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c¡tåffiE& ï, THn ?ågü$*3{TSt{ üF trlgjT,W ÂffltÏ¡{

Grm.ffi"at .4,c'f TeÊ{s ¡

Ïezuii:lu ti:* ho:ïrene pr*du.ced by the beta eeLl-s of i,he par:crea'båe

isletsn has been observe<j to affect the l¡leÍ;abslis,¿ nrt c:rl;. ,:f carbe*

?grdrate b"¿t als* of fet and p::otein. lhe cl:ærges i-b ieads to ånclude

I-lweri-::g of bl-*cd $Ì:g¿ìr, sti;ni:J-:ti¿:n sf :r'riuscl-e gluccse ut,iliga'i;i.ol1 &rd

glyaog*n s¿'mtÏlesis, si:irra}a'Lion r'¡f Iíver 4þcogen s.prth*s:Ls" nùi:rri"l.3e*

tloË sf Íat 4.nthesis fraro acetai:e, inhíbiti+n *f k*'i;one boc.ly pnoduc*

iicn end the inltåbition of glueoneogenesi-s f:,om pretei.n. ïn íni¡est,l-

g,atíng tJre meckanj-em of actícn cf ínzuLin, workers ha-ye soagirt Èo fínd

a single síte of action in tbe .metaboLlc.seliame whieh wn¡l"ct explai¡:

aLL tire ebserved effecte of this ho¡nnsne,

üAEß$rtrünÂ?É È{tiÍå Ftf,Tsh{ r

Ïn order to understand "bhe nropased ,r,hryorÍes oJl insulån actåonu

iÈ ås ¡?etessary Í'l:itst, to exasd"nc Ll¡e princica3- rcect,i'trn* inrsLveci in

glu*ose mef,abolåsru anct Lheir reiatå*n to ths i:netabclis:a sf .J:st anel

prÐtel¡to theee reåotåûns are i.L]"usÈraÈed iåiagran;ltiüålLy in Fiäo Lo

F¡am 't,ìd-s diagram it fs seen that, t'he ini'¿ial" ste¡:r i-rr th* metabol"isra

of glucose is its reaeÌiion "*Eith artrenosi.n.¿ tnphossæte to form glticeee-

$*phosphate. lhie ïeae'$ion is caüeilyzeet l",ry the *na¡rvie gluco*he:rçkínase

ancl ic not reî¡ersil:l-eo Ti:e glueose-6-"pþrr:spha'oe sp f ormí]d can be nsed

to s¡mtheslze gþeüflen, or râíÀ enter .bh* glyeolytie e¡,-el,e i':r s.?ri-eb

serlee of reactåÕns oüÊ ¡*ol- cf t he sj:r cerhrrn, ccenp*und ls e*rverted

üo te,g moLç of a th:r*e cayb*n ccr,rpeund, ft.*= aner*T:íe *y.j¡Latiøn s*ep

Èakee pLace and the result of anerobic glyeolysís of one mol çf
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gfurcose*6*fr17c¡#phate ås tws ncLs of pyr"uvi* acid. ?hø gþeol;rbåe

react'lans &re revevsibl-e and thus g¡r:ruvie asid can be etætverteci te

glueose-d-rhospä:aåe ancl gJ-yecgen" ?his enei produ.ct of gS.yeolysår,

pyruvic atiri, then underãoes *síclaÈive deearbaqr3etísn t,s 3¡3"e1cl ace-

Èste ?rhåch, afÈer be1sr.g actirr¿ted þ e*enø3riüe råe co¡rdeneeË v,¡åÈh e:æ*

Leaeetie asj.d to enter tlre oxida{:ive s;rste&. knrv,'n as tile îirebs *r

eå'brie aeid cyc3.e, Tn *rre ccr*.-p1"ei,e rerrosuLåea sJ: åhis c;"ele there

are tlrree eeperate s'úÈps of ø¡cídati¡re deearb*ryTe'båoøi whåeil reeuLt

in the oxidatlcr¡ of ppnrvíe a¡icí tø earbs:r. ¿i:io:cí{ie and øa-L,er, the

regeneratíon of s¡*aLeae*Èíe aci-d and the låber¿ltioa of ener,gy which

ås sÈored in Èhe high enermr plrosnirate be:rds cf adenosine tniph*o-

phate *r creati:re phos¡:Ïæle fu he used in tire n$¿agr enerry*rËqiliring

reactions +f the ceå]-, íncluelíng synthesís of prt.lein ¿nd fat, The

citrlc acid cycle j-e a:-so bhe finalL cùnìnon F*tiwraSr for ,clie o:rj.da"t$"m

*f, fats an-C- çr+t*åns es these tss can d"crsrade .þ aceteteo Á3s.nåne

and sa3Ðe o'bher smino acids can el-ss be eoxverÈed ùm ¡grru.vie a*id by

iihe acÈion of 'che enz$ry:e amlyro aeid oæj_dase. lr: r,lr-ts way; gluco*

necgen*si.s cån orel-lr, íoe u iho s;+rthcsis *f carholz3".,årale. f.rrm n*n*

carbohydnate precursslîs, The sugar fr'¿ctose enl,ers t,he aþeolytic
si¡cl-e b;r,ehosnhoryLaiirln t,ç'ï*rm fruet*se*é-ph*epha-be, ?his :rcestj.*m

is catalyøed by the enøyme f¡rc*e-her-okineseo

STTü ÜF Åi}1]TÜ$:

llnm Èl:e m.etabrrl-i-c rela tj.cns çhich have tæen outl-ined, iÈ ean be

seen t'het il ie nnt inesy¡cej.rr¿bl"* that a irorr,tone sush as irisu1fn could

exert a Þrv*ari,{ aetíori upon cari:n}iydrai:e æç:'babCIl-í,*a w}rict.: e cnzld }rave

fer*rcaclring seeond.ary effer*'Ls r¡.1'cn fai; ang proireån metabalism.
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rìiai,et¿s, thersriek and Ûhaikûff (L) shswed th¡;t ihe l-iver e1åees ef

all-sxan dlabetie c'E bÉ ûFJdiøed glucsse at a z'a.te lsss than that sf

n¿:rr¡al ra'cs, nhile ths oxidaÈi*,n of fructose in 431ç:øae ciåabeti-e

lj-r'er s1i¡es proceedecl newaaLLyu Teng, S:-r:*x, i]*e*e end l{eetings

{â} f*un* thåt, wäl* i&.* ií",¡sr cf ailoxan iiabe'Lic rabs was ,,:.ct¿ii-*.e

i;o sgnilreaire glyeögen irtrs gÍucose a'i:' a r:.;¡r¡¿1 relie, ihe qrs"¡¡çu1u

of gþc':gert vras i;::::irpairedz wh':n 5ryru.le'be 1'Ée *seil as e s,¿hs'i;raÈeo

fhese fincllngs sugges',:ed th¿i'ti:c sii:¡: *í j::sulin ac1,å*nlvås sorrïe*

wheræ before 1fic pathruaye sf fruci;ose ;;icl ¡;luc*se i**t, anr3 dåd nc¡È

i¡r:relve thc reasticr:s Leadí.n,q frem p;,rur:ate to ¡,.þeogerr. fiuso. a

site is the fonr:alím of l*ucose*6*phosphetæ' I:rsulin c*uld act at

thís poå::t by *peedin¿ up ti:e gluco*he:{ok5-nese reactian, trut it soçl"d

alss act eirapS.y @r pruna*fuIr thc entry of ,glucose inÈc i}re sell so

that it eCIulC be astæcl upon by thc *nayme.

Tï¡e Transfer þlechanism

ålùhough it ia not, Ímpessibj-e t?:et insuLår: h¡ls ¡:r:r* tiran trne

siÈe sf ac^{:icnu ih* evittsirce t* be suJãnariøeci 1ao¡ers tå:e esreept,

thai; insulin aets b;¡ Bromot'å¡g th.r l5rsnsfær r:f glucose SntE the

ceJ.l' and that s¡¿ch an aetion cen oxÞl.ai-n ¿àL1 'bhe ot,lrer changes

whj-th have been obserwed to oecur" Le¡råne i:) has sbffin'bÏ'nt i¡r

the eviscera'bed neplrrec'i;omiøed ciog, åssulín caused an j:rerease fux

the voXul:le of dåsLribubion sf ãêLaetsse' Since this preparatl*s

+annçÈ m*ta'bo3íre gêlec'b,ûsen it, ffiÊ ctrlcSuded lhai t,Ïæ ínerelaeed

vsSuue af d-is¿riïv¿ii.on was bi.**-:{h'b abouÈ W o;he ¡n*vefien't, oí plac*

tose åntp the EeLLs" lt lg'as fnferyed 1¡hat insËl"in Ïrad a sfuilar



attf.or¿ Ðm äLT.roüseo Tîsing {:he issl-e"bed. r¿¿t eieyÈ:ra¡1u,t" Fark (l+) set

out to deraonstrate the eecursulabisn of íree glucose in ths ceål as a

Gtnsêer.reriee of jnsuSån aet,ås"rx* -In order t¿¡ rjo thås i"t ø'ê,s negsssary

to preve"nt the rs¡oval" of thås f?ee glucose by he:rokånase, and thås

he dåd þ chiL1i:t4 tlne å*ssue, thereby slerwíng the enøprire act,5-vítys

He wae t,hn¡s abl-e to shrys thaÈ, whereas i,¡'ithor¡t insul.sn t,i¡e arueunt gf

free glu.cose ín the Èíseue strcesponded to the as*unt in the extra*

eelluLar æåee, vdren ínsulin ç¡as ad.ded the arn*unt of free glucose was

four ts five åimeo greatero Fie cCIncluded thai; ínsuJ"in harl lnereased

the rate of glucose transfer be¡rsad the eapacíÈy of the ehill,ed hexo*

kinase systen azrd tiiorefere frce glucose Frad aesruul"e'í;eei rq'ithin t,he

celLo In the ci3.iary bdy e.f the rabbflls e.ir*, i¡euJ-i¡r eras c1-earþ

shcvøn *ø e'nhance the penneabllåty io glueoe* {$). iþ stugrim¡¡ the

r*te cf entry o.f gLuc*sc intc ihe ra"t díanh'ragl a'L ¡r¿råous tenpera-

turcsn ter¡-j-ne anc Goicl.si;ci;r (é) e*-ncl-ur4.erl tr:et tirer ei:antes in rs.te

ïrÊf,e susþ es i's sugË:e*t ¿lut tlln transf*r r¡rechani^sut i.n."rllved liítl.e
ûr &Õ 4inÊrß}1 +xcl'iange and. näs:not uncl*r the iËÍJ"riçn*s at ån çnr¡¡¿?ee

ïf so, t,his eay be taken ae evådenee lliat any rffect *f insu1in upen

the transfar mechani.mn is a priæary one and noù secondary tcr changes

fu: tli* avaiLabi-L$.1;3' of ATF"

Åccording to thi.s 'bransfsr u¡eclranisi: ca:i:et'L $f ineï,1--in acii-on,

t?¡e. obeer¡r*il effecis ar'e exp3alaed as elerivc.ti"¡es gf 'bhc primaqr ac-

tlon in 'i;he f*11-r¡;i5 ng rnai:ner. i'i:* transjl*r af l;le¡:ose ånto the eeLL

ås se*n as rcsulÈing in nar"e suhstrate being nad* avalïat¡le fnr phûs-

phoryla tiori b3" haxokinaseu and. tl:us for the ,ryn'bhes:i-* nf gþcogen and

liie process of e3.yeolysís, A* glycolysic pr*dueeÐ rîl$re gr¡rr,-uirete, more



*s*

subsÈrete is inade avai3.al¡l-e :firr i;he ci.'Lric aeÍd. e;ycle øhåsh ihen

beetzc.es æapable of ppeater *:råda*'icn of, a**i'ale en.d pr*duetå*n sf

'*Lg;h enevg¡r phospha'oe b*nds " !*t, the sane time thc i¡r*reasei rate

*f gÌ-yeolysis peneii:s inr::'e fatty aeid eynbhesi-s jþp¡¡¿ acetat,eu a

prûc@ss æhich 6eens t'o reqrråre lire Ênfjl'&!' d*riveci iÌrr:m glycolysås

i¡: ord.er io proceeei prr:pe::1y" .J+ß Êroye aset&te íe u"bi-Liøed t*y ozL-

rlaiion e¡rd :f-or iai,ty acid s-3'nthesis, less is converied inio keiücle

bodi.es, and keåosie is th,ereby correei;eclo The abí3-åi-,;y cf iz:st;lin

ts recluse gluconeogenesís ås ageriï:ed Lc ri;e lncnear;ed prr;d.ueÈicr¿

of p;'::uvate fregr glycaJS'sis, sç ùhat l<;ss is pr*dueeri. .f'rcn the gly-

eogeníc a¡¡ino aeicis sueh ,ås ala¡rine"

?he llesskå.nase Reaciiåsn

'trhe seemd pestu3.aÈed eite of 5¡su,l"la acticrn i-s al the glu*o-

ireEokfnase rcaeti-ryt" 'Xhls eould be eí*,her a direct action uF{x} Èhe

ænãyuef or an i¡dj-rect aetion resulting from an increased a'vaåla*

bi3.å.ty çf åTP frsm t,fæ orådati-¡re nh*spheirylsliísac *f ì;he ciiric

aeid e",'c1e,

Price, tlcrå and CoLoøick (?)o us:-ng co-rI*free e:riiråe'b,s cún-

*einÍng suscLe hexckinasen found. *,lrai; inst¡lin was eapðbl-r *f re*

leasÍ.ng the inhíf¡itlon årnpased uasn this s¡'s{,en Lry anteråcrp3."bui.Èary

ex'braets anri a<irenal cort,ical eri;ractç, I{cwever, t*,aciåe ancl iiau¡¡aa:rd

i8) were unabl-e to ct¡"n}Ícete this f-indtng anci ¿. tiireet etii?iulerr'b

effeet *f ínsuli¡r r¡psn tï¡e hex*l*å¡.aso reacåien hes açÌi been shffin

conelusíveþ. fnded¡ ag'art frr:m Fråce *f, a1 {?}, nû e*ne has errer

demonetrated t}:eù insulír¡ is e.c'¿,i.ve isr tjssue i:i økieh cetLr¡lnr

stn¡cùure hss been destrqr':-d"



*'i *

iln +"i:e ¡:ther l:arrd, egiderrce h¡.s þ,e*n D-r:e,:rsr.1i,üd 'fu.i*-* *r:1,,?esås

titet :!:rsË1Í,n p-tis b3" increas5.ng a;:tn ç.f l.icL*ztcy of *xiCaiive phos*

phozylabie$, nal:ång avaí1abl-r îÊ.ûÍ,e håglt en*rgy phusp?rate beinas tp

the ?rexoklnase re¿ction anci 'bo fet anci pr*Èeån synåïi*ti* prÕçess*s*

Krebs and üggJe stw {gj demo¡rs'tra1:ed üra{r ímzuJ_j.u aeceLereted the

rate of o¡ridatic':r of variar¡s 'rne¡¡rbers *f -b.h* ã[rebs e¡rc3e b3t mj.:rced

pLge'x bresst ffiuscLeo .å*'ouaLly ÍnsuLin dld no-li increase the inf-
Èial rate of oxi-ciatåon, lru.t åt, sLeqr¡ce3 th* d,eelj¿e l:l t,re rate so

the'b eftcr I'bres ts faur hor:rs th* t<¡tal_ ¿uneuni; af si.datåon trad

b*en doubled" stadie (Lû) psiÌi"ts ou'b j:i:eÈ in -bissue lromogen.etes,

euüh as wËre used þ Krebs and ilg¿53-eston, äluecse antt gl_3"cogm

breale dsr',in to l"actj-c aeid anC the hexoki-¡iese re,ac,r:ícr¿ ceases tt
operate. 'fhu-s 't"trese acti-çns of íngul_ín cas:nçt he cü:sirler.ed $¡o*

condarxr to my cjlanfie ín tlrc ?:er-okir.ese r.eacì;i+nr r:,ut, arc- j-¡-ter.*re*

ted- es p::imary *ff*c1:,r upon -bh¡l cåtrj¡: Ëcir?_ e;"ç]s" Ty:+pe fjn*j¡.;rs
irere cnnfirmed þ $h*ru and &rri,;.lr {il) a::d þ *te.y,e e.:ri î-Þrin*n"

(LZJ tsr plgæen rülscLe br.rt :rat f*r. maßJl;.1-i,*n riu;el*, Ins.¡uLín *f-
fectg on phnsphar,3ns nsbabol-i,sn ].:arre ï¡*en â17*,sn ¡ìl¿ìn;- -t,l:mêgo liarlan

and ür*errberg (13) have denonstreteei åncreased F32 r,,,urncv*r asd tr¿*

crea€ed åTP ín rats èrc;ated rvi'bir i¡rsuLin, !.jau#arclg i*.arsl: and

stadíe (1lr) ¡mmd a nr¡t j.nc::ease fuï tih,;. "rx:nLb¡e:: cf raol.e mf liTF prro*

dueeri in rat rli-athra,3ris j.ncuT:ellerf ç¿iùh_ lnsrrlin "$l_thout åi:lår cr::r,e;s*

pondfng i:n*ree.se i"n oxl"gen c*nsu*lpiilcno Tli".lì¡ i-vrtcr.¡:net*,-l ih.ås *e

si-gnS"fying än inúreaçe j:r t,h* ç;fficÍ.enc3r 13_f o..:ideti.vr phospÌ:oq,"3-a*

Èåon ?-;ut-, the¡r have rr{:t, r::l-å:*j;1ateC the ¡*se:_bíl_i.,,:,- ,¿þå¡, tfræ e:rtra

pliosp*:ate bonds n*re derived frsxr tl:e proeeçs of glyeo3.yrf, s w,t&çt\



*+s

is e¡:er"ûbic" Tf 'bhis l.ryez-e *,?ie cä,e€r'qnç 'å'ouJ.d n{rl *xËÊçt ar:. Ì¡r*

crea$e in o*-.ygen consu:rp'båsn &i¡¡{i tl:rr i-¡:,¿¿'*aseil i¡l;¡cclyeås ctuld þ6

aseribeci t.o an i::ereased f¡:rm¿i"hiü'rì til Ê-åüeÐÉle-ó*-Fh'ts;Slrafe li:r"ou-g}:

çj"tl¡er the 'Lrensfer or the hev'r:kitrase m*ciraai$ns" Ilc"ø*ver, igl a

resent reviø,¡ (f5) Sta¿.ie n:entåonp exÉerinents t¡hieh l:e¡ lr*cl noå

prevå-oueþ reporbedo in wlii,;}: he anrtr Yesier demonsiirated dacr*ased

¿T;) ftr¡sqiio¡r in 'b?:e J.iver niitochci:çu'ia *f å-eBan.crr:tat.ir'etj, cåtiri o lle

does not çta'iie ¡¡lether ov nal thix deerease cou.lcl be eor"reeÈeü b
the addåtísn of ínsuLln ir¡ iritrç but cne -øruld s;Ëpsc'o ntt,o c*nså-

derÌag {:he e4oerimen;bs r:f Sak*ro ËhaåkEff iålrd $chuse¿ef {Ld} i:r e¡håeh

the raeiabr¡3-ie defects of rliabe't,ic Lår¡ev slices cc¡uLd n*t be csrrÐß-

ted by the addj.tiïisn *f å,rrsuLån 5n uítro but cnly b"3'" th* acliai:rlsåra-

i;íryn sf åneul-Jn to th* anj-m¡¿L hefoye kil3.íng" ther"efi:¡:"e t}:r* eoncepÈ

of a ¡;r;îma:y instiÌ"in ¿:-sj;itn u¡:*n thc Ëi'nc*ss *f ,;xårlet,*-ve eh*splrory-

la i"ion :r*:rrai-us lir:n?ülr*rto

Sili:.r1:1ÅTlYl

tu::rent, evidenee suggest,s theù insuLin aste by Ì.nereaoing the

r,ete of t,ranefer of ,q1u*ur:e ínto t,Ïr* cel"3-" 'fï:e narry effeets of ån-

su3.3.n, ineludíng 3.ørerlr:¡: of bLood sufiar, st'i-mu1.etioll of tly*ogen

nyn'rhesis Ín Liver ai*c'l ¡nuscLo, elirnuSe'r:ion of glucooe te*take bg

nusc-1-e, inhj-t¡it5"an of kstcne hr¡dl¡ prcr*:.t:ticnu r'bÍ:nrl1atisn of fat

r;::th;iri* frsrn ace-ts.båì #.nfl "b¡e inl¡it'i-bíon of .'J-ucrneogenesi* ean

aLL b* expl¿fui*d p.s s*eonda¿1 *,?T**Lø of t,l:ås rr-'i-m*ry a*ii.ç*ø
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ï$fäffFJtTTûtre

fire discovery Éf in$r.}i& gr,?åtly actrvaneed il:* t.reaiqien-l; âf diebetee

râeL1åtus ånd th€ knswT.e.dse tlf Ëå,3'bü1rydråto firetåbcLfsm" Ðespíte exhaus*

'i;åve síudå" ßf the *ffects sf the eåmj-¡:3straÈion and the c?,eçr.ivatårïÌ {3f

thls hÐrmone, there l"s ¡¡mch tli¡¿È å.s yet, 'o* be deÈ*,z'mined at*ut the

as¡æ¿nt,n eeeretedo the co*eev:.f,raèLon úf the hç:=m<¡ne fn t,Ìre eÍreulating

bLood ançf jn l.lt*, r:¡ey|,Jhcra.l- ååseueso aneT tbe factors *antrolJ-j )nf, B@lylê*

tion' tLÍJriea1lyo it ivot}d be *f inrparí:ance t* krro.sr r&ether eponta.neous

dlabeiee resul-tp frryn ahsclute Ínsu1l.¡r de.fieiencys frm eseessåve aeÈion

of insi.rLírz antagenÌ ets or frçn a crmbinatio¡r of þsbb fac.bors. iíiinilarl¡ro

i-ri na'biæts sufferi-n¡-l frour i;he effeets cf an abnormal.ly ].ena bleoci sr.¿g&yr

the ¿,¡"¿*i¡¡e ¡w'babolåc def-ssf is *Ítea nnt, sls*år, the introci$etism of a

methotl Íor i;he ¿ccurai;e esti¡rai:ton of e',¡laLl- c*urcentratio¡¡s of i¡sulÍJr

woul"d, i:e ¿n ånr:erí:,&nt si;eF'i*ward tþe sclu'bici&,rí" nrarq¡ '::f'theøe pro-,

blc,¿s o

Insul.i¡: is a pru'beìn' Thr:,ve ås nc' si:eciil* ci¡-r¡¡i1c¿L test Lr¡ whåeh

Lt san b* u*çåsurtd " Iìiol-r¡Eical elsseys i:a?e useci bhe irypa¡;lycenie ef-
fect i¡¡ living anåi:iale r¡n¿j" llre såies¡lç.{,i.on E:f 61S.crrgen E-rni;hesÍ-s and

gLucose ¡:-'h5Lis,q{;í*n ín j-seia'Lsd nirselen å *iethsd of ¿åssêy' i.rise'J up*n

an ani,Ígen*ån'illbôd3¡ ::e¿zc.hion j:¿¿s :'ec*ntj)r been r*poi:Lr:d,

Biological Assay fn. Vivo

'ïhe assa;r ueed for e*;ar*ercåel Fr,,;;..,.s.r'a'bicns of Í;:suLin is
on the lrcCuctisril of h"v-f<lgþcenj.c ccnr¡ulsåaas iil _j-nùact nlj-*e,

nethod is nçt suffj-eientlp s*ï:*itir¡e .bo deiect ånsuLj¡r jn tiie
irati*ns i,tt zvhic':'t i-t occcrs i:: *i,:celatíng ï:loeCo

L.ased

¿nl.s

f0¡1Ceþ-
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To inr:::er:.se tiic s*rlså'birri-èy'of t,h* ies:l:n 'nse r"rs.e rcsde c:Î ¿r:itels

dais:l¡ l¡a¡-l. been d*ii.¡rj.'rec1 sf åhriår $¿1lr.ree af anriop.cnçi1s iasul-fu1 ar-d of,

*.e1i::o trn i?$CI, llcrnE¡Lel-n {1) r+;¡erÈ*d ì,iie use *f ihe al-1,*:r.an-rf.iabøåie,

h3'pct:l'lysec'tr:nizcd.o a*rer¡eler.ri;cr,:ised ra'i's.. i:.J-i;lni;;ir : ::.s;iiçri.^ú ¡:f r;Ëg-

úe$s ä¿ls clein*rJu thc veLiabli"iii;y' c¡f çhe "br*,::t lvas r:¡;t, de¡n';nsi;l:,åted.

si,ai;isi;ica1Jy" ir¿ acìr'-lj-t,ítrn, t?:¿.: ¿¿lj*tal*r uri;i'(? i;**ia'b] e ¿ni ri:i.fi:ci:.1-t

i$ nåjjitei-nn

tísing a1lo:æ,n*Ciab*ùåc hypopQ¡secì;*mj-rer1 :r.¿,1Í$-. i::*ågelnan and his

s¡3'.1¡ç¡fu6¡s 3n I95{, çi*r* iinah-Ì"c tç: d-,*tect, lrrsri}in in r+ho3.¡* jil¿tÊaå (Z),

b'.tl rve::e aÌ:I-e te ¿lcÍ;ee-[: a:: Ínsu.].in*1åke *ffec'b in *ertain ËLasna 11ra**

tions (3).

Eit"rlr;¿ir,ai,ä¡;say Í:l i'j'Lrc

i.n recent' ;rÕåï"s, atl;t+r¡li*n }tl'us b*** djurÈç'Lçct ùua*rrci devisíngç a

$uí'r'ab3-e ån "rii,r.¡ år$fiå¡i ;;a*i;i:ddo Tl:is r;icíil.¿;nl 1.ç inst;d r¡n !?iE, içcr.}: *f

teruii-l"i (h)o reporåei ::a ifh*r wh.içil aha".red ti;¿ù i¡rsr.lin çtår,¡tiJ-aiied

i;tro 'rrfil"isaLlün *Í' g;inc*øø¡ and syn'i;ir*si.ø ai ¡:,lyea;aeu 
'by ùhe Íst¡L¿rì;ed

cliapt.rr'egrn rrf i,hi,* i:p,'b. ;jt¿C.ic ar:c1. llaprp {5)o fur lglr?E f*u.ncî ti:af; lhe

ætl*et' was rtrngl:ly prc¡¡:artl¡rnei tú lh* insu.lj-* cpaceni;r*tåan LuÈ ,qi,èh

ccm"sj.í-ieral¡1e sce{;i,er" In l:ier ::ork fr*;+r tl:e ss,ï¡e låbcy¿io:::r-" ?iereh

. / ¡lånc iläìi.gå,ãyû. lcJ l-ilnåtad rlho *;qiosure çf i,?le aiapi;:zigrr to irr"ofi*, to

çne r¡¿j:¡u'Leo e tiu:e nfuj-ch üÏrey f'r:urid er¿fljtej_enr i;u prnciue,ç *ìåñÉiåaråbie

effecte ¿¡: ihe aei;aboij-sn o.J ihe ii*¡:hrary {cr èi:e ic.liarLni: gû r;f¿n*

utes, Ïrrt¡m iliis 'Lh.e;i só;Êçl-ndccl that i-neulJ:r heg¿ni* q-r;-i':k3-¡r ?.rcrü.nd. bÐ

the díanhxê,!;t;q Ïl ihe rJi.a:ir:regei wåås ey,¡lÕs*o No ¿ r*igçure *f insuli-Tl

and s*ru¡n f*r *ne'månui;*" åt ',res fsund thaÈ 'bi-¡e adi*eçl s$Ír.:11 reduced



tþ¿e effec{; nf t}:e ån$rzl-Í-*- prË:s+ïxt u TheT ca**L'¿ri*,J. t!:ai; n*ymsl seru:a

cnnt¿i-ns eri r:sïl-*+{ i-nhíb-Ì-t¡:r"

FerL:autter aad h.is qreun (r), in 3-?í?, u,¿:*el tlie üri::;Ínsr- mei:h*d

af huvi.r,g th* j¡s'.11"ån ¿:"' s*rciii 'Lo be **sled in ccnla,3i: i'råih tbe äia-
phrc;.¡r íhro-ii6;h.ic"[ ti;-* '¡),,":s*,o in an. ç:Ilayt, \:t r,:tj;;:. 'ù..,"; -;lrj;bilii:y

,w],ch'bh+y ,:i:c*rl::i;e::ed, äi:y *,rj*p"i-:d i;::¡l Ç2"êl:l,Lçr:t rf usín¿, r;*f Ll:e

cii-:i,irr:ari;.t t'i .sn+ lat, b-r.ri: Ëj-*ces ;st z:t+ di,v;li:r;i,çls f¡"*:i: scv*J.*l- :rjrrr.bs

ån Eqr:l¡ fl"euk" iücv¡*::ihol*:e s, thcir" ï.f,silibs i;.r:i:: c,.;'bre;ieJ;r iric*;:s¡ås-

te:rt' fr*æ riaSr f,'; {l¿i3'' ¿u}.i fr*lll a.'.::i;,1e1 ;.: ;:ii,L*ls l.n ¿;Ì;e,lt.b:in.: l*
úirtil,æ:¡,.2:r.i; t'l:is inc*::gis"Le:tü;r, *¡år:i-ci:.s ril,:¡clj-iiíü'Liiïiri sr:cir afr ad.r*ira*

lect*rt-l¡ ûf t;r¿ ::ets, ¡:ri*r inj*e'båon *f ë,t1tÐnt3.Ji-r:o *s* of t¡tl:er stra::ns

of x'hi"Le ra,ts a4'l t'.sê tf the d"ie-ahr¿ìæls *f n*'r-b*rn rebbii:r ?rey$ tried
¡sili;¿ri.'b F..lcoÊiiia" Finai1y, 'ni'bhr:u'b l¡:efr,¡¡; chacgeo Í::. conu-1åtåons sr te+h*

nlqr:.e, t'ire rezuJ.Íis becåm.* mürÊ f$nsls'bsnt. även wj.'birrhås incprol¡*lir€.3r.t.

t'.Ìr*y lrere st'j-l-l u::¡:bLe to detesÈ l"nsuLín in no¡znsl lrunran sÊrìxm ex€ept

oìrorbþ after tþe inëra*vaTlúus i_njeetíon *f ?.A unj-'Ls,

ßrr:en a::ci his sr*;'.'erkers in Hei.land (3) , 5n Lgízu afu:c uce¿l the

pnoS.ed råie1:hra¡¡n i:eehnia'ue" foniv¡'rf tÐ $tacii.e, they íounri, th+t r:ey-

ma3. s*rrinit 'eo,:uLd sliru.rJ¿ be i;Ìle *!íapirraip; to ip.l.*e u"c. 4k*ose, .b¡:.a'L serrm

fron a *iål-cl dåab*t,j-c hecl esasnt,ieil.3. t.h,r särie Ðr.3Ðerl,J-es aç,tf Í;i:aù çe*

rrsn .frern e pei:i*nt in Cia-be.1íc ecÉå dic¡ no-b ånh-]--oåï thre stimu.trant ef*
fect, of aclCeci ir:sülino fncreas*ci ståmu,larrt efilcc.b r,,as rep*r.-l,ert Í-rcaR

t'he ¡-ieruu of a i:ai;i*nb wåì;h islet, e*il- súen*na *f -bfic ¡:ancree.su vriri3-e

rio:r*ål '¿ft'*tl" l'r¡as :"cpúr'i;ed from -i;hu scr"-rf¡l oil ã Fiii^*n1, :-¡ith f,u:-l*nl;i-OnaL

hy¡lcigS.yeemj-a ';,rilh ¡:.¡.r i,tinir;r u-b r:pcra'ii.âno îhey neasured lh,* respotlsæ t"û

kn*wi co¡:ceni;raticr:s *f inr*1in *nci Í':ren åhe resr:li;ång ja'ba they ccn-

s'Lrr"¿sù*d & rcnc*ntraèiç;i*acb;l*n ;u.rvc* úaw*ver, í.b $as found i;ha.L, the



sl.e¡ps sf crn'ves sc,nstru.et,ed at ellffercnt tån*s erf the ¡rrea.:: ri-{ ff";yed

frç¡t eaeh cthe:r" fh"srefor*, t'he eetirffi-tes *f pL*.¡;-¡l.a insr.3.ågl Õßnceç*

t'ratíüns .rore based *n tï:e rûffilfr;¿rlsçns :rj-li: j,nsirl_in stan;lanf¡* ¡r.e at
j;he s¿ine t,i:ne, îþsm -l,hege e{:iirT:¿rjsírn#, 'th*l¡ ç*n*f,urleei 'b}:nt the nor*

r".a1 humen FÊrlrrrn jrsrl1ir,"" *$n*ç,ï:i;:råt,írn i,e h+fuorr.e+¡ t"6,p, w.ð. *.*i:29

¡ïi.Ll,å"effij-ì:s (øü) per n1-, ]1.¿¡vçyer¡ lhís osi,:i-;:.¿-,,t,e iç T:aseci on fieter*

ni-n¿,.-bj,ûnÊ on on3..1,' twr ::.*r;rrL þuinc¡. euÌrj*rts,

F,and].* (p)n Ítl 3.95Lu r¡¡r'Êrt,e(i i;*'bhe t.echníque erf us*-n¡ g: eíngL@

rf.la.phra*n jrr naei:. fl-a*ek, Å1.tÌ:oullr tþe rasr;.orsj.vcne;s¡: of the dia*
ph:'s.4ris ve::j-erj *e.rk*ð,Ay, hç cl_airynd ihai,: t"i:i sl,rne of ti.re i,{cse*:"*spølse

cltrvÐ i'¡as (:onst,ant wi'¿hin c*vl;erin l-i;¡ii:s er¡d thr"i; b".¡ usinp.: e *te.nd¡¡rd

såth ea+h det nnina-bå¿:n he coulci rleterruinc; the f,3.e.sriia ínsulín cûnßen-

-F.p;r-l-ian ?r¡¡ *erc¡enn:r t* thc d*se*rgepcn.$e +u.ï,vr3, F.v .tlris nçtlrod- ho\., $i. r/u ,rlir. u:Jù< ¡, f lç

eaíånat*d ì;h,; iaean nÕï.?"ijsl p+s.i;*prandiat nI*isrta :!r:.suLin esneentratåsn

f,o be 3l m!;/n'i1"" Ho',aever, r-Tata pr*sent*d later' in åltn såîr.* ï]ä¡gr slid

not proeïuee å. eü.rvÊ i¡¡hes* s]"ope fe1l qÍ.thj¡ the lji,iits "r¡hlch he re*

Fcrtc'i' ThÍ.s cTr+fest ¡¡as at:ltr:*rçl"eclged by Rancll-e i-n e, subseqraent pe-

per (Lo),

lla"llanco-ü¡¿en anc Huz'io,:k (rr.)u usí-¡:í: e ne'bhué sínil"ar to that

çf Pæ.ndl-*, ::eported fu) 1gÉr. ¿ dose*resÞürr$e rela"i:i*r:o Lu{: dÍd rro.b

give *ncuryh daía for critical +r¡el'¡r¿rtåono îl¡e;¡ esíimatecl the marr¿aj-

pLaerr:.e jneuLj.n c+nceni:retåçn ic he Co0jl to _Õ,CI52 nlJ,/m3".

ït r:hs*li]. br noied *hi¿t nene ¡:f '¿;r'::ge autho::'¡ cLai.æ¿d t{, bc abLc

'Lt nea*ure e.n¡rihinf m'-¡re ¡,:þan not j.n:ul--j_.:: e-ctl=rí,;;¡ jn ihe plas*a,

1o*o th+; net effecì; re.çil-íiztg frai* t,he årt*r¡1a;¡ ef insul-ln and

ínn:lise *ntagmists.
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$ssag b¿. jþntiãgì*A,gH.bortr neac_t +gg

.A.rqui3.ie and" slav'j"tsky {¿¿) harre 3"ecen{;þ utiÏ.åxed flr*: aatip,enåc

prope:"rcå.ee of lnsuLin as t,he basÍc fsr an &sÊef;o The åmsunt of i¡rffi-
19n preeent 1e *stimaïed by ùÌre e:rtent t* whish iÈ inhibj.Ès trhe hemo-

þsis of insuS.i-n-sensitiøed, ery-L}æsß5rtes þ a sÐanclard*tåtre aniiisen&ø

Fraa the typi.ca3" data 6iven in lhe ¡re¡ærE the iest aÞL:*ars capable of

rletecÈång 5"lr mll-]-iqrnits af j&sulån, wítln an ayrsy beta¡een duB1åeate

det*rmånetions øf Líf', l{,$warrer, detaJ.Jç6 statislies êr* i-ackingo and

the t'est has so far been app3.f.eci only i:e rrure solutiens ef, insuLJ$"

0cmeequentl,y, J.ts riscfü.ln.ess aË ån êssê.:-rr çf serum j:1sìåLin esneentra-

ticn and ri.ts relåtåpr: tø :insul"i:r activåty r,,emaín tn be dei:er-"nrj.nedø

EXPiil$ïiir_$lAl,*

The bíolo¡1åcal ¿sçitl,¡ *f insüJ.i.n

thotl of P.and,3e (9) and nodj.fír:ations

&{eirhds

'¡¡as å31,væri,i;i-rìat*rÍ u,:ing the ¡ne-

t!: er"l*ef ,

Hal-e rat's weighfuig 10t*å50 {ûÐ.s r{ere fasted 18*?l+ ira¡¡rs and then

kfLied by dæcapåtaLieno ?h.ci etartrrag:e was quíekþ excised øitirorrt

b3.*eding a¡id free of fat, or fihrs¡$-Låssu.s, üne laalf sf i;he dia*

Fhrappi was pSaeed Jn a bu.ffcr soluååç:. centai:zi¡lg glu.cc,s,e i¡ a son-

eentreti*:l .3f 300 mgo'fi a.nr) tfrs üoyreswsnrl"ing ?:al-f freqr bile s¿me raË

intø arrciher vesseï ccnte,lníng the ear¿e se¡l"ution æÈt,h *i.th.er :lnsuLín

ûl: $snlm added" the buffeys used ç'ere eå'i;her tlraÈ rleecriì:ed by $ef.

8t **;g {1-?)u a þi.cas'ly¡na.be b,uffer {nE ?.1¿) i,¡hi*h.¡¿.s equ.ilibrat,ecl wit}¡

5ß c:avbçn d*ir¡pide anij g5'Å ej.)rgen, or th¿it descri'i¡e,r{ Lî,' T^uerkåseher

anri Tfleråhejser (1A)¡ a phr;st*rat* ?¡¿fifer (pH ?"1+) :,,rhåch rras equi"I"l-

brat'ed s¿ii;h 1"0üií o;q¡g*nc $¿cþ ìrøiidia¡pirragm ffas iJrìmçrseci in h s,çn



<¡É"Snguhatlq:n n:e#år:n" 1'he ftes¡rË were shaken in a ç¡ater beÈh p"L 3?aü"

far measured lengtTie cf bime r¡hieh v¿råed fro¡s onç te Èhree hsurs , A.þ

the atd. ef 'bhis t'Íce fn e he*ådåaphragms ?ÉEre remÐrod u blotteii T-*ght1y

æ:d weighed" ilihe mcdia ïiere ,êlnê3-ysed for residuaL glucosa eoniei:t b3r

the rrethod Erf $*ruo"yi (1$ " lilr,ie, dif'ference betp¡een the *rig3na3, g;lu-

tsse content arrct ^bh* illnaS glr:.*osæ c*¡t*en* of the n:s:råLu& conníitute

tlre gluecos* uÈåLiratir¡n *f ihaù cìiaphxag;no Íhe '*tillsåt5*ns *f .the

tø* hesidåaphragns frou tlie såee y-%t îreÏ"e eüTlTliared to sae hütr ¡ï'üeh

of an effectn if ønyo lrad- beer¡ 1;ror¡.¡.ced T:;¡ the ånsuJ-in or s€13üÌrø

¡ï-esul'tis

The res¿its ohixined are elæe'n in Table I. Ii can bs eeen tlet,
due ic ,q;'si;t r¡¿,:r:-¡lÌ:iii'ï;3' *ncì- ånccnai-çÌ;"üï1eï¡e ne Fatisfae'ì,+rj. Cros**

respçnffi* r'elat j.cltsh.åp c+uitl Tre d*ieonsirated at thc jnsriLin r;oncûn-

i;¡ai;i.u¡aç i:*ed. ì:y FancL'le . .i'L ¡,e1:t.írely i:ågir. úörrçentretiens +f

å;lsulÍrr, *f llle çnLer sf one uni{: *r $tûï.e pÈr .*nJ-", *ff*ci;s fi*r*

re4d.3"33. d,:Ynçnsl1usble o

laviou* ¡ri*Cåfic¿tícris *f tlre methcd were år"íed ån an efflort, to

ånprove th*r rçsu-lten lt*gp-zding the experiaenlal" anina1sn e,J Lib

fe-*ding $r fcfiled fe*dln¿ rather t'hsn fas'Li"ng príer to sat:råflce

did noï sffest, r#euf-1;s, ÞIe:Lther dåd pånci-n¡; Èhç rais in e cojsi

eneirçnr¡*ent, irr' 6*l-8 hcurs pri*r È,e ki1lånË¡ a $eê.$ure ¡çiríclr æ,s

euggeutecl by Tforthci;:er?s repa::b {f¿;) ttr-st, i.b j_ncc'easecl g}.reooe

u'î;ålLuatien ån the di.aphi,irgtuo ì},"esu3i;s r'¡J"tl: irnparterl rat,s ?.¡erç 3ro

Ï:et+;er then lrh-sst-,' a'r &ÌJ:: dTTirr fu:bre c. cJ:::ain" Lta"phreri,:s fron acire-

naLect*rxrås*cï rats ,.iÊî'Ê¡ if aig;lhiai, Ï-ess respcns-,r-ve" Hå13.åcg tTre

brarght B0 1$tproye:senåo
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firn TlTlí. TJ.4!;& J

ÐiF:i.ä.ffi}rCfr F,EY:'t¡TÆtr {liJftil$t ú-!TLT.7kT fú$ Üî Rl:,? I{Ëi},{rc-íÅPHiSAG'r.-{

ffiffiiEållîlj TßTþT åïlF arïsc;Ur ffi$lj*l.$l

(lnsul-:n *ffeei e;presseci Ëås Bffo gluc,ose f ,Araw
nct weÍ.rihi riia.rìlragn / lv,) {r{ean f s,l;"},i,}

-t,i$Ë t t"zz lg}* *ü.ËL f *"rs t61

#É.gt { e.oo (ro}

ft.6h { o,uv tzs)

/7 ,rB t z,os ßj
{a,t3 * rs,{¡p {tl iz,t-!+ d r.gl (rl)
*6*21 / 1-3g (:.a) fro"l3 { s,r* tç\

lnsuLÍa,
fi*n*en*l"a*ion Ëiearbonate Suffes Fl:l*ænha'be Euffer, .--

IinI-1iL-t:i-$L'ü5
per -,yü-" )

¿

3.

3

h
Êt')

1$

* lüu,mber ef deter¡ninatÈsns shos*r å¡r paren'bhÊsêEo
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Fowdered auorph*us 5::su:-Jn Trås no bet'c,ey. than regr3:ar crystalline

zinc rv¡su-l-in" ?he rclåtåve acri.ts +î r.rsi-clg ¡11i:cr:ne csac*strations cf

3Ct cr 6Ct ng"frwers e.ssnine<l" Âs; nelther sas r*rperj-or frcm tþe stsnd-

point of the åtrsuiin effecù prcduced, it,',ryas cleeÍded to u-se the 1,CIær

eoneentration ae tþe amçunts utåIined woul"d t'irue be r*Erre e.seily detec*

t,edn T!:e åncJ-uså'¡n ån the nethecl, of a pet*.nd of ea'gilibratåm in rryhleh

the diqiù:ra#s ie vrashed sr seaked ån huffer bef,ore being iw-qierseC ln

the inauþaÈisrr mediue rsas not fç¡r¿nd to conl;ri-bute ar:yriri.i:g t'o the ae*

c?-rêc3r cf the ¡nethod. lïo rsatter rÌ:ether Èhe pre¡:araticns v:'ere -i:reubå.-

t'ed fæ r:ne, tiac er three hours, the heurly rates of uti-trizatio* shcrrred

ai:p::.?xj&atel-3r the ssrriÇ ra,nËe of ¡¡arlafiçn,

The resuLts of, a fev¿ triais uølng seruru aelded tCI 'br¡ffier are shür,rn

ån ?able fI It san -þe seen Èixat duplícate detenninatírms sh*v¿*d wide

variaüion anei i.;lraÌ; e stí¡¡¡ulent, effeeù csulLd not 'be co&sis-b*r:tï-y rienon-

etrated"

ÐT$ÇüSSIûI{e

Ëstimates Bf, no¡ssL pJ,ås'rï.å i¡eui-in aclí.rråty ireve rangeel frc,:u'bhat

ef ifal-Lanee*k'ea and HurLce¡c (ff)e ü,033. - ô.08e r:rtï,/n]"., tc that of

fi.æ"¡dl"e lç)o lS r?i-t/ra3" Ferli¿utter (?) was unahl-e to clereet any ínsu*

lån activJ.qf iã :-;.or¡riêl- hunan plasseo In addii;ion t* thase discrepan-

eies, aJ.l i:he ¡tetheds have_ shûì{rå great rreråabí}ity 'eitho ln ttie ease

of ïìandl,ets aNperimerrts {9110), unpredåeôabLe devíatíens frcm previ-

ousþ deter:mine<l cj-ese*rrsspÕnåe ciårves ô

&: the eaperinents rerrorLeei here, using þåcerl:slete arid phsophate

bufferso ::eithr:r ånsuLÍn nsr serun produ-eeci cnnsl"stent stinulati.on gf

glueose utíLåøatíen by the rat di-a-phffi@o
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$ånce, ',r'ith ih:'-s nctircdn -i',l':q-; bes..f, t}r¿;i; can be iroped f*r ì s en

åndie¿.tl-on *f qe'þ* jnsuLj-a activåi,y, i-t is paesible fcr var"iatj.cns-

i-r¡ åÏre activíÈy *f i-Tisul-ii1 anbag*aists 'i:e ::::rsir l!:e efÍø*t;s Õf ar6r

j::sui.i.tr pr.rrs€ilèo

Ër$IHåÏffå'
Ïli vi*rr üf ri-¿e gtr:at, d3-ccreiraneåers ble{:ls¿en varj-sr.ls ¿lrzth*r,E t €s-

tinates ef :rrsy¿ral hr¡rsån p!*srie insuLín actÌ"vååg, ancl b*c¿luse sf 'çhe

a*.de -çariebílity of resulie b*th i.n'i,he lítø::ature and in the e@6ri*

mentg reaÕl"ted heren ít r¡ould s.r3pÕar theÈ there hss net hr¡en r¡*bLj-shed

ee ¡ret a uiethad of Ðl"asrûa Jn"^uLin &$e;À:y'tzhich has b*en llr*v€n guffl-

uientþ $ensåtíve and aecra:aii,e f*t use i:r c1å:rj.ce:- reseäT,shn I{: is

;xis';liJ-;tcd i,ll"¿li v¿;rj.a'i;åt¡¡'rs :..Í? -iegir,,¡rgJ ¿rbheir than inc'*LÍri:r rrlr:i.ch sri#a

!nflnence ;1lrri:*se np'briiro aï'{3 s'ü;spüïisiÏllei .í'or the i:1,:n*sir.¡1,*zrayt' a'l

i:il: ¡ r:sr;]t=; oL,t.elncdo
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cFã{FfEn ffir. T}!Ë Trtr*,8títc:':,l:wr d¡}'*.B$rrT,$?g sdHTñ{ ti{$g[$] iiü?Tïrgr
%

å3iïEû]:tiüîlü{*

Å13 tl:e aeihçCe for the bå+lo¡qír:el aexa;i ç_f ixzutri_¡i activ-åi;;i, J-r}

serì¡m ar p3-aæwa ¡ahtclr have ihus f-ar îreen reporûed (þ6) have refJ.ee&ed

anSy åg* ånsu3.ín actårråÌ;y, ûhe resr¿3.È sf thæ i.qt*r-aeüíorr ef ånsul.lf,r

a;:d ånsu3in anbagr:n-r1o"*eo ?he r*ei:l:od tø .h* rcÐsriied, þei.eilr has been

de¡Iised irr an ef:ferÈ tr¡ ffçaguce absÊLäte serur' ånsu.ii-¡r ecÈirråty"

Ilu vigneauci, Fåtch" Foke:rek and Lor:?ltropd (f 
-J jgr fE:f anrf 'trj¡zåer-

¡^tstÊinsr: tJ) jr: l-933 ren*'rt"eC- thaï tlre ürnj.nm acj-ci c}rç{eine* #*nyrwl:*,h

cih¿r sulfhydry3" ce¡rrpaundso åu capabl"e of i::aetivat,j¡rf¡. j-¿suljn b$¡ r¡e*

dueå:rg the S-$ linkaEes i;r the i::suLf-n ncåecul"eo l,one irn* ii*uieJ-íngs

(9) r*p*rUed tiet t.2.5f, cysteå.zre reel*ceC th+ ac'i;i.',".åt3' cf a lL,{ s+IuÈåpn

sf åns"r¡i.in t'c l-3-l"l¡É af åts çråcir,eL r'¿}u.e ¿iurånü *ne b,*i;.r'ln åne¡;-b*tien"

f;}.stçine hae n3s* b*en shnç¡en tr¡ nelr.traXize i.nsuLi-n j¡ lhe pr*eence of
pl"artna t3{J7.

@Ti{,r'

'Íi:e prep¡:aÌ:ían ernployed '¡¡as the ís+leteC rat d.j.a"jilr:.gfi36 Tù vraa

c'rnsÍd*J3'ec. ¡:oseiþl-*: tå:ai ths i:r*c*c.nr+ af,, å::nu-b.atin¿{ li s *+nírel dle*
phzugr* in a tn:í'fes" s*j¡¡tiexl end. i;he teeij clÍ-aph::u,w ls e c;i;1;èe ,*alrrtisn

*f eer:m in huffer so al"ilerved àhe *sm*tù* r+l¿r'bÈcn$ ef the tri"*$l:'ap

witir:'-ì;* e¡:rrlrei::î¡p¡:'b'bhe'b å.'tç m*Èabelie eelir-ity r.*o innaired i-i:. an

årregulilr f*ei:åon" lT:erefoc,e td:e nediure ilsed. ü:nsfstei si-iupþ of, t&e

sÊrìurl i;* be tested, '.,*Íth .4-si:gse aided tr,'r T:rin¡J ihe e*neentrai;Ían tg

d lï,T'ûr{txÌ-r t,'el-:r -ì :îT.l:Al.

TJ:¡Ís r¿'diu¡r¡ r¡as di¡¡itled i¡t.ç ¡i*ix,es rnç-¿nL" pnrbi-ons, tü çare

pori;å*n *f eaci: pa'i.r *'e"* a*ful,*tå J.9. n¡,;u ':f cSrsteÍnc iltl_ r::X'si,aisu fhíe
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Ðoi't,iffl r::rri iirîn 3ìl 15rf1. "-'..] rlr '.ri.Lreigen 'bo Tl:'+r¡çn'?; qv-i-r]et1*n of c;,æteine

"t¡.i c-r,+j-T:.intl, fu;'ci: iilec¡'ja werÐ r:Ilsn jncui:ai;erl ln & vø,|',er bai,h a{: 37ÞC,

îirr t'rø ?irluïo !+'t,'lhe ¿tri- r¡f ''ohe itcn:.:', â:r ¿{i 1i-ì, fed na,1^.r: r'et'.",reiqhi¡tg

L{lt3*1-5t Ërêris wa:i kill.ed þr cì.*:eanitet:imr" iilhe ttr* 3-eatr*s ¿tf '¿lte rJia*

phraga were q:iiek}.l,r rlisrer:ted *u."1¡ wezgÞeå ar;rd imn*:rsed 1n 'r,}re lrlçt:ba*

rf' -.f¡töïl rí¿Ðûl-åo ¿;r.: f,þ.pkñ.nçl:e ihçn gassed qriÈh 5,Á ca:r]a*rt clj.*xåråe anð,95ß

rt:'ty|len. a:d- ånçirl:p,b+¡rj. in a w¿1,*:" Te,th ;¡i;3?êt, fû:: r¡ï'ie h,;nr" Áii Li:e end

of 'bi,i* 1:1tlti.t"\i'ttß glu.c,:r:+ str-lii.åit',s ef bhe fL.*,slss anc{ of th* *rigíne3. in-

er:batj-c*r. r rd.ísm :¡¡eyæ deiier'¡*fulecl b,ir lhe pl+'hìtÕd of $oiaclg;oj- (1-ç) * Ti:.e rlif-

{'=:evt+,: l.rstr'¡e,sn t,he ¡¡Ju*+se r¿'bílåzatit¡i nf i'be nEn-ittia*,i:rag¡.* i:r u-nm€xti*

fíed nen:r¡¡ .ânii r,hal tlf the crúr'T,ðs.rpondÍ-ng h+rair-{iap1rrugp, irr s{:}:'rlri} rre*treated

wi-b}¡ c:¡stein* rras a.t+"y1.þ¡"+.*'rtr fr-:'blre insuSin csntsnt of the ri*rr¡r¡r. ?!råe

iras e¡ïFrëssed. as nr" r,1b:-e.rr¡¡ r¡.tål-i-r'ed. per gtan øet r¡el"*l.ht díat"rhv¿Egt o*o

hsnr" L{o ,:qtiennt qes m'¡de te ex:r+ss *,hi-s as unJ.¡s <¡f insrrJ.in,

T+sbs ':r*T* ,:na{'le u,Fön s+::r.*n from r:1Ìn{.ce1_1-y now¡sl- suhJeeì;s j¡r lhe

fa.slinq i:'Leteu fol-1øring a glueese meal" ancl foLï-crrång inJectíon of ínsu-

lino /r.n infant rryith ídíspcthít: h;¡pog-3"ycolr;i.a a:':d an acfiri'v ',si.tli cliabeÈia

aeidseiç xçre aLsis studledo

fhe s:ff,ect *f aririin¡; íns'nli-n, ln i¡itr+ iryss Cet,eïr{tl"ned" 0;ysta3.3.ine

nins i*s:r:LÈa prøcter {üeiu:eugh'b) wit}rsut pre*ervatåne '.åee rlinsr¡Tv*il {n

{:.fil T{ }i2S*¡* ænd as:ded lo aliqu*ts çf $.Êrullr 't,o produce 'che desired csn-

centratím, fo $ mLo e.f serru.ri¿ ü'1 ffi1. sS iihe iasuS.i¡i sol'¿ti-aa &f ap-

p,rapråate rcncentrat:ion e¡as acidedu

äIIST&TË*

tçfgel g*gþj"f-e spTTs ,þ q.rq-,ac,t lg
?abl-e 3Tï shl¡s¡s the .tãstiv;ï #í?T'ur's lnçr:}ån

e3.åniealþ nofirßl- aduLt subJeets" 'fhe figurea

aetítråtíes trf tsîel.cre

chewn r eprêsent duplícate



47 )*

SÁËT.Ë TTT

FlåÊ:fiit* $1îF_ütr î,:ls.iL3lõ ålTjTTT]í írf :_;j,:Liìiïil.¡:"l,lT Î,!iljT'#,T, tiïnuïiij:l,g

ülti*r,rs* iit iåíaat i.r:r:"

{w J.f o.n,v¡ei -æ-b'/hr" )
&ez te Sln:n y' fiee,a Ðiffrsre:Lce, Yas.iatiæl ef

$ubject å.ge Seru¡B tysÈci"ne Fiffererice (Tn*i:3"3n !:tc'i,ív1h3r) trrp3.åcates frean
?hein &4eane

I*$" M ?7 9,?$ û"0Ð 9,2t
2,'72 0"0t 2,"îT 3"9{t L"25

XÁolJ* 3a l+C /*"38 3"07 3"3L
S.3t] 1r"15 L+,3-9 3 "63 þ"3?,

s"s' s{ 3t -f:åí fi:åi i:ä i.z# t"z,
H.S" V 5A 5,fr 3..t+9 3"*7

1r"86 7"5Q 3"36 3,18 o"?.8

Ëoã' F ?5 L+"51+ 1,1J .3.1+1
9.18 2,Yl z.,g! 3"L6 9"25

ÐoÍu F ?3 'l '7U 5"11, ?.63
S ,5? 5,í\ 'å ,?3 2,78 Ð,15

Ë,{1. ?Ã?3 ;?"0t} h,lü 2,98
T "75 5"& ?.,W ?."Ër4 t.h5

lfoF.lo tÃ 29 3.?¡å OuSü 3"2irL"66 o.ffr L,& 2.,145 t,Tg

t+.15 1,6o 2 "í5 z"ts o.?1

ü*ryn w.2.6 2"t3{t 3,1Ê t"g6
2"Lg 0"CIt ?,Lg i.g$ 0.6L

G.P" ift L7 1.98 ü"Ct 1,98
o,5ç onûü û,55 7.27 o"?1

,?d, Fo 7Ã 37 3,2b 3""tJZ fi"ßt
z"'15 s,ofl L"75 t"¿& o.88

7,1çart 2.*5]¡+ l.f*an 0"63
s"D" å,oo s"t. /0"38



^2.L,"*

det¡emj-nalf"ons ær ühe sff$e sFêej_æen *f sÊn$t" -lhe 
nean of àhis sempåe

t
r+as 2"51+ f t"oo {s'bandard deviatiani} *e,f ,w,/w* r¿¡- ti,¿o suirJe,;isu du*

p]"i"c*be dett:'rån¡¡"'oí*ps differed fr*y* .llir:Lr Íleåíls bi tlver t"W wg"/#../hr"

fhese suhjeet* y¿ere r¡ni.i:i.eci frsæ the t*bleo Tn hs* subj*cts, B.-åo and

í1¡*Tî"t repeat fast,ing i-ete;.æin¿tå*ns "*eye ,"å.*n*, sn dåffereni .:le;¡s" JL6

seen ln T¿T:l-e v, t'Tie naluee ebtai:red" laere €ssentielly rrr:chå::q*dn

TigTÍ re fL S.{r & y_i !qf_,.-,S4,i *çq q{J nq-.'l+p

?æi:'le lV sl¡*'.,r* th+ ef:fecl of thc ía våi:ro airilitlçn t¿: tire s*1l;flt

*f xinc insulin crj¡s-ba.1s in **n*e*t,raiions of TS* ISte *nd- 3,:0.ni,I/.øl,
gith 75 tnlJfms-,u'i:he:aean increaee eT¡sen¡-aci dir; i¡CIt diffr*r ri"gnificantþ
f-tør* serø' T¿iåh 15ü and ]{ii; rirti/ra]"øp pttâflr:essi-ve increasç j¡" serLt{ in*
suLån a cti"vlty were ntltedu lhe 3nc¡'eased ï¡r*ílucecl by 150 nU/mL. is olg*
nífieant a.t .Lhe äÉ l-eveL¡ Ì:he increase Frectueed S' jcrt nrtl/n]"" ås såpprÌ.-

ff"cant ðL* the $'á l_eve3." k sigtæe ? arç .ol"ol:ted the mean fulereçn*nts iri
gl"ucose ut,j-3ir.,a'Låon ë*getlrer øièh t,heir *tardsrd- err*rs for eash added

arn*t¿n'c of åneuLån" Tho poånt,s th.rrs p3.otled. can be joined by a straÈght
ir¡*a

ßt -ifåe*Lsf *tsng l,+q*, q{ cïsiq ïs
Twir rubje*l:,s'.ril::e assa¡reg in'i:]ie fasbi-r:¿ï sj:ate a;1*. ¡ift*y the ln-

gÛ*tår.r: of íS f,-$' Ëiluc¡se {?abie rJ) " In ,ioîlo i:he cen¡a insr:l-i:r ee"bivåty

jncrcas*ei" fr*n l.tg '¡:$ 3.T? t¿q,/ En,/'*-r. Trr l:i.Ðr the serr¡e insr:l_ån actå*

viÈy åne::ee.sed .fy:ty,* ?o?5 to B,g8 ny:,/{.nufirryo

fst subiec¡' I3oI.¡ "Lhe fastírlg ssrum j-nsu3.ån;ictivåÌ:3r ïras fär-nd *e

be 2.?8 n&'f W*f hr" Irr¡aetlieiely afier the f'aeüing speciroen ?r&s drawn,

15 rmiÈs of rogu1ar inEr¡Li¡r was ínj*cåed intra-v*nor,sþu "å. aeeend



'i1{ñ :tIf'ff,JY *r TI{t ïffi \riiiii} iúlüï'lï*i{ {iË llü$ilLïTT

*:{ TiiA 5ï?"Tñ4 f'l$iltffi ¡1'-1TIi/TTY

lncreese in ßlucsse Utå]i"ãiåtion
{r,g,f ,¿e,fnr"}

llr:rcunt rf însi;.1ån ¡:l.arledc 75 110 ltJü
. .?,F I 

^ 
\

( rûraLa-unrss/ Tn¿e /

ËabjeeÈ

AoÏã"

IiI,F"

s" Ü"

î- -:

?. "t1+ 2. "3!& 3,t!
ö"33 2,gg

c.7"f 2 ,û7 í.33

t,88 ? ^'l¡5 â,irï

0,1ú {J "g? 2" üg

äd!:¡irü f $"ä,ff. g,96 { a*Itz, z.{,p ú'øÅ# t,zø {, ø,56

.:¿IlI;*; lV



*26*

':,+itåij,',.!.

tltiit t;:ir!äüil ilf' $;i -tf(]'EliiÏC,.Ìt íiTt .iLUü1iSE {-i}t

Ti1[ i:i.ä]üifvi T];$ITLI}; jrúf, IVIIÏ

EffeeÈ sf
Serr¡m y' treår! ìlif'fârence ßlucose

$abject $necj¡i1ffi1 Ses.uia fys'Leine Ðifferenc*r (Ti'su.3-in Áctj-.¡í.ty) l¡:geståen

ßu'11t" Ja"su-ng 3'l+9 ?"9t O'59
6"[r$ \"8É 1"6û ]"ß?

t houl afÌ;er )+"Bc 0"00 )¿'80

5Q Ê, ;-i-lu.ec*ie 2,TI¡ S"Ût 2"7h. '3"77 ?'"68

T{,!), Fastång li"8i+ 2 '59 2,25

l- hour after l?"PS 9"ß9 fr"t6
50 g" gtrucr*e 13 '0íl 3"3o I '9ç {) "}# 6"73



INCREASE IN

GLUCOSE

UTILIZATI ON

(l"tGzGM/HR)

3.O

2,or

l.O I

o
too

INSULIN AODED

20 0

(ruuzn¡l)

300

f+g.oryLl. The Ëffeet *f the kr Sl"tr* Åddifiosr sf hsuLix *n Èhe
Serum InsulÈn Aet*"vity.

lt( + Þåean f $. fl.¡f o )
I



sÊrìlffi. i:*,TrËl{i i1T:t#r-.,, firre r^::.rt:,a;ç:: }._:,i'.:1, çhc:¡r:-l ¿*: j-ns'¡,il-i"n acti-rity af

1.32 zn.1 ,f g.t .f Yrr "

ln suì:iee¿ Ìil"Pa, b?t* -q&riÊ Þr*reCure -rräs "rrse{i except lheÈ tire e**

conei frëra\n sanple was dvasm fræ 'bhs o;:pcsiÈe atn h5 ssomds aftcr üre

j-r:pr¡åin f-njeetim:o ?he ä:rËor$rt af i::isï.1i;r, use{l Ín .bhi* øuhj*et was ä0

umLi,a" îrt ÈÌ:ås easep f,hÉ F€strr:L J::sriï:r activåty r*se frcm Ð. rr.e^

:.ri;eeti-crr: Le-r¡el a! ü,ú3- nE,f p.,f'ræ. tÕ a :est*ínjectåon Level üf j,ld
mg,f Ea,f lrru

_Håe$lic år'_*.rÉ=gu jgå ji::ggg}g - ç Ë r q -É :*{..î*:{
The seru¡n ånçu?iEr acåi''råt¡¡ *f. a $*xlç¡tii cLcf fe.maL* 'r-Ì th id.åopa-

thåe hypoEþce*ia øas lio!â mg"f gn,/'w, 'JJ}:åø i,q3Ï:c, r"uc hl.¿lic¡, i,,i:an ;¿¡e

fe*t',Lrg -r*.lu-e 'ri:'i*inetl nn å.ny c-f;i: i. s:,*jccù. 1,11uci:s'3 t,31..ttç:Tz+ai,íÀ.bic,n of

th:ì-e snir:,*: s;:;ei:rr:n cf a*r¿¡¿ ,s'ex bJ:a;.r-o 'Jr.:eLi¡.r:,1r,; v,¡iih ;':ü111. sät:(:Ð$s*

!:v,LLV T¡xeve:i;eð ess'rìilsj-or:s irut ,åíi ns',; b;.5-ng Lhe t;J*ocl suq;ï. j.nbo the

.:i:pre?J r8,¡r.Ì::o 1}fiü houi" *íbtjr :ti¡;-f.; irr;1,:blcno Llla tgm^g i::øulín actå-

=¡it;¡ '¡.+s l¿*frL rø^o/2¡ts,f ?v"

Spryg{pq"}l* ç{*e, lå*b.qåAs.SfÈfr iTiÈþd.qfp?1 ?{ I"tq1*
l+ 6J-"¡rça¡ *lci nale whs hati been citabetJ.c fçr nå¿leteen Srears shcwcd

å sêru]a i¡rsulf:r aetiit{-Èy nf 1"?fu mg,f gx,/kt" hl+ ircurs after reeeivång

his last injection of reg.:.3.ar i-n$iåLån" iifter a:cther ?h heurs ilad eLa-

psd¡ ns Ferugl insul.jn aeÈiiråtiy rqas demsnsi;ræbl-e. ¡tt, lhis t,j¡¡e the

¡atient wes lcer,ciic n

ffiff*
Ths ci;riLí.by af c:fsÈi¡jne ùc Ìr:eea;iv:"'Le j.üsulin &ss .r-*ng b*eil kr:øwn,

b¡;t "Lhiç 'Ðlren*mençn ?ias never b'.t!zTs bccn usi:r'j *ç ai d í¡: 'i,*r: es"birnaÈ¿on



*1':-!*,

tldif¡ðÈ Õ È å3.ËËf,{Ì

*rs **%

':;r*m&gd

'ln$***

i ri¡: ;3;Tx' : : ?: í:t:..J. í:iæg

'j1."::.,:': 7'4t|1|::t:; lt l a;h$

îîf1 r'l -Y'\ :íi.. 
rT"}"fr *f

5.n #øWs HEIâ,"



*.it-*

'.fh+:*e -.#r3"iä.'t;j,û115 ì:å:'a ã ri:ã:l:1 .;:î i"l:i-,,¡lih a st;,nCaid d.,.:vieiiea ûf ü,38

rdg,/:Ea.fltr* Tl-¡e síø* r:-.,- *h*,-t¡eråAbianr:. r;thç¡;rt(. ncr ¡,cl-Atll;n.1ú*.i,iic Sløe

rf 'clre ol,eer-v*r.l r¡r,"lue, îfiet3t*r il:r ra:l:f* st .,t¿tLt.sión er¡c*untcrçd åg

permissitir': "'ii.il c!,eË*:nd ap$n il:p sÊ.se *f {,he riif:ieîences çl:sez.ved un*

der lre;:isri * +rcwrj*nr¿:ri;a\ çty¡id1tåcng 
"

?i:e *sli-lx'E*'es lúr"nú:'re¿tL h.rirae-i:. *lesì::e {n*ulín activÍ--i;y' ti¡u* far
r'c:;:oz"F"ür. î'ãlrgs fï.ar:; ít Ltr;¡ rf rJ*üjL ntLif ra3'. repor*i;ec by îa11*nce*ü!r.ext

a*iJ ifu¡:lçr:k (4,),*c, a i:igh çt Lj mU/r*}" ri:irort,*d'e;,;,c::dic, (..r), #j.nge

Èires+ v*.Jr'¡"es r.'enrcsent ;:*t i-¿snLi¡ acii.¡s_ici¡, they eii? ïì-1ï c{'l:;,;,}ar,¿hle

t'û *"f}e r*i-nee fcr abs+1níe insr:1i:i ac'bi-rråty;,{,:i*h a::.e gå-,,en r:.j: trtåø

Ee'Lhcd, j:¡'o.ß the g,raTpk Ín. !'iglure p, 'Lh* ï,îüsn ner.i:îå1. i::rrxan i:rsuLin

aetivl$r of E*51i vng,,/w"/hr, :sould r*preserrt an j.nsuåln ßsî?csî]tratåon

ttf 825 nrïn!, 1f ihe sÈraí¡1h**linn :r*l-etiÌ¿p¡rsh-ì-* ?rt,Lrli t¡rr¡ .tj:m:ç;;h*ut

the ::anøp af Í_ns'ü3,ån. ccne*t&ratiæne.

lhe f3ndfu,3s r;f å Êr€ruxo i:rsul.ån aeiív!.ty abcvæ the r*n¿* r¡f :l*Þr"-

:¡a1 i-n *he in.faq.b wåth spcntane#rrs þpngl*.r*emåa *ugg+sts that this
n',rbj:cí ma;r !:eive ¿n cru:c€Ës af -j-nsulj:r i:l +rhe s*ttïrfta 'í.ry¡¡*t¡r1yr it, ",î:ïLl

b* ne*æs6argr t* s1,ndy ¡:o::r*¿I i-::-fan'b,s h*lare tiiis r¡s_luc cfi.:* be c*lså*
clcc'ed d e,tl:i n:ilrr:ly ¿¿bno:rærl¡

SlÏ*lt{Åäf ¿4i{ii í.:tÎi Õlüå;ïi¡l,íS I

!', netY¡uú- ]ras T:een p:.*uponed fc:: :rh;clu,+,¿ sen¡-¡c

"*it*xe'r'¡ use is rnac-ìe r:f thel plcïert:r *! cys-i;*Ín*. tc
,s'r¡3-ino llieph::.e¡;::s *::e i:cubateC i:: ::l¿*: setritiri ;ri.;;:

t';l:zinr*o the c¡.i.+iÍer"Enc*s !: rLnccss u,;il_i-set:iüä r]ríi

c¡f absr:iu"J¡e irisuiiri ¿lc+,'i:råi:f *

insuLj¡ ås{rc}'

inacliæli;c ia*

and -Eí'Lh*c'b i:;¡*

"bakr¿n *.ts ãfr i.*dex

Ðr'r'l'î'¡'ì¡.o*' î*süf-j;$ gu:rtcsî :.i.::1, ;l.,iii ii_r .i ?ïá3.i.:.-,. .t::üt¡.1:u.Ta" bei,ng¡J -,r.Í \, .-;.1 ¿ i-i J-i, ri

åncreased by Lhe additåm of ånsulin i:r rrívo end in uitro, ard by the



!*g*gtiry: cT a. 41^irc*:e r:i*åI, :*-.,t':.'t:ç?i,r',:7 d,acrcessú Í'ûJLg."¡í:llq tþe¡ ïfi-thrdrålaaL

r:f å:-lm-li¡ frcru a diehr:;'.ie r:f -1.*n.g*ntilnrií:cg,

?he rs+sn v¿rli-ræ fçr L*e ¡.bs*l'¿ic ssrrrlr. i¡si:,1-in a*tåvi'o;r cf n*:sr:ef.

f::eting ¿du-1t,*; 'Lç ?nlì,', zng-f p'/':tr* ,ih.t-r,h **yi'**'ttrltlc1-*'t È* fr çüfil,t åns"dJån

* +ncal-r*,:¡av=. ç-- r:,f ?.2fl "::{,1 f nL *



_.-\.-:\tr;, 
:t-1"_a1f 11 :Ì c¡i -.- ri -1":li1.vil,r)

i, .,*:-:r;c3-no Jo iit¿cfj" iJ, exp, fü*3-. TãeiL! -1ri" ;:g; '*7: Ag5Ð"

?.o *rrig*Ïnans i',".io , Lioei.z, ,,'o_Lo, :l"t'il,¡*-Ì-¿,-ics, .l-:"iå, a:;,i Y"r:*ffiu 1,."]l;i'o
i,le't¿boåisn" fir Si3* LF96^

L\zz t'siz "
i+, 'lrcen, .T,, |i¡¡;;1,;j1i,1;1¡, ,o'tu s 'ïlT-ieb.;ai;ds, ;ìolr'" end ijl-i,.,¡lí:åîi, 

"roRaJ" Cl-*n" Iir¡:,î;f,j. ;" .JL: gT z 'i?jZ.

5" iî;,r:i"d]-*, PoJ* BriÈ. .,ic;d., J , i-"t 7..237 ) 1-g5l|,"

6" î/pJ.lance* r;,ten., .Î. al,.] ilu.":t-c"i, f" I¿.rce,r; ,l-: í;ì: ig5h"

7" ilu ifåq:eç:¿dr.-rloe Jri.hliir, ¡", ?*k&r*3<, ä1" ancl Lcck*ron*ï, ,li,?ï,, oT"
ï}ioL" rJheir,o ?1t." Dj3t 19jl"

9" I.-.:s, Jn ;.,:,rl- l'leutsLínqso jo ,ijårl+hl¡iu ci; .ü1ephyen.,4c-i:e l+: 511¡ TgSû.

LÕ" llrno#]'is \;.1, ¡, Í'i.c3.u ùhe;. L6f ; {1-r, Agl$,

:i,lì lc:.:l-l¡cl).o¡y !gt

fl s'. !}" jji',:terstei.nr;ru {3o J, 8j.ol-" ijiiei,ro ï*t* W3e åt}3,



åtl{Îí0trI"fi ÐgËÞlì.:l¡rrß

X :rish tc aeknünåedgr* the hr:lpfu1 advice ar:ci *æ.st::r*cÍ:ive

eråtieisl¡r *Í frrso ,1. F, Ferrg and J" J)ouireu ancl t,he teclmieåJ.

assisbancc oÍ iÌ-iss lielcn ÊÕüÉ;n.

nr" fiu *øy*.ryn, Horua¡¡s 6f tffii.lêught T.ab*ratorí*s kÍriciþ

si:rpo3åed Èhe i-$su:.ån uçed in Èilj_s sir.r.dy"

,1

ll¡ :, '¡ ,:.

ì.. "-1, 'a,.,


