloraÈfcr after the adnLnLrÈsatl.on of aleohol,
ftrey dld not howuver rtu{r ehangrer In ¡enrm t,ra¡rganfnatês.
ÈlÀdr¡r¡ et r1., (lgSgl and Beekett et aX., (1962) belÅeve
Èh¡t varylng ðegrcea of, hc¡ntot,orfclty nry ensue. !!o¡t
of the roported ca!e! of hlryoglyeaalrnLa ù¡e to alcohol have
had crltleal tc¡t¡ of lfrrcr fi¡netigr ¡rerfomcd i.ncluding,
ln ularry cares, llvcr bfo¡ry (¡ce lfab1e 2), lÍhe qnerall
fmpreratør galned frqn Èhis aisår¡rpnt does not ruggect
acÈXvc lf.r¡er darmgc är â factor J.n Ltsr devclo¡ment.

Attent,lon eo carbohydratc netabolLcm rra¡ lnevi.tablc but
eurprLci,ngly fcvç ab¡rorrnal.fËtcs hava boen doeunenù,ed.

lRrckcr rnd Portcr (1942) ¡nrfornaad El.ucote toleranec teatl

tho respon¡e to glueoce ehallcrrgra olr thc day after a&.ta¡1on
!úÊr normal cxcept for a low fa¡tfng lcvel of 50 r¡g.fú but
rctectLnE Gr the 8Èh and 13th hocpttaL d¡ys revealed q flat-
eutlrG rcrpoitr€. lflte oÊ,har two cacer rcepørded nonnally.
GLucose tolcrance to¡t¡ havc been ¡nrformod tn rûËny of the
rcported eracr (Trblc 2l ar¡d have becn recordcd a¡ nor:¡nal

ln moet ln¡Èanecl. Sqns tondcncy to dtfffcult'y ln hand-
lfng e glueoos !.oed ntght be expectcd rlncc thls Ls a
f¡lrly s@dr flnding fn ehronlc rlcoùrolfe¡ (Iled, 1958) .

In the ¡cr:Le¡ r.Irortod by Frctnkcl et t1., (1963) oral
glucore tolcr¿¡rcc wta norrn¡l fn 2 of 9 patfentr, ¡nar',grlnally

ebnormal Ln a f,urther 3 a¡rd frar¡kly abnonnal i.n 4.
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ReÞGaÈ obrenraÈf.qrr wctrc ¡nrelble ln 6 ¡ntlentr¡ all hed
gained wcfght ln thc J.ntervrt. tn 2 of ths rubJectr rrtrole
glucorc tolcra¡rso nt nlldly rb¡ro¡mrl fmpranomcnt to
nonn*ley hrd oacurrsd blrt, tn the oÈhcr 4 ¡ubJceÈr Elueole
dlrporttlsr remalncd rctardcê dcrplte tom. l,mprovemsnÈ.

lßt¡rrc authorr firrÈhcr chaltengnd glucorc hmro.ta¡lr
vittr fnt,ravcnour f.nruli.n, tolbr¡Èr¡atdr r¡¡dl thc effectl of
?2 hanrt fartlng. åbno¡m¡ll,tlc¡ ln or¡r or morç of tho¡e
cr¡ncta ¡¡Ëre o¡thfblt,cat lyy all ca¡ol. All fhq¡ed a t'.¡rdâncl¡
t,o ørac¡rlVa rc¡¡tonafücltof¡ ¡ftcr LntravcnO¡l tnrulln rnd
al"!. br¡È onc dfrplaycð tom. dogrce of hyPogl¡eacmlc tlllEê!-
pmrlvcnerr ro th¡È r.ttorat,Íc¡ Èo thå lnltlal corcqntfatl.osl
of plerral glueorc w¡r noü echf¡ved wtt'htn 1?0 nl,nuÈe¡. In
thc 4 ¡rÈl.cntr ln vtrør Èho tcrt rna¡ rclnatcd the Pattcünr
¡nralrÈed dcrpt ù,o the fntcnral aùnLn{¡Èrrtf.q¡ of a¡¡ adequatc

dfot anð rmc cont.gu¡nü galn ln wufght. ürune e¡¡d hl¡
grotrD (IOOO¡ notcd ¡ normrl rctDsrt. to O.I unltr of fnsulln
per kg. bodf rutght ln tha rubJect tcrÈod. Àr prrvLcrly
noË6d hornvar, thrce of tho fstal eatlt of B6ttura eÈ al.,
09¿9) hrd rocol,vod glueoco lpg fmulLn.

lroLnkcl and hlr aollG¡gücl ßg0g) fr¡rÈher atla¡ecd the
rGt¡ronr€ to lntravencn¡! Eolbr¡t¡mldo af,tcr otrcnrlghù faatlng.
å dtab.tLe to¡rû*rey !È¡ cogflrrnad ln thc 3 nrrglnal eatet
lr?¡o all ¡howuê a delay 4n tnft,trl blooð glueoúc fall. Ifi
all 9 or¡a¡ 'thc tr¡I¡rma glueo.c coûìEl'nued to doellno !o that
Uxlmrl rcú¡et,Lq¡¡ dtd noù occur unt,ll 60 or moË. rnlnut'c¡

eftor Èhc l.nJceÈl.or of tfoltn¡Èa¡ul,de. luch dplaysd ¡]aê1rr
¡o|.ght h¡vc boon anttef¡sÈsd |n th¡ 3 Prtfantl wlth thc
dlabatLa tyF of 30 nl,nutc t¡l¡¡tor¡¡c (Ill¡g¡r end t'ladL¡ont,

1958) but Ln thê otbcrr th¡ prolorg¡d roû¡etlsrr gGEG

contraÈlt ù,o Èhc utqe! cx¡nrl,cnec ln non-dÍ¡batiA rubJcct'r.
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trn 3 of thelr paËlantc the hypogllæacnLa war prolonged
to a¡r extent that l¡ elas¡lcatly ¡¡¡eelated wlth rnaslLve

hc¡ntle ¡nrenchyual df¡cs¡G otr fslct-eell Èumorc. Grmpel

and Kaufmcn (f 964) fqrnd a cfnllar rtccp dcallne tn blood
rugar af,ter folh¡tamtds and K¡t¡fl ôt al., (l,SøC¡ rer€
eqr¡tralned to nÊk€ a ðfagnorLe of Írlet-ccll tunror ln
the{r eaae of hylrcglycaemLa dr¡e to also}¡ol becau¡e of
tht¡ oxaggeratoð ree¡loree.

tre fnporÈar¡t, role of poor nut,rft,fe¡ or lmnsdtate dLetary
deprlvatlq¡ ln thc gcnerJ.r of h¡¡çloglyæaenta ùre to aloohol
¡llt rccogmleed luredlate ly þr t'he carlLer ¡uthors ' Br€Rtn

and Earvcy (1901) cauled thclr 6 ¡nt,lentr t,o fa¡t for 48

hq¡r¡ wlthotrt obùalnlng a frll ln bLood lülfttr Both
Botturâ ct a1., (19¡!91 arrd liÍcvcr tt a1., (19501 cø¡cluded
that fartlng alsre wa¡ ln¡uûflel.ont to fnftÍate Ëhe

phcnonenør althorgh Èhe dr¡ratlq¡ of, the futlng ln the
cùrot re¡rcrÈed by Èho latter autûrorc wea no lørger than 24

hqrr¡. Jeune et al., f1960) trted to reprodt¡ce Lhc

hy¡¡ogtyaacnula in thelr 4 year old boy but, were untuccel¡ful.
vfeltl a¡rd Gorqrbon (1960) rtrcruçd {the fnüll¡nnlable
conrbfnation of aleohol fngertlorr ar¡d thc prolørged precedf.ng

fa8Ë8. Eonever, Hcvc¡ ct 41., (19501 eLte the ease of, qre

ehrqrl.c alcotrolle who dsvcto¡ndl hypoglltamrla afËer a Xtro-
lolrged fa¡t wtthOtrt anteeedent alcohol and wtth no demql-

¡traÞIe alcotrol Ln the blood. Fre!.nkcl ct aX'., (fseS¡

$cre able to lnduce rlgralfl.c¡ntly loyerað louel¡ of vcnq¡¡
plarrna Elucoao at, Ëhc end of 72 hq¡r¡ faetlng ln thelr
eubJccÈs, Thesa levcl¡ Ìfêtre stgniflcantly lor¡er than tn
*gematched eqrtrof¡, EtrL¡ reô¡cÈlOn of blood eugar wal

not further enhrnEcd b1¡r exereL¡e es IOfEht have beEn Ëhe cace

fn the prescnce of lglct..cell adenqna or hy¡rcrplaaia.
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lltre potentlatlng cctlon of fastfng sr Ëhe dcvelo¡rrrent,

of the hypogllrcae¡nla has becn dernontÈrated o*¡rerLmenÈally
ln doge by clark ot, a1., (196X)" Urlng Frro cthyl aleohol
rnd Èhc ¡hslhc ¡olvcr¡t !8olq¡t Èhey tttere able to obÈa{n
rfgmifl,cant deprc¡alqr of, blood glueorc levelr end fqrnd
that the neeettarlf dorage was greatly rcduced þz prlor
f,artLng. Bror¡ør and llanrcy (1941) urLng dogr and BenneËt
(1953) uatng rabblt¡ had faLled to dcmør¡trate ¡uch ¡n
cffooÈ even rû¡en f,aetlng uur employed. FaaÈLng f.r alco
rceogmLred es an årnportanÈ pto-rG(gli¡l.tc for the blood
rüÇJrr-lowrertng actlqr of Bltghlda rcplcntr tha ¡nateclal
rerponrLblc for .I¡¡naf.can vqnltlng etokneer (¡¡a¡¡al, 1954).

$r the other hand, Ilaggard and Grconberg (1937) have

demqr¡Èrat¡d th¿t the t,octetty of aleohol l,¡ fnveraely
Lnfluenocd by Èhe eonccntraËlq¡ of, rugar dn Èhe blood.
Elevatlor of Èhc bLood rugsr by only 30 ¡ng.f In thef.r
nt! rcqulred a eotrr€t¡rørdtng alcohol doragc fncreaee
of, 2ú1 to cauae lethal effccËr,

Îlhc grorÞ at the ftrornülke l¡rboratory flrcÈ EttaLned
the experlmental reproduetton of, tho a¡mdrønc I,n rnar¡.

Ualng fnÈravcnanl ¡leohol or aleohoL regrulanly aônlniat-
ared bl¡ ¡Èm¡ch tube rlgrnLflc¡r¡t r.ducti.on¡ of blood luglr
ïrËre obta.Lned. (FreLnkel ot al.r 1963). Et¡cl.r rubJectr
wcre lrrGpared lry a¡r clGtnf.ghÈ falt. fn 5 of, tÌ¡elr 7 ca¡s¡
Èhe Blar6a glucgts t{a¡ reô¡cad beXon 50 ¡ng.f ar¡d the oùher

featurc¡ of thc cllnlcal rlmdrome rilÊre reproduced.
Ilypoglycaenfa oeeurred l¡te in the pha¡e of aLeohol
ad¡nfnf¡trEtlq¡ and, frequontly rvhen thc blood alcohol
çonqcntratlor¡ wa¡ dceli.nLng. WTrsn fnduecd after a 3 day

farÈ, the hy¡rcgl1rcacrola rråt more Pronq¡nced ar¡d acute.
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tÅ.lå G út' {tt6¡l rqhrtrnttrrñ.Ë ttnrr flláfryr Ín trb¡trr
€ür rat nilrË tär öftåmtry fe ryçtu{ry rlætl-lcrct
¡réreti*r rüEm m ¡wæl$t ñrÈ aænrl wÀth tt
rtüûËnß$tr f,ttffi ¡ ü tots ürütr l{gh titt&Ef,ty htt
ÞtB to*d¡4çr,¡ð Þ thû rt¡rúÅe gl tW Ëfßl EË
&Àûrt lt rl.n ttËtt {n no*nrf nHætr.



28

CHAP!T'ER 1I1

Aetiologri.oal Mecha¡¡is¡tg

Deeplte the faet that o\tGr q¡e hundrod ca¡ea of
hy¡¡oglycaemia å¡e to clcohol have been re¡rorted,r the
phy¡iologrlcal cau¡atLon remaLne unknoril¡. Moat lnvestlg-
aÈor¡ havc ¡rrt f,orvErd auggectLqr¡ basad on thcory,
attempted repllcation in ühe pet,f.ent or anfinal cxperLnent-
atlon. None has fully elucLdated all of the currurnddng
aapecta.

Brown arrd Hanrey (190f) poaÈrrlated that raðrctLon of
he¡nt,tc glycogen bl¡ ¡üanrattm o¡loetatcd wfth contínued
drtnktng rnay havc been eontrdt¡t¡tory buL remarked that
gt,arvat,io¡¡ alone ha¡ not, boen knor*n to produce hypogrly-
cae¡nLa fn ro ¡hort a ¡rrLod. 1Ítrey ca¡ld not dl¡cern
travl,dence of ef.ther wlde-aprecd, damage ùo the li.ver or
of hy¡nrlnrull,nLsm'. lElrcy thqrghÈ tt, ¡p¡rlble that a

¡roC.aonors subçtanee mJ.ght, have eauced the lncrea¡ed
utfll¡at,iør of carbohydtrate wlth re¡ultl¡rg hypcrçllycaeml'a

under the part,Leular efreumatancel of depleted, gl1rcogen

rupply or Èhat, such a tub¡t,a¡rce nlght, Èemporartly tnhlbft,
glueoneogrsnerlr Lnternrpt,tng Èhc no¡cnral tranafor¡nat,lqr of,

proÈeLn to carbotrydraÈc. Attcnpta t,o rcproduee the c¡¡rn-

drme Ln two dogs ¡tan¡od frørr 48 hotrr¡ and then ke¡t' in
a ctaÈe of acute alcoholLc lntox{catl"on for a further
perlod of, 24 hqrr¡ by the aôninLgtratlocr of 'rsmoker

through a stqnach tqbe !úBre unsuoectaful.
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tsr¡cker md Porter (19.12, aEreed broadly wiËh the
foregrolng buÈ conaLdcrod th¡t the denaturlng ¡ub¡tance¡
grcrant ln rsolo¡r wetro rnogt, Ifleely recponrf,ble Ln vfew
of thc tra¡r¡lcnt neture of ühc di¡turba¡rec. Eceau¡c of
üt¡c rarl.Èy of ths eordtttø anð the ab¡cnce of obvlq¡¡
rnanj"fecÈatLø¡c of X,lver d!,¡eare or er¡doerLne j.mbala¡¡ce,

thoy euggrerted that, therc ntght, bc ar¡ lntroront abnorm-
altty of, carbotrydrate nÊtabolfrm a¡rû quoted ln eupporÈ,

of thic the tendcncy for thc cmd.ltj.st èo recur ln Ètre

lano ln4lvLdu¡l, Sueh rutccptåb1llty ha¡ been eqrf,lrnsd
þ Ranør Gì¡erra and hL¡ aollcaguer (1963). EÍÈher
tem¡rcrary fnterfcrcnce wl,th llver f,u¡rotløt or nore
o¡ncLfåc tnhl,bfttc¡ of gluomcogrcae¡t¡ rsrc regarded ae

the most llkely Çêllrâo

trn the 11 cego¡ rcported þr Eottura et aX., (19¿9),

chrsnl.e alcol¡ollsm, vltanl.n deflcleney, he¡nüomegaly
rnd prolmged Brlor faatJ.ng prun¡Ècd the authorl Èo

Lnvokc f,aÈty lnffltratlqr of the llver at 8 nedfatfng
GButGr Teylor, (19551 cstcurrcd. O¡ ùhe oÈhor har¡d,

Nrve¡ ct al., (1950) fo.rnd an abaence of fatty change
tn thetr qre ca¡r blo¡laf.ed and drew aÈÈenÈLq¡ to the
faet that, f,aeÈing alqre tra¡ ln¡ufftci.ent to lnduce
hypoErlycaemla. Ssm cmblnat,l.s¡ of, alcol¡ol ar¡d food
deBrlvatLon we¡ oln¡f.q¡¡ly requl,trsd. lÍtre 4 yeaË old ehtld
deEcrf,bað by iler¡nc çÈ al., (l950l rrar ¡ubJected at flr¡¿
Ëo a furÈhsr amornÈ of aleohol wfthot¡t lorrnrlnE of, blood
tugar a¡rd r¡r lncreased ancx,¡nÈ af,ter a perlod of, farti.ng
¡fun¡latlng the tntt,tåt ax¡rcrlølee !{at agaln wl.thqrü, çffcct.
Both BoÈtura et aL, (f 949) and Never ct Bl., (19501

regarded defeetfve syntheaie of, gll¡cogen dr¡e to Lnter-
fercnce wlth Krcb¡ qyclc act,lvlty at È prcdlopoalng ceulo.



30

Þeluffo et al., (1958) proposed a mechanism simflar
to the 'dumping syndromer followfng partJ,a1 gaaÈrect,omy.

[hey suggested Ëhat the rapld ÈraneÍt,J.on of aleohol int,o
the snall lnteetine prouokes a ¡nEssjlve release of insulin.
This, in the absence of available glueose mobLlieat,íor¡ from
glycogen, would permlt the develo¡rnent of hypoglycaemia.
How€ver, no sti.mulation of the pancreas has been documented
follor¡J,ng alcohol ad¡ninletratfon and Freinkel et al., (1963)

vrere unable to dLscor¡er J.ncreaeed amountg J.mrnunologliealJ.y
reactive fnsulLn Ln humans nor were the correlatLve biochem-
lcal fJ.ndlngs of i.nsulin action demonstrable Ln their easeE.
Blefeher et a1., (1964) also falled to demonstrate a eignrff-
icant rise in plasma LnsuLín Ín theír alcohol treated dogs
and Lochner et, aL.¡ (1967) re¡rorÈ a mean decllne of mean

pJ.asma Lnsulln levela from 20 to 15 uU,/ml. durJ.ng ethyl
alcohol j.nfusion J.n deErc, Kahil et al., (f964) noted an

exeesElve reaponee ùo the admínLstrat,ion of Tolbutarnlde Ln

thefr undernourished dog¡ maLntained on alcohol additlonc
to the dlet, br¡È because of a rlse in the urlnary excretlon
of I7-ketogrenfc steroids ar¡d a faLl Ln the excretion of
eatcholamj.nee euggest,ed ghat inpairnrent of the adrenal
counter-regu1at,ory mechanfsÍìa to hypoglycaemJ.a rather than
exceosl-ve insulLn secretion were reeponsíble.

Suppresslon of a eentral diencephalic neehanism vraa in-
vokcd þ welll and Gþrouben (1%0). After cfting an excell-
ent, review of the evLdence for a central glycaemLc eentre
in the hypothala¡riur they suggesLed that an autonourlc mechan-
ism ariaes durf.ng fastLng which acts to reduca hypoglyeaernia,
They cuggect,ed that, the aùnl-nlstration of al.eohol or one

of ltg derlvat,Lves exerte an inhiblt,ory action on the
diencephallc centre and that certain lndfvidua}s are unduLy
sensi.tive to thlE actLon.
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Heelpien et aI., (1954) consLdered that thia¡nine
defLcfency had a potentíating effect on the production
of hypoglycaemia with alcohol. Hoürever, the fact that
aleohol can produce hypoglycaemla Ln acut,e etudfes ln
norrnal peraons (Fteld et a1., 1963) makes thlg hypotheeJ.e
unllkely. Moreover, when Ctark and hfs colleagues (1961)
producod hypoglycaemia Ln facted dogs gLven ,Soloxr 1t
t^tat fo¡nd that the hypogrlyeaemfc responre wae noÈ influanced
by pre-Èseatment wiÈh thLamfne.

A reductlon of he¡ntlc glycogren or tomê lnhibttion of Lts
coverglon to glucose hac been postulat,ed by many investfg-
ators. ÍIhe Lmportanee of, glycogren depletlorr is euggested bry

earller sÈudies fn anfrnals in tdt¡ich hypoglycaemla wae pro-
ù¡ced orrly Ln those who¡e lLvere were devold of glycogren
(MaÈanuga, lgtlTr Tennent, f 94f ). Large doses of ethyl
alcot¡ol Ln anL¡na1s have been fqrnd to produce a decreage ln
lfver Elycogren (Forbec and Drncan, 1960). Nêame and dlouberür
(Ig6f) re¡rort,ed liver glycogen al¡eenÈ from blo¡ry apecJ.rnona

obùalned fro¡n their pattents during ¡rrtodr of hy¡rcg1ycaem!.a,
No slgmlfÍeanÈ rlae ln blood rugar Ìrar obt,al.ned wlth glueagon
ln the ex¡rerJ.mentally-fnduced aleohol-hypogtycaemla þ Fietd
et aI., (1909) or Freinkel et aI-., (1963) whereac the Latter
group vrere able to demonstrate a eigmf.flcant retponee in the
rame aubJects reeeivLng a control fnfusLon of lsotonLc
salfne. Holvever, glycogen deplet,lq¡ is a w<+11 document,ed
consequence of ev€n noderat,e f,aatfng and certalnly after
euch rt,ressful- oceurrence! fn nan aø maJor surgery (gunael
and Ekd¡hl, 1963), It, lt imBortant to note that hepatic
gJ,ycogren provldeø only a meagr€ ro¡errre for ùhe contfnufng
earbohydrate requirenents of the organiam and !4yers, (f 950)
has calcuLated that the tot,al hepat,ic glycogen in nan
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(about 75 gram) is only cuf,ficLent to cupply approrimately
12 hotrra of splanchnLa glucoce out,prt. After a 2 to 3 day
period of etqnrat,Ion, the ort¡nrt, of, glueose by the lfver
ia derLved almost, entJ.rely þr gluconeogenerie (Reno1d et
aL., 1953¡ lilood eÈ al., 1960).

Previou¡ studles blz the group at the Thorr¡dfke Laboratory
in Bootqr (freinkel et al", 1963¡ Cohen et a1,, 1963¡ and
Blelcher et al., 1%4) had prompted the euggestior¡ that
ethyl alcohol nLght, dlrectly lm¡nir glueoneogeneeis, and
the subsequenÈ fonration of glyeogen, from nqr-carbohydrate
Éoureea within Ehe lj.ver. Thís euggeotion wa6 supported by
the 41n vlt,ro EtudLes of Field eÈ a1., (190S) whlch ahouzed

a 50 per eent reducÈion fn he¡ntfc Alucoce prodtretlon by the
j.solated rat llver ¡rrfused wlth ethyJ. alcohol aÈ a êohcêrr-
trat,ion of 410¡q /f00r81. In Èhe Ea¡ne experíments a de-
ereaged lncorporatLon of gluco""-cl4 Lnto glycogren was

ob¡en¡ed. Ho$revetr, thfs eoneentretlon of ethyl aleohol
cllnieally lE acEoeiated wLth profound ccnra and LE not far
remor¡ed from blood levela that nray be leÈhal in hun¿n¡.
Coppage eÈ aI., (1964) shcn*ed inÈerference by ethyl alcoürol
wfth the nomally expected blood sugar elevatfng and
glyeogenf.c rer¡ron¡e after the i.nf,ueion of amLno acfðc Ln ¡nan.

fn 1963. Lochner and !{¡dl¡dr denqr¡traÈed o deorsasê in
he¡ntl.e glucose ort¡rrt ln fasted dogg rendered hy¡rcglycaemLc
after alcohol infu¡ion. the¡e anlmals had ehrqrÍc end-ùo-
sfde portocaval shunts ln order to p€rilrlt the meaeurement
of hepatfc rather than splanchnfe glucoae balance buÈ sub*
seguent experfunents (Lochner et a1., 1967) not only conf,lnn-
ed theee findinge l¡r¡t, demonatraÈed a ¡imLlar albeft legger
effeet in intact, healthy animala ln the fast,lng Etate,
In these laLer ¡tud.i.ee, some lnhtbltion of perlpheral glucoee
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utilLsatLon was also noted Ìnrt, hypoglyeaeml.a or¡Iy developed
vûren this effect wac leEs than thaÈ on hepat,ic ALucooe
out¡rut. The lctt,er was usuaIly the case,

FreLnkel ascribed a medi.atlng role tn thtg J.nterruptíør
of glueoneogrenesJ.r ùo the ef,fectE of intrahepat,ic o¡IdatLon
of alcohol on Èhe ratLo of, redt¡eed nleotl-namLde-adenLne
nucLeot,Lde (NAD[IZ) t,o Èhe o:rldiled fo¡mr (rve¡+) Ín the Eoluble
cytoplagm (Frelnkel, 1962). Further crltLeal Etudj.e¡ ut,i.lis-
Íng raÈ Llver alLces under condítior¡s of varyíng avallabtlity
of endogsnouÉ subEt,rate have supportcd thfs hypotheaJ.o
(Freinkel et aX.., 1965). The paper report,lng these etud.tea
is to be f,ound in Appendix 2, 1lhe conplementarl inveetig-
at,l.ons urlng human liver Ellces h¡ere carried out at, the
lame tfme and form the baslc of the work hereafter t,o be

de¡crlbed.

ReeenÈly, Madicon eË al., (1967) have addueed further
cupport for the coneept of, an alteration Ln NAIITZ^IAD+ ratios
being recponalble for the supprar¡ion he¡ntJ.c gluco-
neogenesis. Ualng dogc with chron:i.c end-t,o-slde portocaval
ahunt,s they have damqrstraÈEd Èhat frrrctoser ê hori-NAD

depøndant preeuraor of glucose, produeed a rapid restora-
tlor¡ of he¡ntlc glucoee out¡rrt drrrfng ethyl alcohol infusfon.
lftre aù¡rinlatration of glutamat,e and a keto-gtlutarate, both
NAD dependant precursors of glucoae, f,alled to augrrnent the
depreseed hepatle glucoøe ouÈFrt, Lndueed by ethyl alcohol.
Finally, Èhe additlq¡ of methylenE blue, a redox dye whích
o>tidLeec NADII2 t,o lvAD*, not only prevented the expeeted fall
ln hepatLe glucoae outgrt when lnfused eL¡rurlt,aneously with
ethyl alcohol, but also produced a rapid resÈoration of
hepatlc alueoce outplt Brevlously depressed by ethyl alcohol
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CEÀDf IR ry

!-l¡ùrrlrh and Dbtrlrodt

firr rrl¡r rtud!.¡d aoqlrdret 22 ¡ntl,rntr of *t¡m 13 utn
yroÐr ¡nd 9 Ðtr. 1l¡¡ ntúcr ef, r:r9rrlnntr Lo 27 lLno¡ Ln

toÐ ln¡tanc¡ tlrr rlm ll.vrr btopry w¡r ttr.d undcr dfff¡r¡nt
aondftlonr of rdd.d ¡r¡brtrrtr sr rc-dr of ÅnctùlÈIon'

8al.€tl'on of ürt Elrl ¡

Dfoprt ¡ of, hunur llv¡r urtrr obt¡{n¡d ¡t trÞrrotont¡ froc
patl,cntt oû tlrr Strrglc¡l Servlcæ of t*re Bo¡ton Ctty Horpl'trl.
ú¡r ¡ùJrat¡ rrr. t..n p.rtolrrlLy prtor to opcrt,lon ürd r
f,ull hlrtory rnd pùyrlatl ¡xrnln¡tlon ¡rrfo3prd. C¡¡¡r sf
ovorÈ ll,wr dlrs¡o, rrlnutrit,lon or dlùctcr n¡Illtt¡¡ tt¡t.
r¡Jrctod frm thr rÈudy. Folloring eltntc¡I ar.¡l¡mnt'
blooü wu drrym frou th¡ otln¡tloa of rcrun rlkrllnr phol-

¡ürrtpr¡ Dro-Èlg66þln Èf!.¡ !o¡'6 btlttubfn rnd cllhrlln-
ahobrt¡rol floeculrtton. lû¡rr¡ .oa¡ dot¡bt w¡l tnt¡rt¡Ln¡d
r¡r to tt¡r rulÈrbtltty ot thr rnbJrst for ¿e ¡¿åt¡g ltvrr
¡tr¡dfrt, ¡nofllrry ta.tt nrcl¡ ¡r brsatulphtt¡¡l¡Ln r¡t.ntlon
and plrrnr ¡rotrln t¡vrl¡ $lr. cærl¡d out.

D¡t,t¡nÈr rnd¡rgrol.ng rurgery rt th¡ Eorton Ctty lrorpftrl
rr. f¡trd tor 12 Ëo 15 hor¡rr pr¡olrrttl,vrly. åfl 6rt.¡
rÐr. op.rùtoû upoa dr¡rlng t!¡l mrnlng" Ilrr ¡reoprrrtlvr
urdlo¡tion con¡llt¡d of atroplnr rnð pothtdtn¡ la doregc

proÞorttÐDtt to tbr body vllgibt. A¡tæ¡th¡¡L¡ ¡rar lnduc¡d
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wleh LnËravcnour ¡nntothal and nft,rqrr ørLds and malnt,alned
wLth cyelopropans. !{ÌrErevcr poaelble the lLver blo¡ny waa

obtalned bçfore the a&rl¡rl¡traÈLor of, tho latÈer gar and,
ln all lnctanee¡, ar the ffrgt, eurjtfeal proeeårre after
o¡nnlng the ¡nrltoreum. llhe arrsrage tt¡n6 frs¡r thE i,ndr¡eÈLq¡
of anaegthecla to the renoval of the llver wedge lrer 15
¡nl,nutee.

Preparat,Lør of, the tLeruc ¡

'lllrs exclred llver waa placeð dlrectly tnto a polyethylene
bag and enclosed ln lce. tr¡æd"fately followtng J.tc remorral
a r¡nc!.raen of vanqrr blood rsa¡ wLthdraw¡ rtt!¡æt EÈasls
fron an antesubltal vei.n lnto a ha¡nrln!.red tube for ¡ub-
eequent analyclr of blood rugar amd ncr-e¡terifLed fatty
aeld¡. Ehe ¡n¡Ëerlal wae then tranrporücd to the laboratory
f,or llfcfng - ueurlly wlthln tcn urlnuÈêg.

!{edgea of ereedped lI,vor Ìrerc frced of, ca¡rule. A ce¡nrate
alLquot, war lntroô¡ced d.Lrectly, af,ter r¡,el.Ehlng, Lnto bo$.l!.ng
30?6 KGI for the eaÈL¡satlæ of lnltial glycogrcn bg the nethod
of, Good ar nodLf,ÍGd bEr Stadi"e (1951) . Im¡cdl,atsely thetre-
af,tor, thc rsmatntng liçer wat Eectlcr¡ed f¡ree-lra¡¡d lnto
elLee¡ of, 0.4 to 0¡5 ¡¡m¡ thl.ckne¡¡, rLnecê brÍcfly ln saltnc
to rernor¡e ad&¡srent detr{tus, I¡lqa¡na protef.nc and e¡¡tracell-
ular rubcÈrate¡ s¡rd float,ed at rom gorslnsaturc in Ëhe ¡ame

ruadlun Èhrt wr. to bc employod for tha rubcquent f.ncub¡tLoü¡

- l.€.¡ Krebr RLngcr Blcerbqrate, IEX 7.4 or Krab¡ Rfnger
Ptror¡*rrtr, ¡|Ë 7.4. 'lttri¡ menoÊr¡ure rsrultcd in greaÈer
unlfomLty of rêr¡srre durång thc expcrlnental ¡nrlod.

9lLcec $Btre brtefly blot,tsd, r,¡eÍghcd or¡ a Ëoreiqr bala¡ree
¿¡rd 150 t,o 250 nqr. portl.slr wsre lntrodr¡ced fnÈo vea¡elg
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fllleÉl wlth 2m1. of the rulpond.fng meðium. The slLce¡
wsre Lneubated for 3 or aonetLme¡ 2 houm fn rÈoppered
ve¡¡elç cqtÈaLnlng 2 rnl of, KRts (FEI 7,4, or KRp (Ë 7.4).
Xtrc KRB and KRP spre rnod"lfted to eqrtaln O,g rntt Ga#.

!{arlxrrg vcr¡el¡ $ere urêd f,or ühe manmet,r!.c ¡tudLcc.
All othcr ertperl.nent¡ were Irerfonred fn gleac vial¡ sealeê
wlth rubber reru¡n capt frqr r¡trfch Blartdc cup; wetr6 !u8-
pcnded f,or thc collsctiq¡ of 

"tnu, 
(vfde J.nfra) Figure 1.

All preperatlve nanlprlat,lq¡¡ rrêrr!ÞrforrrÊð at, rooüo

temperaÈurer notre tha¡r half of the inlt,t¿I glyeogen wac
Io¡g in the procost.

Pre¡rrat,lq¡ of l{cdla r

8ur¡nndlng rnedla were varlcnr¡ly aupplernant,ed with¡

lEl 0 to 10.0 nlllfmolar ethyl alcohol (f..e., 0 to lO

nicrq¡tolca ¡nr ml.

(b) 0 to 10,0 mtlllnolar tod!.um qqeLatc.

fe) 1.0 mLcroeusl,cs p€r n"l of qre of the follcn¡lng X.abelled

¡ubrtrateo Ln cqrccntratlon 0.01 to L0.0 mllllmolar¡-
( 1l lJnlforruly labelled L,-alanfne-414,

(A!.4¡rfne+l-c}4) .

( ff¡ Unff,ornly fabelled Î,-grluÈrmi.e aclê-Cl4,

(olutanat.-u-c14) .

(fil) Glycerol.cl't l¡bolled Ln the I and 3 por{.t,tonir

(Gtyeerol f, 3-cl4l .
(tv ) D-rr 1Êct"t.-I-c14.

All chemlcal¡ wetre of reagent grade. !Íhe ethyl alcohol
túâr obtaLned from f,reehly o¡nncd. bott,Ies at each experlment,,
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Fig. ,1. Hydroxicì.e of ITyamine was introdLrcr.rd
iry hypocìermic syringe through the rubber cap
i1!o the plastic cup for the |ttrapptngrf of
CI4OZ at tbe end of thc¡ experimental. period.
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I,abelled alanJ.ne, lactle and glutamic aeidr were obtained
fro¡n the New Ergland Nuclear CorBoraÈion, Bo¡ton,
Mas¡achusetÈr¡ glycerol 1r3-C14 r¿as ¡ecured f,rom Volk
Chemj.cals, Chlcago, Illlnol¡. xn q¡e e:ßperimênt, the eua-
pendlng medl"a sere tupplemented, þr fn¡ctoae IO ¡rr.Í.lltmolet
Ënd rorbltol 10 ntlltnole¡ and lryilvatc 1O nllllnoleo. rn

all supplemenÈed msdLa o¡molalLty wae mal.ntained cqrstanrt
by approprJ.ate dilut,lq¡a of, NaGl ar¡d Èhe FH wa¡ preaenred
at 7.4 W adJurÈrncnt wl,th 0.3N NaOII or HCI prl.or to addlng
bicarbonate or pholphate tnrf,fer.

Incubat,J.on procedures ¡
Ineubatlqr for 9O to 180 minuÈe¡ at 38oe wa3 lterfonued

Ln the Warburg ap¡nratue (ehaking trête, 104 cycles trter
mlnute) wl,th conventLonal 15e1. lilarlx¡rg veerels, or in the
Ilrbnoff, metaboll.c lncubat,or (¡hdclng rate, 90 Èo 100 cyclee
per nrlnute) ullng glarc vial¡ ar prevfanely de¡crfbed and

dep{cted tn f,ig.lre I. Except for 3 cx¡rerLmente ln whieh a

2 hour perLod r'lur ernplOyed, êll lncubaÈLons lalted 3 hours.

fn KRP ¡tudle¡, orßlrEsn conrumptLon wa¡ moalured at l0
mLnutc l.nte¡¡ralr þz ¡tandard ¡nar¡snBtrl¡ and cl4o, *"t
collected contLnuouly Ln NaüI eortalncd wtthln the gÍdearns

of the îrlarburg ve¡¡el¡. For thc KRB ex¡rrfments, OtnO,

waa evolved cÈ the cnd of lncubatlon by the Lnt,rodtreÈion of
O.2ml. of N.ttzso4 lnt,o Èhe rcaled vc¡¡el¡' fhe cX4o, frq¡r
KRB as wetl a¡ KRP ¡tudle¡ war fJ.nally "trapped" Ln ¡Iydro-
xJ.de of Hyarnine by gently rhaking for 90 ¡nLnuÈe¡ at, roqn
temperature. 'BlankF ve¡¡el¡ frqr wtrleh ¡liee¡ had been
qnftted throughant Èhe lneubatlon were Proceleed tn a

aLmLler fa¡hfm to check the alanfne-u-cl4 for volatLle
eontaml.nant,a whl,ch nere soluble {n lflramJ.ne, AlÈhot¡gh cueh
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contamLnatl"qr averaged only 0.054 t g. OAæá (¡'tean t Sg"nd.t¿
error of the reûr) ,
ln the sgÈLnatlon of

Late correctl.ons ïero Inatj.tuted
(Frefnuel et â1'r 19651.

aPPropr

"tuo,

Procc¡rlng of ltcdfa a¡rd Tfstu€l I

Af,ter doo, had beon evolvcô, the ¡Ll.ecr rrlâre rernoved

frør thc r¡easel¡, blottqd, rnLghed andl frozan tn ltqutd
nLt,rogfen. Med{a wstre centrLftrgcd to E€tîove ln¡oluble
dobrl¡ and stored at, -L8oG.

go ertlm¡te glycogrcn, froz.en ¡llces ulrê dlgert,ed fn
boJ,t lng KG md twLce ¡rraefpttaÈed wlth 60-65"Á alcot¡ol

l(þod et aL., 1933t. the prcclpltatcê glycogren waa then

hydroly¡ed ln 5N HZSO4 for 30 urlnutas, neuttrallced wit'h
5N HaOH or wlÈh pcn*deredl BaCOr. Whetre n€cettal1r, carrfer
quantltr.6! of unlabeXled glycogen 1¡n3rt addeð prf.or t,o
preclpltatlsn. In ¡cnc experfinentr, f,aÈ f,rec aqeot¡e

extracÈg of, Èhe tleruee rËre prcparêat by honogrentrtng líver
¡lloo¡ tn ?096 ethyl aleohol ¡nd treatlng the extracts wLth

carbor tctrcchlorfd,e (frel.nkel, 1961). trtt the¡e ¡tudlesr
the ln¡oluble rc¡ldr¡el s'¡re dlgcrted wtt'h alkall a¡¡d

Elycogen wa¡ l'¡olateð an alcove.

DupLlcate allquota of Èlte tl¡rue extract¡r ñeütta$.ced
glyeog¡en hydrolyratel and f,lnal rur¡nndtng ¡ncdla wgre

an*lyred for glucore enrliEnatleally (tluggett a¡¡d ¡[Lxor¡" I'957)

a¡rd the nellurgünêntg wBre relaèed to the "1nlÈtal rret r*çlght"

of the alLces (f.e., mfcrogrraml of, glucOcc PGr 100 nqr' of
Èlr¡ue). Prevfo¡r eÈudlcr (lretnkel et ¡I., f964) had shgtfir

that the relatlmchlp of the "fnLtLal tËt welght" wfttr the
rflnal weti a¡¡d "fina} dr!¡" vslghtr mre qulte cqreta¡¡t cnd

unaff,ect€d ry the Í¡rclu¡Lqr of ethyl alcohol ln the suc¡rnd-

ing medla. Aecord,f.ngXy, "tnllfal vret weÍght" of the clices
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1-DIMENS¡ONAL RESOLUT]ON BY CHROMATOGRAPHY
( PYRTDTNE-ACETTC )

-

Solvenl Fronls

Spot. No.

I

6

5

4

S
s
\

iq
s
\

3

ALAIIII{E + ALAI{IÎ{E

ET}lAIIOL

2

I

ORIGlN

ALAl{lllE+ ( Etp.No.22 )
ACETATE

Flg. 2. Radloautograph of l-dinensional
chromatogra¡ns of final suspending media.
Human llver sllces were incubated in KRB

wlth IO.O nM amounts of alanlne-U-Cl4
(r.o ¡æ/nr). Experlnentar vessels were
suppt-enentett wtth lO.OnM ethyl aLcohol or
IO.OmM sodlum acetate. Indlvidual radlo-
actlve components are deslgnated by the
nurnbers enployed ln the texto Spot$7
ls not here visible.
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2.DIMENSIONAL RESOLUTION BY CHROMATOGRAPHY
IN PYRIDINE.ACETIC A PHENOL.AMMONIA

I *
I

t
'r

,'!t.t'i'rrJ¡$'

:

f.q

PHENOL -NH¡

Fig. 5. Radloautographs of 2-dlnensional resolutlon
of final suspendlng nedia. Fo1lowing lnltia1 chrom-
atography 1n isopropenol :pyrldine :acetlc acld:water,
secondary resolutlon was effected by chromatography
ln phenol:ammonia. The dlseoclatlon of Spot 2 can
be apprecleted. (Veseel supplemented with acetate
lonM; alanlne-U-Cl4. Expt #r, ) .
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î-DIMENSIONAL RESOLUTION BY IONOPHORESIS
( pH 5.6 ¡ ãOOO vollg )

Sæt. No.

6

ALAilIilE+
ETHAIIOL

+

ORIGI N

I

ALAIIII{E ALAI{IIIE +
ACETATE (EtpNo.22 )

Flg. 4. R¡dloeutograph of l-dlncnslonal lonophorecle
uslng buffer pH ,.6 at 5'OOO volte for 45 nlnutcg.
I¡eotla ecid (spot#6 ) and eepertie acld (apot,f t -
pK 2.98) become negatively ohargcd end ntgrctó'to-
nlrdc the enode. Oluta,nlc Ecld (pK f .OB) nay bc
roprasontcd by the ollptlcel chadow about thc orlgl,n.
Alanlne (pK 6.I) 1g accumulEtod at thc o¡thoðc. KRB
eupplcncntcd wlth alanlnc-U-çÌ4 IOnM I¡o/nI). E*ytfi.22
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(a) 3-5% nay be Lost durLng aBplication of dituÈe
colutLqr ( < 1m!{) ørt,o paper¡

(b) 5-15% nay be lost durJ.ng chromat,ogrra¡*ry in
neutral or aeld Eolvent,a;

(e) as m¡ch aa 50% rnay be lost drrrlng prolonged
et,orage of developêd ehrøntogúârto¡

The latter loee ls condi.Èloned by ambtent temperatures and
can be obvfated by maJ.ntainlng chrønat,ogrrams at 4oC durfng
radl-oqutographyi

Frevi.qrg atud.Le¡ (frelnkEl et al., 1965) had ehou¡n that,
for rat liver sllce¡ tn KRB and KRP, 9Ø6 of the labelled
glucore derLved f,ro¡r alanfne-C14 .* be reeovered ln the
suspendlng media, They also eho$red that ethyl alcohol
doe¡ not, appreeJ.ably lnfluence the ¡nrt,Ítlon of newly
forned glucoee between sli.ee End medium. In view of the
meagre glueose proåreË{on into the ¡¡redj.um ln ex¡rerl.rnenÈa
wlth hurnan liver (see Result.e) these gubstantive experi'
ments on glucore producùLqr were not repeat,ed buÈ the
part,ftlon of etable glueoce betïreen r¡redium ar¡d tio¡ue
wlthqrt cubttrate ttras 39.37gt / 60.63% (t g.34%, whll¡t
under the lnfluenee of eÈhyl alcotrol Lt vrag 43.L2% / 5A.

I.
ê8/o (l 6. 69f,/61 ruggesting that no change ln partlt,J.on had
oecurred. On the basfg of the abor¡e sonslderat,l.or¡¡, afmple
reeolutLon of tha final ruependlng medLa by dnplicate oDê-
dl.men¡Lqral chro¡¡ratograplry tn iaopropanolI ¡ryridfne¡ acetlc
acid¡ water was employed for mo¡t, ercpertnentr.

tUpt,ake"

To assetÊ the net, asai.nLlatlqr of alanLn"-cl4 (i"e.,
nuptaketr), the dLffer€nce between "blankn ¡nedLa and medj.a
whleh had bccn lncubat€d lrlth tlc¡ue¡ vna nse¡ured.
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Sfncc thf¡ dlffcrcncc ìrtr oftrn r¡nsll, and ¡l,ncc lt wa¡
dcrLvcd f,rqn chrmatogrraphl,a cnalytor of ùwo re¡raratr
n¡dla for rpot *3 (L.o., alanfno) Èh¡ ottin¡tcr of
truptekc' cqrrèltutcd Èho t¡¡rÈ rolfabh rad,!.orcÈ!.vo
¡ruarurcm¡nt.

Nst f,o¡'rn¡tl.or of Elueol"+l4 lrpot l5). lacÈfs eeld-cl4
(thc run of ¡ÞoÈ *6 r,r¡d ¡Fot *? vl¡rn prorrnù) and, ar¡nrtle
aefd, (rpot rt¡ wa¡ crt,lm¡Ecd m the b¡rlr of, thc radlo-
aotlvlty Ín thr a¡ryroprlatr rogrnrntr of thc chrcnaùogiraßl
sr Èhc f,ln¡l np{fl. olutamLc ¡efA-cl4 crrl noÈ ncr¡ured
b¡eaut¡ of lÈ¡ varllblo ehrcmaÈeglra¡ihlc dLrt,rlbutfon.
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CgAFTER V.

Re¡ult,¡

fhe eontent of Lntttal glycogen fn eaeh hurnan lLver
bio¡¡cy t,ogrether wtth Èhe qmount prorcnt at the end of
thc LneubatLon end the quantf,ty of glucorc rceor¡ered
fron the ucd,lun arG ehqn i.n fable 3. Frqrr the¡e regultg
Lr derÍved the net dclta or t,otal dlaap¡rcatrrnce w?rlch l¡
rcprerented by the ¡um of the fl,nal glycogcn and f,ånal
glucore ln Èhe rnediumr ¡ubtractcd from the lnlt,lat 91y-
eogcn afnce no glueocc Ìrat prcrenÈ ln thc lnlt,iat medlum.
IÈ will be noted Èhat ln all lnrtenee¡ there l¡ a defLcit
wlth le¡¡ total glueorc belng reco\rÊrad than Èhc a¡nount
ar tnLtial glycogren-

The experfmental d¡Èa fn thlg table are conf,Lned to tho¡e
rerult¡ ln whieh a dLroct, com¡nrteon ean be made between
the i.nit,ial glycogen a¡rd Èhe f,tnal glyeogrcn and 1n which
thc l"neubatlø¡ tJ,me rra¡ 3 hurrg, hq'¡evcr the figure for
lnltlal glycogrcn of, 24,201 r¡Lerograln¡ pcr gram inlttal
r*rfght ar a mcan of 9 cxpcrJ.mo¡¡t¡ adn¡rqrcs wslt wfth that,
of, 23,390 for thc wl¡ole 19 eubJcctr In whqn thl¡ analyaia
wae perfotrmed. Ího avcragc lrGrcanÈage 1o¡¡ o\ror thc {n-
cubatlon pcrlod rcae 40*. Thcrc L¡ a ¡rceltLvo and atrong
eorrelat,lon betwsen the amount of lntt,lal glyeogcn and
f,lnal glycogren (r - 0-898¡ p <..0O1) and thc i.nlt{at
Elycogren and the total dfeap¡nara¡rce (r - 0.97A9¡ p <..001)
ruggêlting thaÈ Èhe relea¡e of gLycogren ar glucosc i¿nto
the nedLum Ìä! unLform undor cq¡t,rol condltfon¡.
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TÆLE 9

Hi,S{AN LIVER GLYCOGEN.*

D lSfR lBUTl0N lN UNSUPPLEïS.fÍÐ l(RB

EXPT. I'10. IN IT IAL

GLYCOGEN

FINAL

GLYCOGEN

FINAL MÐII.$I

GLUCOSE

NEr /\.
(olsneeeenaHce)

?

6

7

9

il

t2

tt

]5

l8

22

t56tz

4t 086

I t6gt

s6g6t

748'

l19s6

400t4

99t0

t955.

zz59t

5281

12039

6re¡

zoz6o

¡905

80¡18

9rt,

n79

r 05r0

56zt

485t

9890

t 8{¡

659l

,742

54lt

542t

20t I

4466

75to

5474

t9157

2662

lott6

22)5

2500

2508O

to¿6

4575

¡ o16o

MEA¡I 24201 8?21 5t77 | 074r

+
S. E.M. 5t76 I 649

* O,Ycoce¡¡ ExPREssED As MIcRoGRA'\I oF GLUcosE PER GRAM ¡NITIAL T'JEIGHT OF LIVEÈ

ALL INCUBATIONS PERFOR''IED FOR 3 HOI.RSI

)2y78t
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A efgnlflcantly gr€àter proporÈlon of gtyaogen ï/a! re-
tai.nod ln the lfver alLce than wac relea¡ed lnto the
medlun ar glueorc (r * O.7962t p <.01). Ilowever, all
of, thc¡e corrclrtlon¡ may hava bsen i.nfluenecd by the
eon¡ldcr¡bh looe of lntttal glyeogcn dr,rrlng thc pre-
paratl.vc manlpulatlons .

Tablc 4 aot¡ out the dlatrlbutLon of stable glucoae

undcr each of the expcrlmental eondLt,fon¡ i-n wt¡lsh alanine
was used a¡ rubetrato for 3 hours, Aga!.nr 8s ln Tabte 3,

the tnlttal glyeogen Le rclated to the ftnal glyoogen
and fLnal ¡ncdir¡nr glueoee from whoec aum thc total dle-
tppcaranc. l¡ dcrlvcd. lfhc r¡¡idual Elycogcn wac higher
ln 7 ouÈ of I lnctancce xrhen ttrc mcdtun waa supplemented
with alantRc but, thc diffsrcneo !.e only margLnally elgni-
fic¡nt (p < .05). Tihe prerence of alanLne rlgnifJ.eantly
¡npdlficd tho total dlea¡poütrancG of gLueoae from thc arLeec
(p <.Ol) but lnduecd no ¡ueh changc f.n tlre a¡punts of
mcdJ.um glucoec. lft¡c total gluooec dcrLved f,rom the f tnat
glycogcn co¡nbLncd wl.tlr Èhe rnor¡nt Ln tho modi.r¡m di.d not
rignlfLeantly dlff,cr wlrcthcr thq madLum lrar plnLn or
rupploarnÈod witÌ¡ alanfno. lfho l,nforonec, whflet only
parÈtally cubrËar¡tleted, Lg Èh¡ü ¡lanLnc, by provLding a
dfroct and graduaÈcd rslca¡c of pyruvato tends to reduce
glyeogcn Lora from tlrc lfver ¡lleor. Thc add{tl.on of,

¡odLrm aectaù¡ had a nrargrl,nally proÈecÈi.vc Lnflr¡once on

thl¡ glycogcn locs (p ( .05).

lfhc recovcry of glucoac fro¡n tlrc nodirln rrras

le¡c Èhan the lnlttat glycogcn ln all e:çerLnrenta

anû only Ln one Ln¡tansc wa¡ the sr¡m of the totaL
rs¡Ldual glyeogen modlurn gl,ueoac groatêr than thc



TABLE 4

DISPOSITION OF STABLE GLUCOSE* USING SUBÍRATE AIÁNINE.U-CI4)ß*

EXFI¡

I'4EAN

3s. E.M"

IN ITIAL
GLYCOGEN

NET A (TOTAL DISAPPEARANcE)

-Am¡¡l¡¡e +ALANINÊ flLcoHoL I{cETATE

{ALANINE T{LANINE

2

)
7

9
lt
tt
t5
22

r66Zt

t56t2
It69t
s6g6t
748'

400t4

9920

469t

5284
6le ¡

zoz6o
r 906
grt)
?87'
56zt

9926
7l oo

459)
22905

2765

t27t0
so69

r r209

ttn9
or:,

?960

1738?
,0)3

r+r6o

6+70

485)
I 848

6i9t
)742
5421
20t I

q5t0

59t8
421?

z69o
t67a
4a75

52tS
r r87
6Ng

s+i+
266a

gon6
2235

2803 r

co+6

to56o

827

4298

4467

2942)
6+t

zzæ6
6l¿

589)

2890

,:0,

.7t5
t5920

?720

782
21003ou5|

66lt

t76t

9t0

6uz
9822

)568
67r r

7956

tf,
bf

120t5 9504 :15t6

22757

6qgt

9902

2194

4751

758

tgt6

6t5

,702,

857

tzoz:¡{i

4524

9927 e899

z7t6 3z¿6

7520

zz96

sÐ9 6¿go# 9767{¡

9sB4 zj76 l¡94:

! Glucose ExpREssED As i4tcRocRÂr,r pER GRAM rN¡T|AL vlErG-l{T oF HLh4AN Ltv€R.* ALmtlrue, ETÌ'ryL ALcoHoL AND soDtur,r AcETATE rN coNcENTRATToN ro M¡cRoïoLEs pER MrLLrLrrRE,
INCUBATION WAS FoR 3 HOURS tN EACH INSTANCE. 

,

f Txe nesur-rs oF NET A ane DERT'ED FRor.r THE tNDrvrDUÂL suBsrRATroNs oF FINAL TorAL GLUcosE
(t.Eo, Flr'¡AL GLYCoGEN + cLUcosE) rno¡¡ nre tNlTlAL GLYcocEN ¡N EAcH EXeERIMENT. BEcAusE oF
THE VARYINO NUI,IBER OF OBSÊRVATIONS, THE FINAL TOTAL IiEANS DO NOT THEREFORE NECESSARILY CORRELATEO

FlML GLYCOGEN

-ALANINE +ALANINE +ALcoHoL +ACETATE

+ALANINÊ +ALANINE

FIML MEDIUM GLUCOSE

.ALANINE +AIANINE +ALcoHoL

+Aleru¡rue

+ACETATE

{ALANINE
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inltial glyeogten. lflreee ftndings shor'r Èhat no production
of glucose had oeeured frqu the hu¡na¡r liver ¡lfces, ThLg

ie fn contradl¡tinetlor¡ Èo the ftndlngr j.n Èhc rat wt¡ere,
drrlng fncubaÈi.qr wLthotrt alrr¡Lne, glueoae progrrestlvely
appears j.nto the ruo¡nndlng madLum. In KRB thfe glueoee
frequently exceeds tha amount tnttially prcsent, wfthln the
Èi¡¡ues aE glyoogen or rfree" glueosc, and when the sus-
pendtng nedj.um lE enhanced wfth alarrfne the net a1mÈhesis
from endogenous preeursorE ls ínereaced even further
(Frelnkel et aL., 1965) . Thls productlon of, glucoee from
endogenous as well aE exogenoua precurrorE ry rat llver
eLlee¡ haE been demq¡sÈrated before (ltalmeg, 19621 and the
tnabllity of the human lLver elices to act slmilarly may

be an interesting apeeJ-ea dffferenee as welL ag a reflec-
t,i.on of dlfferent, ratee of metabollc turno\ter,

ft ¡uruot be emphacdsed at thfo polnt eheù evidence of
stalole glucose fomation eannot bE obtafned frqrr ln vilro
eyst,ems when the flnal tot,al glucoae does not exceed the
lnitial glycogren. rn teehnlques employJ"ng non-ÍsotopJ.c
glucoee, even when changes in glyeogren are encomllaEsed,

net, balance aeroas the liver rather thari slmthesfs of new

glueoee is measured. Flgure 6 demonetratee the progrreeslve
deeline Ln tisEue glycogren wlth a alot¡ rise ln medium

glucoee in an experiment r,shere periodic sampling waa Per-
formed. The ccnibined sum of these doee not exceed the
lnlttal glycogen level r¡htch shovrs that no net aecumulaÈÍon
of glueoge hae oecurred. !ilLthq¡t knorruledge of the deriva-
tlon of, the medium glueose honrever j.t ie not poseible to
state thaË no glueoneogeneafs hae occutrred.

lable 5 relates the d,iepoøitÍon of the alanine-u-cI4
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to the initial glycogen in the control- vegsel"s. ßhere LE

a negatLve eorrelatior¡ between the init,iat glycogren and
the ruptake" (r q -0. 8288r p< .05). The asaimilatíon
of exogenour gluconeogeni.c precursor may be redr¡ced there-
fore by the presenee of adequate liver glycogen. No

correlat,ior¡ could be fotrnd beÈween the initial glycogen
and any of the other parameÈera nor they between thernselveg
except, in the eaa€ of cl40" and the medium glucose where
r a 0. 7718r p <.05 wt¡Lchols a: mdghÈ be expectEd inasmuch
as the enhaneed evoLution of carbon dlocide is a ref,lectLon
of Lncreased ÈrJ.carbor<ylJ-c aci.d cryole aetÍvity.

The effeet, of ethyl. alcohol on tigeue respLratLon v¡as

exr¡nl-ned fn four experJ.nents. gueh documentatLo¡r wce

obvlqrsly essentlal to exclude tø¡le action on tLeauea
a¡rd anorcia as a cause of the altered metaboLicm. Table 6

cornpares the concumpÈl,on of oxygen Ln mieroliÈreE per
mllligram wet welght of tLcsue qrrêr the time j.nÈen¡al. of
the experLmente . lFÌ¡ê valueg are expregced beneath as a
percentage of the eontrol vecaels. By thlg eonvention
tOVÅ denoteø no effeeË. ålthargh the reeulÈs are variable,
at no t,fune ln the flrst hour did ethyl alcohol depresa
orygen eonaumptLon more tha¡¡ L2% of the eontrol a¡rd J.n

three inetances no depreseLqr vras evident, By the end
of the third hour the depregsfon of oxygen conaumptLonr

did not materlally dtffer frorn that in the seeond in
three experLmentr, and only in one Lngtance wag ft de-
preeaed to approxJ.nately 2trÅ of the control. The flgruree
are too few to allor,r¡ for formgl statietlcal analyela but
they do short¡ that aleohol has no grocoly deleterloug
effect on o>(ygen uptake.
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1ÏME CURVE }'OR ÎOTAL GTUCOSE IN UNSUPPÛEMENTED VESSETS
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TISSIJE

MEDIUM
40

to

20

l0

0r t0l 90f 1g0r

lII'IE OF INCUBAÎION

L¡iß. 6. l'íelium i(R.Lì human l.iver slice. I,io net
nroduetion of glircose has been demonstrated.

G luc os e nS/ gû
initlal weight

0

I
t\\:
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TABI.E ,

CoRRELATI0N EFll,lEEN lNlTlAL GLYCOGEN AND D¡SPoS¡TloN oF ALArul¡¡e-Uæl¿

EXtr

2

t
7

9
n
t?
t5
æ.

t)

MEAN:

ls. E.M.

25).2
24.7

l)4.2

Tr.,
?95.1

t99.t
115:5

21.0
69. g

29.5
42.'

n5.4
7o.Q
8o'o
52.2
54.4

54.96

9.92

4.1
26.6

7.8
ta

55.4
15.4

10.,
14.7
I ¡.9

19.27

,.59

?4.6
42.t
4.2
40.0
4r.2
47.1

7r.B
58.9
42.7

41.87
2.85

0.1?7

?.910
1.850
1.000

).570
1.5?

t7.50
1.74O

0.902

7.5r1
t.793

IN IT IAL

GLYCOGEN

(ue/em tNlrtAL' bJEtGltT,

t667t
15612

¡l69r
56967

748)
400r4

9%0
2t6gt
27562

21294

579s

I'upIAKEn* C l40a GLUcosE-c14 ufftc GLYcocEl{414

AC tD-Cl4

(pEa ce¡rr rorAl cour{Ts pER GRA¡I |N¡TIAL wElcHT)

228.9
29.4)

* NUPTAKEN ' RADIOAC'IÌIVITY IN BLANK MED¡A . RADIOACTTVITY IN MEDTA CONTA¡NING HUMAN LIVER.
VALUES EXCEED 100/¡" lN MOST INSTANCES BECAUSE SLICES AVERAGED lOÈ200¿G. AND VALUES ARE

RELATED TO GRAM INITIAL WEIGIIT.

N ron ouvcoeEN vs nupTAKÊn .7t FoR ALL orHER coRRELATloNs, Nã9.

lNlrlAL cLycocEN vs nuprAKEn - R io.Bzog : p .oj
cl4oavso¡-ucose-cl'û R-0.??lg:p .0j

ib oTHER st6NlFlCANT coRREtATloNs.

¡l ,\,.,.1,: .¡
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Flgure 7 ¡hows graphlcally the utÍlL¡atlon of orygen
l.n oqre ercperiment ar¡d the cloae relatJ.onohip Ëo the conÈroX.
fs rrtell demonstrated. The increase ín reapirat,ion of the
slLce ln the presence of cod,l.um acetat,e {s noteworÈhy,
averagJ.ng 16% more than the cont,rol in the four experlments.
l[trls average flgure j.s perba¡n Lnfluenced ry Èhe greatly
Lncreaeed result, in experiment 16 whLeh ls depicted in
Figrure 7, t¡r¡t the increaee in QO, ia Ehon in aLl experL-
menta, althotrgh ln leaser degree. lfhe treasons for thLe
lncrease are obecure and no attempt waa made at further
elueidatLqr. It nay ¡nrrely reflect the ready avalLability
of aod.fum acetate a¡r a eubetrate. However, in the follcn^ring
ctudies on incorporation, no clgmlficant dl,fferenee \Àras

found in the behavi.our of the lfver aliee when the eub-
ctrate sodj-um acetate was comtr>ared wÍth the radLoactive
subst,ratea alanine, gluÈamLc acid, laetj.c acld or glycerol.

XTIE EFFECTS OF

DIS PG¡TTTON

ETHT, AÏÆOHO& ON TIHE

OF AI.ANINE-U-C14.

E:<perlmentE were ¡rerforroed with líver slLces frcmr I
subJeete. Table 4 reveala the influenee of, alcohol on

the dis¡roalÈlon of stable glueose when the subetrat,e $ràs

alanine-U-cl4 lom!¿. å,laoho1 dfd not i.nfluenee slgnlficantly
the diatríbut,fon of glueose fn the ti¡cue or ruedium in
cm¡rarieon with the cont,rol. Uelng experLments 3, 11, 13

anð.22 Èhe rate of change between the alcohol ve¡seLs and
the eupplemented and plaln eontrol veEeeI"E rrraa not, stat,-
isÈicElLy eignfflcant. The partltlori of med.l.um and t,Íesue
glueose dld not, differ aigmtfleantly j.n the alcohol veesels
from ùhoce of the cont,rolg.
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TABLE 6

SUI"IJARY OF QO I VALUES-2,

EXPT¡ SUBsrRqTE

r7 0

ALAT,IINE

2l AI.ANINE

28 .,, ALANINE

0
ALANINE

ALANINE

ATANINE

l'lEAN

.4?0

(oa vntues As /p oF coNrRoL

92

102.5
164.7

87'?

! 00.2

95.75

?.712

t0

.450

.472
ð56

.¡l8l

.496

tr0

I 09.8
102.9

t24.6

96.g

ACETATE

¿0 20

0 .300

.470

.745

ô86

.5t2

.257

.922

.)?)

.)47

.4ß2

.445

.570

.t7

.rl2

.217

.97

.441

.279

.122

, l8g

.7W

.)70

.277

2u

)60
3ß2

14

196

.1)l

.?72

.r42

U9.t

| 09.4
I t¿8

I 0r.8

il 6.8

7.57

.2)B a

.740

.704

a

a

a

a

o .4r5

t6

t7

2l

28

0 94,4

92.2
t7u+

90.4

87.6

79.+

90,9
I 08.'

t49.4

ll¡.8
I )4.7

12r.6

102.9

s6. l,

2.497

87.7

96. o

?.427

t¡6.8

9.49

120.5

7,95tS. E.l{.

ALCOIÐL

zo 2ot0

c0¡¡rR0L

fo zo 70

toa - r4rcnolrrRE oF o)flcEN coNsu¡ireD pER H¡LLTGRAT{ u¿ET h'ÉIGHT oF LIvER sLlcEs.
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ln che conÈroI and ethyl-alcohol-cq¡tal.nf.ng vegsels are
sho$la at ùhe head of the figrure GxpreEred ae m.f.sroanoles

irer gtam inltial rrcJ.ght,. Eo eønpeneate for the varl.abte
reduct,l.ons Ln uptake, the values ror cl4o, and lscÈLc
ae¿d-cl4 have becn exprcated tn two waya. Firatly, as a
pereentage of the total radLoactivlty wlttrfn each flask.
in Èhe uppcr dlagram ar¡d secar¡dly, ln relatl-ve t,erm¡ a¡¡

a pereentage of the net, "upÈalcet ry Èhe sllcee fn each
fla¡k as ehotrm ln the loq¡er dlagram. It can be seen Ln

experinent - 4 qr the rlght, Ëhat the abcoluto formatLorr
of lactic acld-cl4 from tabelled alanLne waE ¡t,Í11 rnarked,ly
ånereased despf.te the reduced upàake, Eorìrever, motre of,tenr
the absolute Lncrease wae not Eo prgnouneed as ah*¡¡r Ln

experfrnent lt and the or¡erall changea Ln lactic acld-Cl4
in È,he whole experimental ¡erleE werc not, oLgnlftcantly
grcatcr than tho¡c from thc eontrolr, lFhc general tandency
ncvertheler¡r êã ahqrn ln boÈh of, Ehc¡c expcrlmentg ua¡
f,or a greater proportiql of ths as¡lmllat,ed countg to be
dtverÈed to lactate. lloreovor, ln aII sLtuat,l.or¡s, ethyl
aleohol eaused a far rualler Droportlq¡ of Èhe rupÈakeÉ

to be evolved aa c140, or trancforrnød to glueoa"-ctr4.
lftru¡ the rEdr¡ct,íø¡g ln o¡¡l,dat,lve decarbø<1'lat,ion and
gluconeogenesle were dJ,cpro¡rcrËi.onate to thc reductl.or¡g
in 'upÈake" and, it wouLd aptræar that eËhyl alcohol J.nduce¡

i.ntracellular changet fn metsbollsm wtrlch are relatlvely
lndeBendcnt of fluetuat,Lqrc ln ruptakeÈ.

l{ben exprerred ae ô
lnhtbit,ton of claO, bV

effeeùs on nuptake" so
daearbo<ylat, io¡ cannot
eff,ecÈ.

percentage of the cqrtrol valve, the
alcohol was alwaya greater than ùhc

that relaÈlvc lack of sub¡trat,e for
be thc rcaton for the cqrgL¡tent
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THE EFFECT OF ETHANOL ON THE DISPOSITION OF ALANINE:U-C"
ev HÚMaN LIVER Sulces (ronMr

UPTAKE (¡MlGrn) UPTAKE (,¡¡M/Gm)

co¡¡rnouEl :zo.z colrnouE:¡s'e
+ erxetOll :co.o + erxmoul:ze'z

€rp ,l-tl Ery H'a

tæ

r00

80

C't0r ÈIqrflt'
eruc¡$'cr ctucost-cl

æ

60

Q

20

tl

roo

80

6060

LATIF
totD-c"

crffih-c"

TTCTrc

mlo-c''
40

EEI
c 

to,

FJ.g. g. Effecte of ethyl alcohol (to.ornu) on the disposition
of L-eLantne-U-Ct4 (tO.Ont't) by hunan llvero In both ex-
perlnente as shoun above, sllces were lncubated fot 5 hours

in KRB. The upper portlon of the lÌIustratlon depicts re-
sultE expresscd as a percentage of the totel nunber of counts

that were added to eaón vegscl' the lower portion depLcts

the same valueg as a functlon of the net asslnllation (1.e'
;;;t;;;;) ãr ^r"ntne-c14 

fron th.e suspcnd!'ng nediun'-lln1l 
^talcohol Cepresseâ lupteke" 54,5o/o 1n cxperlnentdþ 1I and 44.O"þ

i"-"ro""imãnt#¿. As can be aeen fron the lower SrePhst the

recovãrles of C1402. glucoEc-Cr+ end lectlc acid-C'- accounted

for nore 1,hen 5O/" oi tne total counts that were asslmilated
under all experlnental condltion!' For further dlscusslon
see text.

æ AOOEO, æun7s ûAt

r0F a
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The upper portlon of f,lgure I rci.nforcea a potnt already
made. It can be seen that, alcohol tnhiblted the lncor¡rora-
tlon of gruco""-cl4 inËo the euspendfng medlun and ùhat the
¡rrecntange tnhibtt,lon¡ of mcdlum glucoee and tlaguc grlyoo-
gcn \¡terG approx!.nately cqual. lfhlg dual rsduct,Lon would
lndl.catc that, tlro fnhtbl,tory effcet¡ of cthyl alcohol on

gluconeogenorÍr nay br llnttod to rtcpr proeedfng thc
rcnewal of th¡ glucorc-5-photpûraùc ¡rooL.

The relatlonehlpc betrr,reen ethyl aLcohol deprceaion of
"upttko". atUo, and gluco""-cl4 wero ¡tudled by fiÈtfng an oxpon

onÈlal rcgrul!,on. Deprceston tn ttrl¡ regarê was obtalned
by rubtractlng thc actual, value obtalncd under alcohol from
thc control. valvc. A elgrnificant rcgrc¡cLon wsc obtaincd
for Ëhe d.oprueÍon of ,t¿o" and "uptdcc,' of alanlnc thc/
aqueÈ{on bclng 1, - 19,86 + o.I9¡0'o344x whcre y 1¡ 

"'Oo,dcprcrrl,on and x lr "upt,akc" dcpncllon. lftre rcgrcreLon i;
elgnlf,lclr¡tr (F = 10.512 on 2, 4dlt p< "05)End thc curvltl,n-
¡ar rllationrhlp .ûr drpl,ctcd fn ffgurc 9 auggeeting thaÈ bc-
yond 50?å dopr¡r¡fon of uptakt¡¡ütkcd rcducËl,,on of 

"'nO,ovolut,fon occurr. Ho rolaÈlonrhlp could bc dornon¡trated

bctrpocn glueor-Cl4 ô"¡¡ror¡lon anû ttrtt, of 'uptakr'o Ðnd

r+üllst, an crqronent,lal rogrcrel,on axLcÈod f,or tlrc dc¡no¡sion¡
oe el4o, and glueo".-cl4, a llnsar r¡l¡t!.onahtp wa¡ bettor.

8!.gnlfleant v¡rLatLon fn thc ratlo¡ of meÈaÞolfc producte
wsrG obacrvod undor thc lnf,Lurncc of alcohol and arc li¡ted
ln rabtr 8. Ítrc r¡duotl.on¡ of cl4O, / LaetLe acLd-cl4
(T * 3.925 on Z dft Þ .ol) anð gluco""-cl4,/ lact!.c
aald-cl4 (T * 3.163 on 7 dfl p<.05) orc due to thc duaL

dc¡ncrr!.onr of thc nr¡merator¡.
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ct4oe
DEPRESSION

L00

0

- 0.05¡[4¡
y-I9.86+OoI9e

80
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40

20

o

o

20 ¿[0 60 80 lOO

truPlÀKEtr DEPRE¡SIoN

120

F1g. 9. lhc rclatl.onchip betreen Cl4o2 ôcprcgslon
end ðe¡lrcsslon of rruptakerr of elealnc-U-G
ln control anô alcohol vcsgcla.

(v)
14
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AapartLe acld-cl4 ,rran not llgrnlflcant,ly altered blz the
prerene€ of alcohol fn there hunan l.lver ex¡nrfitrcntr al-
thotrgh the anq¡nÈ of Lt,r Lncreate odnltr$t. wfth Èhât of
aceÈatc where nargl.nal ¡lgrnfflcanee L¡ evLdcnt.

ÍIIE EftEerS æ E$IVI¡ AX€OHü, ON rlHB

DISP('8ITTO{ OF OI'HER 8I'ESTRATES.

A. 6lodium AcetaÈc
Bceau¡e the Lnttlal ¡nctabolLrn of alcohol Lnvolvec ùhe

form¡tl.m of acate!.dehydc and acctate, equlnolar cste€B-
Èratl^qr¡ of ¡odLum acetate were crnplqred as ïÞ11 ar the cor¡-
Èrol ves¡elr Ln mort experfinont,r Èo obvf.at,e the d"flut{onal
cffcct¡ of, the 2 earbs¡ fragrnentr relca¡ed þz aceÈate

metabollcrn. Acetrtc d{d not roûrpllcate the cffecÈ¡ of,

cthyl aleohol *r e140r, glucoo"-cl4, lact,lc acÍd-cl4 or
'uptckeü and the aetlq¡ of cthyl aleohol ecnnot bc at'trL-
tn¡ted to thl.¡ etu3e. the ¡llght br"rt rlgmfftcant lnerea¡e
Ln ar¡nrtLe acj.d ha¡ alreaü1l been notod'

B. Other glucøreogenLe preeurtortr
1. û-glutanrfc aold.
Exparimcnt! w6r€ ¡nrforrncd orr 5 ocaa¡lqrr wLth ¡ll.cc¡ of,

huuran ll.ver exporcd to tho ¡ctlq¡ of, ethyl ¡lcohol ln wt¡tch

the ¡ub¡trate rra¡ l-glutam!,c acfa-Ctr4. lIttc cqreentratlql
u¡ed war lOE!,!. lfhe rerult¡ are exPrea¡od al t p'ercentago

of Èhe tot¡I valuc¡ obtalneð ln ths eqlLrol ves¡el¡. By

thtr conventls¡ tOOt6 dcnoËes no sffec!. lÍhe iuptakeil of
gluÈarnic ccid waa r!.gmf flcantly deBrc¡¡ed, by,eÈhyl aleohol
(p <.01) at wat the fonnsÈtqr of glucot"-cl4 (p< .Os) and
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TABLE 8

RAT¡OS OF MFTABOLIC PROT'I'CT5+

FoR ALANINE-U-CI4

EXPT.

COTITROL

cl 4o
-__J

Gtæose-Cl4

Gtr¡cose-c l4
it

Lecrlc-c'*
6¡.ucosE-cl'l

¡iõiiö*rr

ALCOHOL

Cl4o Cl4o

---2 ¡ ¡ -----2rjlciïöæ¡a cIüõõõE+¡c

I

2

?
il
tt
2t

n
2t

0.66
o.6l
1.65
2,55
0.66
0.gg
0.89
4.24

MEAN l.t)

É s.r.u. o.ztï

T

P.

1.44

5.12
z.62
2.æ
¿01

),06
1.50
4.61

?-gl

0.4899

0.46
0. l2
o,6t
1.22
0.2?
0rr2
0.59
0.27

0.4925

0. I 204

0.42
0. ll
o. l6
0.21
o. l4
0. l8
0.22
0.3,

0,2269

0.027

l.4l
9,4'i
?-50
4.26
2.48

?.12
4.74

9.25

2,10

0.941

0,r71

lL S.

0.302
0.0r,
o.ú?

. 0.055
0,A57
0.089
0.a51
0.102

0.090{

o. 03l 0

1,925

( .ot

t.t6t

1, .oj

* vrtu¡s oRlclNALLy ExpREssED As pERcENTAGE TorAL couNTs pB GRA¡I lNlrlAl vlErcilT oF LrvER.



69

TAELE g

IHE EFFECT oF FtllYL ALcoH0L 0N THE l'lFrABOLls,l oF t--GLufA¡ilc ActD-cl4 tN Hr-[,4Al't Uven sulces*

GLUCOSE

^t4
EXPT. NP. 'UPTAKE,r atOoa #r¿1, GLYCOGEI!.C

S.A*
GLUCO SE

s. a#
GLUCOSE

t4

C0NrRoL VESSELS (/o oF TorAL couHrs/onau tNtr¡AL rve¡err0

Bg.7

78.8
tz6.g
l ra.6
l17.z6

I lz.06

?6.j
2?,25

30.14
45.9'-

4?-z

?5.58

?0.7
2,89
ll.ll
24.92

t4.07

20.69

6.2?
lor20
lFs,ll
6.og

5,67

9,28

90. a

85"57
85.50

87.76

l. 78

g.t1t .
2:

(,.05

.255

.u7

. 109

.2)2
4.25

.gg)

109, t,
4t.97
)9.a2

189.4
125.14

t ol.0g

t3.86
12.20
2?.2?

t6. to

?.lo

27.A)2
2

(,.0¡

1.44

.545
l.?l
.6lg

8.8t

2.549
I'IEAN

4

t2
l8

I"lEAN

.4
I

l0
t2
l8

+- S. Ll,l" 14.22 4.09 5.72 4.gO .gl4

ALCOHOL VESSELS (Í or corarnou v¡¡-ues)

4t.9' 64.9 t7.¿6
)5.81 6¿,5? g6.t
41.24 46.0 24.74

)9.66 j?.Bo z6.ot 24.90

28.01 l,5n

+- S. Ll4.

21.5?
48.27

l?.)7

1.869
I

N.$

2).26
4%04

,%t5

9.88

6.7i9
I

(us.

T
DF

P

T
DF

P

t.g, ter 2.+7
7t.t79 7,097 t3,505
222

<.0t (.0, (.or

ACErATE VESSELS (y'0 oF coNrRoL ve¡.uæ)

t2
l8

tr5,9 l04. I

90.6 ¡ a6.B
88.2

77.6
55.9
90.02

I,IEAN 112.2 I tr.4 7?-96 849 I il.o 69.t ¡06.64

+- S.E.M. 2?-7 ll.4 t 7.06

128.4

97.6
57.4
80.9

ll.8

I 14.2

99,a9

0.584
I

t.t6t 1.584
I

5'2

?.226
¡

I'1. S.

l?.4

.6r¿
I

.265

7.56

.8?g
I

N. S. l'!. 5. N. S. ¡ts. N. S. N. S.

* lrlcuaertor'¡ r,lAs pERmBiED FR , HouRs lN lqR.B.
REsuLTs oBTAINED lN THE PRESENCE oF ALcq{oL (lo¡,t't) on soDtrJM ACETATE (¡o¡r,l,t) nns LtsrED
A,S' A PERCENIAGE OF THE VALUES OBTAINED lN THEIR ABSENcE. AVERAGE PERCENrAGE CHANcES( I s.e.t+) nRe raeularED BENEATH AI{D ExpRESsED rN TERl',ls oF THE.R srATrstcAL s¡GNrFrcA^rcE

N.S. - ¡lor SlcNlFlcelvr

*+ s.'q. - sPEctFlc AcTlvlrY - couNTs elucæe-cl4 pER eÍ- meotw/uo GLucosE pER ML. lrEDtr¡t
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lactic acld-cl4 (p <.05). trhe specLffc act!.vlty of glucose
rd¡tr redueed (p < .0I) and wtrcn analycLa of, Èhe orl.glnal
varLat,ee rrraa ¡nrfoumed m log t,ranrf,ornrc for c¡nciftc
actlv!.Èy of glycogen dcpre¡¡Lon, efgmfftcance ¡p<,01)
wac alco demqr¡Ë,rated here. Xt vns noÈ pocslble to aceur-
ately aereÐE Èhe amor¡nÈs of, arpartic acLd by radloautogra¡ùry
sinee Èhe Rf dlat,anee of ar¡nrÈle (epoÈ rI) q¡aa ustually too
eloce t,o thaü of the rub¡Èrate gluÈaml"c aeLd (spot *2)
naklng accutratc dl.rcrfnlnatLon Lmporalble. fhe ganer¡I trand
of redr¡ced upt,ake a¡rd gluconeogreneel,¡ Lg agaín revealed þr
the dat,a obtainsd wl.th glutarnlc aeid a¡ gubet,rat6.

2. Glycerol.
+. lrlltree experJ.rnent¡ were pcrformed wfth glycerol-l, 3-c14.

The resulùe (rabto 10) wtrllsË suggectC.vo, are l.n mo¡t
fn¡tancer noÈ numerlcally cuffLeLent for sÈatlstj.oal
rtgrnlf,icðlr€@¿ Thus, aLthot¡gh gtueoae fomat,i.o,n, lact,l.c
aeld prodrrct,lqr and ouptakeÛ wctre depreesed ln all experJ.-
mentrr stat,l.atlcal cigmiflcanee eat¡noÈ be egtablfshed. O¡ly
ln the case of cl0or, tJ.seue glycogrcn and lte epeelflc
act,ivfty Le such atgmlf,lc¡¡nce attal"ned. Íhê marked exeess

of glyeero¡ihoophate-cl4 Ls noÈable and wltl be cqtmsnÈed

upori f,urther Ln dlscugsi.on,

3, Lact,l,e AcLd.
[o appralse the effeet¡ of ethyl alcohol on ân addlt'lonal

glueoneogrenLc pretrurgor, tlrc experLment¡ vûere ¡nrfonned
urLng rÞ1 tactaÈe-u-cf4. Depresei.crr of tuptake", 

"1o02evolut,ion and gluco"-cl4 produetlqt îtere agaLn ohser¡red.

sLnce D-l lEctaÈe-u-da orat the preeutrËor' the releace of
laetic acf¿-cl4 cq¡ld not be rtudl,ed.
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TABLE IO

TäE tFFEcT 0F FIHYL ALC0HOL oN THE METABOLtst.l 0F GLYcERoL-I ,r-Cl4 tN ruM,AN LTVER sLlCEs+

EXpr.r,Ð. nuprAKEn ,'oo, ::Tftt iï]:'- errrooE,..-cr4 åftrT irïrÏ, ,.r.0.#

cc'fRoL VESSELS (d/o 0F TOTAL æUrnS/OVrl.r tNtTtAL wele m)
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ALceHoL vEssELs (ø 0F co¡nRoL vALUES)

t9

æ
27

1t7.3 4.44 t9.07
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* utcueATtoN tJAs pERFoRtiED FoR , HouRs tN IGB
RESULTS OBTAINED IN THE PIìESENCE OF ALCOHOL (IOM¡) OR SODIUIJi ACETATE (IOI,',,U) ARE LISTED
AS A PERCENTAGE OF THE VALUES OßTAINED IN THEIR ABSE¡'ICE. AVERAGE PERCENTAGE CII\NGES(+ s.E l/- ARE TABULATED BENEATH ¡r¡o gxÞntsseD rN TERMS oF THErR srATrsilcAL srcNrFtcANcLr.s. rñr ste¡,ilFlcANr

**s.À sPEclFlc AcTlvtTy - , couurs GLUcosE-cl4 ER MLr.rEDrur,r/ue elucose pER ML. MEDTSMij G.p.A. - GLyctRopHosp¡nTE-cl4
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9.et9 t.laj o.6oa z.z?)
2222
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2
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llgure 10 ls a cqnl¡osJ.te repreeentati.q¡ of the effeet¡
of ethyl alcohol onthe d.fapocltlon of the three gluconeogenlc
precursorr rnentLor¡ed in thf¡ seetLon. the sllcee of hurnar¡
lLver hrere lneubated wtth labelled L*grluüamate, rÞl lact¡te
or glyecrol Ln conccntreÈiql l0ml4. lFhe effcetc of aupple-
nontati.or¡ wtth lomDr ethyt aleolrol arc ¡hqn loy ths d¡rk and
Itght, bar¡ reepecÈively. Re¡ulË¡ rre €xpreaaed as è ¡leü:-
cenÈege of Èhe value¡ obtaLned J.n eontrol ve¡¡ela try rr?rlch
conventlon 1007ó denotc¡ no effeeÈ. rt ean bc ¡een that
ethyl alcohol proferndly dapre¡¡ed gluconeogeneeie and the
Evolutfqr or cl4o, frqr all of Èhe ¡ub¡trater. rn additl"o¡r,
the uptake of r.-grut"arnate and ract,ate wer depressed, TÌre
uptake of glycerol could not, be egÈimst,ed. None of, the
alteratl"on¡ could be reprodueed loy acetate and carmot
therefore be qttrituted to rlmpLe glutÈing wlth 2 earbon
fragnnente.

REEUqrIüÍ OF AVAIT,ABX.E sUEslRATE

ExperLmentr r¡ere pcrformod q¡ 3 occalj.oru urLng !Èracer'
quantJ.t,iee (0.01 nu¡ of alanlne-U-cl4 Ln contradLet,lncÈion
to the curtomarlr rearrLer' gua¡¡tlÈlee (1O.0 $rDt). ilhe san€
radioactlve cørpcrent, (1.0 rnieroeurie) was retaÍ.ned. lFhege
were carrLed qrt to ar¡erÇ the ef,fect of reduced avaLl-
ablltÈy of, exogrcnola rub¡trate and ltmLtaÈtqr of I carbør
atqn gluconeogrenic prêcurtora. l!Ìre experlmentc crêrê not
ItrleÈly eomparable wLÈh Èhore of the ¡n¡fn serles slnce
all txrt, olre, (experinenÈ 6) were Lncubated for 2 horr¡ crly.
8t¡ey wTere perfornrad to demonstr¡te cpecffl.c effect¡ ln a
part,Lcular envlrqr¡nent br¡t the famlllar Èrencl of profornd



THE EFFECT OF ETHANOL vs, ACETATE
ON THE DISPOSITION OF GLUCONEOGENIC PRECURSORS
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"ton, 
and gluaoee-cl4 deprersJ.m ln the Bres€nee of alcohol

ie evl.denÈ, lfable 11. ftre greatly helghtened uptakea are
a eoû¡.equcnce of thê higher pro¡'of,t,lqr of radloactlvl.ty
to carrf,er maËcrLal.

Þcperlurent, Bo. 23 was performed to qonÈra¡t t'he effects of
aveLlable rub¡trate and, the rcaults are ¡hüv¡r ln Flgrure ll '
Er¡¡¡an lfver ¡Il.ees rÞtro lneubated fn KRB for 2 hqrr¡ wlth
l0 ¡nJ.crqnole¡ ¡rer ml. of, ethyl alcohol i.n the prercncc of
'ttraeer' and ¡ubetrate ('ccrrier"l quantft,Leo of alanLne-
U-dt¡. lhe olr6n bers denote the ¡rercenÈagcr of ÈÌre added

cq¡nt,e thcÈ \¡cro reecntGtrGd ¡r 
"toor, 

lacti.c aetaJ4 ¡na
glucooe-cl4 Ln cont,rol vo¡ceb r¡rd rccsverlec Ln the
prorene€ of alcohol are rol¡resent,ed b!'' the haÈched barl.
8Ìre pror¡qrt,lonal tnhfbtt,fqte of gluconeogrcneal.a þ aloohol
we¡ia faf greator r*hcn thc ana¡r¡t of rub¡traùe saE l.L¡nlted -
Èhat, for Èhe .trlecro ryetem befng approx{mat,ely 5ll ar¡d

thcÈ f,or ühe trcarirlcrr rysÈem 3rl.

,'rl '
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TABLE I I

TTE EFFECT OF ETHYL AL@HOL ON THE ¡,IETABOLISI.I OF ALANINE.IþC'4 ("TNRCENNI IH NWAH
LIVR SLICES

( /o rort cQth¡rs PER GRAV ¡N¡TIAL we¡errl

EXPT N0. TIME TUPTAKEn t4 GLUCOsE-Cl
1
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LACr tc
AC tD-C

s.A.{'f
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C0lflR0L VESSELS¡
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20

MEAN 20

ALCOHOL VESSELS:
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l.rEAH ¿o

ACETATE VESSELS¡
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76a,2

69r.e

5l?-2

6o)-o

826.4

496.6

5?6.9

6æ:t
5t5.5

t75.7

l4z.o
ttt.6
l)7.4

95.5

a6.7

68.4

2t6.,

9047
85'2

-t97.9

74).5

110.8

zoo.6

2l ¡.4
7t.2

9?.9

98.6
55.9

Tl.2

27.9

?9,+

70.9

eg.5
6¿o

5.68

0.289
1.249

0.769

1.96

l.t?5

o.6t)

0.2t9
1.0r7

7.60

o.5o
1.56t

1.08

7.19

t.409

0.796

o.620
t.5ú

22

29

0
2MEAN

t6az
165.e

5et.9 t&,0 142.6 7:).7 0,67s t.Ílt

*. SugstRntE ALÂNINE O.Olr"tM. ÊTt{yL ALcoHoL AND,çoDlt .t ACETA E 16ôï.H S.¡t - sPEclFlc AcTtvlry - couNTs GLucosE-cl4 pER ML r.leorw/uo GLucosE pER ML. rEDrLf,r.
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Experl-nent No. 21 K R B

SUBSÎRATE COMPETITION IN THE DISPOSIlION OF L-A],ANINE-U-CT4
BY HUMAN LIVER SLICES.

illRACElrr IICARRIEII'I
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ETHYI ALCOHOL (nM)
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A cornparlson between the effecte of ethyl alcohol ln the
pr"""."" of I'ÎRACERtt (o.onu) ancl TTCARRTERx (Lo.onM)
amountg of substrate alanine.
Hatched areas represent resulte under alcoholo

t0. o

.0r

0.O

I O.0

F1g. 11.
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CFAPl!R VT

DL¡eurlor¡.

ür nrJorlÈy of rtudln seaotrnr ulth Èhr oarbohydratr
ut¡bolln of f.lp trohtrdl tÅvrr hrw bæn e¡rrlcd out on

llvrr rtri.s¡¡ rnd th. latrgrrtrd Info*:n¡tfon v{d!rl,y rrport¡d.
1È tr rlaoentmð thrÈ rllolag Lrü to trrk.á tnrnr of rø
of tü¡ llsrr orllr rnö tlrrt û.fr ntúoltrn 1r rufÍlchatly
dlllttût d Go producr n¡rur¡blr ürrragcatr ¡uû r¡ tä.
tnrbtlttt¡ of th¡ ltt¡¡r rtt¡¡¡ to rrlnt¡tn r¡lrqtrt eonc.ntnl.
ttoa grrdtmtt lor pCurlrn fmt roaûlr tln a¡ll uÉrrn¡
(ll,f¡k .t ll., ¡9So) ü¡d thr rcn*hægilE oer ûlrtrlÞutl,oa
of fnrhly ¡tmtl¡mb.d gt¡rwg*r (olm¡ .t 11, r l9{7t .
8u€h ¡robla¡ ù¡vr blo ttonougtrly lnvmtlgrttd rrtd pr¡rttrlty
rrrolvrd by rultrbb ¡djsÐnc¡ 1¡¡ tùt l¡stü¡¡Èlon rdlq
(ErrtfDgr rnü 3uc¡hrarar l94ilr Eutlngr rt r1.r 195¡) wlrr¡
tü¡ ovtr,oamnt, of tlh¡ rl{ar hu Þrru rltrnd to ¡lm¡Iatr
th. tntsroellul¡r ertlonÅa eoqprltlon.

!ü, tf eny ruoh ¡Èt¡dl¡¡ luvr Þ..!¡ arrrt¡d oqt rltlt
htnra llsrr. frÍ¡nra rt e1., (1962) b¡r¡c ur¡d bunr¡r llr¡rr
¡lfar¡ to rtrrûy 6rbldrorry-oorttrol ¡nodnctlon. erl¡Ll,l'
(196¿ì rr¡þrtr rD bo¡.rt d ôllrv¡tlon nrð Èy Afur¡ rnd

hlærtf, tn 19t5 on htn¡¡¡ lh¡rr rlle¡r óttta.d fræ a

¡*Èf¡nt u¡td¡rgçlnq r¡¡abLon of r boprtffir undrr htæothcrul¡"
îlhf. pnDrr.ùloa ytoldrd end cx¡rctrd relult, ts coop¡rfror¡
wttå tùrl¡ ¡nlnl rtndll¡ tn th¡t tn¡ull¡ drarmæd gluccr
plodnattoa ln tùr rllou r¡dl hrh¡rd th ætn¡¡rrlon of
frustoæ to gluooæ ¡ñl,lrt dor¡bltng übö lncor¡pr¡tlon of
fruotor¡ crrbon tnto f,rtW ¡clôr.
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It{any preparat,l.ona in whi.ch thç archit,eeture ofthe hepatic
cell has not beEn preae!ftred have been reported but Èhe
precent, oÈudy haE not, been prevC"otrsly attempted and a Eearch
of the literature haE falled to yfeld data rr*¡tch eouLd be
used for eomparLson of the metabolLc ef,f,ecta.

llhe reasonc for thJ.¡ dfffLdence in uc.Lng human Llver
sllces are not hard to ffnd. Tho laolated organ or tissue -
erten if relatively lntact and. maint,alned fn unlso'r¡ with
ita ¡otrrce of blood supply and, drafncgre - íc manffettly
artlflcial and devoLd of the subÈLe eonplexitiea of, mLneral,
hotmonal and enø1zmaÈic Lnfluencee which regrulate a¡rd trans-
form the varLqrs slmtheoes it perforrml. Despíte these
d,Lacrepaneies, the uce of rolLtary an{rnal tfssues has pro-
vJ.ded Lnvaluablo lnformatLon for the very reasori of their
relat,Lve Lsolatfon whlch allorp¡ of coneentratLon on one or
Èwo speeJ.al pof,nta. Extrapolatlon of data to the evente
taking placo fn the w?role organism la unJuctl.fied, but the
cqnbined demonstratLqr of .b. vivo and þ vltrg events in
response t,o stm1lar ê:Klrerimental circumstances f¡nroeasuraloly
strengtheno the lnterpreÈatlon of, eLinlcal and ¡ùysiologrLcal
ob¡e¡n¡atlone, No greater e igmifJ.cenee Ls claLmed for these
studle¡.

rhè rat, lfver sllcc preparaù,Lon ean be natrro?üly stabili¡ed.
Condltione of, age, r€Þr, wefght, Èemperature and prJ.or f,ood

intake ean be regrulated to reduce t,remendqrrly the ¡rcesL-
bility of experimental varíaÈion. The preanble to and act
of sacrifj.ce ean be redueed to a Jud,telat BrecieLon, and

Èhe predtctqbfllty of Èhe tissue Ln èerm¡ of metabolLc
perf,ormance ha¡ been sub¡tantLated by a thousand documented
etudj.ea.
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Ag i¡ apparent, frqn the details In the cllnj.cal
methodology of Èhls thesí¡, the uEe of humar¡ llver for
slfee technfques j-e far lecs capable of stand,ardiaati.on.
The ege, Be:'<, weight and pedfgree of the experiment,al
subJect,e vrere randonl.sed and cont,al.ned otrly by thoee broad
erlteria of relatlve good health and abcence of gross
metabolic, nutrftional, infectLq¡a or mallgrnant dl.sea¡e.
The mode of obtaLning the llver wedge krar no leec 11L-
regrulated, ln Èhe varfable perlod of tho preceding faet,
the nature of and respqnse to the a¡¡aesthetic agent, and the
elast,Lc period of tinrc betwscn inducÈion of anaelthesfa and

the remorral of the s¡reeLrnen.

l[l¡e¡e poLnt,s belng coneeded hovrever Èhere is no doubt
that the behavlqrr of the human lLver eïice¡ wae cLmLlar
in moet, res¡rectr to those of rat llver ¡s Judged by
paraLlet expertnent,c ¡rerf,ormed durLng the eqrrge of t^hj.a

work, t4o¡reortêtr, Freinkel eÈ al.r Og0S) have obtal,ned
ldentLcal effeete wlth ethyl alcohol þ vttro during the
lnsubat,Lon of 5 to I rng. blocke of hu¡nan lLver obtained
by percutaneou¡ bíopsy. lndicating that the vr¡lnerabilÍty
of eurgically-flsri.ved líver t,o .lnterruption of, gluconeo-
greneaie cannot be attributed to anas¡thecia. Fro¡n the
point of blopey onr*arda, alt ercperl¡oentaL cqrd,lt,lona wetr€

as rtgtd1y cireumceriibed aa those with anj.nel tfglues.

Ingram, (1962) haa shot{tn that thE gur¡¡íval of monkey

liver tleEue was affected very litt,le þr eeÈt'ing up Èhe

eulturee 1n the co1d, changlng the med,lum, rollJ'ng the
culture tube¡ or leav{ng them ctat,l.onary with Èhe poaefble
except,fon of changing the ¡nedl.um whlch a¡4reared to be harmful.
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Gaeeing the culturea wlth a 95% 02 - S% COZ mixture had Èhe
greaÈest advantage of any fact,ora t,egted for their bene-
flclal effeet, on survLval of the t,igcue. The¡e precautions
wetre obse¡rred Ln these studies on human liver.

Thare was a marked differcnce in Èhe metabolic activity
between the ti¡suec exposed to prior garrlng wlth 95% Oz

5aÅ CO2 and Èhose utilíred for the ÍitarÏtr¡rg eÈudiea. fn the
laÈ,ter lnstance CO, contcnt is varied b'y ønlttJ.ng IICO3 and
pCOZ from the sysÈem. The Krebc Ringer Phosphate in thLs
ex¡rerl.ment,al sLtuation poorly cupport,r the oxfdaÈl.on of
¡¡¡ruvat,e, and sueh react,lons as those Ínvolved ín gluconeo-
genesle whlch require the flxation of, atmoepheric CO, are
alco retarded. The Warburg ¡tudleg revealed a mild degree
of raduction in tLscue arlzgen utilisatíon Ln the alcohol-
eontainingr vesrele as eont¡rared vrith the conttrol. With
human llver slices, COZ wat urually depregsed 3 - LO%

drrring the flr¡t, hour and 10 t,o 20t6 at the end of the thlrd
hour. Xn vfew of theae comparatively mlnor ehanges in
reapÍrat,ion mechaniam¡ other than hictotoxLc anoxla u¡ere

probably lnvolved. Ap¡nrently ethyl alcohol does not þr
it¡elf cause the oxygen conlrumpÈion of the llver to rl-se,
either $¡q vlt,ro (telofr and Munoz, 1938) or ¿g vj.vo
(Lundquist et al., 1962).

HUIIíAùI IJfVER GÛVCOGEN,

The problem in deÈermfning glycogen concentrat,ion in
human li.ver is made diffieulE because of the rapid.ity of
glycogrenol-yaie. lüedge resectiona reguÍre prlor haemostagís
which produeea anoxia and. gtycogrenolyeis. Needle bioptl-es
are aløo difficult to aesesE beeause of their small volume
and, the pocsibility of sampllng errort. Câhíll and Horsely
l].964l have commenÈed on the advantagea of obtaínlng
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specimens from paÈlents undergo!.ng aurgery wíth hypo-
therm:La. Paj,red wedge biopaies of 0.5 grm. each j.n
pat,ients fasted 1-3 days and. analysed. for glyeogen gave
lne¡¡n valueE of 6.6i 6.7¡ 3.5; 3.2¡ 3.8¡ 2.6 and 2.9 gm./
100 grm lLver. Conco¡nitant analyres of gluco¡e and, lac-
taÈe Ín these ti¡aues gav€ valueE withln 2O% ot the con-
cenÈratl-on of blood glucose and, Iaetate Èhus enøuring that
tlgnlfieant, glyeogenolyoie had not oecurred from the ti¡ne
of exci¡fon to the t,Lme of analystr.

The levels of ¡table glyeogren f,ound fn the liver Elices
of thete experfmenËal aubJecÈa aecord well wj.th those
prevlorely d,eccrlbed. j.n the li.Èerature. Ekdahl and
Eederfeldt,, (1963) ugedt a blopay technlque very gLmllar to
that, dc¡erl.bed hcre and obtalned a mcan level of, 2.91 gm.

por 100 gm. weÈ weLght of lLver. From a eolnparison wíÈh
other subJecto thcy con¡ldcred that, glyeoglen levels r,.¡ere

læcr 1n pat,ienÈ¡ wLth chroníc gall bladd,er disease.
Ëunzel, (tgg3l ctudicd, gnyeogen levelc in a group of patl-
ent¡ und,ergoing partial gaatreetony and found mean amotrnt,¡

of, 3.479m. glycogen per 100 grm. wet liver at the eommenGê-

ment of the operation. He not,ed the prof,ound, glycogen-
lowertng effect of gtan¡atJ.on wtrích was ca¡nble of redueing
the inlt,ial glyeogen amot¡nta by 3ff6. SLmilar flndlngr
vrere obtafned þ Abele et al., (1943) and Annamunthodo

et, al., (f 959) but !{acrntyre and hio eolleaguea, (1911) i

eould not verlflz thia effeet. Ed.lund and Sunzel, (1964)

studied. 36 cubJeets wlth Eall bladder dLeea¡e of whom

half had been Jaundlced. Ttreir technLquelt ürere almo¡t
fdent,ical wlth tho¡e of thf¡ otudy. fn their control
not Jaundf.eed - group Ëhey found a nean glycoEren level
of, 4.0% lrith a range of 2.40 Èo 5.83 and,9.D. 1.05.
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îITTE S]NJDY OF GÍ,UCONEOGENESTS UNDER

IN VITRO CONDITIOI{S.

fhe almtheeLs of glucore frqr! non-grlueoae precurcors
may be moat d,ifflcult to ¡ubatantLate under in vlt,ro
condLtions. ConeqnÍt,ant changes J.n glycogren, aa the
ctorage form of glucosei snret alwayr be ect{mÀÈed,. Àn

fnereage of glueoee l.n a syrtem under obsewat,ion wlth
a eorreapondtng deereaae in glyeogen måy or may not
Lndl-cate that new glucore fomation has oceurred. rn
atudfes uclng stable glucoae lt l-s not poeeible to be

oertaLn that grlueoneogrene¡.i¡ ha¡ occurred, although
gluconeogenesLc from a ¡ubrtrate wot¡ld seem more likely
the greater the net s1mÈhe¡Lg of glucose that ooeurt in
the presence of the subgtrate compared wlth its Bbsenee.

When leoÈopea ar€ employed,, care in the Lnt,erpretatlort
of re¡ult,g i"s equatly necetsalar. xsoto¡roc permlt ßêas¡üfê-
ments of, incorBoratJ.on t¡¡t these eannot be equated with
slmthesls (l,andqu, 1960) . The effeet¡ of changee 1n ¡rcol
eizeg and ths raÈe of, turnover, exchange reactlons, tran-
sfent and at,eady atater mutt alÌ be con¡idered 1n the
evaluat,lon of lcot,opic dat,a.

The findlng of newly formed glucore derLved from Èhe

carbon¡ of J.sot,opfcally labelled alanine, glutarnfe aeLd,

lactie aeLd and glyeerol in theee experJ.ments l¡ auggeetive
that gluconeogenesis has ocqurreð. HøI€ver, aome of the
aeeumptLone J.nherenÈ fn the aceepÈance of lneor¡roration of
c14 "" a Íreasure of gluconeogrenecla ¡hould be not,ed.
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Incorporation oe c14 from a Eubetrat,e such as alanine
l-nt,o a product, such ae gl-ucose ean presumably occur as a
eonaequence of exchango reactfong whereby cl4 is exchanged
for cl2 in the absenee of net slmthesis. These reactùons
may slmpry represent the equiribratfon of metabotic j.nÈer-
ned:laÈes aE ls found in the equilJ.bration of labelled
glyceral dehyde -3 -phoa phate and. d.Lhydrorcyaeet one plroephate
wlth fructoge dlphoephate vLa aldolase. In Èhig ease a
nef elmthesLs of carbohydraÈe may or may not occurr
Alte¡natlvely, they may repregent reaetl.ons such as the
equiLfbratl-on of rabelled Elycerald,ehyde phoaphate with
fructose dlphosphate vLa Èrancaldolace (wood, et ar., l9s9),
in whLeh ease no net elmtheels of carbohydraÈe is porsíble.
The Lncreased J.neorporatlon of rabel from radioqctive
alanine Lnt,o earbohyðrate cotrrd therefore represenÈ an
increaee ln the rate of ¡uch reactione rather than an
Lncreased aynthecie of earbohydrate from the preeurgor.

certal.n inferenees nåy be uÈiLÍaed to estEb].ish that
grueoneogenesíe has indeed occurred. ThuE, the quantity
of earbohydrate present lniÈiatry may servê as a measure
of, the quantlty of earbohydrate avai.lable for exchänge.
rf íncorporatJ.on occurs to the same extent on J,ncubation
of two tlasues, one ¡¡ith a 1or,¡ fnit,tar carbohydrat,e cori-
tent and the oËher with a high initiaL eontenÈ. in the
former ineorporatLon might be more Juetiftably equated
with glueoneogenesfg. The incorporat.Lon of J.soÈ,ope lnt,o
carbohydrat,e ln great,er quantity than the amount of
carbohydrate ínÍtlally present may also imply that gruco-
neogenesle has occurred., gince under these cj.rcumstanees
more than exehange reactions wou}d be necessarT to aecount
for Èhe fncorporation. Hoïreverr âúr Landau (1960) remarke,
even thls addj.tional crit,erfon fs not eonclusfve sLnce
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carbohydrat,e formed, f,rom subctrateg other than labell-ed
cubEtrateg could enter exchange react,long and theoretic-
ally Lncrea¡e the ultlmate yteld of carbohydrat,e. Land.au

in tht¡ paper eon¡iderg thaÈ there are no i,nfalltble
eÈandards for Èhe eatabll.shment of fncorporatJ.ør aa a
measure of glueoneogrenesfl.

In the experfmenta d.e¡erLbed here, slioes frqn the same

human Liver ¡howed clgrnlflcant alterat,ior¡¡ Ln radioactive
glueore and. laet,aLe f,ormation betwaen thE cont,rol and
alcohol eontainlng verrelt, It fc not pocsible to a¡gert
whether the productlon of lact,atc and glueose wae altered
Ln net amo¡nt or merely thefr raÈe of labelling, but, Èhe

ree:Lproea1 change¡ rvÌrLeh werê noted between Lactate and
glucoee cuggeat,r that, a t,n¡e J.mpairrnent of gluconeogenerla
ha¡ oceurred. Motreo\¡Gr, ag har been dL¡cu¡eed, ethyl
alcohol reduced the glueore - cI4 recovetred i.n glycogren

hyd.roly¡atec to the aême extent ag Èhe glueoce - Cl4
reco\rered {n the f,Ínal rue¡rendLng ruedla. ThiE dual in-
htbttlon of labelltng J,n trgtored' ag well as 'releqgedo
glucose auggesÈa Ë,hat glueoncogrene¡:l,c hac been d,ireetly
Lmpal,red.
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E1'tfgl ALCOHOL AÀtD GLUCOIÍEOGENESfS

In the present rerLer of €xperimenÈe ethyl alcohol
(tønu¡ dlminlshed the ascimilatioü¡ (i.e., "uptaker) of
labelled aLanine by liver allceg frqn the suspendlng med-
Lum in all experJ.mental sltuatims. Formations of c140,
and gluco".*Cl4 $rìêre redueed to an even greater extent
coineLdent with an ab¡olute or relatfve increase in the
evoluÈl.on of lactlo ""Ld-c14, Thug, ôE 1¡ shoüln Ln two
representative experlment,s ln figure 8, ethyl alcohol
cauged. a snêller proport,{on of aesim.Llated alaníne to
be oxldised to c140, or t,ran¡formed Èo gluco""-cl4, and

a greater proporÈion to be converÈed to lactLc acld-cl4.
Ethyl alcohol redueed, the amor¡nt of gLuco"t-c14 reeovered
ln glycogren hydrolyratec to the Eamê extent as the gluco!€-
c14 reeovered Ín final suapendLng medla. lFhiEr êsl already
dLgcu¡ced, lrnpllea that gluconeogeneais hag been fmpalred,
dlrect,lv and at soùne atep¡rJ.or to the renewal of, the
glucore-6-phorphate pool. SimLl.ar result¡ were obt,ained
wlËh other gluconeoErenic precursora (g'igur€ I0) .

In the lntaeÈ ani.¡nal, gluconeogenes:Lr þz the lLver may

be l"nfl,uEnced. þr effeete upon r

a) Ext,rahepatic gønerat,J.on of Elueoneogrenic Preeurtort
vla proteLn cataboli"am (for amino actds), llpolysie
(for glycerol) and, glyeolyeia (for lactate) ¡

b) Detivery of the gluconeogenle preeursors vLa

eplanehnl.e bLood flotr;

c) Assimilatlon and trancfot^nåtfon of the precursora
wlthin the llver by epeelfl.e enzlmree and co-faeÈors ¡
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d,) Xnt,egratfon of, all- the¡e aspect,s by neurohumoure
and hormones (rreinkel and. Blelehern 1963).

Aetions of ethyl alcohol have been descrlbed whieh couLd
Lnfluenee each of these f,actore.

Very few ¡nrbli¡hed data on Èhe effeets of, alcohol on

amLno acid and proÈein nctabolien wLthfn Èhe llver are
avallable, thlminr and X¡aelbacher, (1gO¿) have ehovff¡

that aleohol can lnhLbit the ocidation of an ami.no aeid
such a¡ leuctne by ae mueh a¡ 6O t,o 70% ln the Laolat,ed,
perfured rat llver and raay inËerfere wLth the lncor¡rcrat,lon
of amfno acid lnto perfuraÈe llpoprotel,ng ae well at other
plarma protel.na, fhe effecta of alcohol on lipolyrio atre

well docurnented a¡ eaucfng inereaeed hepatic fatty aeid
elmthecJ.r and decrearer in faÈÈy acLd oxidatLon (Lleber
and SchmLd, 1961), Levelg of free fat,ty ac{d¡ in rerponse
t,o alcohol in man have been found to vary dependJ"ng on

the dr¡ration of the erc¡reriment,s and the dorage of alcohol
(Lfeber and Davídcon, 1962; rs¡elbaehar and Greenberger,
1964), Inereaaed blood lactate level¡ after Èhe adnlniet-
ratlon of alcohol to humanc Ls e¡Èablj.shed (Sellgaon et
al., 1953¡ Mendeloff, 1954r Lleber et a1., 19601.

Ítre effect, of alcohol or hepatic and, other regJ.ona1

blood florrr¡ ha¡ becn the oubJect, of var:Loug controversial
reporte Lndlcatj.ng that in ¡nan there may be eLther an

lncreaEe 1n he¡ntle ftow (Stcln et aI., 1960) or no change
(Castenfors et aL, 1960¡ VÍLllard and Hon¡ath' 1960).

The aeeimilation and tra¡r¡formatJ.on of gluconeogenic
precursor¡ withfn the liver nay be besË ctudled bV þ vitro
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methods. It, mrat be recogrnLsed however that, most, þ vltr,o
preparatLor¡s have d.L¡advant,ages for the study of glucøreo-
geneeia sfnoe of the dicJ.nt,egrat,ed pre¡nrations onl-y
pigeon lfver hornogenates have been found eapabLe of
spthesie of glucoae (xreba et a1., 1964) and lLver slíce
beehnfqueo, deepite the urealth of qualitatLve info¡¡nat,iqr
wtrleh they have ylelded, have prøred unsul.table for
quantitatLve work m the rêtes of gluconeogeneela. In
thla latter regard, gllcod kldney cortex has proned m¡¡ch

more actir¡e than llver, and ùhe Lncreaelngly reeogmised
eapabtlity of the kfd¡rey for gluconeogreneslg i¡ è con-
sêquenee of thfg flndtng (Krebs et a1., 1963). Íflre role of
the kl.dr¡ey J.n blood gLucose hureoatasÍg has not been de-
fined lrut it thould be noted that the ki&rey fe one of the
few extra he¡ntle ttn¡cturoa ln uit¡tch there Lg EuffLcient
alcohol dehydrogrênase for any rnsanlngfuL oxidaÈion of
alcohol (l,ieber 1967),

Glucose productLon depends qr the functLor¡lng of thc
fLnal coümon ¡rath of gluecrreogreneeL¡ whlch encomlrasles the
enlrlunê at,epe betr,uecn laet,ate and glucosê. Fronr the point,
of vl.ew of functLçn, dLrectLsr of, metabolfc flær and reg-
ulatory rígnlftcanee, the en4rme actlvLtles bet!,r€en glucose
and laetate can be dtvlded int,o three groups. (lfeber et, al.,
1955).

1. fhe key glueoncogrenLc enrynog r

2. The key glycolytLc enzlæee.
t. The blfunct,i,on¡l ensllnra!.

It ie the key glueøreoErenlc enzlmeE whlch are most relE-
vant to the dLaguscLon Ln thi¡ thesl.g a,{nce onXy glucoreo-
genesi.e ha¡ been partlcularly etudied. Neverthelees, the



88

actLvities of Èhe glycorytj.e and bifunetlonal enø]mes may
have relevance Èo the acti"on of alcohol in that thelr
suppression may hefght,en an othernrl.Ee unaltered glueoreo-
genLc aetivity.

lÍhe key gluconeogrenlc enzymes exert, a rat,e Ltm.f.ttng
rolo Ln the productLon of glueoee from Lactate and other
gluconeogrenie precuraoru" They haye lov¡ activj.t,fe¡,
gonsrn tr¡ê-l,\lay reactlong and are involved ín eircumvenÈfng
thermodlmaml,c barrLer¡. They are læallaed chlefly or
exclu¡lvely J-n organt eaÞablc of gluconeogrenoeJ.s. (weber
eÈ 41,, 1965). Thê ensyrndae arer

t, Glucoce-6-¡*roephatase
tf) Fruct,o¡e-l, 6-diphocphataae

lif) Phosphoenol ¡4¡nrvate kinace
iv) Pynrvate carboqrlâtê r

In Èhe liver there are three rÈepr of glyconeogenecJ.e
wt¡lch are erucLal for thø rever¡al of gl.ycolycie (Krebs,
1964). The four key gluconeogenie ênslnÞs operate at,

these ste¡re a¡ follorrrE ¡

a) GlucoEe-6*phoa¡*rat,aae reverÉ@a Èhe thernrody-
na¡rlcally unfavourable glueotclnarc treactlon þ
hydrolyala of glueose-6-phosphate.

b) Frr¡ctose-l, 6-dlphoa¡ùrat,are reversês the similarly
unfavourable ¡*roaphof,nrctokl,nasê reactlon by
hydrolysLs of, fn¡cto¡e-l, 6 dt¡üroe¡lhate.

c) Ptroaphoenol ¡¡rnrvaÈe kJ.na¡e and pyruvate earbo:c-
ylaae promotc the forruation of phosphoenolpyruvate
vla onaloacetate.
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The laet process is the mosÈ cornplex and may have
alternaÈlve pathwayt for it¡ accomplishment which vary
wlËh d,lfferent a¡recies. ft ha¡ the moct relevanee for the
formatLon of glueose frqn noncarbohydrate rources and
parttcular cignJ.f,icance j.n the etudl.es of the effect¡ of
aleohol, for ¡4rruvate ctande l.n a key poeltion at the
gateway to gluconeogeneafc, If glucose s¡mthesls frqn
¡4rnrvate ïrere to regult frqn clmple revergalg of, the
kina¡e reactions with eoneumptj.on of AlP, exeesgl"vely high
eqrcentratlon ratLoø of ATF/ADP far exceedlng phyelotoglcal
amount¡ would be requl.rcd (Kreb¡, 1954),

À ceareh of the llteraÈure har failed to reveal experi-
mental studiee vrtrich have invest,igated the act,lo¡r of, ethyL
alcohol on the key glueoncogronie enøymes. Much broük haE

been done on the actlon of the glucocorticold hormqnes in
Lnfluencing theee enuyrnee and ft has been shawn by aeveral
experlmenter¡ that glucore-6-phoephatare and fn¡etose-l,
6 dtphoaphaÈase are both Lncrea¡ed (Kvam and Parka, 1960¡
trleber et a1., 1963). urfng aet,inornycin and purm¡rcin Èo

block the eortf¡one-lnù¡ced enzJ¡rrÞ fncreasea, the latter
author¡ $rêre able to shdr thaÈ such increaaeg were due
to new onzlme rlmtheeJ.a. llhi¡ at¡rect, haE been furùher
gtudj.ed by Kenney et, al. , (1965) who found Íncreases of
RlitA almthe¡l,s Ln llvera of rat¡ treated w{th hydrocortl-
aone. l[hey clafmed that the Eeneral naÈure of, the hotmone
ef,fect on RNÀ ayntheeir ruggerta that enzynle fnductiqt
may sJ.rnply reflect a general i.ncrease in he¡ntie proteJ,n
eymtheels. The rapLd turzrorrer enzlz¡nea, ÈyroeLne t,ranca-
mj.naee and trl¡pt,otrù¡an ryrrolace could be indueed to a

limlted extent, by ethyl alcohol gLven ag 2ml of, a LQ%

aolutfon,
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ft hag been observed Ln laboratory anj-mals ag well as
in eertain hunan cubJecte Èhat a-ketogrlutarfc aeid
concentrat,iørs fn the lfver are lncreaeEd in acut,e and.

chronle alcohol int,oxlcation (K1atakln, I96I¡ ALtcchule
eÈ aI., 1957). ÞJani and KouyounrJtan (1966) eatímaÈed
the levels of Lsocitric, auce{nic and gluÈaml,c d.ehydro-
gênaseg in the liver¡ of rats gfven a 2W solutíon of
ethyl alcohol a¡ Ëhelr sole drlnking f1uid, Compared wfttr
coart,rolc, thE aleohol-fed rat¡ ehcnrred, a signlf,lcsnt
Lncrea¡e fn i¡oeitricmd ElutamLc dehydrogenare wlth a

rlight increa¡e ln guceLnic dehydrogrenare. lft¡e auùhore
rrêre unable to ¡tate whether theec elevEtLons w6re ô
eontequenco of altered proteLn synthesfa.

Recently, Wl1líama (leeS¡ has preaenÈed BrettrnJ,nary
evidence that ethyl aloohol may al.so affeet, enslmec Ln-
volved ln glycogen elmtheal.s (1.e., UDP glucoee glucanglu-
cosyl transfarsse) and breakdoyn ( gluean phoephorylase).
llos¡ever, ùhe phyelologj.eal relevance remalnE to be
demqrctrated sLnce these actions neeegsLtated 5O0m# -
2,000 mgl% concenÈrations of alcohol.

In au¡run¡ry it may be eald that no õpecffic inveetLgqtions
have bEen ¡xrbliehed, concernlng tho aetion of ethyl aleohol
on Èhe key gluconeogrenic enaf/ne¡. Ilorever, ln the !g vit,ro
stud.{es re¡rorted here, the effects are fndependent of,
the synthesir of new enzlme although they may be related
t,o the dlreet inhlbittor¡ of exiat,Íng enulzm€s i

Thc abundant lactle acia-Cl4 formatlon in all of Èhege
ex¡rrlments euggeeted that Èhe depre¡alon oe C140, by ethyl
aleahol wae not due to maJor limitatione ín formetion of
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pyruvatê-cl4 from labelled aranine, rnst,ead, the reciprocal
changes in c140, and, lact,ic acLd-cr4 *r""e viewed as evidence
that alqohol im¡nlred, the orcLdation of, plzruvate as has
been demonstrated by Fteld et rl., (1963) and Foraander,
(1961).

In the bulk of the preaenÈ studies, labetled. alanj.n6 wag

entpJ.q¡ed to prorride a ¡nodulated generatior¡ of pynrvate thaÈ
rnight aÍmulate Èhe detlvêry of glueoneogenie precursotrE

!g vtvg. (nrky arrd, Frelnltel, 1964). The rubeeguent path-
wayr for the f.ntrahepatLe dfupocltlon of pynrvate that, are
relevant to gluconeogenesLs arê sumnarÍ¡ed ln Flgrure I2,

Under the conÈrol cireum¡tances, the labelled pyruvate,
newly generated from alaninc (rcactlør *l) has geveral
alternatJ,ve pathwaye for metabollc dfrposttlon. It can
b€ reduced to lacÈat,e by lactJ.e dehydrogrenaee (reaction *2)
ln eacord wj.th the prevalting cqrcentratlon ratio of
NAEI2^IAD+I oxidj.acd lry ¡¡rruvat,e dehydrogenase to aceÈyl-
coA, agaJ-n wlth the l"nfluence of the ¡¡¿ridlne nucleot,Lde¡
(react,Lon *3) ¡ or convert,ed to phospheonoL pynrvate dÍ.rectly
by fryn¡vate kj.nasE (react,fon *4). Ind.Lrect, for¡ration of
phoephoenol¡ryzruvate may bc accomplirhed þ carborc¡rlatlon
via malic enzl¡mo (reactíon *5) or pyn¡vat,e carbor<ylare
(reactfon *6) wfth aubseguent deearboa<lzlatj.qr by ¡ùror¡*roenol-
Br¡rrtrvete carborr¡rkLna¡e (reactlon *71 . DLreet formation of
phoa¡ùoenolpynrvate from ryruvate Ls probably inslgnlflcant
under ordlnar¡¡ clreu¡nst,anced, (utter, X9631 Topper and
Haatings, 1949).

Carboxylation via maLic ensyme fc Brobably also of minor
lmport. Avåan llver mfÈochondrla, whieh lack both malic
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enzymo and pynrvate klna¡e, are ea¡nble of eynthesi¡ing
eon¡iderable amounts of phos¡*roenol¡¡¡nrvate from ¡ryrruvate.
Ttre abbrevLat,Ed dfearbo:<1zlle chut,tle uti.llolng the
lntrarnltochondrlal enzlme pynrvate carboqrlage (xeeeh and
Ut,ter, 1963¡ Utter and Keeeh, 1963) and phoa¡rhoenol

¡4¡nrvate carbo:rlzkinase ic probably èhe most cfgmlflcant
pathway of rlznthesl.E.

Plznrvatg..... . ... . ... f .. r .... . .. vat,e
aaaa

ATP P. E. P.
earbo<y-
klnage.

g(lcnolrvnr

ÊE
tta

a
a
a
a
t
a
a
I
a
a

co2

tê.. r . a .. . .. a . Q r. ¡ I . D a . . - ,.. rþ

t...\ l
oxallÈacetaLe

Slmthcefu of ¡ùor¡ùoenolpltruvate by an
abbrevLated dlcarboxylic acid ¡huttle.

FTq'RE 13.

The faet that ¡ryrnrvate carbøryla¡e requLree act,ivating
umq¡nts of eeetyl CoA ha¡ pronlded a dLreet LÍnk bettr¡een

the ocldatj.ve deearbox¡¡rlatlqr of p¡rnrvate and gluconeo-
generfe (xeech and Utter, 1963¡ Krebg, 1964).

Reductfo'r¡ to lactaÈe La q metabolfc cul-de-aac sLnce

lactate ca¡rnot be o¡l.dl¡ed wlthln Ë,he m{tochondrion. On

the other hand, the acetyl CoA ca¡r be emplqred for the
reducti.ve bfos¡rathe¡ls of fat, or f,or tot,al o¡idattqr
wlthin the Krebs cycle Ïryt csrd.enring wlth øcaloaeetate to
f,orm elt,rate. FJ.xEt,lon of CQ, to fotm malate or orraloa-
cetate iE perhapc the rnæt fm¡rcrÈant øtep Efnce the
gencration of these substaneeg ean rePlenlsh the 4-carbon
lntennedl.aËes of Krebs cyele. More lmportantly, tt
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af,fords the potentialJ"ty f,or neÈ slmtheoie of, 6-carbon
corrpørndr elnce o¡aloacetate can be decarborclzlated to yleld
¡fioeÞhoenol¡ryrnrvate and ean thus ej.rcuurvent the thermo-
Qmamlc barrj.er rlttrieh ¡4¡nrvate ki.nase poses to the d,Lreet
formatfon of pfros¡ilroenolpynrvl-c acLd aa described abor¡e.

the f,oregofng lnter-relat,ionshfpe may be altered ln
Èhe preeense of, ethyl aleohol, D¡ring Èhe two-step
or¡Ldat,j.on of t rnole of aLeohol Uo acetaldehyde and then
to acetat,a (or acetyL CoA) þr rneans of alcohol and
aldehyde dehyrogrcna.e respectfvely, 2 molea of NAD* are
rcdueed, (Lfeber and llavLdeoûr, 1962; Igselbacher and
Grconberger, 1963). 1Ít¡ia reaetlon takes place wlthLn the
soluble eytoplaem of the lLver and the extra-mitochcndrial
raÈlo of, NAffir^¡e¡+ i.a lncreased. rhis lr quLte dlffer-
ent f,rør the generatl.on of NAIH, which occurr during
nonnel glyeol.yslo Ej.nce thE additl.q¡al MffiZ from alcohol
o¡<Idat,l,qr J.s not counterbalaneed by a ¡nlred generation of
3-earbon fraErments. Thus tha reortdation of sueh Mffie
mu¡t be wholly effeeted ry pre-exiat,lng hydrogen acceptora,
(Frelnkel et aI., 1965).

At thic Juncture, ln reference to flg'ure 12, the
ublquitoraneaa of, Èhe dlphoephopyrJ.d!,ne nucleot,f.de aysterns
mugt be noted. Ttrey occur J.n relatlonahfp to no¡t of
the lnrportênt redoc ate¡n and may at tLmes be rct,e lf¡nit,-
lng if their ready eonverEl.or¡ frør the reduced to Ehe

o:<ldi,sed form fs lm¡reded. fü le also notewqrthy Èhat thay
are fqrnd predorrlnantly J.n an extran^Lt,ochørdrLal l-ocation
in the cell eap and cannot readfLy etross the ¡nit,ochø¡drlal
membrane (l,ehninger, 1951¡ Chance, 1963). $Iherever redox
reeetiørs are oceurrLng, ¡tAD+ r*fll aecept hydrogren to
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become NADÉI2 but, some read,l-Ly avaJ.labLe mechanism for
reoxidatlon to NAD+ mugt be preeent to avoíd rlowíng and
ultlmat,e cec¡aÈfon of the reaction.

ElecÈrons can be carrled from ext,ramLtochondrfal NAIFI,
to the int,ramit,ochondrial e1ect,tron transport, chain by
Lndirect routes. In prJ.nclple, any metabol-ite that can
be reduced ln the ceII eap by NADII2 to a product that ís
a subEt,rate for mitochondrial oxJ.datlon can selrre as a
Iink in the tranaport, of reducJ.ng equfvalenÈs (to:<er
and DevlLn, f96U Such carrfer aysteme or rshut,Èles"

are utilisedto regenerate freah NAD+.

The glycerophorphate aghuttle* :Ls of considerable
importance in Èhf¡ regard,. DlhydroxyacetonephoaphaÈe
and glyceraldehyde-3-phoophate are formed Ln equimolar
amounts as the produets of the action of aldoloae on
fnrctose-l, 6-dtpholptrate. lFhe vel? active trJ.oeepho-
sphate issneraee eatablLshes an equiLibrium between
these producte which, by a rat,ío of 20 to 1, favours
dlhydroxyacetonephosphate whlch can, ln the preEenee
of Èhe aoluble a-glycerolphocphate dehydrogenase of the
eell sapr accept, eleeÈror¡g frqn NÀIXI2 Èo form I¡-a-
glycero¡*ror¡ùrate (no:<er and Devlin, 1961) . Slnce UADEI,

ie formed during the oxidatfon of glyceraldehydephoe¡ùrate,
the two enslzmea glyceraldehyde¡ùrosphate dehydrogenase,
triooephoaphate dehydrogenase and glyeerolphorphate
dehydrogenaEê, form an effective d,ismutatLon eyatem
that Lead.s t,o the continou¡ regeneration of NAD+ (Green

et al., 1937).

Ar¡other pathway for the t,ranafcr of reducing equlvalents
from extramiÈocho¡rdrfal NADEI, to mol-ecular onygen,
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lnvolvj.ng acet,oacetate and B-hydro<lzlnrtyrðte, has been
descrfbed by Devlj.n and Bedetl (1960) . ,lfhe revergl-ble
relat,Lonshtp between o<aloaceÈate and malaÈe pronfdec
a f,t¡rther example (Slegal and Englard, (1962).

In aplte of theoe mrny route¡ f,or the re-qxldation
of NAffir, the NADH2ÆûAD+ raùlo wLthin the hepat,fe cell
lncreaaee two to f,our-f,old durLng Ehe o:¡ldat,fqr of,
ethyl alcohol (gnith and Newman, 1959¡ Rebouca¡ and
fgcelbacher, 19611. ûrrlng ¡tan¡aÈl,qr, total hepat,lc
NAD+ plus MffiZ deereaae¡ and the NAffiZÆAD* ratlo rise¡
(8ntth and Newm¡¡r, 1959). l'hece workers have alao shown
a greater Lncreale ln NADH,ÆAD+ rati,o follor,rtng ethyt
alcohol ln Èhe tlaEuec of stan¡ed ac eom¡nred wlÈh fed
animals. gi.mllar sÈudLêr have not been perfornred tn tnan,

but an i"dea of the ratl.o nay be obÈalned þr deter,&tnaÈions
ln the he¡ntic venous bLood of certain metabollteg that
fom ¡nrte of rEdø< cyrtcrne gotrerned by \IAD - deÞendent
ensynes. Tygetrup eÈ a,I., (1965) have dEmonctrated a¡l
fnerease fn the B-hydroqtbuÈyrate,/eeetoaeetate a¡rd

1act,ate,/¡4rn¡vate ratl,o¡ ln he¡ntlc venq¡s effluent blood
follor¡¡l.ng lnfueLøre of ethyl aleohol in hun¡n volunteers.
Thece þ vtvg and þ vltro data lear¡e l1Èt,le dor¡bt that
ethyl alcohol o<ldaù1on wlthfn the lLver results in ¡
diminl¡hed availabtllty of ttAo+ and an GÞ(cear of NADHT.

The entry of glutamLc aefd l¡t,o the Kreb¡ cycle la
effected bry o¡ctdative dearul.naË,lor¡ and. trancamlnatLor¡ t,o
alpha-ketogluùarat,e. In the pretênse of relattve tttADÉ,

exeees and a redr¡ced generat,:lqr of acetyl CoA end cfc-
llng of trlcarbø<yllc acLds, the gluÈarn!,c hydrogrenace
reaetj.qr wlll be dJ.cpl.acod to*ard¡ glutamatc. A redr¡eed
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upËake of ext,raeellular glutamat,e with a dlmlnished amount

of gluconeogreneeLe frør thia ¡ubstrate might be expected.
8L¡nilarly, the prevatll.ng NAD[I2^IAD+ ratl.o condLtlor¡e the
equlllbrlum of lactl.c acld dehydrogrenare. Ir1 Èhe precenc€
of relatj-ve NADIHZ e¡cees!, net hepatle a¡similat,lon of
Iaetate wotrld be dlml-nlshed and gluconeogen@sfo by way

of üre Corleycle ruíght be eonrproml.sed. Flnally, the
lmport,ance of the provailing NAI[Irztven+ rat,io l"s al¡o
leon ln the case of glyeerol. Follornting lte phoephory-
lat,ion b,f¡ intrahepatlc glyeerokLnq¡e, glycerol ¡nay dlreet,ly
equLllbrat,e wLth glyceraldehyde-3-¡rilnoaphat,e via glycero-
¡*roe¡ilrate dehyd,rong€naae and so hrypass the reductlve steP
fn gluaoneogrenecl.c. However, thi.¡ eguillbration le alco
eq¡dftioned ry the NADE rlwxo+ rat,Lo (ffgrure 12) and, in
the face of relatlve NADEIZ exeecÉ, the already Il¡nited
avaj.Iabil.tty of glycerol for gluco;e elmthesLs and for
laetate produet,Lør rnlght, be retarded. guch an interfer-
ence wotrld be rcfleet,ad by a relative acsusrulat,l,on of
glycerophocphat,a.

Figure 10 lllustrate¡ the depressiør of, gluconeogenesie
produced þr ethyl alcohol (lOnm¡ on eaeh of these oub-
et,anees - radLoaetlve gluèonate, lactat,e and glycctrol.
BvolutLqr of cl40o waa slmflqrly redueed ac was the upteke
of &-9luÈamate-C14 *a laetate-I4. Alùhcnrgh Èhe upÈake

of glycerol wae noÈ ¡rnacufed¿ Èhe expceted accumulat,lon of
glycerophocpfraæt'4 oeeurred. Noße of the¡e phenonena

lrar ob¡en¡cd when sodlum aceÈat,e $ra. uúed ar¡d Èherefore
cannot be aserlbed to rirnple 2-carbon fragrrnent diluÈLon.

The inveetlgat,ions fn thls thesls have been deelgned
to rhor¡r that, eLhy1 alcohol qan lnhj.btt gluooneoçtenø¡l's
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f,rom certain glucose preeureors in human liver Ellces.
They have not, sought apecJ.f,ically t,o elucidat,e Èhe

machanfsm whereby such inhlbition Ís attaLned. lftle resultE
quoted above would eert,ainl.y aupport the content,ion that
the altered NATIHT/NAo+ ratios occacíoned.Ð alcohol
adrninLstration may be ree¡rone ible. Madlson et al., (1967)

have tendered, further evídence that, dfEturbance!¡ of t'hfs
ratlo eause a partial block at, sèveral point'c in the
gluconeogrenLc pathrraayr Ln Èhe dog. A toxic role for
incomplet,e oxLdatíon producta (Freund and O'Hollaren,
(1965), coincídental perorcidationE (rntieh and. DiLuzio,
f%6) novel metabolites (gloom and Weet'erfield) 1966,

or the effecÈ¡ on eng]tmes of other non-substraÈe
metabolit,e¡ (etklnso'n, 1966) cannot be exeluded, enËírely.

the ad,ditlon of, t{AO+ it¡elf Èo the experJ-mental system

did not increa¡e gluconeogrenesía j.n the ex¡rerímenta in
which it was Èried, A cmall increase of lactate wag the
only obvlous d,ifference. Thig is not surprising in vÍew

of the ínabtlity of NAD+ to cross the mit,ochondrÍal
membrane (Lehn:lnger, fgÈf ¡ Chance, 1963). Horr¡ever, Smíth

and Nevman, (1959) obÈalned lncreaged alcohol- oxidatlon
in the lfver ¡llces frorn their starved rals by tt¡e addltlon
of NADù.

Certain aspectc of ethyl alcohol-induced hypoglycaemia
remain unexplained. the inconctant, oecurrence of the
condition d,eaplt,e the wj.deepread uee of alcohol, the
dtfficulty in reproducl.ng the syndrome ín aII ex¡rerimental
anLmalc and the varLability of recPonge under cimllar
experJ.mental conditÍons are aome of the featuree not yef
fully elueidaÈed. In humans the condltíon is probably

much more common than Ls recogrnised or deecribed.
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ñllrü Ftoú lrßfry oË rù Lr¡t glfcogm QllrBtm of tàr
Llw r¡r tçl*trat Fc'úrq¡rialtm, lh.sa sl üÐ áo'tl ürill
üÈür f|rfry rtffittmr ll tàr t¡trrdtrßr rtûettn ot
fùr lln*. Ìñrl¡tls brffi tt¡ árgrrr of drfrrton¡ ot
bæ¡tfa ¡lmlr ont¡rt rrll lnrttÈür¡ ¡lrerr ¡ùlllmùfæ
rryr rlrc soßtrlDút to tt¡r ültfl¡rltü l¡ rçoaE¡¿ns G.
r1laCrm ffi rtl mtitloÈ.,
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CODCLUTIOES
trtttttt t* tr ttrotr ttr

Ith¡¡r ¡Èt¡tf¡r hr*r rt¡oul¡ tl¡¡t fn th¡ htprn llrnr
rl,lsr' eÈ.hyl rloohol lE¡l crn rrûs tùr forprtloa of
nåloastlvl grluæro fron ùü¡ ndlorctlw gtr uconægnnlo

Fle¡q,'Brtott rlr¡tnr, grlutælc rald, lroùta acfd rnd
gL¡rurrol. *hr f{ndlnEr rr¡ rf¡tlrr ln t¡nr but ¡rot t$
drgrc to tùo¡r rtish oGE€r tn t!r. r¡t ürd rrblt, X,fvcr

rlle¡ but t¡hr nt¡Fürre of hunrn ltwr ln tht¡ rogerd hrr
EoÈ bern nævlourly lnrrrtlgrrGod"

ft t¡ nrobú¡,r thrt tbr r¡åuard fo*llrtÍou of ntfo-
r€tt$r gluoor raff,.str r drseur l¡ glmrogrnmtr
rà1€b Ery br rxDlrl¡¡d by tt¡r rff¡ct sf rtbft rloobol
æ thr ntlo of rfD\,âffD+ u{thdn thr ltrnr o¡11.
Coryrrtlr rotloar m glncoro fo¡nrÈLon *rrl roÈ

roht tûd rLl¡h ¡odlrn rot¡te tåtcù, lll¡r rtbfrl rlsohol n

furnlrbæ 2 errÈoa frrqmtr lD ttr rtrÞol,lr¡n but 6orr
aoÈ Insr.ttü rytopfrrnfo ntffir/tlD+.

lbr eonc.nÈntfdr of rthytr rtæbol t"tr tha coqnrLrnÈt
B¡¡¡E.t.ntr a bl,ood l¡vcl of 46 ry,|á r,bl¡*¡ f¡ not
unrphyrtofog¡,ottn' ¡!l taræl of, Èorls{ty ùo rdulË hu¡¡n brfnge.
É. !,fld dcprulon of tlr¡t¡¡ orrytm ooanrq¡rtlon ln thr¡r
¡ür¡ühr &cr aot ¡novtde r¡¡ r:r¡lhnetton for tl¡¡ effrot, of
rthyL alqohsl oa tho foræ¡tfoa of gluoom fræ gluænrognnlc

¡nacutrtotrt.

Ée ¡B g$Stg llhátäfú uttlr hrura llvrr ttrlo¡r brrn
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relevance f,or tlrc clLnl.cal" aepeets of, hypogl.ycaenfa aïe
to alsohol¡

Ffrctly, thoy ortablf¡h a dlrccÈ offeet on thc hurnan

lLvcr cell rt e cauûG of tho rodueod glucooe fornat,lon¡

Sceondly, by locrllring thc bdoehoml.eal lo¡lon¡ to Etcpr
prcecdfng the rcnqwaL of, glueogc-6-phoa¡rtratc from ¡maller
e¡rbon fragmrntr, thc data ean oxpl¡Ln tho concomLtant

tnbtbltton of hopaùLc glyaog¡ncrl¡ end gLueoae rclea¡c
that ar. ¡o.n ln ellntcal hypoglyeaonl,a due to aleohol ¡

Ilrtrdly, tl¡¡ flndlngr erçfiaalre the inportaneo of,

¡rrcf,ornod glyeogcn Ln protecùtng tåe i.ndlvddual f,rom

hypoglycaonla fnðucod by the l"ntcrrupÈlon of gluconoo-
gencclr. È¡¡r¡mablcy, {Ë tro t}¡c rhort-llved rnalntonanse

of blood Eugar lcvcLs by glycolyrLr whish protoete the
tra¡rslently factcd a¡ agafnst thc r¡orc prolonged faetlng
¡rrÈlont from tÌ¡e cffectg of ethyl-aleohol-mcdiated
hypoElycac¡ul,a. l&rcovrr, tlraec off¡ct¡ may bo nasked for
varyLng pcr!.odr of, t,i¡rc dcpendLng on tÌ¡e dr¡raËl.on of
avalleblltùy of glucosc fron proformed gLyeogon thu¡
axþIalntng Èhe d¡rsrlbsd oceuruence of hypoglycaernl.a

man!¡ hour¡ afÈrr ùlre irribtbttton of alcohol. sueh a

bal,anco bctweon tl¡c blood rugar cust¡Lning action of,

glycogrnolyr{e ¡nd t}rc rlsohol-lnduccd-¡uprcrrlon of
glueoncoEcncrÍe Eay cxplatn ùlrc ocea¡Lonal r¡ronÈaneour

rctr¡rn to nornpglycaæla whleh nay havc bccn rcr¡ronrlblo
for tho oarli.cr f,riluror to dL¡tlngul¡h brtu¡¡sn hfæogLf
oacn.l.a eonr and alaoholfc rtu¡nr. Ího f,act Èhat alcohol
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Le oxLdl¡od at a rats which I,g rclati.voly lndo¡nndcnt of,

blood aleohol lovol¡ rbovo a ccrÈ¡ln conegntraÈi,on (Brorør

and llervcy, 1941) alco r.rvGr to cmpharfae tl¡c potcnÈlalty
lcËhal arpoctr of tho rymdromr wl¡encr¡cr l-rùtbttton ha¡
b¡cn heuryr o[ whon lnrulln (w]rich oan rko rc¡traLn Èhe

hepaËLc relet¡c of glueoee) hae bccn u¡od bcfore È?rc

dcbauchr lE th.rrtrry for dLabetl¡, or afÈerward¡ for
"soborlng up" ar hr¡ bccn do¡arLbad.

trf,nally, although alcohol, eËn cause hypoglyaarrala J.n

othcrqrle¡ norrrnl lrrbjacta, the rnrlnerabflfty to alcohol
hy¡rcg1ycr¡nl.a r¡lll bo grcatcr ln ¡ny rcttlng Ln whtch
cndoganour eapacl,È{cc for gluooncogGnctCl are margin¡L
llreedy. Thc d{agnotir of thfc atatc thcrof,ore ¡hould
Dronpt ¡ ¡¡areh f,or oùl¡æ factor¡, prrtleularly sndocri.no,
which mtght ¡rcûfrposc th. rrrbJret to ¡n fntorru¡rtlon of
gluconeogGntrL¡.
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EXPT. NC *
¿ SJESTRATE CL INICAL DEÍAILS PROCEUJRE

B.S.L ¡IE.F./L
t c4 M Ea/r L.F.T.IS. HISfOLOGY

*¡

ALANINE

*2

ALAN¡NE

3
ALAN¡NE

*4

A-ufA}{rc

Èucose

re
AljNINE
TTRACERTT

:s.F. FEPIÁLE ,,
OBESE

Iþ slcnlFlcANf
PREVIOUS ILLNESS.

A"V. MALE ,8
LONGSTAND I ¡IG

HISTORÍ OF

DUEDENAL ttrCER

PAIN \'r¡THoUT

OTHER CoM-

PL I CATIONS.

M.DrG. FE|.TALE 6l
RECURRENT BILIOUS

ATTACI€ FOR 2I

YEARS.

tlYsrERECTo¡(Y l9r4

J.D. t"1ÁLE 6¡
PERFORATED D.U,

ovERsEl¡JN 1957

RECEÑT PAIN I1.¡-

CREÂSE AIJD HAE¡þ

ATEMISIS OF

sLlõ{f AþrouNf.

l'lb J, FEÎ'rALE 58
OBEsE

ACUTE CHOLE-

cYsTlfl s

RËPAIR OF

VENTRÂT

HERNIA

PARTIAL

GASTRECTCMY

EL EcT I VÊ

GI0LECYST-

ECT0${ìl

PAßTIAL

GASTRECT$IY

EL EcT IV E

Oro¡-ecvsr-
Edrot¿lY.

RE¡4OVAL OF

PANCREATIC

CIST¡

r 15 5]4..6

,r5 4e0.?

too 599.'

?9r.6

A¡.x. Ètos.
?-l
;+¡ffLASE

6z

I'IÂRKEDLY FATTY

LIVER WITH

FATTY CYSTS.

SLIGÍIT BILE

DUCT PR0LIF-

ERATION IN

PORTAL,TRACTS.

SLIO{T FATTY

I NFILTRATI ONL

*j B. S. P.

of"

ÁtrÇ Pfros,

?.o
AJ{YLASE

t06
BlLlRrJEnl
o.)

Tne SueSTn¡rE REFER5 T9THE RADIoACTIVE MATER¡AL AS DETAILED lN THE TEXT.

ALIGLtNE pHospHATAsE LEvELs ExPRESsÊD AS BoDANsld t¡Nlrs (N 1.5).

I'lmM.AL.
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APPEND tx I (corrro ¡

cLtNtcAL, EXpmtf4EÌ.ft'AL AtD I toctEMlCAL DEI.AILS

EXPT. NO. *
& SJBSTRATE CL INICAL DETAILS PROCEDGE

BrS.L
M4"

l'1. E. F. A.
!4 Ee/l L. F.T. rs H ¡sm L06f

"7
AIAN¡ I NE

t
û-urÁJ,tl c

q-urA¡4lc

*n
GLurA.,tlc

*t2
ALA|{ INE

&

P. P. l¡¡¡- e 6Z

I¡nERt4lrrg.lT
CI.AUD I CATI ON

SEVERAL YEARS.

PROCRESS I VE

occlusl0N 0F

L re{oRnl ARTERY ,
P¡ntlnu ea$-
necralv t955.

T.L Fenau 59
PosT PRAf\¡DIAL

DYSPEPSIA 2

YEARS. MI,LTI PTE

GALL STONES.

ruofT. Itt¡r-e 59
RECEÍ'T HAE¡aAT-

EMESls. ¡þ
PREVIOUS ULCER

H¡STORÍ. ACUTE

DUODEML ULCER.

PARTIAL GASTREcT-

oî'fY. æR D.U. l0
YEARS BEFORE.

Recerr EptcAsTRtc
PAIN AND VO',IITING.

POSSIBLE PACREAT.

lTls.

%s. Fe[ALe 40
RECmRENT DYSPEPsIA

AND FAT INTOLERAI-¡CE

15 YEARS.

Laeanoro,r. n7
N¡t ¡otn¡o

ELEcTt VE

CHOLECYST.

EgTot'ff.

BIL¡RUBtN NoB4AL

0.5
Cep+L*occ
0

TrffMoL TuRa.
q8
tîoTElt'6
6.?12.a

MOTEIN

6.olu2
M ItD
FATTY

CHANGE

B. S. P.

1.6f,

ALK. PHos,

4.6
s. G.0.T.

,0 uNtTs

BILTRUBIN

0.2

NoRII,A¡.

lltAC
ARTERT BY.

PÀSS GRAFT

EL EcT Iv E

CtI0LECYST-

ECToI'ff.

PARTTAL

GASTRECTO'\ry

ro9 563"+

to? 924.5

g0 615.6

148. ¡

þ
&

*ro

*il

PRoTE I Ns

7.tl+.6
ALK. Pttos.

l.l
AÍ.IYLASE

t4)
B¡LIRUBtN

l.?
s. G.0.T.

FOCÂL

FATTY

CIA NGE.

IIILD
CELLULAR

lNFl L-
TRATION.

t22 9416
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APPENDIX I (coNrD.)

cLlNlcAL, EXPERIMENTAL A¡lD BloCHEl4lCAL DFI-Alt.S

EXPT. NO. *
& SIJBSTRATE. CLINICAL DFTAILS PROCEDIfìE

B. S.L
¡4q"

N. E. F.A.
¡{ Ec/l L. F.T. rS H lsioLool

*¡4

lþ RADIo-

ACTIVITY

*1,

ALANINE

*t6

NO RADIO.

ACTIVITY

*¡?

stx r'toNTHs l¡þ
CREAS¡}IG DIARR.

HOEA I.'ITHOUT .

uEleJT LoSs. lN-
FECTED I4ASS A¡¡-

TERIOR RECTAL I,TALL.

CARCINO'VA 0F

RECTI¡4.

I.D. FB4ALE 58
MILD RECIfiRENT

DYSPEPSIA vJITH-

OUT JAI.''NDICE

I'II'LTIPLE GALL-

5T0NES.

D.D. FEMALE 42

SYMPToMS oF D.U,

8 YEARS. PARTIAL

GASTRECTOi,{Y 4
YEARS AGOo RE-

CI,RRENCE OF

SEVERE EFIGASTRIC

PAIN. STOMAL ULCER.

M. B. FEI.IALE 44

REGURRENT DISPEPSIA

IO YEARS. PAST

HISTORY HEALED

GASTRIC ULCER.

GALL STONES

H¡ATUS HERN¡A.

Cor4BlNED

RESECTI oN.

TRANSVÊRsE

COL0ST0I'fY.

EL EcT I VE

CtI0LECYST-

ECTo¡'ff.
t

VAGOTOI'IY.

ExctstoN
OF STOI.iAL

T'LCERI

REPA IR

H IATT'S

HÉRN IA.
eroLE-
ClsTEcT-
o¡r,fY.

95 455

?8 64?-8

t0)

r07 772.8

PROTE ¡¡¡S

6.514.6
s. G.o.T.

,2
ÂLtq Pfios.

lr9

horEtf\s
B.Oh.9
ALt<. Pflos.

?.0
BILIRUBIN

0.7
S.8 0.T.
40

ÂLlt P'tos.

2

AMfLASE

t00
B. S. P.

?-9

PROTE I N

5.9h.5
ALt(.PHOS.

2

BILIRT,BIN

0.5
s. G.0.T.
40

MILD FATTY

¡NFI LTRAT IO ¡L
sLlGllT lN-
CRÉqSE ¡N

PORTAL CON.

NECT¡UE

TlssuE. lüc

EVIDENCE OF

üETASÍASI S.

M ILD

FATTY

INFILTRATION

MILD FATTY

CYST FOR.

HATION &,

PERI CIIOL

ANG IT ¡ S.
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CL l N ICAL' EXPER l¡'4ENIAL AlÐ B l0CtlE\4 ICAL DEfA I LS

ExFT. ¡,10. *
T SUBSTRATE Cì. INICAL DETA]T.S PROCEDIRE

B. S. L.
¡4G1"

N. E. F. A.

M EQ/I L. F.T. S. H lSf'oL0 6l

*lg
euÍA.rtc

¿

*r9
q.YCEROL

þo
Q-vcenoL

þt
ATANINE

þz

*zl
Ar.¡N ¡Ne

H.E. I"IALE 68
SLow vJEleJT Loss
AND æNSTIP-
lt¡oH 6 MoNTHs,

CoNsrRl cTlvE
cARc¡Noi.¡A c0L0N

J.L MArE 58
PEFORATED D.U.

I2 MONTHS BEFORE

0vãRsEvtN.

lNc t st oNAL'

HERNIA

B.R. FE4ALE ,8
l0 YEARS lN-
CREASING FATTY

DYSPEPS I A.

l'ItJLTlPLE GALI

sT0NES.

8.S. FEr'IALE 19
RADUALLY PRO.

GRESSIVE DYSPEPSIA

.. lþ¡¡-ruir¡cfloni¡r
GALL ELADDER.

l'1. L. FEI'ÌALE 70
¡4ASs tN Rlqrr
UPPER qUADRANT.

f'þ l,.lEle{f Loss G
JAUilDlcE. Notþ

FUNCTIONING 6ALL

BLÂDDER.

suBTsfAL 178

COLECTOI'4Y

AND COLOSTO|fI

REPAIR OF

lNClsloslAL
HER N IA.

t00

EtEcTI VE

CHOLECYST.

ECTOflfY.

6+

FhOTEIN'

6.gli.z
ALK. PHos.

ul
B¡LIRUBIN

0.5
THYMOL TtRg
0.8
SG.0.f.
27

PROTEIN

7.tlr.e
BILIRUBIN

0.8
ALK. Pt{os,

1.7

BIL¡RUBIN

1.0
ALtq pfios.

1.5

B¡LIRUgIN

0.7
ALK. PHosi

t.7
AJ'¡YLASE

6z
B. S. P.

1.7

sllsn pon- 
I

I

TAL FIEROSIS

A¡¡D MoNC- i

NUCLEAR IIþ
F ILTRAT I CiL

l'þ Ev¡DElcE

OF

HAL I G¡.¡ANCY.

þIODERATE

FATTY

CHA¡.IGE

lþRt'tAL

[1¡ LD

MONO-

NUCLEAR

CELL lN-
FILTRAT I qL

l'1tN il'r.Al

PORTAL

F¡ BROSI S

SL I GHT

luloNoñucLEÂR

¡NF ¡ LTRÂTI CÎi

ELEcTI VE

cÍ{0LEcYsT-

ECT0'$Y.

n2

ELEcilvE y)
CfioLECfsT- '
ECTOl'îf.

t;
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