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l. 'J.'UJ.t: UQtiAOE REBPONS'J CURV ";J • 
..-we :rr 

?n May,· 1922, Banti.ng and Best, workins in the 

Ph)"oiolcsy Det>artment of the un1varait7 ot roronto, ob,., 

tained the first active extracts from pancreas. The 

c:redi t tor the prepat'u.tion of $ucll extra.eta oa.pa.bie of 

eftect ing a lowering of the blood and u:rino.17 cuga:ra,· 

and serw.oeable in mi tlga.tlng the· eympt oms of expe:rl•· 

mental diabetee in animals, and of bwna.n diabeteQ, 

there1'oN, belongs to these two worken, to ttaoleod and 

Ccllip (i }. Improvements in th(? method.a of extraetion 

and pur11'1aa.tion ot insulin followed quicklzi'. Accompany• 

· ing this we,:-, tbe in:vestlgQtiona ot the physiological_ 

obemioal and phyuical properties or the hormone. 

S1nce that time a maso ot evidence rel-at1ng to the above 

and produced by a hoot o"f workers has acoumulated. 

The moo-t important and eao:lly dotet-mS.nnble pll;vsiol• 

ogical a-ction ot insulin is it• etfeat in lowering the 

blood sugar wnon injected parenteriilly into anitmlle. 

Thia ie o.oacmpa.nle.d by other peya1ological disturbances 

and. when eufticientl;v' great, it reaul ta in hypogly>cmemlc 

fn.ose 

adm1niatrat1on ot. glucoee. Doge. ca.ta and rabbito Bhow 

about the oame degree of' aena1 ti vi ty; pigs are ver:y 

aensitiva (156) .aru, sheep more resistant (1.56. 157). 

Goat, are v.ery resistant and reqUire at least 4 11n1te per 

kilo 'bOdy weight to p:roduce chock (l5B ). lUce snow little 

re11poneo at :room temperat1.1re, e~oept that the bod.y temper­

ature falls to a low \evol. 
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kept at 2a0c •• they go into convulsions and coma (Krogh 

quoted by ltaolood • 169). i'rase:r (8) showed that thete 

a.n1male are very sensitive to the act.ton of' 1nat4ln if 

inJ ected 1ntraper1 toneally, provided they ar-e etaJ"Ved 

prtor to injection a.nd, k.ept. at clightly inortu11,1ed temp• 

. emture. Acco~ing to Mctntyxe an4 Burke the albino 

rat normally eh.ows a high resistance. Huxley and Fulton 

.(l.Q,) found that conwiHliiona deV$l.op mu.ch .more slo'.72.y in 

frogs kept at lo-w t.empera.ture ( 6-S0Q - 120 ... 140 bou:t•s) 

than in those at higher tempelr~turiui ( zo0c ... 14 hours) 

and. concluded that ntbe aeti vity of insulin i twc:J.f 1s not 

t'Uisen·ttally !iil tered by temperature., but that· ito speed .of 

action ie dependent upon the meta.boli,o rate of the animal. 

1 t',ielf." 

2. 

The ~ffeot of 1naulin· preparation$ on the b:Lood susar-

1n normal animals was first studied by the Toronto worket"s 

(4 ). who obfJcrved the fall in blood .sugar level ot mbbi ta 

W'ith the injection .of a ~u.f.fio:£ent dose and thG ocourrf!noe 

or c.onvulaions and coma, when the blood ouga:r ho.d dropped 

to about 0.04o per cent. These findings formed the btu1i1 

f'or thei.r definition of the ·11or1g1nal Toronto Unit" which 

wao glven as tithe smr-.,.llest d.ose of insUlin that would 

lower the blood sugar of a 2 .. kilo rab'bi t, at~l'Ved for 24 

. houtt1, rroro the normal. level of 0.11a per cent to the 

oonwl.sant le'te.l of 0.046 pe:r Qent". ffowover, this u.nit 

wa.e mod11'$.ed by the Public Heal.th Committee o:f' the League 

,of NQtione to the '*Clinical Unit",; f.Q, •~e unit of 

insu:u.n is one,..th1 td, of the amour1t of mate:r1a1 required 

to lower the blood GUga.r · of a 8•ld.lo rabbit. whi(Jh hae 

tasted 24 nou rs, trot.n the normal leve1 of o. 118 pe,. oent 

to o .. 045 per cent over a pariod. ot 5 hours." 

1he 'blood sugar fall was eoon shown to be dependent 

on a.pd a.fleeted. by many faotors: (i.) The degree of 
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respQnse is dependent on the pu.r;l ty 1»1d eou:roe of the 

prepa.~tion te,et,ed, (il, 16a). (i:t) some rabbits are 

over•sensil t1ve a..nd oon1rultd.ona appear b,tore the blo9d 

au.gar hae reach~d the ,oonvu1s1 v~ level of o. 045 per 

cent (102).. {111) The $ens1t:lvitY ot the animal t,o 

~nsu.lin action is variable (163, 181). (iv) Tb.e $.t\H'l$1'• 

ti vt:ty 9f the anlmal depentla upon it:S environment 

(11. e, 159, 164) •. 

W1th t.lle injection ot sma.11 doeet)·,, tbe rate of fall 

3. 

t>t th~ blood o,~at' is d.ependent on tho moth·Od ot inject.ion .• 

Suboutaneou$ 1n,je4tion reaults in a rapid deerea.ee in bletod 

sugar, '1hi ch attains a m:lnimwn in 3 ,... 5 ho.tu•s (1.66), 

The onset <>f the fall ls lnter and .. t t.a duration longer 

wt th intr~theoa.l and ,.naba. ta.chnoid inj,eotion than with 

tntrn,venoue {l.66). Subcutaneous and intravenous injection 

are equally e.ffeotive (167). The actua.l value of the blood 

sugar depends on the sight from which it is o.:ra.wn (l6i1 

l61S}. The eap1lla.ry blood sugar eo11re.spond,s to the o.:¢er.t.al 

Valu.e. but the Venous may be much lower (:l.'10) .. 

The abeolut~ val,tte of the blood sugar var.lee with 

the ana.1ytJ.cal methods empl.o:ved.. the nature .of the non• 
gluooae reauci.ng substance$ tn the blood was 1nveet1ga.t,id, 

by Herbt:.1rt. l:lou't'ne and Gr•en (2S, 171 ). The n1ost important 

. ot these non;.g1uoose .red.ucing eubetancer, i.s glu.tbathi.on&. 

Aocotdlng to ~b1nowlteh (24) the n<m•glucoee reducing 

eubata.ncec lal:!G l'etti0TI,$1ble tor 0,025 pet certt Of the re• 

duci ng value ot the blood and. have a value 16•31 mg. per 

200 ml. Ei-nst and Foster ola.im that tlt~ blood. sugar a.t 

.i. ts lowe.st value 1n ra.bb.li. ts suffering f'rom insulin ;taypo• 

s1ycaornia has a reducing action, of whi oh t>nlU 61•76 par 

cent .i.s due to e;luooGe (1'1:a). Hiller et al..(26) showed 

that, when inducing insulin sbock in rabbi ts, thoulib the 

redutt.ins f.ermentable e.usar was redtuled to :aero, thr. 
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ooncentmtions ot non-t'enncntable reducing subuta.nees were 

not altered. Si~ilar results were re.ported by Dotti (1?3). 

The value o:f the blood ouga.r and the .signif'icanoe attaohed 

to 1t. therefore, depend upon the method of eatima1;ion. 

Adm1ni stration ,of' insulin to depanoreat i zed animals 

restores the blood sugar to norm.al, the respiratory 

quotient riseo, exceeoive ketogeneaio a.nd gluooneogenesis 

are inh.1 b1 ted and the glycogen stores are adj uated to noJ"mal. .. 

laulo and :Drury (175) adrnini stered insulin to fasted., 

depanoreatizod rats anti found a ·marl{ed aUJlmentntion in 

musole glycogen (0.16-0.60 por cent} and also liver 

glycogen (3. 26 ... 9. 78 per cent), wh1 ch oonfi rme the :findings 

of earlier 1nvoetigntoro. 

Injection ct insulin into intact a.nimala results in 

less mea.au.rs.able and more complex ph.yatologieal reponaes. 

'l'he f'ree sugar c:ontent of the liver and kidney in sta.rv-
' 

:ing anin>a.le is m..1,rkedly lowered. but tht.3.t of the muooles 

la not influenced (174). Ineu.lin adm1niatration does .not 

1noreaeo the utili. zation of oarbohydrnte in the oraani am. a.a 

a whole (l 76). From the exporiments of Brid.g~ (l. ?7 ), it 

seams that the action .of insulin is seen only 1n the dis .. 
/ 

tribu.tion of gl7eogen between liver and mu.oole I without 

incrnlin moat glucone is depoeitad a.E;J gl;voogen in thet liver 

end w1th .insulin relatively little goes to the liver. most 

a,;,poaring in the muscles. Thia confi:nne the w<>:rk of 

eo.rli.er invost:t.gators (178, 1'19 ). Stet ten and Klein (laO) 

found that the glycogen nppe·a.ring 1.n t1'1e mu.sol.e atter 

a.~ministmtion of insulin pluo gluoo@e is formed largely 

.directly trcm glucose. 

Whether the d1$appearance ot glucose from the blood ia 

the dete:rminina factor 1n the ,onset a.nd seveiri.ty of 

insulin convultions remains a qu,eation • .u'isohler and 

Bynd:' (quoted. from 42) expressed the view that oonvulsione 
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were caused through the formation of metbylglyoxal a.nd 

glucoeone .respe<:t.ively in the tis::sues. Rudy (162) :and 

Rabinowitoh (l.83) poutu3..ated that the flymptoms Bre d.ue 

eseent ially to the d.iaappearanoe of sugar from the blood 

etreani.. Another view is that oonvuloionn :lrG caused by 

the lao.k of o.xidat ion in the central nervous system cells 

( 184, la5). Aceo!"dtng to G(;ll!'rard {l86) conwl rU,.ons ocoul" 

because thet'e ia no availnble oarboll.ydr~te tor normal 

oxidat.ion. Drabld:n and Ravd1n (i8?) postulate the follov1• 

ing m8chaniem for. the production of convul~ione :• 

lJypoglycacmia ~ a.nhydr~e:mia. ~- :rise in cerebral :f l.Uid 

pressure~ unknown mediating faotora, possibi:, nervous--9 

convulsions. 

Sinoe the auooessful prepnration of inaulin and 

its subseql.lent :ma.wfac.ture by commerc.ial fi ?ms .. for 

tharar>eutie use, the neaoeoity ha.a ani.sen for an neoum.te 

and reliable method of a.esay. Although a pbyalea.l method 

( 2), based on the absorption bands· of insulin aa cri te:rlon 

of ito activity a.nd a chemical one (3), based en the 

inhibition of 01d.&lt .. ion of po1¥hydroxypbtu1ols by hydrogen 

peroxid.e in tb~ preo~nce · of insulin, have been proposed., 

t.heea l'ltl.Ve both been followed. up without su oeese. 

1he reou.lt ie tho.t, up to the preaent time only .the bio­

logical method of testing inaulin activ.tty. has p1.'.'oved 

a.pplioable. 

The early workers tested the activity of their 

pr~parations ·by injection into animQJ.s and noting the 

degree of effect, by vfn.iob procedures the conception of 

110ri.ginal Toronto Unit'" and "C1in1aa.1 Unit•; origina.ted. 

/Thus 



Thus a di,:,-ect method of determining insulin potency, 

· based on the fall ot the blood sugar in rabbi ts a.tter the 

eubcutaneoue inj ectton ,of varying qua.nt·itieo of an .insulin 

p:repara.tion, or upon the incidence of .oon'V'ul.aions in 

rabbits (.f>), bad come to be uaed by different 1abomtor1es. 

This <iirect method was extended to other la'bo:ttatoey 

animo.la, wh1 ttiJ r$ts and mice being used for determ:tn.ing 

insulin aetivlty by the peJ1centage drop in blood ouaa:r 

( 6) or by the inoidenue of ·convulsions ( 7, 8). 

However, it was soon £ound that, mainty beca.use of 

tbe wide variation :ln reaponse in. expe:r1menta.l anUnals, 

the direct method wae inaccu~ate. Meanwhile a standard 

wau adopted. :tn 1~25 by' the standa.rair.ation oomm1ttce of 

the League of' Nations (i). this bei.ng a special prepara"" 

tiQn ot aq .insulin by'droohlo:ride reo;o.rded as containing 

a units per m1111gra.m. In l.935 this ·Old international 

standard n1a replaced. by tho new international standard 

by the Oonmittee (lO ), th!s being a recrvetalli~ed 

preparation of crystalline insulin to which has been 

aaaigne.d a pot,enoy ot S2 interna.t ional uni ts per milligram~ 

As shown previously, the factors which a,f'feot the 

.responce to insulin awnin1stra.tion, are many and varied. 

fhef3e obviously restrict tbe a.ccurao.Y of the biolog:Lcal 

aeoay of insulin. l'.n order to mnimiee or exo.lude as 

many ot these, the indireot or comparative method of 

testing was 1ntrodu.c,d. ln thi& the effect cf· the un­

kncwn sample is oomJ)ared with the effect ot a .known 

&tNngth. of insulin standard and expresae4 1n terms 

the~eot. To compare the activity of insulb1: preparat.ions 

with the standard. two procedures nave como to 'be gener ... 

ally and almoat universally emp1oyod, viz.:• (l) the 

meth.ott baaed on convulsions 1n mice and ((ii) the method 

/'bnseci 
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ba.sed on the .:fall of tbe blood sueu.r in rnb'.bi to, both 

of theae having 'been fully dcisc:ri ocd and di S<maued by 

v0,riouo author,: (ll-l 7). 

7. 

The use of rnioe for. th1 o purposo was tiret nuggest• 

ed by .Fraoo r (8) and Voogtlin o.nd his eollnborators ().64), 

Trevnn and .Boo.::k {17) forwai-ded the most ;,raotical method. 

v1hile va.riou~ rt;f!nemcmto ha"Ve boen add.ed einoo it was 

fi:rat devi~d (15, 15, ll.a. 189) .• 

The ata.rt1ng point tor the ·d.evelopmant of this method 

was the obacrvatlon that mice, kept at room tempemture, 

were able to· withstand larso doseo of i.noulit1, but were 

promptly killed by small aosea when kept in a,n inoube.tor 

at tampero.tu res ranging trom as0 ... 35°a (e, l.$9 ). The 

method. e.s deaeri 'bed by munmingeen and Krogh ( 15), was 

first uaet\ a.a a direct method e.nd the mouso unit was d.ettn­

ed a.a that amount of insulin thnt would p:.rod.uee oonvul.sions 

in half tbe nurnl>Ar of mioa injected. The relation between 

the mouse unit and t11e (;)riginnl Toronto Uni, t ( 4.) was found 

to be ot th~ Ord.or of 600:l. 

:From 3 to 10 mice, weighing trom 16 to 20 gm., were 

used. fox· enoh assay. They wero fed on bread and: water and 

~o.Qh anin,.al inja.eted oubou.ta.neoualy with tho auitab1y 

diluted inoulin to 'be teoted. '?hey were then plg,c:od 

iling;J,y in glass ~ars in an incubator mth glat:ad doora 

and the temperatu:re ma.into.ineC. at ao0c. Aecol'ding to 

the inciclen oe of con'Vulcj.Qna., the .aoti vi ty of the sample 

unde-r tec;t was cal. mdated .in terms of :rnouoe uni ts. 

Due largely to fluctuation£ in aennitivity, the numbers 

of teat ani1nnls were greatly 1ncreaeed $tld the oomparatl Ve 

motho4 ~everted to (loc. cit.), where the aetiv1ty of tho 

sample was compared with the .activity of the stance.rd 

. (private 1;standard. of' the :Nordisk l1.1oulin Laboratoriutn, 

one unit be.ing o. 085 ~. aa ooinps.red t·o O. l.25 r.r,g. ot the 
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1nterncat1onQ1 standard.). Prom 60 to so mice W$:r-e used, 

halt reooivtnc the etanda.rd and haU the unknown sample 

and each test · r$p6ated ti-om 8 t" 12 ttmes with d.1fif'erent 

ooncentl'Ations on 4 · to 6 ooneecu.ti-Ve de.ya. ·'J.'he numbtn• 

ot ro! ee eonvulains in tach group tor. ea.ch test were 

noted, and the final result obtained b;y plotting, tor 

iltandard and. unknown, the percentage convulsions asa1nst 

d.oaes. F:-om the.two curves thus obtained. the aot1v1t1 

of the unknown, in terms ot the ato.ndr:;u.-d, was calculated 

arithrriet1(JQJ.ly. Subaequ.ently the cn.1rves were replaced 

by Gtit'eight lines by· plot tins the peroentage c;uS.n•ulelions 

1n ea.ch test against tho loga.r,i.thm1.e valueo ot the doses, 

and tl1e final l"e&ult obta.ined g;-aphloa11Y or arith1net• 

ica.ll.v by tht method ·of' least sctuo._ree. It is important 

that in each teat the aaownption regardtr.ig the strength 

ot.tbe unknown ebould be as nearly ooltl"ect a• po&aible. 

110 th.at a.bout the 1aatne r,un.•oent1'f:CG convu1e1ons 1a obto.tned. 

in e•ch g~ou.p, Each test S(u.•ves G.lill a guide tor the ne,tt 
. . 

and, by finding the probable strength of the unknown by 

inteJ.'polation in the normal ou.rve and using thi$ recmlt 

in the next teet, reliable t"eeults can be obtained, e-ven 

wttb large simuJ.taneoue vatiiattone in the seneral 

aenait1Vi ty. 

Trevcn and Boock (17) :fi"e:;d thei~ mice ,on white 

bread and 4'Xoeea milk and etattec:i them tor 12 to 18 

hours prior t,o the te.st. G;roupa ot 60 animals are used. 

at Which half receive the stand.ard and half' the unknown. 

dose-s being '1,dJusted. to a body weight of 20 gm. 

During the teot the an1mAla a.re p1"'1oed. in zi:no bo~es. 

whioh at:e for three qua.rtera ot their height immersed 

1n a water bath e.·t aa 0c. In all, tour tetiftu are m4de 

usins the same doease and. the num.ber ot animals convu.1 ... 

stng within two bou111 with eo.ch teat observed. 
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The percentage convulsions_ for eaeh group is pl•tted. against 

the dosee and the two ou.rvos compared with a predetermined 

reference curve, from wh1eh ca.n be oaloulated the rl'lt1o of 

the activ1 t1es ot the ttandard a;id sample under test. 

Trevan coma1del"S that the relation between percentage 

increment ot doae and percentage increment ot qe>n.V'"Ulaion 

rate ta constant. wkioh means constancy ot the actual 

slope of the leg. ao.se - convulsion rate aurvo, except 

.:tor variation due to .ea.mpling of the mice. 

Following the c:tontention of Trevan that a t~perature 

ot 20°0 · 1s lees effect.1 ve for performing the test than 

higher tewperatures because the dose"'oonvul.aton rate curve 

is too flat (17)., Hemmt.ngsen and Ma.rkf.l (188) compared the 

etf'ective·neoe of different temperatures and found that the 

. d1atribut1on of conuulsive dQia~o tor mice at a1oc .is 

&imilAr to that at 29°C and that the cl.ope of the average 

1.ine relating to the normal equi"lfa.lent deviation ot the 

pe:rcentagEJ co-nvulliion rates to the .log. dose at 37°c. does 

not differ muoh from tha.t at 29°c. 
Iiemmingsen (16, 110) atudied. the d:i.at:tibution of 

ind1v14ual $ensit1vitiec ot mioe, th~ .:factors influencing 

sens it 1v1 ty ana the variation in the slope of tbe log. 4ose• 

convule:ion rate curve in a l.at."g-e number ot anunalo, atl'b• 

Ject1ng tbe :results to ata.tiat:i.cal treatment. lie found 

that the i.ndiv!dunl •ensit1Vities of mice to insulin are 

n<>rma.lly d,ietri buted (logar1 thms) and tha.t th~ t:rue slope 

ot the log. ciose•normal equi Valent dtw1a ti on cannot . be 1:'a• 

garded as oonata.nt.. He deso:ri bed a method (16 p. 198) 1n 

which the ol,ope of the log. dose, ... normal equivalent d<:!Vie.tion 

relation is indirectly assessed 'by met)flS of the differences 

.in assumptiono · of cU.ffcr'3nt tests. and in which one dose Gf 

. ea.ob. preparation 1s so f.njeoted that the influence ot 

possible changes in aensitlvity during the single tests 

is eliminl)ted. as :ta·r a.e possible. 

•
1 

A cUsadvant$!e of tho mouse method is th~ aubJective 
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selection of antmal.e showing SJlllptoms or hy-pogl;yoaQJnia •. 

To cvero.oma th!.B and, a.t the same titne. reduo1ng the cost 

ot the assay a.nd personnel requ1:rements., Th·ompeon (.194) 

introd.uood the al.oping eoreer1 techniquc1. The grou:pa ot 

injected tnioe are placed on ao0 oloped wi,:e n:.eeh eareens. 

They remain on ·the sc2•een until advanced insulin symptoms 

cause them to lose their foothold, falling tree from the 

edge o:r 1:be · ac:r:.een into the ·provided tra;ve. trem which 

they can l>t ren1oved for 1nJeotion wl th siuooee. 

Howevo:r, 1 t was :round. tb.A.t the mice d.o uct tall A'W&Y from 

th8 screen until e1sns of insulin ahook are far adva.n<,ed. 

so that the mortality ie h1sb. Young and. Lewis (l.96) 

described an 1mpr<Wed unit f.or this ptirpose, oon.sisting 

. Of hollow wl re mesh cylindere mounted at .an angle of 

60° on YiOQd~n rollt:rs, wheNb)r the r.ote.tton aesttres that 

the foot.bolct ,is never •eoure f,or lons and, at the first 

signs of 1noulin $hock. the mice fall into trays beneath 

the cy11nde,,.e, 'L'heee oontatn cnow pell.ate and the animals 

are able to. ea.t ·suftiolent food to relieve thelr hypo• 

glyca.emia., so. tbat injection .-1th s1ucooe .1,i unnftoessary • 

. W1 th this iroeedi.u:e tho :morto.11 ty waa redt.1ced from '1-1,Q 

per cent to 1.7 per cent. 

The prlnotplea 1nvol ving the bio•ae~.a.y ot. 1ntUl1n 

by the rabbit method, au it W'a.l <n:1s1na1ly employed, 

have been diuoussect ·i,y MaoJ.,eod and o.rr (,:UJl) tmd the re• 

port by the Inrmlin Cor.tnittee ,of the University ·¢,f foronto 

su.bnitted (l,oo. os.t. )·. The earlie~ workers (4) had de• 

teun:ined 1nsuJJ.n aoti vity in toms of o. !lqnvul,a~r.e .... ~e;ve~. 

at,,,a J>l~ooa. ~!5ar cop_e:,!P.~J"at.to .. n_ol ... P• o,~. !~r.~. ,c,en~t < c. r. 
original Toronto Un1t ). It, therefo're, beca:n1e n~ceeeai7 

to choose between the inoidenoe of oonvuleiona an4 the 

fall in l>lood sugar level as basis for the method ot assay 

.For r,oa.sona oupplied by the writers (loo. cit.} the 

I~ .. sulin Committee of the Unive,i-stty of Toronto ad.opted 

/the 



the tall of the blood sugar. Their· method of pertorming 

t.he assay wae as :f ollowo: • 

To. set an a.pp:ro,c:ima.tion of the poteney of the unknown 

sample, j 16 rabbits are 1njeoted with a widely' ·nu·,ying 

number ot cSoses ( ± 6) and the loweGt dose, ,roc1ucina 

conv"1siono ln the maJority o:f' animals, observed. 

This convul.eant. dose of the unknown sample :Ls then o<u1• 

e:Ldered ~ .l original Toronto Unit : Z clinical units. 

an.d. on th1 e value 1 s .based the amount• ot the unkno-.m 

sample to b$ injected. into the test .animal. i 10Jr each 

test 9 ra'bbit,1. W<,ighing from J..i • 2. 2 kg. ar• 1.1sed~ 

3.1. 

They a~ ata:rved tor 24 hours and, immediately be.tore in• -

Jection, suffleient blood 1s oolleoted from ,each animal 

to detenn1.ne its int tial or faatins blood SU$&r level-. 

Three rabbi tl\1 are then .inj eote4 with an .ainou.nt ot the un­

known sample estimated to contain 2. 5 ol1n$.aal units, 
. . '!,' 

3~pima,ls reo•i ve an amount tHattmated. to contain 2 

t:ltnioal unite an.cl the laet three l. 5 uni ti. Injections 

,are made eubcutaneous1Y and from ea.ob an,mal blood 1$ 

drawn at li. 3 and 6 hours after lnJeot1on. 'the blood 

filtrates tor a part1oul.ar mbb1t a:re mixed or pooled; ao 

that only one ouga?- fit rat ion is neceesa:ry tor each rabbit. 

Th~ aot1i.r1ty of the aample is then calculated trom the 

ecauat1on: 
- . - a ! ~ -

Aotivit;r (o1inioal unite per cc): bx ox ;...6 

where a = _percentage of blood. eugaT be:tore i»J,eotion tt1inu, 

the averQ&e of the peroentasee of blood eugar found .in the 

samples taken it. :, and· 6 hou.i-s toJ.lowins the in.1 eot ton; 

b = percentage ot blood sugar before il.nject1on minus 

o. 046 per cent; 

e :: weight r>f rabbit in kg; 

o ,. number of ce. ot the original (und.1luted) 

insulin &oluti-t'>n inJected. 
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Using this direot method., the old international standard 

(insulin -hyd:roobl or1de) aseayed at s. t uni t,s per me. 
Jla.rks (14) described_ tho comparative method, a.a it wa.$ 

evolved anti used ill. tho ~a;tional Institute for »Gd.1 QQ.l 

Reaea.roh; .:C,ond.on. A,$ l"'3fGrenoe etanda:rd was used, a GGl:llp~e 

of_ insulin soluti.on eupplie'd by Mesorc Eli .:Lilly a Co.and 

lllto.ndru:-di:tzed by the Toronto Insulin Committee. At .least 6 

_t-nbbi ts a.:re used for eiMth atHJay. · They Bl'O starved £or 24 

hours and 'blood for the detormina.t1on of the faoting level. 

withdrawn immediately bet'o~ irl3·eot1or1. .Half tJle animal$ 

ot the group a~e then .injected with l di.inf.cal unit of tho 

refeJ'ence ctan&.J.,:rd per 2 kg. 'bodyweight and the other halt 

a.re given a theoreticaliy oo.rreeponding d,ose of the unknown 

.uample. . .From each rabbit bliood is taken at :nourly interval..s 

fer. f.1ve houri; anf. the samples from an 1:ridlvidual animal 

pooled. Tit-ration of th1 G 1iample gi'ves' the :meatt va.l'ue 
.,,.:: ' 

. (average .; -.llaolttttf. level,) of the blood sugat- · over 5 hcura 

and subtra.c,tlon of this from the t·aeting or :initial va.11.te, 

gives the u.bsolut0 ")lood suga~ red,uetion, which 1& then 

· ~•n•erted to the peroan.tage blood sugar reduction in o:rdor 

to compensate dttt~rencee in initial blood $ugar valu<3s. 

To ful"th~r eliminate errors introd1,1eed oy individual 

d1tterenees a.nd per,iocUc tluctua.ti.ona · 1,n the tesporise of 

the rabbits. the teat ia repeated a few days later, but the 

groups tt.:r~ :revereed ... the· tU.>•aa.1144 crossover .. so t.hat 

thoee rabbits, wht ch. prevj.o~sly received the fitandard, now 

recG1V$ the unknown and those that bad r:e()oived the unknov.n 

percent11-ge bl<>od 1naga:r reduo_tion tor .. eaoh v.nimal is deter ... 

min'id. Tile eum 10 now found of a11 the .figures for the 

two do.ys relating to the . unltnown sample, and similarly also 

the E1um of all the f1guree relatirJg to the ota.nda.rd. 

A oom.pari1Hm o:£' the two totals tb.en <indicates the 3tpproxi .... 

mate activity .of the unknown in terms ot the sta.nda.rd. 
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which can then be oa.lculateO.. In a 1u-u•1eo of ten tcatt 

the standard error was .found to be 7.,0 for the croaeover 

method as com~arttd to 9 .. 9 :for the direct methoc! (loo. eit. ). · 

Annlyir.ig t 1ds method to tho eva.lua.ti.011 of the old tnt••­

natio rQl ctancJare., . o. valuo of 9. 3 uni ts per m1ll1g.ram was 

found.. The appli ,.nt.icri of etat1stina to this method ha.a 

greatly inoreaeed i te n.couraey. 

In 1939 Bliss and t:arka ( 53} int l:'Oduoed the lat.tn 

aqua.re arose-over d.eoign, on<t- o.pplied the anal)"o:io ·of' 

variance and co ... varlance to the assay of insulin aa a means 

of studying the variables a.t:fecting tho precision ot the 

method of aasa;y. l!oweve.r, this method eu1'ters .trom the · 

\ d.;ra.w'baoke that •. for routine e.saay, it takeo longer to com• 

plet~ than the ordinary orossove:r, and that the oco.urrenoo 

of convulaiono OJ' deathw complicatos the arithmetic. In 

o~er to overcome aorne o.f theoe d.ifficUl tiee~ J'ieller ( 34) 

in 194.0 propol!'Jed the split orosa-over dezign, w.nioh con-
.t 

sista in eff'eot or two croeo-ov.er tests oarried out simul-

to.neously, the doses of tho standard being the ea.me ln both, 

but tl1ose o;t· the teat different. This method ouppl~es an 

estimate of the log doae-reaponae line, but it hae the: 

diandvanta.ge that the estimate of the elope iu obtained 

by var:,ing the doses o:f only one of the two preparations.­

Gtandard u.nd test. In 1944 Gmitheta.l (.Q5) extended the 

wor,c of lf:ieller to tlie twin c,rou,;-ovei· 4esign in order to 

further simplify the prooe.duro and 1·ule out tbi& disad­

vantage. Thie, like the ii;pl1t croawover, conoiets of two 

Dimple cros~overs. in tae one a. high dose of the etanda:td 

being oo.mpared witl1 a low dose of the test, and in the 

othor ·a lo':/ doae of tlle sta.nda:l"d with a high dose of the 

test. 

Lacey, in 1941 (192), desoribad. the method or insulin 

assay uaed in the Inr.ulin Committee Laboratory, Univeritity. 

of· Toronto, and subsequently ad-opted, wi.th minor mo4itioo.­

tions, ae the official mathocl by the United States 

Pmrhaoopoeial Convention. Thia 3-aesumption ot"osaover 
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method, involves testing ·the mate rial. on the bases of three 

aoau.rned. va.lU$8 (as opposed to the single assumption of the 

potency of the un,movm inother toste), all these value.a 

being used on esol;l day of the Jest. 

complete orose•over teeits are,· therefore, made, uair,g trom 

30 to 40 rabbits for each teat. The tange or aueumption 

should be as na.rrow as pooni blo. In a case ot· material 

pux,,ortQd to contain, 8$Y, 20 Wlits per oc. dilutions fc;r 

1njeetion are made on ·the b:l.sos of lO, 20 and 22 units per 

co.an, ea.oh 0£ thf,se d.1lutione coropa.red w.ith the standard 

in an ord.ina.ey crosoover. 

graphed, plott.1.ng aaewned · potency againit result and the 

true pot ency· read otr tU rec tly. 

period ot 5 hours with a bleef.!ing sohecil1.1e of o:. 1. 6, I 

and 5 l1oura. '.?be dosea administer/id anould be sutr1c1entJ7 

large to ensure nn o:v0ra.ge blood suga.r level below normal 

throughout the teat period, but not tJ.o large a:e to cause 

me.~i:mum effect. 

ln a. subsequcmt pap!);r (1946) the samo author (193) point• 

.ed. o,.:t that., tor a satinfa.ctm,y a.Esay by me~s of this 

method, tb.e range of as13u100d values chould be very small. 

Its u&eful range 1s very limitell and. by meane of the twin 

orcunrnve:r aeaign, it is posai blo to evaluate potency over 

Xt can, th~refore, be·auoceeetully 

applied. only 'When the material undex- teat baa been oare• 

fully flbraoket:..,d~, ie. •• 1te potency d$tendned by some 

other moans to within 10•20 par cent ot the aotua.1 valu.e. 

The author (loo. 01 t.,) 8Ub$equontly presents m.odi£i.aat1ons 

to be ap11l1ed. to bot!l the 3-afJ.swnption orosaover and the 

twin oroenover mothods. 

o, 2.; 3 a.nd 4-houra bleea ing echcclula and the 1nj eot1on 

ot tho inaulin in olinioo.1 douae;e forms, as it he.a been. 

shown that the blood mJ.gar ou:rvet $re d.ifforent, fol.lo•ing 

/adm1nietra.tion 
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administration cf varioua <Ulutione of ineol.in to :tabld.to .• 

even tilougb the ·unit doee per i-abbit ~emain,s unchanged .• 

With increasing concentration th.ere i$ a progressive 1n­

oreruie in rate of a.ct ion and de ct-ease i.n duration of 

eft'eot. InJeetion in olinioal d,osage form$ lnvolve'1 

a.i11ounta as ainall a$ o. Ql cc.and req'Uirt!a the use of a 

micrometer syringe. 

'l'hus t'a1" the· daseo ot i.rrnuJ.in had 'been aamin;Uiter• 

ed ou'bcutaneous!cy' in al.l aasaya.. YO\\Ui (1945) . studied 

the dQooge ... reuponse relationship af"t_er intraveno\ls, 

s.dministra.tiou of the doaes and, w.i.tb.Romans {29) re .... 

ported a. method. ot~ e.oeay depend:i.ng on intravenous in• 

jection of th~ doses and a. s1nsle bleeding 50 minute$ 

after injection. From the res~lts of 102, twelve 

ra.bb1 t a.ef.iaya t~&y oould ~etect no eignif'i cant variation 

in the e.lopQ, of tile doea.se response ourv• over a period 

of 1,4 months, and tound the. standard, error to oe of the 

· order o:t ll or 12 per cent. PugsltY and Rampton (30) 

compared tlle potency of ,commercial insulin prepat*ationo .• 

v:i·h.en Q.ssayed by the method. ot eubcutu.neO!JB a~ministro.tion 

and the method of lntravenou,i injection (Young end Romans). 

and toUilll that the latt~r method gives reeuls i.n good 

agroement with tboue obta~ned, ~ the foffl.ler. as Pea;t1rds 

tho slope oi' the reg:reao.a.on line tt.114 the ctandard error. 

the generally-.. :reoognieed metboct.s of insulin assay 

:n.&ve been compared by Young et a.l. ('36), who .found a 

standard e.rror o.f tho. eot i.mate of potency o.t la per cent 

£or a a2•rabbit suboutnne·~u.e a.se~y, 10. per Qent tor a 

l6•mbbit intra.venous a.sea.y and 9 per cent for two 1.44• 

an.imal mouse aaeaya. 

'l'he use of other lab<>h.t ory a.nimttlB for insulin 

as:.1ay was 1ntx·oduoed 'by Opdyke. (196), who reporte4 that 

the chick offe;r:-o possib11it1c.e e.s a test animal for 

insulin aoie.y. He found that the blood sugar of the 
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ehiok is lowered in responee to light doses of 

in!lulin. and the duration of the hypoglycaemia ohorten ... 

ed by inoma~dng th~ dose. The percentage decrease of 

blood glucose 1,t houn td'te:r injeatio.n is a stralght 

line function ot the l.ogax-1 thm of the doee up to a.bout 

i..s units per kg. Although the 1nd.1Vidual variation in 

reepQnae is not exoes&1~e, tho author aubseq1.1~ntly (1911) 

triad to reduea this by prolonged f;a;&ting and dehydration. 

White 11.f)ghorn. cockerels between 30 and 40 d.&ys o.ld and 

boay wa.\.e;ht varying between 200 ... 400 gm.• were used. 

After fasting periods o.f 14, 24, 48 o.rtd 72 hours some 

were 1njeotad :lntramut10Ula~ly with 0.18?5 unit Of' insulin, 

the othG):"a aet1ngas conti-ole. In the control goups i.t 

wue :round that .the blood eusar roae after the ,14th.hour. 

~nd continued to rise through. ?2 hours of faating.. Tid.e 

rise was a.usrnented by deh.ydration so tbat the bloott sugar· 

rose mort promptly and to higher levels. . It wae found 
. . 

thr.i;t neither tasting al.one nor tasting plus debydmt1on 

o.!fe.ctecl the insulin eeneitiv1ty, and that fast.ins plus 

d.el;.ydmtion resul.ted in a marked decrease in the varia ... 

bility of' the blood '1Ufi&I' va.lueo, wherea• faotlng a.lone 

increased variabl 11 ty. 

va.lucG it hours aft~r inj eot1on wa.e least in <hick$ 

fasted .and d"eydrated. to,: 48 hou.ro. The author concludes 

that the precie:lon of t~e reeul ts., after 14 hou.ru of 

fast, ia euf.fioient tor rcut;S.ne J.neul.in Q;a.aay by the 

chick method .• 

The detection a.nd meaourement of the insulin con­

tent ot tlle body fluids .baa long been a d1ft1oul t and 

almost .1mp.oss1b1e task. Hemmingsen et al •. (198) had 

shown tha.t a.drenaleotomlaed mi.ee develop bypoglyca.ettat• 

convuleions on doses ot 0.0001 ·to 0.0002 unit of 

1nou11n 1>er lO gm. t\t body weight. However, theiir 

or.iter1on, vis: oonvuloions., did not permit them to 

/aa8fi3 



{ 
'· 

aaaay insulin ver.v accu~ately. ,because or the marked 1.nd.1• 

Vidual clif'terenoee in the convulsive. threshold. .Feldmnn 

et a.l. ( 199 ) suggested the t\ypoglyoa.emi ·C e f'f'ect 1.:u1, ince .x, 
I 

and found. that minute qua·nttties of_ insulin could. be, 

detected in· the blood ot ad.rena.laotomised mts which had 

been 11u~Jeoted to anoxia or metra.j,1.. Gt<!llhorn et a·1 .. 

(200) aub.eequently used hypcphysectomised, cu'.!:reno• 

4emeaullated and lq'poph7seotomised-adreno .. dt!!tnedullated 

17. 
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rate for the aeaay of insulin by i teel f and. tn th$ prea~.noe 
. I 

ef bleo-d.. TQe;y found tha.t o. 025.-o.oa unit insulin per 
/ 

100 gm.ot·bo4y weight causes convu.leione in tbe bfpo ... 

phys.ectom1.ned rat, 0 .. 005 unit in the a.drcno..,.d.emedu:llated, 

animal and 0.001 unit in the h11>opby'aectom1sed•adre110.-. .·· 

aemedullated rat •. Bxtending this work (194'1), Anderson 

et al .. (201), using a<ireno•deme~1llated tU.abettc hyp_c>i .. 

ph7eectomi.sed rate, found that 0.00012 unit o.f 1nsui1~. 

administered intravenously, causes .a eu.tfic1ent iower:li,g 

,of the sugar for this method to be used. for detect1otr ot 

insUlin in blood. 

lfotw1 th.standing the utmost care as l"egn.rtis aeleotion . 

ot n.nimaln., feeding,. h.ouei:ng, ·etc., it h..,nj as yet, not 

been possible to exclude the wide varinticns in fasting 

blood intgar values which are frequently encountered. 

ay etatist1cal analyaia ot a reetritted number ot data 

de Jongh (26) tov.nd tho.t the inltial blood sugar level 

ha.t1, within wide limits.. a.lm.ost no influ11nee on the 

:absolute vaJ.ue o'.f the deot'6ased. l~Vel ea.used by insUl.1.n 

inJ ection. Uowever. de teeuw (2?) obsarv~d la.i-ger dlf .. 

farenees and. he calculated a correcting ta.otor. by .means 

of wbi eh they could be eliminated. Jtttrks and H-emmtngeen 

(13) have shown that both the absolute and percentage 

ra.11 1ncreaee wt th increasing 1n1 t ial value., a.nd., through 

atatlst1cal analyJJ:i& of a larga amount of material. camo 
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to the conclusion that the peroontage fall increases by · 

npproxima.tely o. 22 for an tncreose of' l mg. per cent in 

· the initial blood sugar value. On thia ob~e::rva.tion they 

1.tkewi se baaod. their .method of .correcting tho resul.t,s. of 

tests for ciit:ferenoeo in initial blood. sugar level. 

In n later oommunioation (lQ34) Ma.r.ku presented n slightly 

higher reireseion <'Oeffi,cient. viz:8.025. In 1?4? 

de Jongh. Lena and Spanhof'f (28), working on a laxge 

amount of a.ocunrulo.ted material, obtained ~ regression 

cocff1oi,tmt of o .• oa2 ffor evttey 0 .. 001 °/oo increase in 

initial blood sugar level, the :relative deoreaee incl"earses 

with 0.0:52)(). However. the •ali.ie of the regi-eGsion co..;· 

efficient fr.,und in a. series of e.xperimentn undertaken at 

d1tterent times ha.a baen ahown to vary (28). 

In contrast to the importance attaohed to v-a.ria• 

tiona in tho initial blood ougar level nnd the subsequent 

determination of the. regre,rasion coefficient 1n or<'.er to 

Obtain the oorreotion factor, "r~ the tind.inga of Y~ung, 

l.945: and Young and Roma.nsi ~194V (29). These authors ·par ... 

formed 102 twelve-rabbit 1nsul1:n asenye aecorotus to the 

intravenous method. The lrt1t.1al sugar determination nu 

om!tted nnd no eignificant variation in thE! slope of the 

,doeage•reoponse curve was· d~t(H:ted over a 14 .. znonth period. 

PUgifley and aampton (30) oove ·aimtl«trly tound that, in 

both the, suboutaneou, and 1.ritravenou,ij met,hods, the initial 

augar value ma.y be excluded from the ,cal eult.ttions with.out 

at':fect1ng thG precision of the ~sSBN'• 

The etteot of ineul1n h&e been expressed ditfer• 

entl.y by different workere. »arks (l.4) asoutned that the 

abeolute o.verage fall. of the blood euga.r, Q.fter inject.ion 

of a. oerta.i.ri dose ot: insulin, Ji.a proportional to the 

n,baolut~ value of the initial blood sugar, o.nd;· therefore, 

exp res aed the bl cod s.ugar fall as a pe roen tag.e of the 

/initial.· 
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initial blood .ausa.r • the percentage reduction. .K.roe;h 

•nd. H~mm:f.ngsen, 1028. adopted the absolute fal:r. ae the 

meae u re of ofteot, whereas Laquetu• ( $1) ignored the 

initial blcod. eugar ;tnd me:r$l.y observed the lowent point 

to Which the blood e~a.r fell du.i-ing the t..,st. Xn a :tater 

.communioa.tion (13) Hemmingeen and Jlarke Sl.lbm:Ltteei a l.arge 

a.mount o.f material to atat.lEti.oal t!!'eatment and found that 

both the absolute Jl't!Htuction and percentage reduotton in• 

crease 1111 th in1.trea~!,ng 1n1 tial value. de J ongn et a.1. 

(28), through. eim1l.ar treatment ot accumulated material, 

obttlined oorre~ponding resu.1ts. and conclud.e that oalcuia ... 

t.1ona oo.n 'be based with equally aat1sfactory reaulte on· 

either th~ abaol.u.te reduction or th• percentage reduction 

(after applieation ot the correction factor tor initial 

. 'ra.lues). Pugsley ana Bampton (ZO)-have s1tn11arlJ fount! 

no e1gn1fi oant differenoes 'When basS.na th.et r calculations 

on e1ther the peToentage reduction or absol.uto t'eduotion. 

ln tb.e intavenou.1 method (You~ and Romana. (20).) the 

tnitlal va.lue ls d.J,eregard•c and the cal.cula.tiona based. 

on the absol.ute decreased. level. 

tt ba& become oustQmo.r,y to moaeure tho etfeot ot 

1neulln on th~ tl.ood •u.sa.l' by ineane of the a•erase fall 

(a.bs<>lute o:r pe:rcentaae) during the· ttrGt four or five · 

hours toll.owing the injectton .• 

a.111' d.eoide<l u.po.n, as a r&olll t ot inveatlgattons oarr1e4 

out _. the etia.r11er worckera (14, .191), ae ot eutficient 

duration fox- the blood sugar to return to .it,c normal 

va.l\ie, ra.1lowing the inJ ection of the speolfio lneul.in 

d,ose employed fitr aseays. 'l'he bleeding schedule tollowed 

by most worker• ia that ot O (initial), 1.B. a and 5 

hours; ·othetf.:J (.28) prete:r a. o. o.75, ·1.6; 2.a5 and S 

·hours 11,;chedule. A& rege.:rde the bleeding ecbedule., Bliss 

and Bartels, using the d1sc.rim1nate funct.ion test, claim 

that "the 41:f'ferent t1me intorvala are mark~dly unequal 
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the inf.omo.tior1 they provide on the inaU11n effect,. and 

the a~plication of tbta method to more extenslve data 

should provi d.e a revi aed. bleeding schedule, wh.1 ch would be 

Pugsley and Rampton . 

(30) have oompa.?<e<l the efteot. of variationa or the bleecU.ng 

sohed\lle. on the slope of too regression line 4nd the 

£itand-.rd error.. Their results 1tuU.cate that, in the ,con• 

ventlona.l. 1:>l.e~ing sc:hedule of the subou.taneoua method, the 

5•hou.r sugt)r value does not oontr! but~ to the preoi :eion ot 

the a~aay and may, there.fora. together wt th the O sugar 

w.luG. be excluded. Similarly, eugar doterm1natlons oan 

be ma.de at. a and 4 hours only or at 1. 5 and 3 hours onlr,, 

wltholilt soriousla attectins the preotsion ot the assay. 

Xn the .intravenouc method Young and Roma.ruJ (29) make a 

t'J!ngle augai- 4eterm1nnt.1on e.t 60 mi/nllh after 1n;;I ectj.on. 

A surp!tising factor in the assay 1e the mea.gr~ con ... 

tributtona by reeearch work:,ere on thli! amount of insulin 

dos~t:t and po1u1ible variations ct the 4ol3e. Tb.is ie prob.;. 

ably due to the long practised, conventional bleed.ing 

schedule or·o, 1.5, 3 and 5 hou~ whe:r• a do~ ot i 1.1.u .• 

per s kg. bod3' weight baa been found to give the deetred. 

result. The foronto workers (191) used ':' suboonvulrU.ve 

dose ot 2.e clin1cal units per a 1£8. body weight. Ha.rka 

(14) inveottgated. the relation ,between dosage and effect. 

,and tound that,, on. the lower doses, the hypoglycaemic 

etteot le appro:d.mt&l.y proportional ·to· the dose, but aa 

the do(Jes are ino~asod, the hypoglycaemic effect reaches 

a ·limit, above which there ie pra.atica.lly no tu:rtber itt .. 

crease, however large the dose. lt ts, ·therefore, 

essential to employ a. dose smaller than. 1. 50 uni ts per a 
kg. in o·mo:r to obtain bypoglycaemi~ effects varying approJt• 

1mate1y with the doee. "On the otller hand.. the doGe 

should be ae large as poesi ble, so that the et.feet aha.11 

n~t be so sml.1 as to give undue promi.nenca to 
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wxperimentr.1 ~rrorc. l1or this purpose a dose of l Wli t 

per 2 kg. ha.a been a.dopt&dc" (loc. o.t.t. ). Neverthel,esa, it 

1$ posei ble tns.t experimental variation of tl'ie dose, 

eapeobi.lly toward• the lower ranges, may yield equally 

fruitful. 'l'etults as ha'V'e haen obtained by •ariat1on ,of 
. . 

~ th the 1nt rod.ucti 01l of the 

s»l1t o:ros.a•over and the t'11n oroesovin• <laB1gne, 'the d.ose 

baa comt to be varied, ranging trom o. 3 units per kg. for 

the low do'1~ t~ 1. 6 'unite for, the hlgh dose, acao:rding to 

the sen,it1Vity of the 1nd1"1ldual o.n1male (35). Other 

wot"kerJJ ha.Ve uaeci higher dosage levels. being a.*3 nn.1ch as 

o. iO uru.te tor the 1ow and 1 .. SO. :unite tor the high close 

per rabbit {30). The continental 11orker1 (28), U'.ttlng a 

0, o. ?6• .1. 5, 2. 25· and ~ hour& bleeding 1cneciule, have been 

working on elightly lower .dosage levels. !he effective 

4ooage levels in thB 1ntravenous method are withln the 

same i-~nge ao those required for the eu.beutaneouia method. 

· frevt.oiis studies (14} ha.Ve t.how:n that over a fairly 

wicte range ot <h>11es the eff.ecte of 1ntm11n injection are 
..,,. ;. t 

proport1om:.1 to ·the do$es, plotting of thoee results. i.e., 

d.osa;e asa111st 4Von.ge petcentase blood sugar reduot1on, 

te4 that fox- pa1't, a.t lea.at. of the etfeotl ve range_ this 

relati-on i, ltnea:r, whe,n the percentage rtduction la 

plotted Q.81,inat the logarithm ot the ·dote. Bliss and 

lfarka ·(3a) have conside.red at J.ensth those factors by 

. wbicn tbe preotss.on of the out"Ve, relating ,do.aag«.? and 

graded response, can be 1ncNaaed. They ·:s.ndtcate that 

"•hen tlUJ relation \>$tween dooage ,and recponee is to be 

ueed aubaequent1y for purpose, ot biological ataau, it le 

actvantageoue to find the me.asure of reoponae whioh wll1 

plot ne a •troight line SG4inet the logarithm ot the d·ose. 

lf tested oven: a wide enoue;h range -ot dose,, - roost 
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responses ahow both mitlimal and maximal limi ta that a.H 

n;iproached aaymptotioa1ly, but ilon intermediate range 1·a .'of.ten 

present which is 1nd1tJtinau1r-ho.ble: experimen~ly .from a 
. . 

tltraigbt ltna and quite adequate for pha:r.mu.oolog1 cal a.\':ula1'•·" 

Aa regarde -tho eBtima.tion o! relative potenQiee by the 

alove of a predet•rmllnc.,d curve, the eame n.uthO'.flr·.tn a sub• 

sequent paper (!7) po.int out that the slope of th~ curv$ 

may vaey trom laboratory to labo;ratory OT from one teat to 

another. This point wao further ela.1:xn:ated on by Fiell.er 

et al. \ 3~) , who contd. dered whe.the:r the d.osage reponc.e 

relation enould be determined '1eparately ir1 each a,uiay, or 

whether it enould be predetermined in. a epeeial experiment, . 
and the toaul t accepted as a pemanent atanda!"d of' 1:efetenee 

for uee in all suboequent a,e:aye. They compa,red ourvee 

obtalned. from two ser1eo of a.nays from .:.tifterent laborator• 

ies and epaeed by an int~rval of l.O years and tho curve 

obtained by Bliss and Jtarkn (83), f1ndina a eatlaf'actor., 

agreement between the slopec 1n the three C\ll'VEHJ, the elopeo 

b'1 being • 5!.G, 46 .• 7 ·and 46 with etandard e1·rot's of ±4.; 

t 4.6 a.nd.1::2 .• '1 reepect.1Vely. They came to the conolusion 

that a log. · dooe-rGspon.ee relation w1 th. a &lope of 45 ts 

appropriate. ln a subsequent paper (a9) the oame authors 

compared tb.e dosage•response lines for a laborat·orieu. two 

or these being -ecmmerele.l c;,mis, · where the· work oonsioted of 
I . 

routine &Gsaye an .a large rwmb~r of different preJ)tUntione 

and fou.nd, efliptcially 1n the case of the latter labo:rator1ee. 

that real change$ in the elope occur rolatively freque:nt1". 

They conclude that •a d:ooage·~reaponso. rela.tion obto.lned. by 

m•ano or· a special exper:i.m.enf1in a parti.aular laboratory may 

not noeessr.1ril7 apply otrictl7 to general routine a1JtJC1Y and 

it would, therefore, be dea1 ral;lle tor any labot'at ory in 

which a.saa.y& are rogularly carried out to anal7ae 1 ts own 

experi "3nce. A turther im:provem.ent would be to a:rra.nge 
. 

eaoh separate teat so that 1t should prov1dt} a ta.irly 
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rel.iablG GSti.ma.te ot its own slope. u :Both tho apjLit 

<:rootio'lfe:r a.nd, eopacia.lly the twin oroaaover1 Q.ue t.o the 

di.fferences in dosage, fulfil this requ.irernent, so that, 

.1n a.n assay ot the latter design, the use of a predeter­

mined log. d.,ose•irespo:nae· lino mus become wineces2aey and 

euperfluoue • 

. ?:he mnj ortty of the reports on the a.aea.y or 1nnulin 

aim at increasing the 1)rec1.s:lon of the method. being 

eoncertteO; either with the effe~t ot variatione in tlla 

design, or with method• or interprettng the results. 

Preoision of the Q.saay 1a, therefore, ot tund:amenta.l im .... 

porttu1ee when dealing w.t th purified material to be used .· 

tor pbarmaceu:tioal or ·reEH1u1oh purposes. Howover, the 

rei.eal."oh worker tn tho f:leld of 1naul1n ez:tra.otion by . 

various methods. or t:rom different aources, is. oonfronted 

by the prQblem that he requires a. quick estimat$ of' the 

potency ot an i.noul&n containing sample of varying degreee 

or ·pu.ritJ at 4J.ffarent etages ot the •xtracttng procedur~. 

Bor obvious reasons tlle method.as of assay as explained in 

the previous paragraphs, do not tult1l thi.& requirement. 

Fir&t and, toremost. theee method& are too precise 

for the purpo$e 1n view involving an unnecessa:ry co.mplioa ... 

tion ot prooodu!'e and calculati<>ns. Otten ·the :aa.terial, 

that is te•te4 is so impure, as c,mpared wi t.h the standard., 

that a full a,1:,sa;v would yield no more C3nlightening reaul ts 

than coula. be obt0;ined. through .fimple:t procedure. This 

•e the oaee with ma,tly ot the .ea.mplef:I quoted. 1n the sub-

~•quent sect1on• of thi a work. the worker in thi e field. 

is tnterested to know. whether a certa1n soul',"Co 1'1Glds, · 

•ay. 1,00C or 3,000 units pes, ks. ot material. or whether 
/a. 
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a cortu.in procedure 1noreaoes the Yield of hie pro4uot 

trom; sa;v·. 600 units to l,000 units per given weight. 

He is not concerned, at this sta.gei, -with the e:act 

activity of hii ultimQite purified p:roduct, but neetls a 

quick method a.rid yet one whihh 1s sufficiont.ly x-el:Labl.e 

to give him tan approximate eet imate of the potenoy of the 

ma.tel'ial 1n hand. The standard methoa11 of aeeay can be 

compared to the flne adjustment ot a microsoopo, the spetif't 

aim and requ:i rement be1:ng olar;i.t:, and precision. However. 

it ·can bo acsumed t.bat eaol1 labomto:ry, where insulin assay 

10 un,ertaken as routine foar or epeoif'icallJ, also .has a 

"cos.roe a<13 uotment" by means cf ·wi,11 oh the act1 vi ty ot 

an $ltogether unknown sample is tint roughly determined, 

before swi t<ming ove:r te> the f1ne. Descriptions of these· . 
"coarse adju,atmenta" shine by their absence from the 

11 teraturo. 

A second d.isa.dva.ntage 1e the duration of' the properly ... 

conducted rabbit assay. Dope.nd.in; on the numbers of 

animals ueed and th~ specific deeign followed, tbio aseay 

may require tz·om, l to 4 weeks to complete. .I:f 8 or 12 

animals ar.e uuect. and the twi.n ororusove:r employed, at least 

a week is ne.eessary :for completion or the test:, the con ... 

ventional bleeding a<:hedu.le not permitttng teed.ins; of tbe 

anim$.lG in between, and thus preventing the teat running 

over tour conaecu.tive 0070. 

pose very well. when performed tor research purpo.ses 

aimins at 1ncreai;ing its precision or praotioabillty, 
' or when single large batches of material. a.re teated, a.s 

is done in oommeiaial la.boratori,es,. but i-t ie 1mp:rac't1ca1. 

men large r.iumbers of swnplea requi N testing.. The 

intmvenouc method, by al.lowing feeding of the animale.in 

between, shortens this period to 4 days and, therefo:re, 

has distinct r.a,dvantagos over the subcutaneous method. 

·/In 
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In the m<.>t.tae method large numbers ot exp4:r1inent.a.1 

~1ma.l• (V&l'Jfing from 150 • 200 per e.esay) are tequired. 

This necessitate• th~ carrying of la.rse stooke over long 

penod.'3;. ln many 1r,.£Jtituttona. where the researeh fieldta 

et their various nuambere a.re of a. diveree no.tu.re, the. toata 

attached to the ma1ntcna11oe. t:>f adequate nwnbora of an1ma18, 

.cause the mouse m"thod to be an expenaivo and· impre.otical 

ona. 

in the .latter sections of this work .(s<te Parts ll am 

%1.:I) la:rge numbers ot insulin eonta1n5.ng aa:rnples (running 

wo1'l. into three figure.e) bti.d to be teete4. 1102:' the :reas:one 

already quoted, the etandard methods of' aaaay would not 

only have been supertl.uous but would have madQ the task 

impossible. ;tt wae, therefore, _deo1decl to embark on a 

eearoll toir a ncoarse adJ ustment "• the ff!atures of which 

would be eaee anc:l npid.i ty of' world.ng combined with the 

maximum .a.mount ot pr•ci sion that ean ba expeoted of such a 

metltod. In the to11owing pases .1'1 desori bed the procedure 

:to1lowed 1n order to arrive at a aat1eft1cto~y ,olution. 

Apart :from this primal:"Y $1m, a second.aey coneidemt1or1 was 

the possible ·inatruetivo oonoJ.ueions ·that could aoorue from 

experimental procedure ot thio kind. Tile method,. a, it was 

fi.00117 adopted. ns u'1od in a qu.1ck assay ot all the 

samples. but it by no meane replaced the a.oou:ate tull asea.y 

me th.ode, \\'hi oh were :x-everted to .in ail :oaseo whe:re final. 

emat determina.ti(ms were l"equirod. 

(b) Katerial lllnd li.ethodo. 

hQ.ving been bred tr<>m tho local atoek. 

struct1ons the young animale were frequently bandl$d,~y the 

t.1.ttendo.nt, so that by the ti.me they were used, tor the 

test, they bad become e.oouetom.ed. to handling and were 

/qt1.ite 
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quite ta.me. Be.fore the animals in the.grou.p were 1aeltu:ted1 

the entire batoh wo.o on two ocea.siona injeoted with O. 5 

un1t : in1ulin standard per kilo body weight, and tlie blood · 

sugar detenn1ned a.t hourly intervals over a period of three 

hours. In each inetanee the average pereentG.ge reduot1on 

tor each .animal and the sroup was. determined, and 1~hoae 

that ha.cl eh.own .1noensit1irenerus or over-eensittvene,ua on 
· both. occas1ons were consequently omitted. 

The experimental o.nimals were houeee. in l•rse cages ... 

3 to 4 animals to a. cage of approximately 16 square feet 

floor space, and males and females kept sepa.Z"atel;v. No 

special provision wae made for temperature regul.atton .in the 

animal houae, the oonstruction of th1 ii bfl>1ng s:uoh a:s to 

maintain as far as poeoible a fairly constant temperature. 

MONover, the greate.r part of the teot waa perf orm.ed ·dur­

ing the wanner sea.son of the year (September ... Ap):11) and 

the laboratory tempe:rature was hardly ever oboerved to 

fluctuate beyond the limi te ,ot 20 • 24 °e.. Ocoasionally, 

when lower or higher temperatures were registered, no 

tVidenee ,could be found of any deviat1o·n as fa.r ae the, 

:fast ins blood. euga.r level waAJ concerned, or the <.,ffeot ot 

the injected 'inaulin, thi 15 being 1n agreement wt th the 

earlier obssrva.tions of Scott and. Dotti. (la). 

Throughout the duration of the test the rabbits 

were fed on a diet of cabbage, carrots, dried luoeriie and 

oats. J:>r1or to the 1.nject.ion or insulin they were 1?la.oe4 

,singly .into smaller casea o.nd starved tor periods Va.eying 

trom 14 to 18 hours, water being always available. 
-

Tho weights or the anlmal.e varied from l.6 to 2.a 
kilograms and throughout the dose wtu) adjusted to a mean 

· body weight of 2 kilo. A8 · almost a.ll the animals received 

the entire dosage range, adj uetme:nt of doae to body weight 

seems to have been an ·unnec,es?aey procedure. Mowever, in 
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the 'light of tho ultimate uae the t"esults were to be put 

to,, it seemed :more expediant to tollow thiB ooursei. 

Altogether 70 rabbi ts ware u.oed,, a group of 42 

being selected tor each dose. 

ent that most animals wtn:·e utled for the anti re ra:r,ige. of 

dosage. Where accident to a rabbit o·t" pregna.noy <l1f a 

female prevented it from :being used, ito place was, taken 

b;y a new one. With the higher doses rabb1 ts oc-ca.e1i(>n ... 

ally oonvulsed; these were then replaced by non• 

oonwls:1.ng o:nes~ 

An avera.se of 9 rabbits were tested. per day., so 

·that, with few exception a, no animal was u:eed. more th.1.n 

once weekly,· the test peri,o,c,. having lasted approxi:roo.tely 

lS weeks. 
" 

1'he content~ of an ampou.lo ot insulin standard wns 

dissolved in d.i,otilled water c;ontaining 0.85 per cent 

sodium chloride, hydroohl,orio a.c.1d to tr..aka pU 2. 5 iind 

o. 3 pe:r oent t,:iaresol.. The volu.me of. sol vent was such 

as to give 10 units per ml. Thie utock solution was 

Immod1ntely befo~o 

injection the atoek solutio11 was diluted with a further 

v-olunre ~of ool:vent to the require({ at:rongth. 'The volume 

injected was o .. 6 ml.per 2 ltilo. bodywetght. The doses 

varied by o.oa unite and ranged from 0.05 • o.as unite 

per 2 kilo.. . Altogether then, 17 groups ot 42 rabbi ts 

each were tested.. The di:f'torent group.s wero treated: at. 

ran,dom and not o.ocording to a systematic aohedul.e. 

To il.luetrate th1li: 

· On the fi ret day of the test a of the 9 rabbi ts 

· reoei ve{l o. 45 unite ea.-oh. 3 ~eoeived 

o. 70 uni ta etlah, and 3 roaei ved 

o .. 55 uni.'tB each .. 

On the second day S :race:i.v-ed 0.15 units ,eaohi 

3 :received o.36.untts each. 

Z received, o. 60 v.n1 to ~a.ch. 
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and· so on until all l 7 groups h~ been. eompletea. 

· 1nj oot lone were mo.de under the loose akin tJf ·the 

think. Immediately betol"E? tha injection ea.eh. ?'a.bb:Lt was 

· bled in omor to determine the fao:ting imga.r vnluew blood 

being obtained from the o\ltor marginal vein of thP. ear. 

About l ml. of blood wa.a <'H:>l.l,ected from ca.oh rabbit S.nto 

a arnall gla.ee tube oontainins a very minute qUttnti.t;y ot 

pota.Qoium omla.te. Aft.er injection the· animal was- p,it 

back into the case a.no the la.ttor placed in a. dark 

aupbo:1:rd, &o a$ to exolud:e the disturbing fnctora ot 

normcl laboratoey routine. The r~bbi ts ·were remove(! from 

the. cupboards only tor ohort periods 1n ordor to dr,-aw 

blood. lluJ-i"ng tho injection. but especially during the 

bleed.ins procean. the utmost ca.re was exercised to prevent . 

undue activity of the o.nimale such as Jumping or jolting. 

1he ame.ll size of the cage1,;1 (12" x. 18tt) prevented miLrked 

muscular activity of the animalc while in the cupboard.a. 

Thorp (40) in 1944 described tho et:t'eot of tnild exet·ciee 

upon rabbi tu which had rooeived 1ncu1in, and showed that, 

in exercised an1mal.s, the blood .11uga..r not only did not 

reach the· samo low level aa J.n non-exer:ettu.;,a ones, but it 

t\lso :rotu rned more rapidly to normal.. He also tound 

the degree ot animal variation to be hieher in the e:ter ... · 

cised rabbito.. When ocoa81onally such muscular a.ot1,11ty 

di,d oocur duriitg the bleed1ne;. the reaul ts from th~ 

parti.culnr rabbit were qisoa.rded and; a new one substituted 

f.n 1ts place. 

Blood wao collected :from each rabbit at hou.rly 

interv4\ls over u period ot three hours tollo1ring the in• 

Jeotion of iuaulin. The blood aam;ples were not pooled, 

but ea.oh determtned aep:l.ratoly. so that the hourly le'ITel 

for each rabbit oould be. observed. Each. sugnr level 

listed in tho succeeding tables represents the average 

:reading of three separate determinatione. 
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The procedure used f.or the· est ima.ti.on of sugar was 

Hard.ing •e modification. ot the Schaf'fa~ ... na.rtmann me·t11od. 

(a) Results. · 
J...41ir.•••r n T. 

In the foll.owing Tables l .... 17 a.re l.isted the · 

e:ttects of varying dooee of insulin ata.nde.rd on th~! 

blood ougar level of. re.sting ra.b·b1 ts ,nter a period. of 

5 hourtJ .• 

4 
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TA13t'E 1. 

P,~a .. ~ :... .. .. O •. '?.~ .... I ... u L.2 ... !§.•. ~rab~i t ... 

serial Fasting Abo.tal.l Abs. tall Abs.fall Average 
Nu1nber l3lood at end o.t end at end absolute 
f:Jt Sugar of of of l'a.ll over 
Rabbit level lat hour 2nd hOl.ll" 3rd hour 5 hours. 

l 60 B - • '3 
2 74 6 - - 2 
4 58 ... - .. ... 
6 66 14 - ... 5 
? GB 16 ... -. 5 
a 78 9 .... ... 3 
9 57 ... - ,. .. 

10 ao ... - .. ,,.,. 

11 63 4, .. ... l 
12 84 - •· - ... 
15 55 ... ... .... .... 
l6 67 6 .. .. 2 
.l? ?3 7 • ... 2 
lS 7o .... - ... ... 
20 54 5 • ... 2 
21 63 6 .. ... 2 
25 82 12 ... .. 4 
26 '19 9 .. - $ 
27 70;~ .. ... - -
28 65 8 - .. 2 
·39 64 13 ... .. 4 
30 76 ·- ... .. .. 
32 99 10 ... - 3 
33 62 4 ... - l 
34 65 ·4 - ... l 
36 Go .. ... ·- ... 
:36 7"1 15 - .. 6 
aa 72 3 - .... 1 
39 70 .. - - ... 
41 64 ll .... • .4 
42 68 ... ... .... . .. 
43 81 ... - ... .... 
44 56 ... ... .. .. 
45 61) a ... - 3 
46 78 17 - .. & 
4? 82 13 ... - 4 
48 80 - ... - -49 70 5 ... - 2 
60 57 ... ... - • 
51 72 12 .. ·- 4 
52 74 a - - l 
53 79 B .... .. 2 

TOf.;\Lt _a...,9_1_4 ___ .... a...,.3_3 _____ ... _____ .. _____ .. _77 __ _ 

'' C: 

... .. . 1.a 
M .. I J - "bl ·1 e:a: " !:S ?! 2! e.ea._,_ JI 



31 • 

. TA.SW 2. 
'" I J. -·.111 Jl"H 

l,)oo.e : .• o.1q ,;,.u/.2_ ;tgt.Jt1tlJ.~.L.. 

LU• -• ~_.. 

Serial Jaeting A'bs. tal;L Abs.tall Ab#.tall AVtu:a,e 
?lumber blood at end at end at end ~bs.fa.11 
or sugar ot of.' ot over 

....Babbit, level let hou_r 2nd hour 3rd hOUi:' a hours. 
hu - •!l!l• J ... ,,_ - I _ _.-f e ' K? •,,.,.. n·JQ,,j~ Nt1 ·, n 1 

l 66 a - • 2 
2 82 2? 2 ... 10 
3 73 - -- - ..... ... 
4 68 --- .... - • 
5 '12 1.4 ... ... 5 
0 74 2S -· ""' 7 
7 82 28 6 .. ll 
8 84 25 4 ... 10 
9 '7.l ... ... "" ... 

ll 66 .. ... ... --12 84 25 9 ... li. 
13 68 - ... .. ... 
14 61 e - ...... , 3 

'r 
/' 16. 60 2 .. - l ,,, 16 S5 18 10 ... 9 ,,1 17 S2 1S ... . ... 6 r I 18 f?l'I 16 2 ..... 6 

19 77 26 , ... - g 
23 66 8 - -- 3 
24 85 30 .lD .... 13 
25 14 3 ... .. l 
26 74 a -- ... a 
2"1 76- 21 2 -- 8 
26 63 .... - .. .. 
29 78 - - • • 
32 "12 16 - ... 5 
3Z> '78 20 2 ... 7 
M 76 2$ .. -- 8 
~5 G6 ... ~· , ... ... 
36 72 • .... -- . ... 
3'1 86 18 6 .... 8 
40 54 ... ... - .... 
41 65 ll ... - 4 
42 68 e .... ... 1 
43 8$ 17 ... ... 6 
44 80 16 · - .. ' 5 
46 86 28 :11 4 14 
4? 70 3 -- .. l 
49 60 4 .. - l 
50 66 l.2 • ... 4 
52 5(> e .. .... ·2 
63 64 ... ... - -~ 

TOTAL: , T ,r 
-63 -' 

$t .. .• 

.... , ,18@, 



. 32. •. 

TABIB .3. 

~op~:. o,.,l5 .. I, ... UL2 ,ks. rab;t,1tl 

......,_ 
' W 111- I '· . ... _, .. . ··-Soria.l Fa~ting a,be .• fall Abo.tall Abs.tall Average 

Number bloo.t at ond at end :1t end a.b1:1.ra11 
of ougar or Of ot over 
Rabbit level lat hour 2nd hr. ·3rd hr. 3 hour~. 

... - "zl_j_ llj __ ._ 

3 78 7 6 ·- 4 
-4 65 27 12 - l3 
5 ?l ll ? 6 e 
7 60 29 20 .. 16 
8 66 ~. 18 13 
9 66 l? 2 ·• 6 

'J.O 84 31 7 ..... 13 
ll 74 · 25 ll 6 14 
12 66 26 l ... 9 
lZ 69 24 .. - 8 . 

14 68 36 30 10 25 
15 74 18 7 '""' e 
16 69 40 26 12 28 
17 ·82 51 .1& 8 17 
19 73 19 9 .... g 
20 63 20 18 6 16 
2'1 60 '7 2 .... s 
22 ?4 33 20· 9 21 
25 64 29 20 .lO .ao 
24 b 63 41 16 6 21 
25 56 27 3 -· 10 
28. 62 lS 12 .... 10 
29 66 32 18 lO 20 
30 ;64 34. 14 - lG 
32 80 B 4 • 4 
33 68 19 - .. 6 
34 69 30 18 12 20 
35 67 25 14 - 13 
38 74 22 6 .. 9 
39 69 18 6 - s 
41 ?l 12 ·a 4 a 
43 62 9 - - 3 
46 84 24 .lG (3 15 

'46 67 28 14 2 16 
47 5$ . 26. 10 .... 12 
48 73 ~~. 9 .. .15 
60 66 za 18 6 19 
51 76 23 13 6 14 
52 00 3($ 28 12 26 
53 64 22 18 4 lo 

// 54 84 32 18. 7 1.9 
55 ao 40 ie 2 ao 

TOTAL: 290? 1038. 510 
-..s r N..,...-.......,..lfoAll\.aM II ,·r:fll••-1. 

. 5o4 

3. 4 13.:a : r a 2 s lei:::.L.#,!:,.ew . J · _ m· Kl( 



TA1:U ... E 4. ----
f ·ili_l&. 4illilii -w I ·, I; 12~ r 

Seioial Fasting Abe.fall Abs .• fall Alu,.fall Averase 
Number blood at end at end. at ·end aba.tl'l.ll 
of . eugat" of of of over 
Rabbit level lat hour 2nd houl' 

------------.. .. ~ •• si a!l!l '* 11P .... 

3rd hour I hours. ... --·--....... ------;.,.-
1 76 18 ... -' 

6 
4 67 18 .. .... 6 
6 60 32 a ... 11 
6 ·a2 25 l .... g 
? 80 43 26 7 25 
8 68 1$ • 1!" 6 
9 67 45 34 4 28. 

10 60 23 7 ·- 10 
ll ?3 ZI 2l 6 20 
l.2 64 37 l.9 11 f!e 
13 54 9 ·- .... a 
l.5 62 ·- 18 11 10 
16 69 ·7 ... • 2 
1'1 G~ 23 16 s 16 
J.9 70 34 2l ll 22 
20 62 37 27 - 2l 
21 71 9 - - 3 
22 90 40 26 8 25 
23 19 2Q 12 .. 14 
24 62 7 l? 11 12 
25 66 2a 2l .... 15 
26 82 30 ll ·• 14 
27 78 S6 12 • 16 
2B 68 20 10 e 1! 
29 71 19 J..f) ... l.1 
,3() 83 20 6 :,. 9 
31 74 3S l.7 ll 22 
34 GO ZO 14 .... 15 
;55 GB 27 18 ... l& 
3G 88 36 10 5 l.6 
37 .66 41 23 12 26 
38 65 17 13 6 12 
39 75 21 9 ~ 3.0 
40 69 44 15 3 2i 
43 7l 16 ·- - '6 
44 65 40 24 - ·21 
46 63 18 :·2 -~ lo 
4G 66 21 14 ,8 '16, 
49 76 36 14 10 :20\ 
50 57 10 - - ' 3 ' 
53 91 16 14 .. 'io \\ :' . : ~· :: 
54 ea 10 ... .... ·, \,3 .",. 

' '· ', 

'\" 

--~·· ... .. . w •• • !UM_ i .. , t _J ••ill'IDHIIIIII . ••" • j -.~·- ·>_:.~·- ~ ' l#i' ,, 
\: ·· ... 

TOTAL; .... 298§ 1062 ... ?i2 136 -~?l_ ... :.· ..•• :·.j .. _ •.• 114:~ .. • 911 IP-t:llk_-~ • 

Avera1e:• 71.1 25.~ 12.4 3.2 , .13. 61\. 
;•;, _,· $~,..~.~-;- ., •• ~~-=---= == ==·· •::•::= ;:;11 ~ ,;:, .. l#J#:.u::tq c .. = ! =~-!-: = ? :: ; ~. ' ) 

. ' \ '\ 

l· 
~":"~ 

., 



TABt'!!l · 5. 
11!1 ., .... 

Dooe: 0.25 ;I •}JL,2 ... lf!•.,~:-bb1~;• iiit l 11 t 

/ill--.,_ IOiji-liilllli!," · Iii'! ' . .. ,, 
Serial Fasting Abs. fall Abti. fall Abs.fall Averaga 
llwnber blood at end. at end at end abo.fall 
of augl\'I" of of of over 
Rabbit leYel let hour 2nd hour 3rd hou:r 3 hours. -
2 71 33 17 2 17 
3, 70 30 16 . 4 17 
4 ?5 31 30 10 24 
6 as 2~ ... .. .a 
6 '78 26 l8 6 17 
7 86 20 ... - 7 
8 59 ·. 29 19 10 19 
9 80 34 16 5 18 

10 75 6~ 22 10 2a 
J.J. 55 2"/ 5 - 11 
12 55 20 12 ... 11 
13 ?S 24 12 ... 12 
16. 55 36 1 5 16 
17 83 43 '3'1 20 33 
18 66 16 ~ - 5 
19 6l 40 33 22 :32 
21 66 25 .a; 16 .. 23 
22 ,G6 26 l6 12 18 
23 83 16 9 a 11 
w. as 25 ll , ... 12 
26 82 ll 4 - 5 
2B ?6 23 lO ... ll 
29 76 44 26 12 27 
31 60 37 (j .... 14 
32 71 33 20 4 19 
aa 65 2i 14 2 .15 
34 6G 28 l.4 ... l4 
3r. :> '75 :3J 8 .. 12 
a6 56 34 13 13 20 
37 69 ol 16 7 lS 
38 73 24 ... .... e 
39 63 20 12 8 16 
40 64 ,41 18 4 21 
42 74 35· ll 15 
43 55 33 7 2 l.4 
44 74 29 a - 12 
46 78 2J 20 11 18 
48 66 16 ' - 'i 
49 55 23 9 .... ll 
60 56 20 12 - ll 
51 7B 17 13 ..... 10 
63 '14 18 2 • ? 

TOTAL: 665 1• Uji 

·194 642 
I ii II J l - " !llilJ lfl'--.-, 1 r_ l ~ 

Avera.,ze: 69. 7 28. l · 13. 2 
I 1 lililll 1 f - i I it m, I .· 8 ii Q" 111 l . I 



// 

i/ 

,/ 

,; 

Dose: o .. ao x.u/2 kg. ~a.bbit. 
r t ~•-..ir.-... .. n, · --... --, ..... .:4u.-. 

·-----:-:--~----~~-~------·------S&ria.l Far,ttng abs.fall Abs.fall Abo •. fall Average 
liumbe:r blood at end at end at end abs.fall 
of ,auga.r . ot of of. over 
Rabbit le~ol lat hour .2nd hour 3rd hour a h.oul"s. 

l 
2 
4 
5 
7 
8 
9 

lO 
.12 
"t 'l'. J,v 

14 
16 
19 
20 
21 

·22 
23 
24 
25 
20 
21 
28 
29 
31 
32 
33 
34 
35 
,36 
38 
39 
.40 
41 
42 
.43 
44 
46 
41'/ 
48 
49 
52 
53 

67 
86. 
71 
61 
71 
74 
64 
79 
ea 
87 
?8 
78 
59 
72 
68 
61 
77 
$8 
72 
72 
83 
so 
70 
58 
?6 
'15 
64 
69 
a:, 
55 
69 
m 
S4 
68 
65 
b8 
V4 
65 
76 
ol. 
?l 
G~i 

27 
35 
43 
l.7 
33 
34 
53 
26 

"46 
a2 
39 
18 

5 
37 
13 
1:3 
33 
34. 
21 
35 
25 
37 
33 
25 
34 
17 
as 
S5 
38 
l2 
19 
JO 
ao 
3l 
ro 
18 
30 
20 
28 
29 
56 
Z4 

13 
24 
13 

ltS 
18 

3 
20 
28 

9 
24 .-
1a 
16 
ll 

9 
2l 
17 

18 
13 
10 
23 
16 
l.? 
15 
14 
22 
21 

6 
g 

23 
ll 
16 
17 

4 
24 

5 
12 

1 
20 
20 

5 

.. 
-
7 
8 --a 
7 

• 
6 
1 
.... 

ll ... 
,, 

1.0 
• 
5 

7 

4 
4 

--. 
... 
9 
4 -ll. .. 
a ... 
4 
4 

15 
20 
19 

6 
19 
20 
12 
lG 
27 
14 
23 

6 
6 

19 
a 
1 

22 
17 

9 
20 
16 
17 
20 
l.3 
19 
l.O 
18 
20 
20 

6 
9 

1.9 
14 
19 
.17 

'7 
22 
8 

16 
12 
20 
19 

TOTAL : · _...?~,.9:.;.9;..;,7 ___ ?;:;.i;E,l~0.2.,· ·-· ....... -•. - .. -...... 0 ... : 9;.,.;
1
6...--.•-·-·...,1 .... ~;;..;:ia;:-__ ._, __ .e_.4,.,:;g_...,,..,_. _____ . 

Ave-ratJe: 71 .• 4 28. 5 14 .. 2 3. l .15.3 -=·=~= * ~ _ =-: :::r 1 : es,~=s::·r, :;rr: ,w:_: ::sirt,:,·::a rt. :_ 1:1mcs:1_:, c::;·c:t=:f:tt=::e.:=:u ~-~ -___ : ; :it== 



36. 

lABU ,. 
Dose: 0.35 1.u[2 kg, ••. Nbbit. 

-! I ---1 .,, 

11., 1i ' I 

' feating A°be, i'aiX Aba.faii Abe .• 1a1a: • u 
sei-ial Avenge 
lumber blood at end lii.t end '•t em abu.fall 
ot sugar of of ot over 
Rabbit level ltt hour 2nd hour 3rd hour .3 hOUI\'$. 

l '' 44 33 20 32 
3 (!ll zg 25 16 .2? 
5 ?9 10 15 .. a 
5 68 38 18 4 80 
'1 71 18 5 - 8 
g 69 -·~ 4 .. ll 

10 S5 :as ae - 22 
11 eo 27 23 - 1'1 
12 81 3! 18 • 17 
13 .80 as - ... 9 
3.4 60 21.i lO 8 : 15 
15 ?6 44 16 4 a1 
+ 6 70 31 11 · .. 14 
21 68 42 41 23 35 
22 ,~ 39 29 12 27 
23 60 33 6 • 13 
as 71 31 19 2 l? 
27 79 18 4 - V 
28· 75 35 .:us ·11 20 
2£1 aa 42 17 2 20 
so ?9 a 4 .. 4 
S1 ,, 25 -· • a 
z2 81 21 14 - 1a 
33 74 4? 36 8 30 
34 78 32 14 - 15 
35 66 42 SB 19 33 
se 77 21· 6 .. 9 
57 65 io 24 15 !5 
as 73 aa 18 4 la 
3~ ,,, 22 ·2 ... 8 
40 66 31 .13 6 16 
41 09 25 ·- • a 
42 aa 32 lG 3 1·5 
43 69 36 9 • 15 
44 58 24 16 • 13 
46 67 18 10 - 9 
4'1 59 .24 g - ll 
48 '19 .28 1·6 2 15 
49 ?S 19 4 ·-· a 
51. 71 '!l1 30 8 26 
62 '73 32 18 ?' 19 
53 68 19 17 - 12 

. TOTAL-: 3056 1238· . 6 51 171 68 9 ----------------------Average: - 72.8 30 15. 6 4.1 16. 4 . 
: ,: .vc:, •: :1: .. ZU £ 



I 

/ ,' 

( 

I 
/ 

I. 

/ I 

- seriAl··· Jlaet'ing A1be. ·A'be .• ••!• . Abe. I Ave~ris,e"'' .. 
Nwnber blood fall at t,a.ll a.t tall $$ abs.fall 
of augo.r end ,of en<S. or encl .of over 
Rabbit level lst hour Ind hr, ant hr. a hours. 

l 'la l? ~ .. 6 
a Si 29 19 3 l.,, 
3 78 32 a1 4 19 
4 "19 37 89 8 2ij 
6 56 24 18 4 15 
? ,a 48 27 9 28 
e ?2 3"1 12 ·• 16 
9 V9 18. 2 - ' ll 79 24 15 12 ·17 

13 60 2~ tll 21 2"1 
14 5o ,19 14 .. ll 
15 f.Ul 31 g - 13 
16 74 17 13 .... 10 
18 92 35 16 n 10 20 
20 61 18 1$ s 13 
21 69 31 13 • 15 
22 56 26 2l a 1'1 
25 60 39 36 6 2'1 
26 ?9 43 20 , .. .21 
2Q '11 40 21 - 2a 
31 70 8 ·• - a 
33 ,a 18 3 ,;,fo ? 
M '18 lV e - 8 
35 5? .27 ao '1 18 
38 ?3 19 

.. 
6 ... • 

39 89 37 18 e 21 
40 Vl 44 2:s 3 2a 
41 ?6 18 12 4 11 
42 84 30 10 .z 14 
43 80 3.2 .18 4 18 
44 70 13 14 - 16 
45. 16 30 23 a 19 
46 59 23 
47 ."16 44 

16 ... 13 
23 ? 25 

48 57 27 
49 ?6 49 

f~ 
~ '12 40 

80 2, 
.$3 78 20 

21 4 17 
27 a 28 
12 • l.., 
18 15 20 
aa ,3 15 

54 69 45 ~6 a 29 
56 Gt 2:s 18 a 16 
5G/ 59 32 22 al :1/1 

I 

,TOTAL: 30za 1241 -185 
! 

;1Avera.g~ 72.2 29. 5. 
/. . 

.#: H /'t ti ,; # ;:;:1;;.;;; i;; n f, 5 I · r-r 2 
i' 

1?.0 

Ahs":6i'ood 
$uge.r level 
at t,nd of 
2nd hour. 

?2 
62 
5"/ 
50 
1,7 
Ql 
60 
71 
64 
23 
42 
7? 
61 
'/6 
43 
56 
35 
aa 
59 
60 
?O 
69 
?O 
3'1 
76 
Vl. 
48 
64 
74 
62 
66 
55 

. 43 
$3 
36 
49 
60 
62 
60 
ia 
44 a, 



TABLE 9 • .... 

. Done: o. 45. % .u/2 kS:• ·rabbit • 

... i I_ a· '!ii - -441!'Pl 

sorial 
Eumber 
of 
Ba'bbi.t 

••• 171l •• 

3 
4 
6 
7 
a 
9 
ll 
12 
l:5 
14 
15 
16 
17 
20 
2l 
22 
24 
25 
26· 
21 
29 
30 
31 
32 
34 
37 
3S 
39 
40 
41 
42 
43 
44 
45 
47 ·i 
49 
50 
61 
53 
55 
56 
5? 

li'aeting Abs. ta.l.l Abs. f'al.l Abo. · Aver. Abe. blootJ 
blood at end at end fall at a.ba.fa.11 suga:r 
suga.r of· ·Of ~nd of over lavel at 
level 1st hour 2nd hr. 3rd hr. a hours end ot 

69 
73 
72 
64 
a? 
60 
15 
69 
62 
76 
60 
"12 
72 
55 
76 
?7 
72 
64 
73 
87 
87 
'10 
72· 
8'1 
66 
.a.s 
72 
174 
68 
?5 
65 
72 
76 
5? 
'1? 
86 
?6 
()2· 
?O 
71 
65 
'13 

1 tt .,.i 1 l" - -• 

31 
&l 
48 

.16 
i4 
.:30 
25 
31 
'lll 
~ 
38 
20 
15 2, 
22 
20 
40 
M 
,38 
28 
16 
33 
ao 
1'7 
30 
26 
1'7 
43· 
3l zg 
32 
29 
41 
a3 
29 
34 
24 
44 
33 
39 
44 
21 

16 
26 
&? 
31 
20 
21 
12 
20 
37 
27 
28 
15 
15 
24 
a 

25 
28 
16 
23 
·28 

5 
16 
23 
a :u, 

26 
,12 
S4 
so 
22 

.·· 1a 
13 

.17 
16 
24 
16 
12 
$5 
l/1 
·21 
22 
12 

8'12 

7 I . .,-·ML .-J 

• 
10 
12 
.la -
--29 
4 

16 -• 
14 

6 
... 
5 ... 

16 
21 

' 6 
10 

6 
6 

20 -
32 

6 
s 

10 .. 
16 
15 

4 
7 

17 
2 
4 

lG 
6 

16 
22 
39 
22 
18 
17 
12 
17 
34 
23 
2'1 
12 
10 
22 
12 
16 
24 
1? 
26 
26 

9 
18 
21 
10 
.17 
25 
11 
3"1 
19 
23 
20 
14 
26 
21 
17 
18 
14 
32 
1'1 
2a 
a7 
13 

2nd hr • 
f¢'1P!tf !!EiilJs ·- ·z f_ 

63 
47 
35 
as 
67 
59 
63 
49 
25 
49 
.32 
67 
67 
31 
68 
ea 
44 
48 
50 
59 
8.S 
64 
49 
79 
51 
59 
,55 
40 
38 
53 
47 
59 
5S 
41 
63 
70 
64 
2'1 
53 
44 
41 
61 

. 2136 



/ 

Serial 
h"Umber 
or 
Rabbit 

7 fS I . w_· _ I · Ji... r .l_ 11 

-i,~Q.Oting A bB. fall 
blood at end 
euga.r or 
l,avel lat hour 

J._t•·11 JIU. _ _Q It r,Jl ·•11.!l!I ,itijilfl:, w ·a zi 

Aba. fall. Abs.tall Aver. 
o.t end · at end abs. 
ot ot fall 
2nd hour 3rd hour over 

39. 

Abs.blood 
sugar 
level 

· · - a hrs. ... ~---:t-• -• -·-·-·-·ii-MW-.>--·----, -·11 ___ ..........,_ .. .._. iFMi* "" t t N i .,...,., 

at end 
o:f2nd, bt-

l 
2 
3 
4 
6 
7 
e· 
g 

10 
11 
12 
13 
15 
16 
17 
l.8 
20 
21 
22 
24 
25 
26 
27 
30 
32 
M 
36 
31 
38 
39 
41 
42 
43 
44 
46 
4? 
48 
49 
50 
51 
53 
54 

----·· ff 

65 
66 
67 
,68 
62 
72 
78 
76 
65 
71 
69 
79 
81 
74 
63 
81 
76 
75 
10. 
69 
?9 
64 
77 
?3 
78 
ao 
65 
74 
72 
75 
65 
68 
64 
67 
69 
ao 
?a 
68 
62 
61 
75 
71 

3? 
36 
39 
39 
42 
36 
16 
43 
29 

. 47 
32 
9 

2l 
16 
33 
37 
16 
42 
25 
34 
19 
34 
2a 
31 
45 
37 
32 
38 
36 
21 
39 
24 
26 
a2 
24 
!5 
23 
29 
ao 
34 
28 
19 

1a 
7 

Sl 
25 
40 
39 

13 
28 
28 

· l '1 
·22 
22 
45 
25 
2"1 

.15 
38 
25 
43 
4~ 
J.B 
14 
29 
40 
17 
16 
41 
26 
10 
36 
46 

-18 
l? 
So 
35 
3,-9 
14 
20 

.··44 
24 
11 

11 
? 

18 

. -.. 
7 
5 

17 
17 
17 ... 

18 
16 
30 
39 

g 
... 
a 
6 
3 

ll 
13 ... 

7 
29 
10 

9 -9 
6, 
5. 

l.l 
16 -.. 

22 
17 
29 
21 
35 
Zl 
1,6 
19 
19 
2? 
18 

· 16 
20 
26 
18 
28 
10 
3~ 
22 
36 
34 
2() 
14 
23 
ao 
:ui 
.16 
30 
25 
10 
27 
3~ 
l.8 
1'9 
20 
26 
lG 
16 
20 
.3l 
17 
10 

47 
69 
ao 
43· 
22 
33 
78 
63 
37· 
45 
62 
5'1 
59 
29 
38 
64 
61 
37 
45 
26 
36 
46 
oS 
44 
as 
63 
49 
aa 
46 
65 
30 
a2 
46 
60 
33 
45 
·59 
f)4 

42 
17 
51 
60 

llif.Bi •• $ _. Q pj; .... Pf'! .-•. ~ ....... .1111 iil~II ;-Pillllt~ ..... , ,..--.WO:!'#.··~· f. 'a ·t l 

1082 

2s.e 
445 937 1913 

lo .• 6 22. 3 45. 5 

• 



40. ,,, 

TAnl,'3 11. 
• .. ....... " 

Do•o: o. 56 ... ~•.PLI S• lll}>l'J.t..L 

• _.ir.,-1111 
• • _ljiii ·-

11]1 ~_-. ...... !il'I ••• ... ~1111• ... _ RM JI .. -Serial. Fasting Abs.fall· Abs.tall A'bl:t.t$.ll ·Ave.mge Abe. blood 
Number blood .. at erl'ld at ~nd at end o.bsfo.ll sugar 
of inigar ot of or over level. at 
bbb1t .level lat hour and hour 3rd .hour 3 h.Qura end of 

ts •• _· """" .... rt rn - & • -- ~-- ." .......... ·1 I t ff 
2nd Qr s_ s~ •1-: __ 11 

3 74 39 .30 • 23 44 
4 81 40 31 6 20 60 
6 '10 40 22 5 22 . 48 
? ,a 49 40 20 .56 ·.ZS 
8 84 4tS 44 32 40 40 
9 63 S2 25 13 23 38 

10 58 l8 18 - 12 40 
ll 63 38 38 2~ 33 25 
12 76 2b 29. 13 22 .47 
13 64 36 39 '14 zo 25 
l4 58 2"1· av 14 · :,?6 21 
15 60 26 24 9 20 45 
16 so· 39 36 10 28 44 
20 60 17 9 • 9 51 
21 69 16 19 .. 12 50 
22 72 40 32 a5 32 40 

.24 71 31 26 l 20 4:S 
25 69. · 41 . 46 31 39 23 
36 66 Z5 .!5 30 33 !l 
29 b6 40 46 29 38 l.C 
30 62 2s.·· 34 33 aa 18 
Zl 72 a, 16 ·4 l.8 56 
32 79. 43 4S .1.1 34 a 
33 61 1'1 13 ·- 10 48 
34 70 44 42 18 35 26 
35 ·76 32 11 14 21 56 
3? 53 38 34 19 30 19 
38 82 ~5 36 12 24 46 
39 77 30 28 ·2 20 49 
40 5'1 41. 48 19 36 9 
4l ·70 22 .1, ... lZ 53 
42 80 38 4? 20 35 38 
43 '71 34 22 4 20 49 
46 59 21, . 15 • 12 44 . .., 6'1 42 28 l? 29 39 
48 64 35 ao g Sl 44 
49 8l · 36 .S6 7 26 45 
50 59 37 29 6 a4 30 
53 64 45 38 11 31 26 
54 ?i 22 35 12 23 3$ 

·55 65 58 34 13 28 31 
56 70 30 18 '1 18 52 

TOTAL: -· ;B""!l •• a ..... ,_."_"' ........ 1 ..... , ..... oa ... ~-.. __ ., ....... ~.2 ..... a ... ~-". -· _.,_, ... m. ... 3..,.,._ ...... -· .. -· .,1 .... P ....... e .... , ........ _ ........... ! ... 60.,.;, .... :1---· . , 
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'1' 
a,, - ~ s r·• .,._.,.. ·1,.~ni ... ....-...+--. ·a• ·ca- .rr ._,,_..11'8·t1. ........ •• w ·• u.ii - ii ·r• r Ill' 

Serial Faoting Abs.fall Abl'!.f'all Abo.fall· Ave,..age Abo.blood 
l:fwnbe:r blood 0it end at end at end abs. f'all tmgar 
of sugar of· of of ovor level at 
Ba.bbl t level i.st hour 2nd bout" 3r¢l. hour a las.: end. of 

........ !MW,"' • iJ:iAM .,..._ HhA Alf Ii ..... ' ' .. ·~: .wu:w,W !!!it;• &Ii. l 'dt•r.~- . u - - - ·urt Jiil .• 2f!d ~ol~r .... 

1 74 35 20. ·- 18 54 
2 75 46 27 ·9 27 48 
3 ?? 50 36 15 34. 41 
4 68 25 22 13 . ·20 46 
6 62 ao 20 .... 13 42. 
'i "16 37 26 ... 24 61 
a 61 42 3-5 .ao 32 . 26 
9 79 49 49 ;56 46. . Z0 

l.0 74 24 S9 "" 18 4S 
ll 77 M 41 30 34 36 
l2 60 .29 24 12 22 06 
13 75 el 47 31 4S 28 
14. 84 59 59 51 55 25 
l5 70 32 ao 15 .26 40 
17 172 39 -31 g 26 41 
18 64 25 41 27 a1 2z 
ao 68 25. Z4 3 21 34 
22 61 29 21 9 20 40 
24 92 sa 53 20 42 39 
25 63 15 29 · 23 22 34 
2a 69 2& Sl. 16 25 38 
27 67 31) 28 ... 21 39 
29 85 45 44 19 36 41 
31 73 31 21 9 20 52. 
32 ?O 'lll ao 9 26 40 
as 7. ~o ZS 16 ·28 ·· ae 
35 72 .39 29· 14 2'1 43 
37 64 24 35 9 23 , 29 
.38 ' 61. 51 14 .... 15 47 
40 7G 65 49 58 . 54 21 
41 91 so 40 31 40 . 5.1 
42 76 38 ae 23 32 41 
43 65 18 55 ll 21 ·2a 
44 .. ,e ZV ao 10 22 66 
4$ 66 4l 38 1'1 . i2 ?..8 
4? 67 S4 38 24 32 29 
49 61 39 44 13 32 17 
60 ?3 28 45 8 27 28 
51 ?e 50 46 ·30 42 32 
53 62 51 1? ·- lG 45. · 
S4 76 38 3? 30 35 . 39 
QQ 76 32 46 45 41 SO 

...... - ........ I 1.• - ft .• ' -

TOTAL: aooa 1008 714 1220 .l:6'15 
, 4 - ...... · • - ..... -··• ·111 _~-• '""' _ • (1&1'.lil. · ,nif r,. • _ ·,:;,, 

34.1 l.V~O 
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TABL'E 13. 

Dose: o.65 1.u/2 kg.rabbit • 
.......... -. - ... , ... li4 -~ :z1 ii i - 1-11111 

. - 'serial Ei.tlns Aba.:t1ai1' Aba·.taii Ab·a.:t1a.1l""A°V'erage ·A0

ba
1

:b1°ood 
Number bl.ood · at end at en.d at end abe, fall sugar 
of suso.r of of of over l.i!vel at 
Rabbit l.$Vel l$t hou:r 2nd hour Srd hour 3 hours end of 

l 
3 
,4 
6 
1 
8 
9 

.lO 
11 
:l2 
13 
14 
15 
16 
1? 
18 
so 
21 
22 
24 
2Q 
26 
27 
29 
&) 

31 
32 
33 
3fi 
38 
40 
42 

·43 
44. 
46 
47 
48 
60 
61 
,53 
!>4 
60 

aa 
'78 
94 
76 
66 
''16 
63 
56 
83 
60 
?2 
69 
82 
81 
?O 
69 
?a 
64 
66 
'13 
?l 
:82 
,55 
62 
77 
65 
?4 
93 
?? 
81 
?O 
92 
65 
Ga 
'1'1 
68 
69 
80 
81 
68 
71 
59 

·-, i"1if-fft':1*"il\i'• 1 T -, l;: It J - f •·tr iii f t if.. ·r I a.nq_ hi:a .. 

20 
45 
5S 
as 
31 
27 
3'1 
25 
48 
.28 
50 
4:S 
67 
45 
68 
,64 
52 
20 
Z? 
49 
40 
41 
28 
!3 
55 
28 
3? 
48 
45 
32 
46 
Z9 
33 
47 
43 

.~6 
48 
62 
32 
41 
36 
33 

16 - 12 65 
31 .21 32 47 
63 ~ 53 31 
30 lG 28 46 
22 6 20 44 
60 54 47 18 
24 17 26 39 
Z7 7 23 19 
67 21 42 26 
19 6 17 41 
:5S 55 54 14 
58 l.6 32 Sl 
43 ~ 46 S 
32 6 28 49 
46 17 47 24 
55 25 43 14 
43 25 48 35 
10 3 11 54 
37 10 '28 29 
40 34 41 33 
48 Z6 41 23 
36 22 3Z 47 
21 lo 22 a, 
24 16 24 38 
ijZ 29 46 24 
17 12 l.9 48 
39 16 2,1 45 
67 22- 42 36 
aiS 13 z1 41 
36 25 31 45 
44 31 40 26 
50 30 40 42 
?)4 14 a? Sl, 
47 21 36 16 · 
31 16 zo 46 
,, ·~ 4} 21 
42 40 4t 21 
40 2'1 40 40 
64 43 45 2? 
36 21 sa z2 
2a 5 2z 43 
16 · ... 16 43 

1J•, J.-•1·~•.111a,ual11.1••J1l __ -·.-•H ......., rt itu' "hill_.,. 

TOTAL: :;059 1691 1686 951 · l40S 1473 
________ ........,. _______________ _ 

Average: V2.s 40. 3 37.8 22-.. 6 35. l. 
l <.-:~·==-·iii ••~I/ I -•-•,rt=!'! E!: ::. :: ::: : ::n ~· . 1•::::::.. :::: ::: ,r , : : ::::: ·:·:a 
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TABL~ 14. 
. , 

-· nii -~-·._--. ¢E • 

Dose: ,!,) .• ?O 1-.: NL~ .. k.e.:..~ .. ~ rn . 
Faatfiig"'lba:?a~ii .A.bEi ~ la1:1··- Aba' •. ""?ali Iver-:' . - - !fi'*'l'I 

serial Abs. bl ood, 
l;umber blood at at end ~t end a.be. SU.R;,f(X 

of nugar· end Of ot of :tall level 
ta,.1fbit level l.at hour 2nd hour 3rd hour over a.t end Of 

" ~..-.,ii! •..• , .... ' ·• -..:-,· r • - •- Hit 1a ii•·• 3 
!9 r 

hrs. 
11...-

2nd 11ou:r. 
f ~ ,1 lliloilQ _ f . : f& 

.a ao 54 47 34 45 33 
4 80 44 45 43 44 :55 
6 92 65 66 41 53 36 
7 79 02 56 37 48 23 
a 74 3a 36 24 33 .38 
9 69 45 38 35 39 Sl 

10 ei 67 62 36 52 19· 
2.l 62 31 24 20 29 36 
12 61 ·28 19 15 21 42 
l:3 60 36 32 '22 30 28 
l,i 8?' 58 56 25 46 31 
l6 00 27 29 13 23 29 
17 '15 52 44 al 42 31 
18 6$ 3? 31 22 30 37 
20 BG 64 elt 46 59 19 
~l ?9 65 .4'1 ~ 43 32 
24 ,7:5 38 4/1 36 40 26 
25 ea 42 39 20 34 29 
26 77 24 48 33 35 29 
27 6'1 32 ~o 12 25 'JJ? 
29 70 41 39 31. 37 31 
30 71 44 44 21 36 27 
31 '10 52 42 3? 44 28 
33 bf) 2S 2e 25 26 42 
35 62 .31 21· - 17 41 
se 91 00 61 36 52 30 
3? 60 M 32 rt 26 28 
40 63 36 38 22 32 25· 
41 ?l 48 36 35. 39 36 
42 (!/1 23 35 26 28 Z2 
44 69 42 38 ll 30 31 
46 83 ea 61 25 48 22 
4,7 64 !2 .23 14 .23 41 
49 72 51 38 32 40 34 
60 7~ 47 64 32 44 19 
51 '18 4? 38 as 41 40 
53 '10 ,40 38 34 sv 32 
54 tJ5 42 42 23 36 :ea 
ee 63 30 18 .... 16 4& 
57 16 56 42 17 36 ! 34 
5S 74 4? 39 3'1 41 36 
59 '16 36 36. 23 12 'lll 

TOTAL: 3031 1806 1696 lll4 -...--...,.._. ___ -,•--__ ,,,,...._, ___ r. ~~-~==•- Mo ,,..., • ...., :111-.,ii' 

26 .. 5 36. 6 &l..6 .... _. .. -~ 



II 
I 

I 
I 
'. 
" 

ii f4.ii• '®"- . t - ' pt'f 

Dos«ii: 0.16 I. U/2 .kg. rabbit. 
tl/1.M 111a·Jli?v11iii"? ~ · ".W..M'illali af J H 

-sc'riai' )last"liii 
Number blood 
of . eut~r 
Rabbit· .level 

"Aiis.?an-·s:bs. ?oi"i Alifl'.1e.ll 
at at end at end 
end of of ot 
let hour 2nd hour S:rd .houi-

. 44 

Avera.se·-Abs .. :bl Ood. 
abs.tall &uga.:r 
aft .over level at 
a llours end. of 

q i]fl.lliHT.l!ll!'lli7U!liJ11iV i
0
1,WJI 

~-d_ .. hou_r 
· •••-• · .a~; n-· ·-y1 •1 

l 82 45 ae 34 38 46 
3 72 35 19 34 36 ,&3 
4 ,a 37 32 l? 29. :'41 
6. 78 4g 46 12 36 33 
s '19 36 19 .... ·· a ea 
9 84 63 41 41 47 37 

1.0 66 48 32 24 34 34. 
12 .. ,,., 40 52 29 39 25 
14 04 56 44 42 4"/ 40 
16 82 38 63 35 42 . 29 
l.6 72 34 27 8 23 45 
l8 76 41 44 31 39 32 
21 68 52 36 lti\ Si 32 
24 ?9 56 48 ao 45 31 
26 81 64 40 2"1 40 41 
26 75 39 29 18 29 46 
27 65 --· 34 $6 J.5 2a 29 
29 71 51 42 16 36 29 
30 70 39 38 as 34 32 
51 69 28 26 l.l 22 4S 
32 68 44 35 za 37 33 
33 52 26 19 12 19 o3 
:56 5$ 32 23 l,2 22 aa 
36 66 48 46 22 39 20 
37 69 37 51 2~ a? ·1e 
38 91 57 68 44 56 23 
40 72 &3 41 Z2 42 31 
4J, 89 62 61 36 53 28 
42 60 41 i'? M 37 as 
44 eo 54 56 36 49 22 
46 69 52 36 29 39 33 
47 88 e~ 82 36 51 26 
46 64 S9 4:0 22 35 21· 
49 76 51 46 ze; 46 30 
60 63 38 3? 25 3! 26 
5.,. .-.; 88 46 49 41 45 '59 
54 63 48 4g 30 42 3.4 
56 84 00 6Z 44 $6 ·.21 
56 '78 61 4'1 32 48 51. 
5'7 00 :z,G .a9 21 29 51 
68 -Ol 54 ,57 4o 51 24 
69 14 29 56 4/7 45 16 

TOTAL:. 3094 · 1883 1153 l.315 
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TADLE 16. ... n n tr(' 

))OS$: o.ao I.U/2 kg. rabbit. 

······--·~ ~ A'b'i.lafi Ai>a. fail Abs.,la"J.l 
. Ill ••• lilliliil ill serial Jfaat1ng Av.emae Abs.blood 

?rum'ber blood :a.t en~ at end a.t end abs .• fa.11 eugar 
of sugar of ·of Of over level at 
Rabbit level 1st hour 2nd hour ard hour a hours end Of 

2nd hour •. 

a '1a 44 51 43 46 22 
6 65 50 46 6 34 19 
? 89 56 55 62 58 34 
8 84 52 46 49 49 as 

10 7B 3*"/ 29 17 28 49 
12 68 26 36 26 29 32 
'13 92 67 76 44 62 16 
14 59 43 4:3 22 36 16 
16 62 36 2,3 53 34 29 
19 77 50 45 28 41 32 
20 71 32 48. 49 4:5 23 
21. 66 43 40 21 35 26 ,· 

23 76 85 17 • 17 59 
24 85 fi2 63 44 53 .22 
25 80 54 45 38 4t3 35 
26 64 43 44 22 36 ·20 
28 75 56. 49 21 42 26 
29 '13 37 t\9 29 36 .34 
31 69 36 . 34 22 .31 35 
33 79 52 63 .44 53 16 
35 81 ~2 61 40 54, 20 
31 66 34 26 6 22 40 
37 69 25. 39 47 Z? 30 
39 74 52 .38 31 40 as 
41 78 46 59 26 44 19 
42 58 31 29 24 28 29· 
44 81 52 43 31 ·42 38 
46 65 31 38 30 33 2? 
47 76, 48 48 2'1 41 2S 
48 74 38 46 25 36 29 
49 69 41 40 22 34 2 9 
61 70 40 19 25 as 51 
53 70 43 46 28' 39 24 
55 13 56 68 $3 49 16 
66 63 42 41 31 38 22 
58 68 35 48 2Z 36 20 
69 7? ·ea 64 43 52· 23 
61 64 62 63 4'1 54 21 
62 72 50 48' 31 43 24 
64 60 42 39 21 .34 2l. 
65 75 53 46 40 46 29 
66 '10 44 41 34 40 29 

TOTAL: . 3058 18 7 6 

. Avernoe .: 72.8 44. 6 

1871' 1285 1678 1189 
...a<.u,illip:<it #'Zlii (iii Will · j -·-·· ,-_ . ii i l · 1s- ..... 

J ;;:e.,. 
-.a •••.:r 1s •:• J • .. n • 

30.5 40 • 28 .• S 
Jif.<J!!l=i#,.-"l! ! it. I 

·1 



TABL'B 17 • 
.. f,:z!$111 I u·i'Jz" 

'f:ierlal ··~ Fa""at1ng Atis, .• ?a·ir A'S.,~fati.Afis.:.la'.11' 
Number blood at end at end at &nd 
ot sugar of : ot ot 
Ba.bbl t level 1.ot hour ano. hou:a- ard hour 

.. ,.,··.11·. 

a 
4 
6 
8 
9 
ll 
12 
14 
16 
18 
19 
21 
23 
24 
ae 
2'1 
.22 
30 
31 
33 
34 
36 
&7 
39 
40 
41 
43 
46 

"' 49 
il 
52 
sa 
55 
56 
as 
69 
61 
63 
64 
65 
67 

66 
68 
79 
?4 
81 
66 
'12 
?O 
·*79 
85 
69 
'13 
?a 
62 
6? 
'1'1 
80 
44 
88 
58 
'76 
56 
66 
?a 
?O 
89 
68 ,.,, 
73 
'15 
69 
72 
80 
?9 
?a 
'11 
65 
68 
?l. ,a 
69 
'74 

44 
12 
3S 
sa 
48 
Z6. 
54 
13 
53 
58 
54 
42 
08 
13 
35 
47 .. 
44 
59 
83 
46 
34 
37 
53 
50 
51 
4? 
47 
28 
52 
51 
:29 
43 
68 
42 
38 
60 
46 
40 
e2· 

146 
54 

52 
17 
5G 
45 
20 
47 
60 
46 
51 
6'1 
51 
40 
4? 
38 
36 
38 
i4 
41 
~8 
30 
49 

' ,46 
41 
41 
65 
aa 
53 
43 
JS 
50 
27 
63 
6;5 ~, 
4'1 
38 
46 
Z9 
51 
5.2 a, 

18 
·• 

34 
a 

,ae 
S5 
52 
38 
32 
30 
ao 
39 
44 
ao 
21 
62 
16 
-43 

• 
32 
34 
ao 
52 
21 
30 
52 
$3 
1$ 
22 
35 
47 
51 
44 
29 
41 
29 
34 
45 
,41 

AYe.rage' I Alie.blood' 
abe~ fall sugar 
ovcu:• level 
.3 hours at end 

of ond hr 
. ~ . "+ J ..... t7 I(fm-ls 

ZS 
16 
4? 
42 
28 
39 
:57 
29 
4& 
99 
41 
38 
45 
2? 
.'f,7 
4a 
21 
35 
63 
26 
46 
14 
38 
43 
40 
56 
&f> 
43 
41 
39 
se 
26 
44 
56 
49 
43 
39 
44 
36 
4G 
48 
51 

1.3 
61 
25 
29 
61 
19 
22 
24 
27 
l& 
1a 
33 
31 
24 
31 
S9 
46 
13 
ao 
~ 
a7 
49 
20 
:31 
29 
24 
30 
.24 ao 
42 
19 
45 
2'1 
16 
2Z 
24 
2"1 
22 
32 
22 
1? 
1!1 

TOTAL: .S045 1'18Q 1868 1&49 · 1661 11?6 
·0_1. TO I t Oil .. ·•,c··• -·•-·J. n1-_,-a ···a If c- . h rq·'ilNl'M 



~ .. 

' "'nose . . ' Average"Yast­
I. U/2 kg. ing bleed 

Group. rabb.i t auga!' level 

l 0.000 69,.,4 
2 0.10 ?2.0 
s o •. 15 69. 2. 
4 0.20 71.1 
5 0.2! 69.'1 
6 o.ao 71.4 

' 0.35 72.s 
·8. 0.40 '12. 2 
9 0.45 . 71. 6 

10 0.50 ?l.3 
li o •. 55 ea." 
12 o.oa ,1. 6 
13 0:,. 65 72:.8 
14 0 .. '70 ?2.a 
1S (). 75 73 •. '1 
16 o .. so '12.a 
1'7 0.,85 112 .. s 

TOTAL; . 1215.0 

Avera.se .. ;,, 71. 5 

TABLE. 18. 

SUDARY . OF . TAllLES 1• l? .. 

• 
Average .. Average a.6~ , .. -, .. 
absolute tall solute fall at 
at end of lat hr. end ot 2nd hr. 

e.a 
ll.5 
24.5 
25. 3 
28.l 
28.5 
30 
29.5 
30 •. 6 
30.7 
33.,.5 
35.9 
40 •. 3 
43 .. 0 
44.8 · 
44.6 
42. 5 

... 
l.i 

12.1 
12 .. 4 
13. 2 
14.2 
15.5 
lV.S 
20.8 
as.a 
30.5 
i4 .. l 
5?.,S · 
40.4 
42.4 
44.5 
44.f> 

,. Xienge'. as;· 
solute blood 
level at end 
hour 

69.4, 
'10 •. 6 
SV.1 
58 .. 7 
56.5 
sv.2 
57.3 
5-4.9 
50.8 
4.6.5 
38.2 
57.5 
35 .. Q 
a1.a 
~ •. 3 
28.3 
SS,.O 

. •. "" J.v'erage ab"..;.' Xv~·ra.ge a.ii-" 'Average per 
sugar solute .f.all solute fa.ll centage 
of 2nd at end ot o.,-er 3 fall ove:r 

3rd hour . hra .. · l~_1+.9urs 

... l.8 2. 6, 
• ,., 6, •. l 

3.4 1a.a 19.l 
3.2 is.a 19.l 
4.5 1S. 3 21 .• 9 
3.:1 15.3 21.4 
4 .• 1 lfl.4 22.5 
4 .• 4 17.0 23.5 
s .. a 20.1 ae.e 

l.0.6 22"3, 31.3 
12."2 25.3 36.8 
l?.,O as.o 40.5 
22.6 33 •. 5 46.0 
26.5 36.5 50.6 
2'1.4 38.1 5.1.? 
30.6 . 40 54.9 
32.l 39.5 54.4 

,,..· 

j 

~ 
...;a 
• 
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tt w11l be notic.ea tho.t the average· tasting bl.ooa. ougar 

levels for the l 7 6roupe a.re very oloaely spaced • too close 
' ' ' 

for correction of the riisults by appli.oation .of a correct• 

ion f'igt1re. as 1ndica.ted by ·l.~rka and f.Iemmingsen (13) and. 

de 3 ongh, Lena and Spanboff' ( 2a),. However. 1 t wa,s tel t 

that· even euch slight differenoes a.f'feot · the va.lu.eo .in the 

.suoceeding columno. espeoiall.y a~ far as the ave rag¢ ab• 

solute blood suga.r lev~l at .the .end. of the s~HHmd b.our 

( column e. Table 18) is concern11d. · ·It ·was. therefore, 4e• 

cided to obtain the average ot the average fasting blood 

susar l.evele (1,e •• '11. 5) and. to express the succeeding re• 

sul to in terms of this aQtJ'llon fa.et ins blood ouga.r level., the 

corrected rGsults being gi~en in Ta.bl• 19: 

TABI.E. 19. 

~~',AllY OF. TA}3L,ES, •. ~ ..... 17J .. 
nttm:S COBRECTKD TO A L':'.EAN PA8'l'llTG BLOOD. , · · · -a·uoAif° Lkwi' oF .. .,:r~ !. . _,.. · · 

'' .· .. '··- ,, 

.• . Dos·e W I ' 

1 Average 'a. v; ... • U '°Ave~rt\e;• l a,t; .... 
I. U/2 kg. solute ftl solute blood. 

Group rabbit at end ot sugar 'level at 
~nd hour end of .,,trlid hr.· 

1 •r i _lF"k;a pq · sr :JI;..., r · a1 - •• .,,. -.- J 1·· ~:-+ , _ ·t , 

1 0.05 
2 0.10 
s 0.15 
4 0~·20 
5 0.25 
6 .o.ao 
? O.S5 
8 0.40 
Q 0.45 

10 0.50 
11 : 0.56 
12 0.60 
13 0.65 
14 o.·70 · 
16 o. '15 
.16 0.80 

-1. 6 
12.6· 
12.s 
13.6 
14.2 
15.2 
11.l 
20.s 
25.9 
31.? 
;54.0 
37.1 
40.0 
41.0 
4.S.7 

'11. ... 5 . 
?O. 0 
69.0 
59.0. 
68.0 
57.3 
-6e •. a 
54.4 
so.1 
4&.s 
39.8 
57.5 
Z4.4 
51. 6 
~.4 
27~8 

• - Ii Mli Jtilli m~ a · i lilt mr 

Average abao .. 
lute ta.;1.1 
over 
§ h0 .. ¥,.£8. . O T j .. I l 

l.'1 0.86 43.9 · 27.6 38,,.9 ·. 
'!!~ !; 1 a::fP: tr=- ,.. · ,,i,u=====a~!:11=! J ! CZ!M·t 1 L!$::: 2'. 1::r:U;i, k St L 0'1:TJt:').~~h:{ 14& . 

/(d) 

•'· \ ' 

\ 

' \ 
< \ 
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(d.) ])1$oui,sion. · 

(.1) GeneFAl, O.f?!!S1f3~!~;t1gna:• 

The fasting blood sugar values ·of rabbite,. as obte.1n ... 

ed by vario\ls work~rs trom tim$ to time, show great "Var.la• 

t:S.ons. 5oott, Ford .and Ea.die (quoted from 191) found a 

me3ll blood sugar of 0 .• 117 -per cent.;· with V$ria tions t":rom 

0.000 to 10.177 per oent. In Murltn•s-l9,bora.toX'¥ (loo.cit) 

the mean.was.found tQ be 0~105 with va.riat;ions from 0.071 

·tc o.141,, w:herea• Grevenat-uk -q..a Laqueur (l(Hi.oit) o'btairHtd 

a mean value of O.l:38. - Cl~ugb. et al (:32l,; from 764 read ... 

ings representing 64 animal~., reported a .fasting va.lue of 

o. U:5 per cent and a. utandar4 deviation from the mean of 

17.6 mg. :x~ this ser1elf tJ_f ?14 rea.din;e an averase ve.l.ue 

of o •. O'll per cent, with va.'r1ations from 0.062 to o.093 

!he atandard deviation qf 

These apparent 

4J.ecre·pa.noies. 1n tlte faettug va.luoa obtaintd by differ.ent 

wotsere au, d\.\e, as has alree,dy been indicated, tothe 

methods of svgar eetima.tion; the varioas older ones having 

been compared and discussed by He_rbert tt al. (23). The low 
. . - . : . . 

average taoting va.lue obtained f.n this series {O. 071 per , ' 

cent. as compared to O .117 • O. l.05. o. 138, 0.113 per cent 

of other worken) is the rno\Jl. t. of the :method of sugar 

determination (20), whioh estimates gluc,oe;e of the plasma 

alone and exal1.1des the nitrogeno-uo reducing compounds ot 

the corpuscle• by the use of iaotonic sodium sulphate. -

Ra.binowitch _{24) had poetulated that non...g1uoose reducing 

substanees are reaponaibl.0 for o. 025 per cent a.n4 have a 

value of 16.31 ing.per 100 ml. of the redue:tne; value ct the 

blood (PAse 3 ) .• 

:Ernet and Jester ( 172) claim tbat non•gluooce 

reducing oubrJtancea ha.Ve a value of from O. 024 to o. 049 

per cent.. Viewed in the light of tneee f 1nd.:i.ngs, the 

. av,erage ):'e.sult obtained in this aeriae compares tavourabl.y 

/withe 
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with those of other workers. When the earlier obe_ervere 

(4). therefore. postulated 0-.045 per cent :tais the oonvw.sive 

level .in rabbits, moet of this figure; ae Yla.e ehown by 

Hill.er et al ( 25) and Dotti (173), represented non•gluooee 

red.uoing sub$tancea. With this serieo it was consistently 

f'ound that the blood glucose in the ra.bbi t dropa to an 

appreciably low level (0 .• 01"05; to 0.010 per c,mt) before 

signs of convulsions beco1ne evident. 

The individual va.riationo in f9,otlng va.lue 

( ::t 10.052 • :to, 09a). as zcen 1n each o:r t?u~· preceding Tables 

l .. l '1, oanno·t be 1140 ounted tor. Those a. :re well•known to 

a.ll workers in this field and occur. notwithetand1ng the 

utmost ca;re ae regards te<:ding ,of theJ animaln, per.iod of 

fasting, e~o. The ineonstste.ncy o:r this value 1n a spoo ... 

!fie aninlal ia ill,uetrated_ by the· following figures repre• 

;er1ting the faati.ng blood sugar of. rabbit No.9 on 16 d.~ff'e:r• 

ent occaoions: 0.071 11 o.ose. 0.0611. o.oao, o .. 064. o ... 069, 
' 

0.079, o.oGo. o.o,e. o .. 063, o.079, 0.063, 0.000, 0.084 and 

o. 081. these a.re probably the re1,ult of daily vari.at iono 

due to external and unidentified lnternal physiolog1ca1 

ta.otors. However.. •n iml\)orttr.nt o!beerva t .ion that was ma.de 

in thio respect ts that_. ,en e. ,pe.rticul.a.r d.a.y, rabbits· t.hat 

11ad: reoeived similar t·reattnent, a.lmotst invariabl·y show 

similar tasting va;lue$. · Valuea like the f·<>11ow1ng were 

obtained more a• a -ruli!l than oxoeption;;;o, 

Rabbi.t a4 .. o.oss per cent, 

Rabbit 26 ... 0.060 per oent 

Rabbit 2-7 - o •. 069 pe:r eent. 

Day Y : Babbit 24 .... o.oao per oent; 

ff 20 .. 0.078 ff n 

ff 2? o.oe4 u n 

Values euoh as. e.g.. o. 058,,. o. 078, o. 089 per cent on ,one 

day for 3 ~i:rnilarl) -~treated animals were ha.:rdly ever 

encountered. When this was the <:ase, the oa-use could, .in 

/most 
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most instances, be traced to ,some other ta.otor. suoh as 

unequal tacting pel'iods, exoiteability of rabbits; faulty 

determination, etc. The obocrva.tion, aubsta.nt.iated by 

Lacey (192), that on a epeo1:fio .day the .tasting blood sugar 

'V'alucs of' a group of &imila.rly•tree.ted a.nima.le uoua:ll.:V 

vary within na,:orow limits, t'ormo an important basis of' the 

method of activitv evaluation to be d,eeori'bed later. 

The ta~t ths.t the a.v(t 1"Sge values (fasting) for the . 

difterent groups vary' within. suoh nar:rr;,w limits, is pro~b-

1:Y due to the pattern of prooedure followed with 1nJ eetion 

or the various groups (page 27 ). 

The neltt point requiring con,iaeration, 1 s the efteot 

of insulin with reference to the.time period; In the iussa,y 

ot in$ulin, the study ot the blood sugar :f'a.13. over a period 

o:r 5 hours was 01"':tglnall;y .adopted ao a result ot the ob• 

eervationtt (14. J.91) that, after thi'3 period., the blood 

11.n:,gnir lev~ l had. in most oases returned to nor1nal. That 

thitJ is not tho case, is .amply con.firmed by atv.dying ·the 

results cf insulin a.saays as pu~li.shed and by the work of 

Thorp (.40 ). . It was. theref'ol'e, thought that, w1 th the 

reduction ot the d.oses ordinarily used in asea:ya, the tJ.m~ 

per1o4 of fi. ve hours eould sa1'ely be );"educed to th:ree. 

The reaults quoted 1n the. preceding tablet$ snow that., with 

the exception of the small doees (0.05 ... :to.so I.U/2 kg), 
. . 

the blood sugar aoeo not return to 1 ts .normal. value witbtn 

the fi.rst th~e hours. l!owever, it io clear from the 

qu.ote4 ·resulto that. the duration and degree ot reoponse 

show a ma.:rked parallelism, tand, in order to ,ob111o.te 

d.etermino.tione neoeesary for SJtudying the duration of the 

respontH.!, a stUd.y of the degree, ti.ti exhibitec:i &t different 

time 1nterv~lo over o. definite time period., is appo.rentl;r 

equally effective. That this i-esponae :le graded for 

each period tested over a. wide range of ,ooees, is cl~arly 

/shown 
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ebown by th$ reaul t e, · and w1l.1 be referr.ed to more in 

c1,tail presently .• 

To d1?'tOl'm1ne accurately tho loweat pQi nt to •hi ell· 

the blood ougar falls ,after inoulin administration 111, 

w1lnigiiU.mpossible~ uow cl.oealy tbiiJ loweet point ean 

be appronmated will depend on tbe r.-equency of the bleed• 

.1n,ia,, wb.i ab, for pract1<m,l reasone, cannot be too often. 

Hc:,uver, a conrparative eat1mete ie cibtain., by bleeding 

at a~courat•lY e;&ecuted post•it\j,eetion periodu. 'lmpl,oying 

this method, a atudy o:t the average fulls after 1,, e u.nd 

S houn ahows that, with the entire doi,age rat'lgo teated., 
' . 

a maximum fal.l 1a obtained. within tbe first hour, wbiell io 

then ma.tntatned according to the axnount of" dose. In the 

lowr rans<u. (0 •. 05 • ~ 0·.46 l ,U/a kg.), the aVenL1e tall 

at the en<l. of :bhe second hoµr ie appnota'bl7 leos thati 

that of the t1rst. For tbe rem11ini..ng doses (O. 50 • o.S5 
. . 

1. U/2 kg.) the •ximum fall o.t the fim hour io main ... 

ta1nod during tho second toward• the thi. l'd hour. Thia· 

:lndteataa tha.t i.norGasing dosage tirat a.tfeete tbo maid.mum 

!tall an4. secondly.- the durat iori of. the t~l. · It i:E; well• 

· known that, with convule1v$ doses, aonvQlsione hard.ly e'fer 

set f.n within the first hour tt,-ft er i:nj ~H,t ion, but more 

otton round about thQ titH'!ond towards the third houz-. 

· 'J.".hio proou.bly indtcates · that · the r®'dmum tall ho.4 not been 

reached ·until that ti.rue. but also that the ~,at,i,2D ot the 

fa.11 1a an important causative ta.c.to:r in pro4~c1ng eon• 

vui,slons. .tt appears that. tbe normal orsa,.n.iom bai, eorne 

proteoti ve meohanl.sm qg,j.nst a tmnsient fal .. l of the blood 
. I , 

sugar, btJt that tru.a reeiotanoe ie ovtrcome by a maintained 

lo• 1ev9l .. 

•rkn (14), otud71ng the dru:;e-r~aponse ratio over a 

period ot 6 houra. conclude•, intei- al1a. that. tiwith 

lal'Sor dooeo the hypog1ycaem1,c · etf'eet ~ea,oJ.te·,s a l . .tm1t. 

abOve which there ia practically no furthet- increase. 

/howe,rsr 



··however large the dose:i Thia "limit" is certainly con• 

dition,ed by the time per.1od. allowed, and in this seriee 

{with smaller doses over 3 hours only) tho lii.mi t seemed 

to have been .... ,.ohed b:y the o. 80, 0,85 }.1l/a kg. dosea 

(due to tbe maintai·ned etfeot ).. Similarly., in l!arks' s 

exp~riment. the limit Ym·ti rea¢ied by the mai.rttained effect 

o.f the larger doses over a longer period. If, in the 

same expsrirnent, blood. tH.lrupleo had been taken at 6• "I,. a 
and 9 hours a.ttel' 1.n.ject1on (instead of diaoontinu1ng at, 5), 

and dosea graduall;y inerea$ed (provided. convulsions di~ 

not ocour), hie dose-response ra;t1o curve v;ould probably 

not have 011own the hor.izontnl. line for doseo over l ... 

l.6 unit per kilo. 

\be. etteot of small do sea of 1n$ul.1n has received 

a.ttentio.n from Scott and Dott.1 (190). With this is bound 

up the question. whet.hc;r an 1:nt.rntlln. d<a1e muot be of speci• 

tic amount before it a.tfeoto th.e blood sugar, or whethet' 

add.ed inoulin. however smo.11, does have a measl.u:able effect. 

The statement hara: been made that light doses have no effaot 

or tmt there is ·an •all o!" none" behaviour. Scott and 

Dotti (loc:.cit).pttblished, data :rel9,ting to the response 

1a.fter injection of l/l.6th • l unit per kilogrn,m over zt. 
boure. They found a blood. 1Jugr:u· aecx-ease p:r.opor,tiona,l to 

the doJJage to l/16 unit per kilo and, by eac:t~a-pol.ati·on, 

oaleul.ated a pereentage reduction or l.O per cent for Q. 

d,oso of l;:32 unit per kg. Wbetner .doses smaller than this 

ca.use a relatively smller reduction or the blood sUgar. 

o:r whether the curve shows a. similar fl~ttenins .1n the 

extreme low reaches as ia the cAse w1th high <toses, · is 

dittioUlt to 4etorm1ne. This if! d.ue to two faotora: 

(·1) ThG prec·ision of the best methods for the detennina ... 

tion of the blood augo.:r do~; not permi 't dlffe:rentiation 

of sugar ocncentrationo ·after a.dmin1strat1on of very small 

doc<as, an.d (ii) the effect of small d <rnes i a probably so 
'--. . 

short•liVf:ld that, in o~er to determine it, blood should 

/ba 
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be withdrawn a.t very short interval.a after injection. 

'Iha autho 1"8 auggest that t .a.nd. t un1 t per kg. &i'e two very 

oatisfa.ot,c>ey .dosa.gea with whi oh to work, ·s.nd oonclu:de that 

"the failure of out' teQbnique to demonstrate tl1e ext:rexnel.~ 

small changes in blood sugar level. wb.ioh are to bo ex­

pected. to reGul.t from vei•y amall. doaes ·or inoulin,. can 

hardly be interpreted as. indicat tng that they do not exist. 

Aa insulin con,tinue$ to have the expected. e:ffeot as tar 

down the out-~re a.a it can be tollowe<l tcuhnioally, it 1s 

dii'f'i eul t to J uati:fy assumptions tht1t it actil differently 

beyGnd, this point. we a.re, therefore, unable to inter..,. 

pret our data a.s giving aTIY support to the J\Ypotheaie tha.t 

light dQset:J ot insulin have no effect .. or that. ineul!.n in 

any manner aots aeoord1ng· to. an 'all o:r ncme• principle.'' 

lt · should be ennpbasi .ecd tho.t the measurement ot 

effect, ao wa,s. d.one in the oxp~rimontc c.:r soott and :Oottt 

and also .in this aeries• e ntaila the measurement of 

/'/ it!.ar~t\, over a speaific t1i.ne .aeripd,. As the latter is omng ... 
I/ 
I 

I 
/.' 

:·/ 
I I , 
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~d, e.o will the ·otreot var:y. For inotance ,.··if the eff'eot 

o:t a 0 .. 5 u.ni.t/2 kg.dose over a period of 3 hol.tro is given 

an an e,btJolute blood sugu reduotton of a2.o. the aame 

eff'eot· meaatu:-ed over a period of tl .n,ours, would be .a.ppre­

o1nbly le,o. depending on bo,\f'" Goon. the hypoglycaemi o 

eff'eot ie wom off and the blood sugar again ;reaches its 

p':te .. ihj ect ion level. 1:f., .in t:1e al:H1ve e~mplo, this 

h~ppens at the end of the thi .rd hour and .the determ.ination 

made oV'er 6. h.ours, then the effect of 22.0 (quoted above) 

will' be. reduced to only 1a.o. With this fa.ct reserved. 

· it can be sta.ted that. 1nea.auted ovei- a period of o .boura, 

doses of o. Of> and 0.10 .t.mits per 2 k:g.hai1e no hypo31.y..-,. 

6aemte effect (tJee Tables 1 a.rid 2) and that the dosago ... 

re·sponse curve ia Gitnllarly tl.a.ttenod out .in .1 ta lower 

re0;ches than in the upper one" ( see 7J'igure l. an<l 



The linli.t of preQi&ion of the method useci for blood 

euga.r. determinations Wti4S caloulateci at g per o'ent. 

Consequently dosea of o. 05 and, o. iO units must l;)e oon­

eidered ae having no etteot over 3 hours, wi tb the firet 

bleeding to.king .place o.t l. hour post ... injeotion. AS. it 

is, 62 per .~ent of the animal. e stlll · show o. measurable 

reduction aft•r l ho1i.7:- with a. dose of o .. ot) units and 74 

per cent wit.11 a. dose or 0.10 units. It only thooe re• 

ductione exceeding thQ e.xpe.r1mental error of 9 pe.r eent 

a.re ·const,de:rcd. then the ,=,espect :i. ve t: isu ma would be 24 

pet cent and 60 per cent.·· Added to thie .is the possi,­

b.1l.1ty that, in many rabbi te shot1ins .no response a.ft er 1 

hour, the blood. :sugar had probab1y already retum,ecl to 1te 

pre•1nJect.ion value o.t the ti.me of bl.eec.ing. I.f, with 

V~rJ/ smnll doaes, · the effect wae measured, over a .sbortei:" 

p,u:·tod. say,. l hour. the bl.~cd1ns schedu.le ad.ju.sted to 

say, 15; 30, 46 and. 60 minutes, and methods of sugar 

determinaition sufficiently ~oe11rate,, it :L.s proba.ble that 

extremely mall doses of tho hormtne will show a. well• 

graded measurable· effect .• 

Tile flattening or the do$!.\ge•response curve in i te 

upper r,eaches (FigurG l) has already been ·argued to be due 

to the tm\inta.ined effeot over 3 hours,. If. in !-able 15, 

16 and 17, the respon.se was measured over 5 1nstea.d ot 

over 3 houra, then the tla.tt enins or the cul"Vc would 

undoubtedly not have ooeurred. The flattening in the 

lower roaohe.e (:i •• e •• with d,oees of ·O. l.5, o. ao. 0.25 a.nd 

O. 30 units per 2 k3) still noeda eXpla.nation. 1.'ablee 

3, 4, 5 and 6 show that the absolute reduct ion over 3 

·hours is 13 •. 2, 3..3.,6, l.5.3 .. 15.& reopect:ively. If• how• 

· ever, the reduction .iG measured over 2 hours.. th~ . f;'eapect• 
•. 

1ve figures would bo 18. 3, 18.91 20.1 and 21.4. thua 

1ndioa.ting a 1:noro ohltinot proiortional>i ty. stmi1a.rl.y, 

/if 



if the ~eeponee had been meaou.red over lt houra with a 

bleeding schedule o:f +. l and l.t hours. 1 t 1 s pr<>bable 

tho.t the :pro;:,orti.ona11ty would havo been more pronounced. 

still. Ae J!aeleod (191) and soott a.nd Dotti (195) 

pointed out. the· V4.1lQci.ty of change varies 1.n li.f'ferent 

anima.la. Drawing of blood at predaterm1ned tiin~s (1, 2, 

3 hcu rs. e to. ) entat ls the measurement of d e.ore.a.s.t.ns 

(towards the minimum} sugar values 1n ·some animals and 

ine:reaotng (returm.ng t<nmt-cU1 the taet.1ng level.) in olhe.re. 

It ts. therefore, possible tha:t, measuring the effect of 

the quot·ed doeagl't range over 3 hours with a bleeding 

eehedul.e ot 1, · 2 ,and 3 hours, is the cauea.t1ve f'aetor in 

the flattening ot the ourve tor thia lower levels. 

Scott and Dot·t:l point out that "bY strict ·theory the 

ti~ ot d.rawing the blood samples should be so chosen 

tor each 4oae that the maximum initial vel.oci ty of 

change w:i.11 be tnea.Bu.red •. Th.a ooru,lus1on, therefore, seems 

feasible tha.t the dotsage•response curU"e showe proportion• 

n,11 t;y over a much ~ider ·rnngfj of doses than •i's 

generally accepted, the tlattening of the curve in it.e 

upper limit,s being clue to the masking etf'ect ot too short 

a per1,od. ot meQ.surement, Q'.nd in it.e lower limits to the 

ma.eking etfeet ot too long a. period of measurement. 

l'.t is suggested that with the higher and lower dose,s, not 

only the time pe~iod. but also th.a l:>l.oed#,ng schedule should 

be adapted to the dosaQe. 

(1~} . consi Q.e.ra,t_ions .. s.nr.aO ... !t .. \ll .. 't.Jl~ 

4ose-resl?2nse o~r;vne. 

It will. be seen that, in each group, the ta.sting 

va.lue va.r1ee :from±0.052 • ±0.000 per oent. ··The quest.ion, 

therefore. arose Whether the res\llti.ng tall values anould 
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be corrected tor dift'orenceo in fasting values by a.ppli• 

· cation of a cor;re¢t1on factor as advocated by lla.rks and 

Hemminesen (l.3) and de Jongh, ·Leno a.nd.. Opnnl1ott (28) • 

. Thia ft$ tried. out by oorreeting the average absolute 

fall over 3 hours. as presented in Table lO, bJ the re• 

greesion ooerfi oient of l!a.rks, viz: o. oi2. The result 
-· 

obtained varied. so slightly from the original (22. 4 a.a 

compared to 22.3) that it was deeided to diacard correot• 

ton of the fall values irl' favour ot a general correction 

. of tbE!' average va.l.ues., as sh.own in Table 191 al'id to be 

d1ecuesed presently. 

· The effects or graded doaee o.£ ineul1n can.· ha 
st\idied f'roro the summa.i-y 1n Table 18 or the summary in 

Tal1le 19 ehow1ng oorrooted va:i.ues. Fl•om both of these 

it is clear that the blood sugar value d~oreaoes in 

approximate proportion w1th tbe 1no21eaoe of <losage. 

Colwnn a. -'Table 18, ropreoents the average absolute re• 

duQtion over a period of· three hours f ollow1ns the in-
' 

t1eotion or 4oaes of 1.nsulin from 0.05 • o.ao 1.u/2 kg. 

and va.ryin8 with o. 05 uni ts. · In colwnn 9 tbt.e average 

absolute reduc.tit.m h~G betJn converted. to the averag4 

pereentage reduction.. With the lower dos~e (o ..... o 5 .. , 

0 .. 25) no clear proportiono.lity cnn be seen -between 

dosage a.nd effect. This is 'prol:ably due, as bas been 

explained; to t.echnionl difficulty aria experimental 

error in doternt1n1ng slight responses. 81m11arl7, 

with the:' billh(?i" doses (o. 75 • o. 86) the proportionality 

1s masked by the maintained fall over periods longer 

than 3 hours. ln between these two limi to is a re.rise of 

. doaec; (O. :SO •. o. 76) where the hypoglycaemic eft'eot , 
, 

(expressed a'4i either absolute 
I 

or percentag.e reduction) 

· is approxim~ely pro1>ortional to the dose. ustng the 

data ,of c~luo/1 8,,· .Table, 18, correcting them to a mean 

. tasting bioo,~1. Dugar level of ?l.6 (aolwnn 5, Table 19) 

and plotting'. l\Ypoal:,,<iaemic effect against dooage,1 the 

/curve 
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curve, shown in Figure l, was Qo_nstruoted. The flatten• 

iris at the higher and J:ower levele and the proportional 

etteot at the m1d•lcvels are clearly 1ll.uatrate4. 

AVERAGE ABSOLUTE FALL OVER 3 HOURS. 

40 

30 

10 

'15 ·35 ·55 ·75 

.DosE I.u./ .2 KG-. 

l{owever, this pro'Portionality is not seen 1n c-ol-umn 

e, Table 18, only. Column,· 4. 5 and. 7 (avGrage absolute 

f'a.ll at the ,end of the f1rat •. aeoond and third hours, 

respectively) enow a similar proportionality. ln oolumne 

4 and 'I (a.ve:rage absolute f~ll o.t the end c,f the first and. 

thil'd hours) the ueeful range is much shorter than that of 

column a a.nd, therefore, leso eu1 table for practlcal 

,application. They were, therefore, d11;1carded, In con­

tmat to this, the datQ of' oolu~n 5 (a,rerage abGolute 

fal.l at the end of tbe second hour) show a uaefu.1 range 

w»i oh eompa:ree very favourably with that of colWxtn 8. 

Theae data. were au'bsaquantly corrected to G mean fAsting 

-:J_ue Of '11. 5 ( coltunrt 3. Table l.9) a.nd used to oonstruot 

t11.e ourvfl shown in, P'igu.:re 2 • 
. -if' 

. f 
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Figure 2. A.Vel'88e aboolute fGll at end of. 2nd hour. 

AvERACrE AssoLuTE FALL AT E,rn OF SECOND HouR .. 

4-0 

30 

io 

10 

·15 ·35 

DosE. 1.u/ 2 KG. 
·55 "75 

Comparloon of cu ?'Vee l nnd 2 itr.mediatoly ehon that each 

of those apparently represento the bypoglyoaem1c effect ot 

varying doeeo ot 1noulin over 3 hours equally effectively. 

The ovora.ll nppl1oat1on ·of th1 e observation 1 a that tlle 

docage-responee ratio C!lrl be detennined by 1nit1o.l bleeding. 

inJ ection Md eubaeQuent bleed ins after 1 1 2 and 3 hou.rs, 

or by 1n1t1al bleed.ins, injection and subsequent bleeding 

after two houro only. It· 1e obviouo tha~ praotical.ly 

cono1dored, the lo.tier procedure io preferable. · !Iowover, 

it 10 olear that oimil~rly•grnded average rceponaeo, ffith 

conoequont oim1Jar doease•responuo curves (o.f.Figuroo 1 

and 2) nro no true m,i,aeure of an oqUBl etffc1ency or the 

tt10 procedures. Yor inotance, if an absolute tall of 35 

ovor 3 houra 1a the resultant memn of falle of 26, za Md 

41, and a similar nboolute fnll of 30 at tho end ot the 

oeoond hour, the resultant me:in of falls of 1'1, 31 o.nd 61, 

it io obviouo that, for practical Qppl1C3t1on. tba tormer 

procedure would be much more rel1nble than the latter. 

In order, then, to teat the rel1nb111ty of the two pro• 

cedureo, the following method wae a.~opted: For each doae 
i' 

/in 
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60. 

in the uoeful range (O. 40 - o. 70 uni ta/2 kg .... see 

page 68) the eta.ndard doviat.ion ot the series ot J:e&• 

ponaes was determined and for caoh ata.11dard deviation 

tho ooe:ffioient of' variation calculated, the results 

. being 1istad in Table 20 i• · 

standard Deviatt.ons and co ... effi oient.s of 
aMlli __., _ Y I _ a -H)ll@iil! &_amt _ - 11-1 - _ -

Variation of Abao.lute Reductions of th.e 

l3lp.~d Syar at~e~ 2 ... f .. m~. OV~.~'l, li!J,,UJ:;_~-•. 

.. liillt 

tos-;~ 1. U/· ·-·;:verage' "a'bsoiute i"aill Average aSsoiut·e .... 
2 kg. at. end of, ~d-, h,r. . fall, ovei- .3, hou.4e. 

Group rabbit .Standard. co ... ef!ioient Standard Coett1cien1l 
Deviation of variation <ievf.ation variation 
· •h• ___ JR,~r .centl. _ ... ., • , , ..... ~Rer ~oent; 

8 Q.40 e.9 51.'1 e .. s 40.0 

9 0.45 , .• 7 3'1.l 7.1 as.2 

10 o .• 50 11.e 45.l 6.7 30.0 

11 0.55 10.4 34~1. a.2 32.5 

l.2 o. 60 
\ 

10.4 30. 5 9.9 34.0 

13 o. 65 15.4 .,. 35.4 ll.O 33.0 

0.70 ll.8 9.8 26.8 14 
. V, Ob imlrJill qlci;: .a · 

29 .. 3 
- ·- ... i.(jl ·;· ii.bl ................... fi ......... 

TOTAL:• 263 I· - ,t. -t . 1;·· ,. ... _ *" 
_ g31.~ .. 

Aver~e 37.6 . . 38,l 
-.: :: : ::::::::: ::: = ' = ;- :;;::.::::: .- ; ·::, 

· '.tb.efJe re eult s &how an av-, rQ.ge coeff 1 oi ent of variation 

of 5? .. 6 per cent :for the average absolute fall at the end 

of tho second hour., and 33. l per cent for the average 

fJ.boolute fa.ll ovct- 3 hou.J:"S •. · This indicate& a slight ad• 

va.ntage of tho lattel' .over the fonner procedure. 

Itego.rding the optimum time interval., Scott and Dotti 

·(195) yoint out that ntt is <U.ff icult t·o see how the use 

of' the minimum blood sugar ·value a.a the oritei-1on may be 

mo.de practical, for it oannot be determined by avei"ases, .. 
not' located by a. single determinati<>n, while a series of' 

determinations io imp:ra.ot:i.oa.1, both pbysiologioally and 

/technically. 
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teohni.ca1ly-. The Q.uoation then a.rioee as to whether 

th.ere -~Y not be come po1nt on the au rve ot~er than _tlle 

minimum whi oh could be eatabl1the4 by avera,sea. The 

praotical detinit1on of auoh a ~o1nt rrruat be ~n terms of 

time rather than of blood sugar level. The se1eotion of · 

r, d~:t1nito interval after tbG admin1atration of the 

_ insulin, at whi ell the augar lev•l ohail be determined, 

amount• to a deter.nina.tlon of the rate of blood sugar 

· ch:lnge mther than a m~atHll'$ of the absolute chQngc. '' 

fbese autbo rs find that. if tbe blood aatilplea tire 4:ra.wn 

:10 minutes &fter t-ne int1ect.1on of insulin, tbe t'elative 

dro9 ln blood suga:r i.s proportional to tho logarithm of.' 

the dose through a co1uiiderable portion of the pmetioal 

dr;ee range. 

- Due to the bleeding schedule (l. 2 and o houre) in 

thie aeriea. · thi• olaim ea.n noithe:r be sub~tantiattld nor 

rejected._ It 1o clear,· how~'Ver. that determination ot 

the blood sugar lovel- only ~O minutes atter inJeot1on is 

a ltlBaau:rement ot 4.egree in terms ot rate ot efteot, 

Y1.bicb has 'been ahown. for the lower dosea, to reaoh the 

On tht 

other hand, det·•rminati.on of the blood. flu.gar l~vel 2 

hours post injection le more a mraaolinment of dogree 

S.n 'terms ot duration ot effect. wh1ah, a.e can be seen 

from th-e Cata and conatrueted ,cul;'V'es, sll<nra a td.milar 

proportional! t; a$ that ole.imed by rioot·t and :.o-otti for 

30 minute• post 1nj ection .. lt is generall7 agreed, 

and -subata.ntiatod bf tho data. in tho pmceditl8 tableu, 

that •.t. th tl1~ lower doseG tbe rate of otuir.ge from 

1n1 tial to .minimum level 1& a. qu1ok proce.ao. usu'S.ll7 

ocmr~leted within onf! hour or soon a_tter injection. 

Ofi- tbe .oth1,31: ho.net. · retul"ll ot the blood cucar :r.rom the 
I - -

m~nimwn level to tho initial ia a. grrutufll process 

I\ 

t '· 

\ /requt rtng 



requiring. eV'en with small doses. two or more hours .:for 

.oomplet ion. On aoaount of tlli e, dete:rmi.na.tion ot the 

sugar level wbil ·E! grad unllJ ret urni~g to normal., oeem.s 

preferable to determining tt while rapidly de.creasing 

to the minimum. 

In ·view of the above findingo, it was next oon­

eidGred whether the ca.leulatlons could not be based on 

·the abtJolute reduc~d blood sugar level at the end of tho 

second hour instead of on the o.vero.ge. abeolute reduction,. 

If thi a werP. poerJ1 ble, .the. 11)1 tial bleed 1ng could be 

eliminated and the ·o.oso•re$ponr.e .ratio <J.,etermined by a 

singlo b)..eeri.ing two houre after 1njeQtion. · The average 

abaolute blood .e~r levels two nour8 attel' 1n.1eotion 

(oolt.unn 6., Table lB) were, therefore, studied and the 

dlit.t.a observed to indi<1ate A proportionality. However. it 

1ras telt that., due to differences in tasting va.luce 

( e.olumn a, table 18) the data in co1wnn, 6; 6 and 8 

should be expreaned iri ·terms of a mean .faating val~'e,. 

For th.la .• the e.verage ot the avei-age ta.sting blood f'uga.;r 

i.evelu was calculated ( o.t 71. 5 in eo:tiunn 3, Table 1\} 
. . _,, 

e.mi the aveJ:'age abgolute fall a.t the end of the rul'oond \, 
. (, 

. \' . hour,. the a.verage absolute. level at the end of the seoona:~ 
. I'·,\ . 

hour and the air&-ra(&e a.beQlute fall ove:r 3 hours correcte~v'\.,_ 
' . . ' I,\ 

to tht.e by way or simple prope:r1.ion, the resuit~ \~ins .f \ 

given in oolumne 3, 4 and 5, Table 1g. 
\ 

lleaa.r-dins column 4; it in ol·ear th.G.t., v:ith; ~li\~ 
. ~ ~ 

p:rooedure" the proport1onal1ty between d.ose and ab1H111ttte 
. : . \. '·, .. 

\\ . 

bl Pod sugar level two hou.~s a.fte,:, inj eot ion, nas be~n\ 

oons1derably enhanced.. Jf.rom these data.. the curve ·i,~bown 

:l.n l!lgure 3, plotting absolute blood sugar l.eVel asa>inst 

tho dose, wa.o ccmatructed. the .si:n.1la.r1 ty of 'tl,.is 
·. ' 

+. 
:tt was tested for :re11.abilitJ in the tame ny ae 'the p~· 

v10,us two .• the ooinbtned :r~eul. ta beS.na given ~Ii- Ta.b~e 21j 

/;ri.t;Ul"& 3. 



Fiaure ,3,._, AVefye !~b~ olut.e blo,,o_d sugar leve~ ~.~ 
end o_t; .. a~, ho~.r. .... 

--·~-·-- -------~----·--· - --~-----~ - ~---· 

AvERAcdlBSOLUTE LEVEL AT [ND OF SECOND HouR. 

30 

i 
1 

40 

SD 

60 

·ts ·35 ·75 
Dos£ I.Uj.Z KG. 

TA!!LE. i,1 .. ~ 

St$ndard Deviation.a and. Oo~t't1c1:ents ot 
Variation of Absolute Reductione .of the 

· BlO~, Ssar after 2 And. !J'J,P,r,, .'fJ hOUl''!. a.n! .. 

of, the. ~be .. o:tut~ ~ev;e,1 ,oi: th~, ~.100,d SMet 
af'te.r a Hou·ra. 

l 
I 

I 
i 
I 
; 

I 

t 

'"'. ' .. · . Average a.6so:!uie . iverage a,eoI' .. ' " Average E1'tis0Iute'"' 
tall at end of ute tall over 'blood sugar le-vel 

d. bou·r $ hours. end Qt 2nd houi, 
Do•e Sta ... coe c• s an<l• Coe ·o- .· · oe . o• 
I. tr/2 a1"d de• tent ot ·. a.rd. lent of .ient of 
kg.. vtation variation de•ta• ·~aria.·· variation 

Group rabbit ... (percent) tion tton tion (Percent) 
._.,r T .~ f!il. r. - ' 2·~-12·EJ.,rCE!nt). .. ~. -·i11· ,, .•• a- r n. 1· 

a 0.40 

9 0.4S 

10 o. 50 

11 0.55 

12 0.60 

13 o. 65 

14 0.'10 

s.9 
?.'I. 

11.s · 

10.4 

10.4 

13.4 

. 11.s 

TOTAL: 

51. "1 

1'1.1 · 

45.1· 

!4 .. 1 

ao. e 
36.4 

~63.2 ·, .lw Ali - 1' .ltiG 

6.8 40.0 

7.1 Z5.2 

a., zo.o 
·. e.2 32. 5 

9.9 34.0 

11.0 n.o, 
9.8 26.6 _ 

13.9 

12.? 

l&.3 

12.1 

9.0 

ll.5 

6.5 

T L. L - ff . Ii 

25 .. 4 

as.o· 
29.3 

31.. 7 

24.0 

a2. a 
20.4 
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The low ~oefti cie.nt ot var.iat1on in the la.st ,column 

(26 .• 9 per oent) not onl.y shows that this proced.ure i(J as 

reliable as the oth$r two, but also that it :i o mote 
reliable. This observation,, theretoxe, turn1ebos eVidenoe 

in favour of those methods ot 4ete:rmin1rig insulin activity 

ba,sed on the absolute level ot the blood. sugar, rather 

than those baaed on t.b.e ta11 of the blood sugar, e.1ther 

abeolu.te or percent.agtih 

T)le three doflage-rtaponee curves and the reculte 

obtained by :appllea:tion of tests £,or reliability both in ... 

4$.. oa.te that the dosage-response in rabbi ts, E.l.tter in3ection 

of suitable insulin dosea, can be dete.rminect J!ia.tief'actortly 

by any on.e of the toll<>wlna three procedures;-_ 

. (1) Initial i:>.leed.1.ng. 1nJection and post•1;nJeet1on 

bleeding at l,, 2 and 3 hoµrs. The hy-pog1~o!i.emi c 

effect <Jan be exp:ressed eli. ther e.s the GVerage absO• 

l.utf! tall. or · the ave :raee percentage tall over 3 hours; 

(11) Initial bleeding. lnjeot:i.on and post•i.fl3eotion 
" 

· bleecU.ng at ·a hours. nie hypoglyeaemi o etteet can 

e:lmila.rly be expressed ~e the aYerage ,a.baolute tall 

or avenge percuu1taao fall. at the end of the second 

houri 

(iii) Nolm.tial bl~Qding, lnJection and post-J.njaotio.c 

bleeding at 2 houra. The h:fpoglyoaemlc effect t.s ,ex .... 

presaed in terms ot the avet.'"age aboo1ute blood sugar 

l.evel at the end of two .bou,%14. · 

Praotica.l oonsiderations clear.ly :tavour the .1.atter 

prcced.ure. An important advantage is the exelusJ.•n ot 

the faot.ing blood susar value. .Ae previously ind1oated, 

Youns and Romans (29) and Pugsley and Bampt,on (:SQ) mve 

found that, i:n both the su'bouta.neou.s am. intt"a"'t$nOul.il 

methods. the int t1al ausa,r value niay be exc.luded f.rom the 

oal.oulationJ without atf.ectJ.ng the precision of' theaecay. 

/fhe 



1.rhe 'basis tor this ata tement is "that, in the two g:rou»s 

. of rabbi ts, one ot whi oh recei vee the etand.ud and the 

other the ~nknovm, .initial dJ.tf'e.irenoes. ure f'.H>unte,:l;)alanoed. 

Add.eel to this a~ the observa.t.ione of ltatka and Hettlttlingsen 

{13) and 4e J"or,gh, tens and S~nhoft (1!8) that both the 

absolute end peroentt,\8e tall lncraaee with increasing . 

in1 tia.1 Value. te.queur ( 51) also ie;noit-ed the· in1 tial blood 

sugar value tand merely observed tile lowest point to whi. oh 

the blood. sugar f.e11 4urii,g the test. l!oreo\ter, it nt 

oboerved. du.ring the present te~ts tbat, on a. apec1f1c d.q, 

the blood sugar value• ·O·f a similarly treated e;rou.p va.r, 

within nan-ow limits, Thi@ was also substant.ia.ted by J:.a-ce7 

(192). :tn view of tbJ.s eviden.cu,. it seems Justifiable, tor 

compa.ratlve parposee (i,e., standard asainet unknown) ·to 

omit the tn1t1al 8\igar Val.Uth Whethex- the same proood.ure 

dan be adopted. in a simple doeage•reoponee. st'1dy (whero no 

comparioon 'between the effect ot eta.ndard a.nd unknown 1 e 

ma.de). 1s. perhaps lees substantiated. l:>y experimental 

e"11denae. However, the :reat4 ts of fablo .tal clear4' prove 

that, provided a. sutti ctent numbel' o.t animals a.:113 used, 

ove.r the normal var1a.tione of faat1ng values encountered, 

the i~itial blood sugai- may be omitted, and. ca.l.eulat1ons 

based on the absolut~ level of the blood eugai- at· u-omo 

'3taee after inj ectton. 

The valid1t;r of $UCh a procedure was further teetod in 

the following •Y ·: The data in oolwnns 6,. i and 4, Table 

19, were used to constx-uet the dosage.-.reeponfle linea shown 

1n Ftgu:re:e .4 • . 5 and. 6, where the average ,absolute tall 

over 3 h-Oul'a. the average absolute .fall at the encl of the 

second hour and the average absolute blood aue;ar ·le'Vel at 

'the end of the eecond hour, reopectively, have been· plotte4 

against the l.ogarithm. of' the done.. Previous workers have 

e&tablished the t,act that, for part of tbe do•e:e nng,e, 

/the 



the effect is a logartthmic function of the dost, ;..$, 

the. doae-efteat ratio plots a.a a str.aight line~ In each 

er figure.a 4 1 5.and 6 it ie seen that the points :repl:"e ... 

senting the ·effects of dose& (H40~0.?0 un1i lie in u.n 

almost straisht line. Xn the reapeotive cases the ~traight 

l.ines were fi.tted to the average absolute fa.11 ·Over a houn, 

to tbe average C\baolute tail. at the end ct the second hour 

and to the average absolute level at the end of ·tbe second. 

hour age.J.nst the log (dose x lOQ) by the method of least 

1quare2. 'lbs · posi ti.one of the po1nte with regard to the 

straight lines are euoh a.a to indicate equal reliability 

for the three procedures~ An a.ddi.tiom.l observation 1n 

this respect ie that this linear r~latio~hip 1.s not specif .. 

. le within a 1,11ng:te d.osage range only., but Qan be extended. 

to other ranges with cor,.eepondingly ohanged bleeding 

eoheclulea. 

• ''I' 
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li'.igure 5. Av.e:r!§e absolute fQJ.l at end of 2nd houz: •• 

AvER/lC,E AJlsoLure FALL AT END OF SECOND HouR. 

40 

.io 

1·60 1·70 1·80 
Loe;. (nos£ x I oo) 

11:1gul\! 6
1
• Average absolute ul.ood nupr level at 

end of end hour. 

AvERAGE AssoLUTE LEVEL Ar END OF SECOND HouR 

55 

35 

1·6 1·8 
Loe. (nosE x 100) 

67. 



Tbe discussions in the preced.1:ng paragraphs, there• 

to:re, fu:rniah evide nee that, over the va.ria.t ions of 

fasting valuee encountered (0.052 • ·o.09:S per cent) and 

in a sutticient numbei- ot shnil&rly•ti-eated animals; th$ 

initial suga.r value oa.n b~ omitted in the study of the 
. . 

However, 1 t is i-eala.:aed that. 

where the number ot teat animals ie markedly decreased, 

such $ proaedux-e woUld be open to q.uesti.on,, unl•sf.! the 

result13 are com~ed with those obtai~ed. from a cor:res• 

ponding group or anima1s having :received the standard 

'Prepa.ra. tion, or with a predetermined curve euoh as shown 

in F.igure 6. In th& method to be d.eecri.bed later; both 

tbeeG procedures were UQed. 

Figure 6 representa. the d<>aage .. reoponse line (obtain~ 

ed a,a outlined. a.l)ove) showing the dosage • absolute blood 

aug'!r x-atio two b.ou:rs after injeotior1 of insulin doses 

varying trom 0 .. 40 • 0.10 unit per :a kg .. rabbit •. Theue 

lim.lte (i.e., a usetul range of o. 40 • o. "/0 unit) 

were arrived at in the foll,owins ma.rmer: The cune in 

Figure 3 aervtd to indicate a.ti approximation of the l.imlte 

or the useful :range ae from 0.30 • o. so unit. tne pointe, 

repre&cntine; the effect to the losart thm o.f tb.ese doses, 

were determined, whereupon it waa tound that the beat ... 

fitting straight line extended_ f'.tcm o. 40 to o •. 70 unit 

only. lnolus1&n of the· 1ower or higher <loses would have 

resulted in a ehange ot elope ct the line and a dev1at1cm 

away from it ot 'those points which novr either lie on or 

very c1.ose to 1t. 

correct those value6 lytng .slightly a.way t:roro it. 

On the assumption then that the response 1 a a ).ogari tbmic 

function of the dose, the atra.lght line in Figure 6 re• 

pre•ents the true nsponse of rabbits .a.t tho end of the 

second bcur to dosee of insu11n varying fl"C\lll:; 0.40 - O.?o 

uni t~/2 kg,. 



Jllir,a and lfiarks ( 33) studied the curve ,:elating 

dosage ,and· graded response. fhe average percentage· blood 

sugar r-eduot1.on was plott.cd against the .logarithm of the 

dooe. They subsequently' oonsidered the factors whereby tlle 

prec1$ion of the cu xve could be increased., and showed that 

rnatr1 sources of variation. ·such. tis differences between 

1nd1Vidua.la and d.atee of treatment could 'be excluded by 

calculating th(! results in the ana.l.y&ie ot varianQe, while 

concomi ta.nt va:riat ions. suol'l ns <U,t:t'erences in tho ini tia..3. 

level o.r d1fterenoes in bod¥ weight could be oorreotod more 

,effi,ciently 'b;r the o.na.lyoie· of covariance. :sy· these pro­

cedures the to1.1ow1ng changes were effected_ in tho average· 

percentage blood. sugar reduct ion ( quoted rrom 33); 

16.00 corrected to l?.16 

26.55 . ff fJ 26. 00 

33.04 ff ti 32.14 

39.02 ff " 38.64. 

As can be . seen from :these .figures, correct tons brought 

about by lengthy otatistical trea.tment resulted in 

ln the preoent series 

oorreotiona couJ.d eirnilarly have been m~e :f'or variations 

in tasting V$lues. weiahts; days ot 1njeotic:m. eto, but 

it waa·telt that the minoz, changf)G tobe·etfeoted by thi.s 

•ould not warrant the time and . enei:-gg' spent ror thi, , pl.l:r• 

pose.. Fu.rtherrnore, in view of the compara.ti't'ely coarse 

use the curve was to be put to, such a refinement would · · 

have bee1l both untn.d.ta.ble and supertlucue. Th.18 cuwe, · . \. 

th~re:fo:re, without further etatiet.icol treatment for 

con:eot.ion, adopted as a means of evaluating, by oloae 

approx1mat1on, the potency ot unknown 8Qlnple$ of insulin. 

/(ilt) 
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( 111 ) Af'!l ioat.1A1f ot ...;t.!}..e._ •• d.o,se-:,i-esa2P.P. .. ~ [JU"J:'f".~. 

to t,;he.,,,evn,lua.t.ion,,ot 2;otonoz.:.. 

The uee of' a pred.eterm1ned dosage""reriponse ourve ae 

a.n a.id in the evaluation of the aoti'V'1ty of untnown 

int1ulin sa.mpl.eu, li.s not a new idea in the .f'iel.d of insulin 

Giaaay. a.nd, bao already been :referred to somewhat in 4<atai1 

.tn the discussion ot the litemture (page 21 ). fre~an and 

)Boock (1 '1) were the f1rat to make u:se of such a curve and. 

the ap»11.cation ot this procedure wae tho:roushl.1 investi­

gated. by l311tss an4 t1arks · (35, 37) ;.nd :Ff.ell.er et al. .• (.38), 

who poJ;ntea. out that. notwithstanding ,alight variationo 1n 

· the &lope ·Of the line• 1t .eoultl be utiliied, prov.ided each 

laboratory .l1a.d, in a s1n.•li.e1 of experiments, determined it• 

own ref e:te nee curve. Honv.er. ad.nee the epl.i t orccuJ• 

over. the tw1n ·Ol"Ot'!a•over and. the a-a.&eumption oross--ovex-. 

nave come to be, almost uni verr.Ha.ll:, used. and these proo.­

edure"• by virtue of tha variation er <lO$BI, each supplies 

an est 1mation ot its own slope, th0 use of a reterence 

curve hae not assumed practical tmpo.rtaince in a deta11Etd 

euooetu.lfully a;pplied. in a ;ul. ck ,assay ot lase aoeurate 

nature. The. advnt1tae;e ot such a c"1rve .iG that, tolii\i.t$ 
\ 

oon.etructlon, the etteot of graded ·dtiG<US ot bun1ltn h~ ·· 
. . ' \ 

been determined on a la.r:ge number of ~S.mala ( 42 t,or e~ 

dose lin thi.e int:itanoe) 1 within the limite ot pr<ftable \ 'i, ~':\ ·.,', 

ind:LViduo.1 vartatlon, over a 10¥JS pfar4.od (l.O weeks) 1.01d<tf~\ 

sto.ndard e~erlmenta.1 oon.,:t.t1one (housing, teed:.1ng,. tast• ·\ 

ing. treatment, etcJ. lt oan 11,e asswned that, it da.ta 

for $ second curve were to be collected. und.,er 14ent1•1 
. \ 

,,, 

conditions, .tor a· B1mi1ar ·period., with an equnllJ lal".g~\:-

number of ani.male .• the elope of the ,uac.ond ourve wl\l!L. 
·1. 

d.1f'fer very little from that of the first. The curve 

actW\llY repree,enta not a. s1n·e;1.e one, as · that obtain:ed 

.. /b~·, 
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by Blios and lfa:rks (33) trorn a single ~a11ay, but the· 

mean. of ~loye variat i ono that would occur it the data 

f'rom at least six suQh a.G~u.ys 1ret"e pooled. It is fully 

appreo1atod tlla.t.. 1! tor a second and following .curves, 

emalJ.er nwnb<u·a of' animals wer• to be used,, with a .. 

ehorter .donage range, ove:r a shorter period, the ind.i:V.id• 

ual slopee cit euoh muwves would differ from eaoh other 

and from tha.t or the standard curve. Consequently, com ... 

parino11 of au.oh elopes· o:r single et!ecta v;i th those ·or the 

standard euxve will _furnish reliabl.ta .:i.nf'o.mation regard.ing 

the value to be attaohod to an observed effect or an · 

o'b.tained alo:pfl .. 

To evnluate .the potency of an unltnown sample, the 

following pro.oedure w;.s followed.: The aQti vi ty ot the 

sample was rQugbly tUttitnatea.. uuing. as ba.si s the method 

of extraction orid stage of pu~if'ieation. · An amourtt of 

insulin, caloulated to have an etteot falling •ttbin the 

useful range ot the re:terenee curve, 1 a inJ ected 

subOutaneously in'to 3 rQbb1to (o:r the sa.me group as were. 

used to Qbtain the d'lta. tor oonetructi.on of the reference 
. . 

curve. and previouely .starved tor l6•l8 hours). 
. . . ~ . - - ·, ~' 

houra &ftar i.njeotion blood is withd.mwn and the s;tex-aee , ,. 
. I . . . J. 

Should this fall well w·~ thin·~ 
' \ 

absolute level detem.ined. 

· the uaetul lim1ta, a p:r<>vieional vo.lue is asa1gned t<:/·tlle \\ 
'· '\ 

unknown; if not, or if the obt,d.ned .recul t• f"rom one o'r\ V 
'~ \ more of' th" x,abbita appearo 1noona1stent, the d.ese 1a 

inereaaed or decreased unt 11 g, r1a.t i st'aetoxz, :result is 

obtl'.lined.. It waa found that with insulin prepared from 

the same source (e.g., treeh beef pancreas L by standard 

· 'Pl'OOC'.dure ·.(e.g., the picrio aoid ... aoetommc,thod desoribe'1. 

in Part II) •. this rough estima.tiQn 1a u.sua.ll.y neoes1u1.r;v 

only tor the first oattiple. In. subsequent sa.mples the 

activity gemarally varies so slightly that thi a ttrst 
/u,tep 

' ' 



ctep :Oan be omt tted. However, should the source be 

changed or the extract-ion n1ethod modified, it .will be 

neo$,ss,u·y to re-i.ntroduoe the deter1nina.tton of the 

provi~iona.l value. ( fh.e pi crt o acid • aoet one method 

wa.s extensively \l&ed for the e:a;traotion of samples t~ 

be assay'ed by th1EJ ·method. It was tou.nd that the y1e1d 

of crude hyd1'0ohlorice remained very oonatant. but that 

the e.otivtty ot the h.V<llroohlo:ride varied. with tbs source; 

thence the suggest tori that the ro~gh- estimation should 

be repeated wi tb change of sout:>ce). 

The aeaay 1a then c,ontinued u,ai~ six rabbi ts und.er 

the same conditions as mentioned in the preceding pa.J'S• 

graph~ Three of those receive a C,.oso ot· ittsulln eta.nda.l"d 

0,nd three an approxin'n.tely eqt1tval.ent dose 01· unknown 

(as d.etermined from the p:rovieional value). 

the dose ,of the otanda rd to be used, l.t is clear that any 

amount between tbe l.itaita o. 40 and 0 .. '10 lUlits would. nerve 

the purpose. lt waG felt, however, tho.t the most suit• 

able dose would probS.bly be that whioh hnd given the 

maximum grad.ed response and consequently lie towards. the 

middle of the doae•respon1;1e. line. ii. .e .• o .. 50 • o. GO unite. 

Blood is then ct>lleoted from ea.oh rabbit emotl.y two hou.rs 

after injeetion, and tbe a.veragca absolute blood sugar 

level determined tor ea.eh group. · The method of aotiv1ty 

evaluation is best illustrated by turiu shing re1ndts o.t 

two typical assays;• 

:Babbit 1 
... 1>oae o. 55 unit insulin standard. 
. Absilll"ute"" bi.o'<Xf ·sug'a.r'"."fevef2 liours 

\ 

' ' 

\ 

after inj eat ion o. 019 percent 
-ditto- · o .. 049 " 
•ditto• . 0.040. ,. 

Average 0.036 

/Group_ a. 



Q.~0
0
UP,. lS ... Do~u~, p. ,5, !.!li:..inouU .• n h,fdroeb.loE,i~e .•.. 

llabbit 4 abaolute · blood oue;a.r evel 2 nou~s 
e:tteJ> injection o. 02a per cent 

Ra. b bi t 6 ff 11 ti fl ff o .• 031 " .. 
Rabbit 6 ~ fl n Q " 0.036 " " 

o. 030 " 

Calculation: 

Log (0.6S .x 100) ; 1.'740 

Effect O. 56 unit (from dose-response line) ; o. 0413 per oen1 

.Actual effect obtained in aeea.y tor sta.n&lrct=o. 016 " .. , 

Actual ef'feet obtained tn aasa.y t,or unknown .-o. 030 " " 

.·. Effe.ot of unknown (in terms of r~fe:ren,ce curve) 

: o,. oaQ· x -o_. 041a 
0 .• 036 

= o .• 03442 per cent .• 

Effect ot o. 05442 (trom do£1e•responoe line)· :ts given 

by dose ~ 100, the log,. ot which. 1 a 1.81 

·· · dose x 100 :: antilog. l. 81 . 

· · · dose .:: o. 65 unit • 

• •• Aot i vi ty of unknown tJample = o. G6 x 2 

~ l.30 unit/mg. 

Thie valua aim a.1110 bo determined. arttbmetica.l.ly by using 

the equa.tion of the straight line .• i'hi e was d,-one tor com-
. . \ 

· parative purpoFJeb · 1n sceve:ral instances. and. in each oase Jt 

wa-s found that the va.iue obtained tro:n the .reference ct.u.~·e :, 

oorre$pond.ed so olosely w1 th that obtained f'J."Om the -equation 

of the straight l.1nch that the latter prooedul'e was d1CC$rded 
\ 

in fav,our ot the former. X.1"' the r~ference curv-e .io drawn\ 
\\ 

on fairly lCLrge scale. this method is as accurate a.nd ,m\l. 
,· i 

quicker. ' \\· \ I 

' ' {~ '\ 
' .i ~ ' \ 

As assayed. by the mouse method, th.ts StUnJ>le ot insuib1 '. 
i ' \ .. 

hydrochloride showed a. potonoy of 1 .. 38 unit/mg. 

I 

' 

. '· 

; 

I 
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TABLE 22.(al. 

g,ro'1.P., .. A, • Dose ~ .... 60 ~1~ .. -~!1-!l~j.~ eta,n.~apd!... 
Rabbit 1 Absolute blood sugar level 2 hours o. 060 po~ ¢4Jnt 

after 1nject1on 
" I u fl • ff ·ft 

fl 5 ff ft " fl ff 

fl 

Average: 

Gt;,OU,P;. B .. I,,oce .o .• ~~ Jl?i, •• ea;tr~.l.!1 .. ~e i,n!.u.J..tq. 
Rabbit 4 Absolute blood e~:.gar level. 2 houm 

0 .. 049 
o.01e. 

0.039 ft " 

attar inj eotS.on o. 026 p·er eent 
· " 5 " u * " n O. OS4 " * 

n 6 ff w ~ tt ~ o.oaa ~ " ... ....., 

Cal cul a.ti on ; 

Los (o. 60 x 100) = 1. 778 . 

llff'ect !). 60 unit. ( from d e»se•response line) · = 0.()~?6 per cent 

AotUO:l ~tteot obtained in aa.110.y tor ,steno.- .. ... .0.0390 -a.rd 
" n fl ff ff It un.known = :o. oa.ao 

ofteot of' unknown ( in tems or ref erenoe curv,,) 
', . 

e o~oaao x o.oz?e 
o.o!§e ' ' 

:~y d.oae x 190 thti log. ot whi.oh .is 

·-,. ·'10$e X lQO • a.ntil~. 1.838 

c o. 69 unit. 

_.,.. act.ivity of oeystalline 1noul.in .: 24.7 untts/mg~, . ' . 

. - . . 

" 
" 

./\8$ayed., by the mouse method, this sample of cryst\a~line 
f ' ' 

tno\111~ _tJhowed a pot~noy of. 20.eo uni ta/mg. "-, 

ou:rve. When new ones wera introduced, they were aub)~cte4 
I· 

to the· same pre34tnine.ey treQ;tment as the older· On$s ~ · 
i - \. 

reoe1ved. Wi;th/ a View to Obt.a1ning an approx1na·te even\ 
' ' \ 

.ff 

•111 

blood &\.\S$X' /.in ~ll ani~n1a, \ every ·ca.re was exe;roised. a$ ·\ ·\ 

regarcl.s :,he~r housin¢. feeding, hand.ling., and environm~nta); ,,\ 
. ! \ 

/conditions{ 
" i 
i'-
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· conditions. Howovor, oven under oueh c.ia:-cumsta.noea, it is 

by no means possible to axol\lde individual variation15; they 

me rely tJerve to. QS :fa.r a.a possible" inin.imi~e them • 

lt wao realized from the ,onset tho.t, even tor a leas 

ac:curatc assay., the n1etllod to be cmployetr muct be ar1 in• 

direct one.. A11 Bli'ee a.t1d Marke {3?) had expressed it: 

"Unless it has been shown by prolonged, . trial that the su.e• 

cept:Lbility to a epecifi-c drug doea not vary, ~he standard. 

should be teated with every sample ot: unknown_9nd:e,: as 
./ 

nearly identicul cond.itions as: are practica.bl;~ exper1• 
I . 

i 
mentally .. " Such v.a:rio.tton(; to the aetion r;;;f in~Ul:in arta 

the. oommon experience of all workers 1:n this field., Joir 

this reason both standard o.nd unknown were, :injected into 

en.oh of two groups ot rabbits.· Their aot:{on wa.EJ, there• 

fore, <:,,ompared under a speo1fi « "Settingfl ot' oond itionu 

whioh, tor tha two groupst was ae neariy· _ 1dent 1aal a.a 

possible.. That tllie t1setting1• varies t1·om day to d.e.y ie 

readily o.ppreeiated. and it is to be expeoted · that. on a 

subsequent day. the o.mount of raoponae would prob';;l.bly be 

di:t'ferent. xt. for e:smple, on Day X the average .absolute 

blood sugnr level of 3 rabbits .• two ltoura after inJ(eotion 

ot insulin, wa.c f ()und to be o. 034 pe~ oent, it is ~o·\ 
I . 

uncommon to obto.in values of, say,. o. 046 or o. 025 i:'pe~ 1 cent 
' \. ' 

on Day Y for 3 other rabbits o:r evon 'for the same 3\. 

It. is largely due to this taot that comparison of a~\Ob-
.·. 

tained ett'oct with a atand.a:rd reter~nce eurve was intro-
duced. It has a.lready been pointed out that" the data f'c,r 

' \ ' 

c-~nstruating the rete:rence at1:rve werQ oolleoted f'.rom ~~?G" \ 

anim:'lle over a long period. 

tore, reprGls,ents not a. single but a. mean of eettingt\. · 

Obtie~ed 1n a. sir.gle neries, tho effect may, theref'~re, b$ . . . . . ~ 

either a.hove ot below.the standa:t·d effect; by oom~ficon 

with tb.e refer.~nee curve the single effect can ri;;a.d~l~ 

/be 
\ 
\ 

\ 
\ 
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'b& eonvertea to a etanda.rd effect. '.Nt.>twithstGnd1ng 

ind.i vidual varia.ti one,, it Olln 'be asstlttled tMt rabbi ta 

receiving inouli.n et the ea.me time, under identical con• 

ditions,. will exhibit a nefil,rly identical response. 

In.· thi o method of a~say, v1hJlre only cm~ll numbers o.f 

an.into.le. are used, inject ion .of standard and unknown into two 
groups flcrveo more for the evaluation of the ratio of 

response in the. two groups (wbioh cnn be reflected fairly 

accumtel;y by small numbers) th::\n for the actual amount. 

of r<,.::ponst (tor "ilhi eh more animals are nece.ssa:ry), and 

which oan be obtained more :accttra.tely by oonv:eraion from 

the reference curve. 

Cr.ittoism direoted against the :method i~ bn.sed 

chtGfly on the £ollovrins:• .(1) the u.se of too iilma.l.l 

numbers of experimental, animalo,. end (ii) lack ot the 

eroo.e•over. IJ.owetrerif viewed i·n the light of l ts general 

purpose and n.ppl.ioation, these are not ao aorious as they 

a:ppear.. ·the nurnber of mbbi ta in eaeh group was rnort, or 

3:ess a.:i"bi t:L"arily :fixed a,t three.~ The ooneidel:'at ion ot .~ 

this aa a :roft'i eiont number 1 s based leirgely on_ the ob­

servo.ticrus tmt (a) on n specific day, um.er speoif4o . 

condi. tions. the blood euear _level. doe$ not vo.ry o.ppre­

oia.bly in a. a.mtl.ll group of sunitarly ... t:reated a.nirnt-J.ls. 

ond (b) the dose-response rnt io J. a· ef:f eeti vi,J..y refleoted 

by a sms.l.l number of n.."lirna,ls. Xncreasintt tho number of 

animals in ea.oh group 1.,ould, nl!l.turall.y 1ncireaae tho pre• 

cta1on nnd J:"elia.bili ty or tho method, hut thi a would 

ho.ppen .at tbe expa:noe Qt e:xtm labour ond time involved •. 

As ytegards the cro~s.;.over,, itr;, !ntroduotion h~s been 

conai.dered the greatest singla advance in tbe ~esa.y of 

.insulin. It ia fully agreed that no aQoumte assay e~ 

be c Ondu cted wit hou. t 1 t, the p er<:e ntage error, ae shown 

by ?.tatks (14), beina a.ppt>eela.bly h:L.~her in a direct than 

in a orofl$.•OV-tr ex:periment. However. ~ven in its 

/stmplest 
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eimpleot form, the oroas ... vve:r rcqw. res at least two da.ys, 

with the. second day pr~ferably spaced one or two daya 

from the t'irst. Its 1nolue1o.n in th1e method would 

me rely result it1 its completely rnieeing the purpose tor 

whioh it wae origin-J.lly intended,. It is :felt. t.hough, 
. . 

that the :reference ouxve. to a large exteut,. comperrnatee 

tor the aboenoe of the crosu .. over. The speoific purpose 

of the ref ere nee curve. i $ to subat:t tute for the cro4.Ui• 

over, thus saving time and ma.king the met.hod bui table tor 

a quick assay of an unknown eample. 

!he final proof Of the VAlidity Of B method lies 

in the compa.rieon of it, l"eQul tr; w.i th those obtained by a 

standard procedure, or with the standard i teelt. . 0:f the 

large nu,mber of sample• assayed by thi a method• a rel.a• 

tively ama.ller number weJ"e aisayed by the mouse oonv\llsion 

method. as well. Results obtained with the two method.S 

are compare~ in Table 23. 

9.2P3Eari,s on of ! .. B!,tt.l; results. 
•• T 

Sample llo • ·Mouse method Rabbit-reference Percentage 
curve method. error • 

. 

112 l .. 40 1.50 7. 1 

6(v1) ·().84 0 .. 92 9.5 
138 1.21 1~24 2.4 

ll ·0.48 0.42 12. 5 

29 0.44 0.48 9.0 

12 0.02 . 0.48 7.6 

28 o. 30 o. 26 13. 3 

9? 2.56 2.oa 18.4 

44 0.86 0.12 16.3 

63 o.7e 0.82 5.l 

82 l.90 2.06 B.4 
84 2.23 ?,.06 7,.6 

14 5.36 4.25 26. 2 

l? s.02 5.84 21,. 2 

148 20.30 23.66 16. 5 

151 19.04 21. ZS 12.3. 

!.!! '"' u.:=:= 

/If 
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I:f' the re oul to obtained. with the mouse method a.re 

oonsi <io red ao a.boolu tely eo rroet, then the paroen tage 

e:rro r of tho rabbit - re:fe ~noe curve method calculated 

from l'i a.sou.ya ia ll,7·~or oont;whteh fully "Oonf.orma wtth 

the requi.r.ementa of a. "coa.rse a.djustment" ,a.s origi.no.llV 

outlined •. 

The preoision of. the method ia higher wi.th et'ude ;tn ... 

sulin pro.p3.ra.tione than with the purified material, As a. 

reaul t of the exclue1on -of the 1n1 tial blood sugaX" arul a 

;ingle·bleedirig after injection, a.a mnny as ttireo e.ssa.ya 

can be conducted per day E3' 011:e worker o.nd an o.,ssista.nt.-

( e) Conolusiona. 

Qnall doses of insulin 1>robably show a well•graded. 

effect on the blood eugar. Inability to domonstrate tneee 

small changes is the_ renul t of (1) teohni cal difficulty 

at1d (11) unsuitable bleea.ina schedule. 

Flattening of' the dose-rasponoe aurve in.its l<>wor and 

upperlevelB.ia the result or the time period of t~st1ng 

.a.otlvt ty and the1 bleeding schedule fol.lowed. It the'ee 
\ 

15erG to be adapt,ed to the dosa,gs (t.e., frequent bleedl,ngs 

over a short period for tho l,ow doseo and less treq\uant 

bleedings over a. long period. for the high d.oeeo), th~,. 
'·\ 

\ 

dosa.ge•response curve wo11&d. show proportionality over ·"· 

much wider :range of <ioees than is generally accepted .• \ 
\ 
" The reaponee to doses of insulin varying ·from o. 40 • 

o .. 70 unit can be detarmtned moat reliably by post• 

injection bleeding .at 2 hours only. Whi'.ch procedure shows 

the smallest coatfioient· of va~iation. Determination of 

the blood ouga.:r. level at 30 minutes .after irijeot.ion i& a 

mea.aurement of degree 1n terms of ra.te ot effect, wne,:,ea.s 

determination at 2 hQurs poat ... injoctton is a measurement 

ot degree in terms ot d·ura.tion of effeot. Measurement 

'" ',,_ 

of the o.bsolute level of the bl.ood sugar after insul.in 

/a.dminist ration· 



a.<lmi:nistra.tion 1e, for aaaa.y purposes• preferable 

to measurement of the f'all cf the blood eugar over 

a spec.:t.f'ied period. Initial blood suga.r va.l\1.eS ma,' 

be disregarded. when determining .ineul in .effect .• 

Rot e>nly the effect (tn terms of blood. auga.r 

tall) but alao the aboolute level of the blood. sugar 

after lnoul1n a.dmin1ntr.at1on. is .a log~ri,tbmio function 

of the dose. Plott.ing of the absolute level ot the 

blood ~uga:;r against the lcaari tbm of tho dose resu; ts. 

tor part of the doaagt, in a straight line. When the 

data for tbiB atra.ight line ha.Ve l)een obtained from a 

suff.ioiently la:rge number of' animals, it can be used 

ao a retet-ence curve in evaluating tbe potency- of' 

unknown insulin sa.tnpJA!:S. 

The meth.od ot a.ssa;y- desori.bed i 8 qu!ok, involves 

less lo.bout> a.nd 10 auff i,ci,ently accurate for evaluation 

of, especio.117, orude preparations ot tnau11n to 

within 12 peio cent o:f the correct Vtt.lue. 

'-
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Mo.oern•t 1me oo~Jeotttre and ol.lae rvations ,n the 

so . . 

pe.nc•eae ... diabetes m4.tll.1tu.s • teland.G of_ ~e,:rn.an·s -, 

oompl.ex. date bl!lck at. ta.i- aa 1676, Th'1 Sn4'1a1 u:ni-avel.1-ing 

of the ·prf:>blem through tho fragmttn•ry 4ontr:i. bu.tt.ons ot 

a host or workcra bae ·oeen fully de'tun"ibe4 in various 

11tonogl'$phs on the eul\1 Qot ( 41, '*• VS). and need not be 

reoapi.tulated hQre.. lt wOlil.ld, therefore. euttt.oe to 

1.t'JGrG17 potnt Ollt 1n chrono1031oa1 · o:r~r the outstanding 

events in the cll$f.n ot gradual deYel&pmttnt and tmto14lng. 

l 6'15; fhomaa Willia ·made the observation thk'lt 

cU.abetlo qrJ.11e wu sw<1et • 

. 3.CJ86: . Speculat.t.rig -on the function ot the- panoreao., 

von arunner ,ougeeste4 that tt was tn eome wu ,connected. 

with the meta.'bolim; ot fats and c,J.J"'bo~drates. 

l.'77.(h Do'beon 1101ate4 e~ar t:rmn cU.abeti,o '1rlne. 

17&8: At auto,sy ot a d1abetio,Oow1.ey toumt 

solel'onta ot the panonae. 

1115: Thomae 13rlght mo.de obee :rva.t I.OM 01\ ,,he 

td.multane,.n1• ocour:tenct- ot po.tllolo,:ioal ch&ngea 1n the 

pancnae and 41abete; mel11tus. 

1869; lQ.eblJ Q.:n4 H\a.ck ed 1rpate4 the pancmae ih 

••gs ri th the epecia1 p11:e-po$t of demon•tratittli a pos11 blt1, 

relation ot the »anorea• t.o 4iabt1<u•. Ho•eve1:-, their 

NSUlts were negative. 

18&9: tang,e~ ht,-ns d.eeoribod the isl.and• ot the 

pancrea• as optthetia.3. oell a di.,tinot trom the al veoll 

function. 

· 1s'1&: Peters clisoovere<t that (lcetone io frequentlf 

eureted l.\y dlabet 1. ce. 

/18841 



1884; tiiinkowky and Kul• found .bydroq-b1 ... tyr10 

acid in c.U.abetic u::-in$ .• 

81. -

1&8&: von Xe ring &nd iU.nkowak1 e:howed that .oomplete. 

remov~l ot tb.e pancreas tram 110~1 heal tlaV 4,osa •• 

toll t'iW'e4 b7 a oontUtton 010-ee17 r•••iblins 41.abetee n•111tue 

.in ta• human. 

1889; t•1>1n,. repe•tifJS·the work ot von •~~ins and 

lH.ukowskt. ;ugg•ate4 the pqaail>111.ty Qt an i.nternal seoretton 

of the plUlONP Be; thti aotiva qeat i.tl th~ .u,eta'ool1sm ot 

tats and oa.rbob7d:atea .• 

1.&;2: Xinkow•ld. ~a4 lodon eetablttthed th1·• view 

when they showed that portions ot th, patHtl'.'&a• grafted in tile 

abd~n. pemitted the gland to l)e completely removed w.tth~ 

out aeri,oua l~u.17 to the oax-i,o}O"dl'at~ setabcllsmce 

1893: .Jtttlknakl enowed tl\at llgatuNJ ')t the •nc.,reat­

J.o duct.. but otherw1•e leaving the organ intact,. cau.s~d ru• 

}ly:perslYea•la and 41ab~t.••·~. 

1813: Lasueaae · suggested that the 1•1;E).tG or :un,er­

hane were the eouroe ot the internal eecroti<m a.nd that .ln• 

J u17 to thO tel.et ttsm1e •ae re•pon•ible tor the o,r,&.gia of 

dlabetea. 

l89tH acnatfer euaae•ied. that human 41abet.et S.e 

cauaed by a. d.efitd.•1107 of the •e·cr•tton of. the 1J1ot t&a•t.ui 

bro~t about by some »atbolocl cal change 111 the ie:1.e\a. 

1901: 01-,, ab.owed that diabote• nnutted when tbe 

pancreatic .01:rcu:J.qition •• •toppe<l b1 t7in1 the Yelr.u,. 

1901: ta.ne 4emonttnt~4 A Pd B ·aeJ,1a in th• .f.eland• 

ot the . ao,; al•o tbat .oftl.7 B cell.• were ttootroy.ed in. a 

4S.abetio ecncU. t ion •. 

. 1909: tt• Xe.,-e~ 1ntnduoei tb:t tom "'lnsult.11'* to 

indSoat• the au.tocol4 of the tslet tia.11ue. 

Notwithat&n41ng the .evJ.dance pyt tornd for an 

acti•• tr1ttc1ple •eoreted· ·by tht l.!Jl).eto ,of tangei-han£3:.;.:-

/anrt 
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and .oapable of 1nnu.eno1ng tb.e carboby'4rate metabolism. 

ilUdh eviaenco ooulO not be conaitiered. a& ~~plete, tAntt.2. 

the ad:miniotrat ion ot an aoti •e extract, »re-patu t~o• 

the panereae, proved eff,ect1?e f.n al1.ev1ating the 

symptoms in a deparuiriuLtteed dog or 11'1 .ai diabetic 

untiet:t--en •hi ch wen mostly unauct'.Jtn1afu1~ 4uo d'ltet1y 

. ·to the methotl. ot e&t"'cti.on ot .aminl&tratlon. 

O•t•tending evente pi"eet*uU,ng the ultimate '1t1cceaetul 

e:gtra•t1on of lncuJ..in t.tw:t be a·umm0;r1secl as tollffBi• 

1802:: lfinkowekl l116 eote4 panoreat1 o oxtra•·ts 

lnto 4.epanoreatiacc.t d.·ose .• but ·O'btt.lntd no posltt:ve 

· aotion. 

1603; l.la"k..,na:ie. admlnletetett the. 3 ~oe :troin 

. treoh17 ... p:res11ed pe.noreae oral.17 to t~ree diabttto 

patiettt$1 claimtns a '8*3neral iaprovement in thetr health°' 

altbougb ·the .augai- eu-rettoi\ wa.o aot a.tteete4. 
' . 

1896;. Spill.mat1 lttjt.lotect the 3\ll ee t·1.-_\;}ffi .t,eeh 

panct~etw and noted n elU.gbt .1mprot'eltl(Ull l.n c11coau:r.lc 

con1U.t!or~. 

iaoe: Bl.tmu,nthal :t>emove4 protein .matei"lal t,-om 

the Juice pretseel from pan<nteas. b7 adclitt.on .ot aJ;cohol;, 

but ·obtained .$.ncon$i.tteirt 1.'e'5ults. 

l89t.h i.evcttn teeted.. panor,atle extl'act · ,, sub;,.. 
, , 

tlUtaneoue .lnjcction:. but the toxict.1;)' of l'd.$. rnatorta.1 

wae too· ,area,. 
1907: zueia,ir et a.1. p'reparc.d tu~traots by mt<ncing 

the a1afl4t, adding socU.wn btoarbc,n~,e to prochtce a nak17 

.alkaltne @ol•t1on. an4 fil.te~1ng oft $.fte:r a few da,·t ... 

They alao extracted mln"°d pano:re•• from o.al.'fes wi·th 

r:.loebol. .and obt$1ned. proiniei!'.1$ l*eeutt.tl on. :i.nti-avenouf! 

f.nj.eot,on t,pto paaoreat.eotontisea.. doge And e.1pt patienta 

with dia.betea, but the u.H ot these e&.t mote was 

/disoont1n11ed 
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disc·ontin:ufd d\le tt> untc,•d. symptoms. 

1910! Qirotton heated the .juiee prea,u trom ptgo• 

pa.nor••• tor three houx-e to destroy the en-,meu·~ but 

witbno poaltlve result•. 

1911 t . Sc~tt ·empio7t<1 stt•ng aloo1u,1 a.o· extracting 

tntdlwn ·•o ae to pNVent the deatriuttl;on ot the ao,tJ.ve 
'· f • 

p~inoiple by the dtge~tlve ene:viaeri.; AlthOugll the eon• 

cel'lt%'atlon of alcoh•l he t.1ae4 •• auc~ that most ot the 
0 

ac;t1ve pt'inoi.ple wa• not ext:t4Hted; 1.ntmvenous i!\1eotlon 
. . 

ot hJ.a e~tact• in.to depanoreatt.ze4 cloga t;emporaril7 

d1m1Jd.shet1 the · sugar ••<aretton. · 
. . 

1Q1Zt Murl.lti and. Kramer prepared alkaline extraete 

of pancreas which lowered the blood, sugar of d.t,abetio 

d.ega bu.t .it ..-ae e<ton shown that the ad.mtnt.etratlon ot 
' . 

alkali alone pr:cd.uoed. a et.mil•.- etteot. 

l9al: Pl\lll.eaoo ,reJJ1,1red. an extract of fresh glands 

a m~ked improvement in the symptom• obaened in dl'lpan• 

Ol'e.atlzt4 ,dogs. 

1921 .. l.Q.a:2·: ~xtnctl·on ,of the active prino1p1e 1>Y 

Banting and Best {1., 4), who cleari, 4emonstr.te4 the . 

a'biJ.1tJ of these ~utt~aot,a to inhibit ,tl7ocu1ut1a and. ll)tpel'a 

gl.yoaemf.a in depanoreatt.aed animals and to a11eYlate the· 

tYJll)to\Jls ot ,diabetes mel11tus 1~ hwnan bei.ngs, t'heJ :tis-st 

est~.aoted th~ panc:reattc tissue troni dogs 1n which tbe 

pa:ncreat.1o ducta bad been llaaie4 for ten weeks., thu• 

~\181ng c,tegenelt"at ion of tlte acinar tissue, w.1U1 iU.nger•s 

solution. Follott~g this~ tll~Y macerated the panor•ae of 

foetal. Qa.J,v~, wtt:b. 1:Unger•,; eo1-ut1on and atterweurds. wlth 

alcOhol, th1as again obta1n1ng potent extracts. 

guided in thtlS ·respect 'by the earlier cfb,iaervations ot 

0.l."1eon and Dranna.n (91) ·to the e:f'teot that. up to about 

the· tourtb month, tba toeta1 ·o•lf panoNa8 contains no 

p.i"Oteo1ytte ena,-m. · 11na1l.1; in eoll&llomtlon •4th 
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eo11ip they obtained •ttive extract• 'b;v using acidified 

al~ohol. as 1.txtractiing medium, tht.ts JN.Yenting e11.qmatio 

action. 

v£•4 by eo:t.llp .Yielded more potant ant .le•• toxic .... 

t:taotu. 

(b) lextffl:(ttion :wethod,H 
· · _., 'Ill Ii fl ~ P - _f _ 1 I 1 'i'N'Pf!' ·- I . " -·- W 

fhe Gld stence ot the pa:noi-eA.tlo hormone l1u1d. been 

proved and :Banting and co-work,er1 had .-.t:rorde4 a. mener.i 

m~thod ot prepa;rins aettvt extJ>aott. During the y-.r., 

1913 •nd 1924 a tlooc, of new :method• ot pnpa:rimt ar,d purtfyiioio 

ing panc:r11u1tio, extract• po~re4 into the 11ten,turie an<t a 

.l.ltead,:, proare• along these ·1t~eo h$.fi st.nee been trua.tntairi• 

ed. Me•t o.f these prQcechaNs were baaed ·on the ,e;gt,...ot1on 

o.f fJ•tUihly mlnc&d panol'eall with ao14l11ate4 or ;alkaline 

aol.ution.:;: tilqueous. acetone, methtl alcohol or etlql 

alcohol. ot tllaee, only alcohol NUJ. aaomnod p:raottca1 

1mp,ertanaa as ~xtraotlns 1neci.t~. ao that at present it le 

r1lmoet u.ni veraal.17 Us$d to~ th1 • pu.rpoae. A~ueo\ts ex• 

traction wa• •. tt,&mpted. by 1?at.11eeeo (11.6) and attenaJ'4S by 

Belt an4 Soott (43). woee results. alth•ush en:couioaging, 

ooul.4 not ahow 'the ae.me uni tase per pound et pancreas •• . 

did th~ alcohol· methods~ . :Uurl1n and co-.wo~kel'e: (4f) uae4 

o;sw ·&q\leous bJdroon1or1c ac:J.d d extraeting med.ium, 
, ' 

Dodd.• $\d. l)J.,ekerm (45) a l pe:r cent aqu•ou., solution ot 

for.mic acid, an.a. Kau.lbere;a (46) a o.oaa aq.u.ocua tH>tU.um 

bicarbonate solutio.n, but in all these t~e neldS were 

well exeeeded by those of alooh$1tc extncttone. J(oreover, 

&n tbeie methoa..;a the filtmtion trom the minoed Q'landa 

t• uaua11.y v·eey cilow. eo ·thait the p,:-oteol)'tic eri0,mea 

deetro)' a larse portion or the active p.r1.net.pl.e. 

Wh11e. moet workers ha.Ve retained a).c<,nol ac extnot• 

it.Jg mediunt,man.y "Yariations were intr:o..;noad so as to 

/inoriaao• 



85. 

iru,rea..,se the ul tima:t.e yield. 1'h$&e were ooncerne4 espee• 

ia11y w.t.tb. the nature and_ sti-erigtb. of' the ae1d Uted., ,llUld 

with the meant ot p:ree1p11:•t-ina the act l vo pr1no1ple .• 

Co11ip (,4'1) (48) had ob.own t~t in$ul.:Ln ifJ -1olu'ole 1n 80 

per oent a.loohol l.>ut t.naoluble $.n a1conol of a:iore tba.n 

9C per o•nt. ue oon.,.quently ez.tra.otect panena-.a with an 

eq:m.l volUll'lEt ot 95 per cent· 4leob-Cl a.ult pro<t-ii;l1.tate4 the 

.lnaottv~ pi-otetn trClm the f1ltt1it~ by the' adcU.tton ot two 

volwnee of 95 per cent l;l,loohol. 1.tclot1oy and Fttldla,. ( 49., 

.50) extx-1-cted ·w:t.th an llle-ollolle oo1ut$.on -ot benzo.lc ac.i.d. 

prect.p:i,tat•<l the -•etive tioadtion by· tn, u.~<iition ~t aocU.um 

be11zoate &n4 Subsequent aeid.ifioation ~1th h.Jdrb@l.O,i"lO 

wU.d. a.et and Scott ( 51, as) exti-aeted with $l.ooho1 

o.o:tcUf1cd w1tb l.3 por cent a.oet1o afJld :ana pre~d.Jita.ted -

the ioouil.ll with etb.ei".. Shonle and W~ldO ( 56) u,ua« 

· t~i¢l'ilora.aet1c acid ae preoip1to.t1n,;; agent~ whtle othei-a 

emp1c;red pota'1uiwn lflOtat~ end potaaotum f"r:t"ocpn14e (117) 

tor tllis _pl.U"po•e. Sonu.101.. :x>oLeye and nchatfe~ ($3) ~sect 

et:rons acid dll,,.intt the a1<?oholic ext_.aoticn and ptteclpl• 

ta:t•d the hol'Mone by half,.-eatu:ratt<>n of .an 04\i.,out soluti.,on · 

wltll ammonium eul,-te. ::Blath~.n!ok et al. (5.f.) .and the· 

Toronto work$:ra (66) 0ubatitu.te4 SQdlwn chlo:r1-d,e tor 

ammonium sulphate in pre.cip1tatlng tbe 1neu1ln. · The lG.tte*" 

al•• cont1,.1112e4 the opinl,on that ~iooho:u.,c h74rQch1or1c &oi4 
. . . 

it the bent utractant tor 1nau1tn. .tephoott (6?) in 

f.nveo.t1s•t1ng tJae method ot the for-onto vtrkelfe. found the 

optimal ooneontra.t1on to -~ trom 60 • 80 per cent t-or 

aloah.ol. and trom o.J.a .. o.ain tor bfd.reeblorl.e ao14, with 

somewhat. bi.gbor .,,,.lttefi tor aulph\.\~i • ac,1d. Bx.ee1a1 ve 

aoidlty :resu11ttd. ln serious loss ot potent mat(U:1al. 

)!0Uow1·ns tt1ote1y on tht htu~l• of the improved metho4e 

ot •stfaoti-011 wore the method$ of JUl':if$.oat1on of the crude 

/(1) 



(1) fMct1onal p:ree.1p1tat1on •1th o,:uan1c solvents, 

(.11) precipito.tion -.ra a &$.lt; · (ii.I.) 4eo•electr1o preol• 

pitatSon; (lv) adtU>l'pt1on. 

sor.no.a1 et al. (&a) -.nd Wald.o (&a) .ind.ependGnti.,- ob• 
' 

sorvo4 that m.oet of the active prtnctple,:,}1ari be pmcipi ta.te« 
. . '""·', . . 

f'rOffl a4ueous sol11tiot1a by a<Ytu,ti.tlS the l:\V4togen ion 

oo:noentrat1·on to about pHI. The <iearee of pllrit1ct;Lt1on b7 

tW.s 17lethe4 ia tundattuuita117 dependant on tbe .i&O•el•otrio 

become one ot ·the ata.nd~rd methoda ot pr1tioa.t1on ot 

1n.eu11n, althou,h the :,otenoy oannot be increaiued. beyond e 

oortain stage l'>J'. :repeated f.s.o•eJ..eettio p"olpttattone .• 

Shoal fa.nd oo•wo:rkera (5i) tot.ind their pur~st samp1e to 

have an iao•e1e13tr1c ra.nse o·r pH.f.. 4•&.3 w1 th a maxtmwn at 

pH5.0. aonle •NI Waldo (56) tound ,a,.;.a to 117 .anti 

B1$then1ck et al. (N) a ht.sher range of ,a,.s.a.o. 
Ac,ol'4ing to Abe! (58),the 1ao-electrlc potnt ot owr;tal.line 

1naulin is p:ttf,. 5 .. 5. tl. Howitt ·and Prideaux (.59), 111,1:ng tho 

method or .tltH.rta"Qphore•J.s, tound tba.t the aontil of 1nao1• 

ul>lltty ext.ended. f.roni. pB.4i. $•6.1 a.rut the 1•o•eleotr:S.c point 

was at pJl5.4. 

The method of extracti.on an<t pur1t.ie•t1on ae \;leed b)? 

the fa;ronto ••rke·ra hae been d.eccribed bf soott an4 Parker 

(s!$). 1'n.e7· extracted with 60-BO per oen.t al.cob.el oout-a.t·n­

tn, 1 per oent )o'd;rocblort.o acid Gtlli<l li.iboequently salted 

o\tt the aoti ve material by the a64.:f. tto:n ot 1ociiWA ehlorld.e 

f1.tet to a eoncen·tratton o:t -Si per oent and thea (after 

to11owed first b7 .liio""eltetrio p J.ieci;pltatlon, then bf 

.fractional Jreolpitation with alcohol and ether t1.n4,. 

:t1nal.ly, again bY ·.1ao•eleotl!'1c preciptt•tton. With th.ls 

procedu • a. 71e1d of ~. 000 um. t& pe~ · ltilc cf OJt pa.nc,s,eafil 

at an act1,vitJ ot 16~1, units pe~ m1l11gnm is 4laJ.med. 
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Ge~lOU$h and Bates ( 60) obtained a l)i"Oduot aeeo.ying at 

21•24 W'llta per millitn·a~ by extrac1na with alcoholic 

~4rocQhlor1o acid $nd ea.lting out of the i.neulin protein 

at pB2,fi•2,i by 16 per oent an1'.qdroue eol1um •ulp:ba:te. 

!hl11 iCJ toll.OW&d. by tracttonal. pracipito.tion with aleonol 

tirat at 60 per -cent &nd thun at 90•9! -per oent and., 

flnG.117, by doublt, 1•«>•e1ootr1o pr.•oipitatit:.u:1t. 

DU4ley ( -61) purified. <trude- 1nau1.in, . p:epared b7 

Coll.J.iJ; method, by" preoipttating · the active mnter1a.l . 

from flq,ue0,u• solution with pi.orJ.c QOiil Md ou't)eequentlJ 

O$nYerllng tho tnaoluble piorato to the aol.ub1e hyd:ro• 

chl,ort4e. :P1ck·t'Ut$ et ,al.. (62) p:recip1ta.ted the n,.ctive 

mtet'1t\l w-t.th -~ per cent t1',!ohloracotlo aotd. lalted. out 

the ins1.l11n from the ac14 solution a.mt. 1)1"ee1pf.tate4 1 t a• 

•n oxalate at plta. ,-a. '1 b1 tho addltlon of N/e potassium 

oalata. tn thie •Y obta1nin¢ .a. matttr1al, .tor whloh they 

claimed a poteno1 ot aa tt1u.,01t as SO uni ts pe.:r m.il.lisram • 

.D1ngeman•e.a.nd l.aqueu.r (63) purified insulin by ad• 

•or»t ion on ·Charcoal· and· :replacement by phenol., the oom• 

plete pl'.'oc,ui• oons1 ct1n; of eleotroti.a17si.s; f'raot;t.onal 

$OlV&tion with iuuuum bicarbonate, atiaorpt1on and 

fl'aot1t>nal elution •1th dlso).1um phosphate. The7 clt\ltned 

to hav• obtained ·a matei:-ia1 with a. convul$i•e dos~· of 

o.oo&.o.004s m1111gr.-am.; Abel and oeillng (44). purified. 

1ntnil1n b.Y ;repeated precipitation with ii/6 VJ~1d1u~ 

solution trom a ,4.ilute acttie acid aolut:ton. 

pre(?;ipitato wae extnoted •1th 90 pe:r tent pb<enol QM the 

.lnaulf.n pfec:'lpitated from solution b~ the add.ttion of dq 

In thf! method ot Kharasch 

(65) the 4.q inaultn, powder 1• trea.te4 with anby'droue 

4:iq,ulci armnonia. and the mixture til t._,red. the ltHls aettve 

materlaal i $ ,insolu.ble, while the more active fraction 

is reco1Tf.U."ed by eva.pomt ion ot th., fll tm,te. 
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A recen.t metho_d (l-949} fQr the. utracticn and pur1tioat1on 
·. 

of ineu11n hao been advianr.:ed by La"ten;ohalage:r and 

tiµd~r (66). ffiiS ·COne1et1' of eXtJt&Otion With a.lOOh01 and 

·ptr't.5 ~th am1cn1a. th~ preeip1tate a~parcted. by oentr&• 

tugatton,. the ·pi adju;ated. to 3 ant the liquo.r concent~ated 

by tvapo~tion ;i.11 vacuo. th.ti activ~ p:rinclpl.e 1& then 

:twice ealted out with sottum clll.ot-lde. ~edUun:tl.Yfltd and the 

insulin ioolated · -.t ·pJt6 ... a. 
Tho oz.owning a<1hl8Vetnt1:ot 1n the purittec.tion of 

insulin ae.eme to have bQen reached when Abel (6'1) ieola.ted 

the hormone f.n erystall1ne tonn. !'h.is nu obta1:ne1', ·b), 

d1Gsol•lrtg pu.-1t.i«a lnfltulin 1n .eak acetl4 t.cid and :temov• 

ing IJ.tpurl tlee by preoipi. tat ton wl th brucine. On e.Mi t.ion 

of fl/S wri4ine ery0tall.t.ne -.nd amo?.poua Jneulin aeparattd. 

together. Xn a. .later 001r,:nmioat1on Abel Md bl& co•woll":kers 

(68) cl.aimed 'bet.ter ~esultr. with a sligbtl,Jr 'Jnod!fled 

techniqlle .. ti/6 pyr1d1tte wu adde6 to tb.~ aolutlon as 

Q.bove, but the preclpitate was :r,movoo, l'>7 contrttug~tlon. 

and the c1eo.r tluld t:reuted witll :CU'tlmonia; the pree1p1tate 

wau fi1teX"•d and the tiltrata. on $tand1ng. d-epoatted 

oruatal.s of the· aotive pJ>inciplG~ a:n subseq,u.•nt publt• , 

oat1ons (68•?0) theee wo:rkeirs pnp•:rtd t,rys.ta111n1t insulin 

wi t.hout 'th•, uoe ot b:rufine. thue <»bt311nlne a inQterial 

,asaayiDG at 24 \mi ts pe:r milligram ( ?1). Harington and 

soott (72) devioed 3 :turthor metllcd ot obtalniffS c~8tall.1ne 

insulin by Gul)stitut1ng eapom.n ·Qr digttonln tor br\lof.ma. 

and praotpitating w.itb ammonia 111, much. the same way ae 
Abel and .bie C$•Ylorkero. Tb.ttlr tn$ter1$1 aa a.ssa7ffl1 .l}y 

culha.ne • J.rarks, Soot t and frevan. ( 7S) consi stentl7 showed 

an acti vi tv ct 23•2'1 unite Jf)r milligram. Scott (?-6) 

Pl'OV~d the dimorphous ,na..ture of the eqatals ha1'itlg 

obtained a ~die•.sbaptd toffl on c:r;,st.all.itation frOn'l 
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aoetic aoio-ammoni.um acetate bu.ft er 1n aqueou.e •oet one 

. at pl{l.~2 .atHI ·rhomboh.edra with the same proced.ut"e at 

In 1934 Scott. f'i.tl) di.s<1ov-e1,"ed. tnat <,1:ryeta.ll.ine 
•. . 1 ;,·. ' 

intulin,. prepaJ!'e.d. b7 the abov~ method.a, contained e1nc 11lld 

that the add1t1on ot small quantities of ~ther metale (aalts 

o.f oadmil.wn, nickel; cobalt). facilitated the ·ceyetallieat!on. 
·, . . . 

Scott &ttcl :fl Gher (•t6) dftt~1"tr!lned the nature Of tho ash of 

:ample# of inat1ll.ln :e~sta~lieed trffl!J. niec.U.a containing . 

1tno;f c~bal. t a;nd .. cadmium talts,, obt.~inina; constant 1taluea 

Scott pointed out thnt the 

prevloua ·&ucaoaoee in :e:eyr..tallis!ng insulin were due ·to 

the tortultou pre,ecnoe ot one ot these <u•s•nt.l.a.l metala. 

Romane, J'iseber and Scott (77) eub&equently pub1iehed the 

outline of a procedure ·mu ch 3tawta with the t:reah pancreas 

and. gives orysta11:1n~ insulin t.~ the fi.,nnl prod.I.lo\. Tb.ls 

method 71old• soc-too inte;rm.ti()nal u.ni ts of o:r7sta111ne 

insulin pel' po.und of \:Jeet ptinc:teas. 

stud.te., • thtJ. ohetrd.st't'Y ot in~ultn ro11ow4 .::losfily 

on th.e hoels of the 1r.nproved methods of e.ix.tJ.?action .:nd 

pu:riti cat 1on • 

. lot1d,.th&t$n,ling. ola.ims to the QOl1t;ta17', insulin W&S 

ft.rat · resa,:ideci as a p,-<:tteJ.n b7 ~ inter alia, l)eet and 

Macleod ('s>i). It waa detin! t,t:Jly placed. .10 the pl'Qte.in am 

meta.protein group. 1;>7· the work ot V.lckenn. t)Qdelo,. Lawson 

e.na ltaola,an (t,e), SYedbe:re; 11.ntt SJ ~glfen (9?) n:rld.ne; on 

the mol.,o\llar 1retgbt ot 1neuii:n. c011oluded that it ts a 

homogeneous protein of tbe ovalbumin type. on t.he batls 

ot h)fdl'olye.is of orystaUine 1ns\\11n •11th m:i.nel'al acide. 

lenaen @d Winte~ste.iner ('9B) gave tb.e ten:tative di~tri• 

but1on et ~mino aoldt o.• toll.ow:s .• thus aceountiq fo:r 

88. per ,cent ot the molecule:• 

. Leuet.ae 80%, glv.tamit> aolcl · 21%, tyrosine 11%; cyetine 2.d •. 

ae(lently the 
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. fcllowtns OOlUplete analyaea or the ani,t.no ac14 content 

ot inaultn have bean reported. bJ Olli bnall {09) and Brand 

(loo), (RJ.g1.h-e• in Jier aent of uh and mo1•t~.u:·e•t're¢t 

protein.)· i .. 

Con•t.1 t1.1eni 

Argltline 

m.stid.lne 

I,y•S.ne 

.Glutamio Acd,d 

A•partlc Acid 

AJn1de • (W2) 

Oystitie /2 

1,'yToaine 

A1anl.ne 

va:u.ne 
Jb.•·nyuJ.Uli Ile 

.serine 

!'hroobi 1,1• 

X.euoinee 

Gl7otne 

1.irolb1e 

Oh:i.bnall . . 

a.oo 
4.8& 

2.44 

18.40 

,6.68·. 

l.. 6S 

12.50 

13.Q3 

'4.60 

7 .• 49 

8.0Q 

5.10 

2.oa 
15.60 

4. :so 
.2. 56 

5.30 

:e.60 

20.20 

e.ao 
2.15 

11.00 

2.GO 

8.80· 

1.90 · 

~.so 
i.20 

· 1e.ao 
4.SO 

a.go· 
Qpteine ·O. 60 .. 

The data l>y VtlJ.ck ,and Ronzoni (.101},. p,:ea,enting a ootn• 

pl.ete analyai& for the amino ·e.ci,d. QOUJp!)ai tion of in,aUlin. 

are in so4td t-gr6ement· with tho•• oite4. above. 

Abel et al. (£8) conoider.ed the el.ementary- com ... 

position ot inauJ...:t.n simlla.l' to that of the average pro• 

toin. At a11 early date the ps-e,aonc, ot r4troaen wa.a 

estalilU1hed and valuee rang1ng. 'b•tw1ttn1 la7 an4 18. 41 per 

o~nt wt21r• rtco:rded. Abel. ( 58) foµnc:1 • ni trcgen content 

or l5. 40 per cent ~o~ qr:,ata.llin.t:, ineul.!.n, whil.e that 

f.ound by »rand (l.00) · 1s 1G. 04 p•r cent. D\ldl.ey (ElO} 

f1rot ouaeeted the pros~noo ot eulpbur i.n the t.n»ul1n 

/.molecule 
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molecule. the total suJ.phtt~ content ct oeysta11ine 

it'lsulin M• l>een estimated at 3.15 pe.l" oeni by Abel .(&S), 

a.a, per ~ent by Jeneen et al. (71) and a.11 .t;e~ cent by 

Uarin,ton al"!d soott (.lOa). the '!f'alue·ae .o'bta.lned by 

Drane (100) ia a .• 11 per-cent. lt ha,s be$n ,uatt1b11,shed 

that all the eu1·p11,u·· ot 1ne\llin .1• preaent as a dieu1• 

t.1U4e linkage an<I can be a<;toowated tor a.a oy:1Jtifte (101). 

l'btduct·ion of the d1tuJ:pb1d,e 11.ntas•• i.n the ineld.ln 

•oleoul.e \lttde:t •c.riou• up~biental. oon4iti.orui. Nuiul ta 
' . 

in - .10,u, ot ptw'aiologtoa.1 aoti'Vity (41• 41, 104). .. 

fl'te el.ement.aty .aMlJ"Cil'lt ae stven by lr~ncl 0.00) le: . 

. carbon oa.,, ,el" cent, hY4~ogen G.?9 JOi' cent . ., nitrogen 

11.04 per cent -4 aulphu,- ·a.81 per cent. 

The empi~ical · f01"8Ula. 4e:rlve4 by Abel (P) tor hle · 

oqrat.a1l1ne t.ns1,11in i.a 045H?$ 01'1/ IQ.ls. S'¥'edber1 ~4 

SJ ogre:n ( 97, ll'li), uting the u1tracentritu.ge metbod,­

inveatlsated the moleoular w(d.eht ot 1netJ.lin and foiind 

that lt ohangee with the pH Yl.l.1\le ot the solution. 

Within the iange ptt4.5.-?.e the insulin is etabl•., trut 
out1dde it, lt cU.eeoolatea int, p:ooduot,i ot lower moi.eoul.ar 

weight, thia 41eaoolation be-lng reversible tf it hes not 

been kept too long out.atd.e ·the mnse. At pH6. , .. e.a the 

mean V&lue ot the mclecula,_. weight •a• ss.100. orc0wtJot 

. (106) obtained a 'f'tiiJ.U,G of 3?, 200. The JnOl.aular ·weigla.t 
, 

••tt.me.ted from d.ata. ol>tai.neci on J>•ctetenntnatton of 

¥1 traoent r1 fugal sed .i~entat ion o.nfl d itf'us:iott oonattllnt• 

ot oarefu11y recrystallized 1n&u11n •• toun4 bJ Miller 

and Anderauon (.l.0'1,108) to be •6, ooo. · Gi.itfi-Gund. (l(l)) 

oontii1ne4 hia previotut oblervatic,na that inelAlln in 

eolutt.ona of pHV•V. 5 waa hmaogeneot1• trom the point o.f 

view ot part1ele el&t and ha4 a ma.ximwn molecn.tla;,:, night 

of 411.000•48,000. At pH above ,. & or ttelow ·• evidence 

•s obtal.ned. ter r~Vel"elble dioeooiatiol"l ot the homone, 

/the 



the optimum PB for dt,1a11ooia.t1rin betna between a and .s~ 
fhe minimum .moleoulas- welsht from oamot1c pi'eeaui-e 

determinat1,~11 •• 12,000 · i 500. Ile eonolucled that 

tnau_.11.Q oonaiat• ot subun.lte with a moleeu1.•r weight of 

12,000 and tbat · tbe torcee -holding thttoe aub11nlte 

-- together 1nvol. ve the lon1z1ng groupe of the- protein. 

Sanger ('110) .touna that an bu;ulln su.teo1ecu1e ot -

•.olect.11,u• •-ei.Gh,t of 12,000 ·o-onta..trid two glycine and _two 

t,thenylaluii\ne r,.ud .. duea oontalnl·ng f.ree °' -a,ni.no sroupa111 

and. two lysine wu1iducui · contaird.ns tne e....us1no p-ov.ps. 

Thee• reoul ta euggeat that the &neuJ.ift submolecul-e t.c 

aatte up of tour O»-n polypeptide chain•, tt10 o.t theee . 
ha'Vins teminai glycvl reaid1UJ:t1 o.nd. the other two 

terminal ,Phtt117lala.rd.ne nel.du~ui. the obai.-ne being bound 

toge th.er· moat probab11' by -s--e- llnkaa•e-. 

fl,.e eame o.utbo:r (111) app1YJ.t'lS the pertomse acid, 

ozidat1on method to the •z,. pig an,d sheep lr.,sultn 

,ubmolecu19. &btai.ned t1n4tnso eqgest1ng that., oont:ral'J' 

to aeneral opinion, ·obemi-ca.l 4itfeJteiioea do eld,t among 

-Mgbl.7 pu.rtf.14'4 ln«1ul.1n preparattons ot different epeo-t.e,. 

AIPJ.no a1=t4 ana1yeoa ot the. e,oidio ttit\cttone -Yeale4 t;,o:r1...­

s:t.d.er'-"ble ditf-e.reno1ui;. in the oontenta ot ae.w.ne,,, glyolne. 

tbffon,ne and alamt.ne. fhrecu1t.ne wae found. t 10 be pM.oen.t 

lrt the acidlc t:.raot 1011 ot pig ln•Ul.ln bi.lt abeent from the 

••e traotion ot ox @d ,neep &n:auliM. 

·A•. ragarie the 4\u1•t1on wbe:t.?Ier the p:rotain .is 
. . . ' 

l.dontioal wJ.th the hormone its>elf •• act• -rd.mp11 as a 

oonvenf.ent •rrit!t- on wb.oae atidace t~ true hoJ:mOne ls 

adar.u:.•b,Ht ,cut to whlch tt la lo<>ee:,.Y bound, ccnia1uei't"e 

. eTSdtHic• 1s l-&~ld.ng, - At'temptu uve been niacse. to 1nte%'• 

pnt the a"eaul te obtt4ined 1011 tl"(!atment of ln•lllln w1th 

•i·ioue ro51ent$. ·aa indicating that oa,-tat:n groups ·_of 

the iru;ul.111 molecule, euch •• pb,enoli o b-Jd.roJCtl, primaq 

uln.o and. the 4t.eul.phlde li.flk-.ge •u:·e eeaentlal tor the 

:phf'•to101.u.ea1 activity of the bo:rm-0r1e.. "th~ phama• 

/codyrnmte 
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,codyna.mia fun~t1on ot inaulin ma.7 be due to 

{i.} tho pi;'eeenoo or s prosthetic sroup .in the moleo\ile. 

but no •vtdenoe tor Btl~h • gt'Ql).p baa .. a.a yet l:feen ob• 

tain,4; 

(i.t) th~ oocnu!'ren,;,e 111 tlle .f.n&ulin molecule ot an unknown 

opeuit1o amlnc aoid, bu-t thua fair only known amino 

acJ.tla have. ~en .1Golate4 from t.nsu.1$.n; 
. . . 

(111") the existence ln tbe p~otetn inoleou1~ of a spec.ltic · 

s~oupi.r,s of certnln e;omptmetit ~ino aoida embifd~4 

1n ·thG molecule "1b1tih1 'by Virlut Of thei, 't' Ohetd.aa.J. 
. . . ' . . . . 

&l'ld epat1a1 cot.ttigur9i;tJ.on. impart a 1pecl.fi·c pl'.UH!jnfi..• 

ocdynamie tu.nctton to the protein molecule. 
' 

For th$., rea.eon the entire moleetu1e ie necesaai,7 

tor :the peys1o1og1cal aottvit:, or the protein° (112). 

Tho bUlk ot ovid(!!;:n.oe .ava.ilal>le fav:ou:ra the latter opinlot1, 

that the tlYPOGlYoaemie aot,lvi ty of truualin ;ls a speoitio 

property, ot tbe •hole protein txtolecul.-e, and &t\Y i-eaotton 

wteb may pro«uoe Q:- oha.ng& in the architect.u.ze at the 

p~oteiQ mole®le 1e likely to ca~ae a :,.oas ot p.bte1ologi<ta1 

activity, · The J>eact1orua ot lnsulln with i.'otU.ne (111) 

and reducing -sent• (114) S.nd1,cate that t71"osine and di.• 

su.1,ni<le g!oupe are necessary tor the bonnone•• hypo• 

glycaexnie ,.ct ion.. The work of Rei'tt et al.. (116}. who . . 

bilve · prepi\Nd 1,i.o.tive sulph~te eet(t:ra of ins'1l.1n w ti-eat-

, men.t with eono,ntnted .sulphuric acid, eho•s that ei.tber the . 

aliphatic 1\14.roql gro\1)8 or th~ net olm:rge do not part1• 

ei:>ate tn ·the blologietJ.l 4otlor1 ot 1neulin., 

, the pbysi Qal. properties ot inau:U.rt, further ohtmtoal 

proportiee, itfi tnaot1•ation 4U'ld, reF1ctiva.tion_ and the 

u.ot!on ot •arioue reagents and ene,mos on .it he.Ye been 

d.•alt with et length bf' "lai"i.C\UI o.ut.hora (41, 42, 112). 

Of')fctalline trusulf.n ropN•entG the pure tso•eleotrio 

pJ"Oduot., Addi.ti.on 9! either sold er alkali to an ieo• 

electric, pi-ecipitt\te ot ineulin reuults in. oompl~te 

/e~1ut1on, 

•, 



eolutJ.on, Qwing to the f'onnati.on ·Of the aoid .or basic 

salt; aooc,1,U.ng to the generally a.ccepted theoq of 

amphote rt c p:rote 1 n•. 
, , . 
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•ulph;.lte.. ot tbetse th• •utpbate on1, hae been prepa!<ed 

ln a.n tnactt-ve cryetalline fom. 

ntgardtng the · ettect ot tneul1n tthe in.1 eott4 into 

-an1tna1$, th1# bas be•n referred to in a PJ'evioua eect1on 

(,1:uut page 3 ) • ·rne endooi"inG tunct1..-m of the >nncreas and; 
' . .. 

the pbyalolc,g1oal aotion of insulin h&v.e bf,en rffiewed in 

deta.11 by Ta?"loua autb.Ora (41, · 42, 112. 12,. 1.ao. l:S&J. 

Since it fal.lG outclde tht 1ih,0pe et th1s inYeltti • 

gation. not more t:b.&n oa,u.al retereMe can be •Jlad• •o it. 

the tot•l .awn of the Cllemi cal cbans•• whi. ol\ oocu .. in -the 

tt••ll•e of the bod.7, i.e, ino,:,samc an«. organic metabol&cnn. 

J.• contro1le4 'b7 the proper wa1olos1oal ea•Ori1_natt.on of' 

taetor• 1uch •• ho.nnonea, vi tamina and en:zym••• "A• resarct• 

th• role or hormone•, the)*' apparently do .not lnitto.t• new · 

metabolic proctuusea,. but rather 1nf1uenoe the rate ot esaeed 

ot exiatliag proeea1e• by aocel•rati.ns er inh:$.b1t1ng aerta,.ln 

sn~tio reacttona ln the oell upon whieh they actt (112). 

That .ineulin .ta tntt.matel)t linlted up wtth the organic 

metabolietn 1• ••peoi~1l~ evident from the pl'q'a1Qlos!oa1 

diot\lt·bartcea ln the body 1'hieh a/r• t.ftu&ttrYed in total 

panoi"eateotom.r or ln ctiabetea rnellt tu.tu• 

.( 1) Pronoun cad: lq'pe.r:"gJ:.ycaemia and gl7co•uriat 

(11) Depletion ·of g).yoog~n •tore• in ce:rta1·n tla1u1ea (11ver, 

. mueclo). 

(111) io1'er1ng of the reipirato17 quotien.t;, ind.1oat1ng a 

4eor•a•• tn the fate ot the oatdat1on of .glnooae; 

(tv) Xncr-.se J.n the Nn of the itr1ne.which te due to an 

J.noreae, in the oonTer$iOn ot protein into glucose; 

(v) l11oreaset1 tonnation ot ktt~ne bQCl.1ee, oaueed bf an 

aoceltl'ation ot tat oatabollmn. 



lnsultrt a«t.1 on ( 1) the 11 'fer bJ' 1nh1l>itlng glyco• 

seno1ye1e and alu.oomeseneais and b7 a1mul.a.t£.ng tho ,u>n* 

'V'Erraton ot giucoee te fa.t and (ii.) Oft the llver. musol• . 

and othe.- ti•suea bf. p:temotlns · th:e · etoriage qt slyoogen and 

.atimUlating,. indireotl.v, \hfl o:Jtid&tt.ori ')f giuoose.. it. 

tb.~refoN. at!l.in1.tlatee thot;o pt'OC6EH'l$t!O oauaing gJ;uoosae to 

ente:r the "blood with the over ... all. &t.fe,ot of a l·O•erins of 
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the blood G1lfJ&lr. · in tbl • ,e,apeot tt ,, 11ntagonlaed. by the 

h.Ol'mOnes from the pi.t'11ta:ry. adrtnal· an<i, tb,Jro,14 (13?) •. 

·. Certain ad"nal a11cl pitH.titaJ"Jf hom:tnee tend to lnorec,.se 

Ol\rboby4rate tomatlon frotll proteit1 by the li'Y'er •nd t& · 

diminioh the· pe,ri,t\era1 utilimtton Of" gluooac, .(138•141) •.. 

nt.eee homonea ·(in•'41n.. pituttat71 adr-etla.l) ,eaert thet.r. 

etfeot on the pet'ipheral utl:lU.stion of glucose: in t.be 

fo11,owtng war:• 
fhe ,eftectu ot 1·nsu11n on the ut tll r.at ion or 1&luoOt.Jtt 

are demon,trab1e 1n marw typeo ,of' lntaot mu,aQ).e 

(e•leoented. aniltlf.lle. icolated PE:ilrN&ie<l heut. .liu;•1•ted. Jtat 

41apltngm) amt •ve:n in oell.-free extra!ZJta o:f' :u.v~:r:, ln'aJ.n 

ancJ heart ti;a.a\le, (14:$-.1.fA t the. tat• et the gluoof'e. 4(!pe:n4• 

;ng on the part! o\il. ar pr&paftt ion ua<,d : :t t .m;,.~ \\fl.dergo 

oomplGt• oxa.dat ion or it mar 'be cotiYtl'ted lar11~1, to 

st;coaen. Theoe -.re the twt tund4mar.ata1 etfeo.ta of &nsulia 

on peri'Pbetal oluooee ,1t111ation. 

The ·1ro:xi.mate fate bl! glucose ·,d.1Nppea'!"ing !n 'tbo 

t1sSU.$S 11;1 oonv~rston to glueou& ... 6iti>phonpMtt. ffils 

phoEJphtn,lation c,t e;l.u:eoso 11as be.fin, exttnal~ly lltt:adled. 

,arti 0\11arly lq' the oorta and th.el t' co .. work0•a · (148)~ 

th.la t• Pl"Obably d.ue to tncrea&ed, act1•.a.t1 or the enr;ym:e 

htxoldllaee a,n4 thtre is 110 doubt tbat tb~ tna$.n S"eaetion 

oon,11te l.ri an exchange ·Of pllo$phate bet1Ne(u-i 11t1noa1n.e""' 

tripho,~phate (Atf) and gluooee, thtouab •ld.ch glu,co:ee 1.s 

o•,-t·td i.:nt o gluooae• 6-pbospnate.. wh1 ch mY l:Je. et tber 



main aetion ot 1nJu11n •. therefore, appear, to 'b& an 

aotivation ot a oanples. •n:tYmatio a;yGtern wbiah t1•tee 

blot.u!. slu,o,pyran1'a$ and oonvex-te it to 4 laibt.l~tt. less 

dextro•s-otator., tonn, poosi blV tlt'uot o•fu.:ran~se,t · 1 t 

borrows the enerltJY neoessU"t to tb1$ eonverai.on trom the 
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oxlt1ation of variou• carbchfd~ate ,derivattvea. pa.rti.Qul• 

.arly of wruvS.o aold. The aativat•d glucoee· sub.sequent.17, 

n11cts with adenoeino•trtphosphate. and is t•neformerl int~ 

11u.001e ... t;~phoapbatefl (12? ) .• 

Jn-1oe. cod and COlQ11lck (1.62) .touncl that the .~a.te of 

tt•xo)U:bfl.se stea.ction. c-of!tld be,. de;pnased by the add1titui ot 

oeJ"tain protein f~aqtt.on.'1 obtain~d t.:rom the pl.tt.d. tary~ 

2hie inhibition was l'UUeh mor.e tna.Tked 'When th$ pl'ltdta:t7 
' . . 

f.raetion waa s~ppltttne1tte6 with G,d.rena·a. oorteJt extract (1&:S). 

Tht, inhibl tJ.on ia depeQd.ent u:pon the p~·aence of A veey 

l;,.bile protein, pre'1wnably ot ·,1tu.itaey .oJ>igin .. sin~e 

a.ddi t ton ot aui table pi tu&t!il17 extraot• .reoul tia in 1,nhib• 

. ltion ot psoapl10:r,latiQ.n either in ti\$ pHsence or abuen® 

Add.itton of irniulin to 

either ot these· inhibited Gyst.emt; r,f ... eetablieb.e• i1onna\ 

phosphofflntton; 1>ctasoiurn hy4roxld& treatment of the 

insulin aooltullea 1tti effeet1veno,u, ... 1be l.obile ptt,d.taz,y 

tact or 1m not 1dent1~1 with ei the:r purified t\drenotrop1o, 

.1a..:togen1c or growth ho11l!onoc. nroh ... Khan #And li1reky (1 l:>4) 

obtain'4d Gtmllar, thOUl.i;h more· t1uctua tJ.ng, resu1 ta; they 

alao tO\Ultl that a 11uti.otaru.=e. ~u.sirc he~old.nase 1nhib1tion 

can be extl:'tlote4 trQln the spleen. 

It appear•• the:tef ore. that .1,mauli.n 1a not ecu1etrt1•·2. 

for glucose util1 t.at1on but •er1r•e rather t,c ovpoae tb~ · 

inhibitory actto·n ot ante~lor pitu1 tel.i"J' and Adrenal. oorteg 

/of 
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ot h().:rmones on carbohy'a.iate meto.bltl!em t.n the liver oa..nnot 

be explained in tems of regulatcn,y efttote on the 

hexoklnase rea.ctton. ami it ls likely that. other ,;;n~G 

. ouch as 11,rer. photSpbtteyl.ase. ·,etimu,l.ating glycogen 

tormat1on f,:om gluoo.so""l•phQsphate• will \JG tou.nc;t to be 

etmil$1t•l)r 1.u:1der (U't4011rine cont:rol .• 

fhe us$ ot pione a.e1ci in oonnect:Lo:n with 

1naul£11 wae first tleeorl.l:lect ln 1921 b7 Dudle:, (61 ), wht; 

usod it for the pur2.£1ca.tion or otu<le :tnl4tA11n pnpanf. bJ 
a mocU.fioa.tion of onlll.p' G m~tbod. fbe 1>w«e matl!.rial 

obteinad. ·t;y thiv mGthod wae fot.lnd by Dudl.ey to be:ve. u 

&Ctl 1Tit7 ot 5 .... 10 mtlligrame ;: l @risina.l Toronto Unit •. 

In. the. p'-li>itteat1on proesee a l.. 5 per cent, aqueous 

To this is then . . . 

added b.Q.lt l ta volume at a. aatur,vte<l aquetua JJOltttion of 

pie:rlo aio.$.d, reeul.tina 1n an 1tnr.nediate tloocule:nt e.rn.o:rph,ous 

»r.e-:t.pitate, the insoluble :i..n~nAin piontc,. the ;,ietd being 

a.bout 'ht\ p$.f' cent ot the c:rudo Huiul.in taken. The pt e:rate 

1,, th~n tn.nsfcrrned· into 1n&ul_in hYdl"ooblorlae tr ;rinding 

· it ui in I\ mortar with absolute e.lcoho1 containing $ pi!:r 

oent (l>y weight} ot nydroohlor1o $eid. to the claar ttl .. 

tratc is a4rled dry ethAr a.m tho by4rocblorid.e settles av 

a whi ta mno:rphQuo powder.. the 7,ield obtained being ?5--SO · 

per c;sent of the ptere.t·e. and the potency of the mater1a,1 

o.s ... o.75 m1111gr.fmla ~ Toronto Unit (ralibit unit). 1n the 

same paper t 61) Dudley atateu thu.t ii.f iaO""til.eotric pre• 

o1pttation 1$ ca,,rried ou.t with a 2 pei- oent e-olutton ot . 

. by4roobloi:·.1.-de ·a p~ cl.pi tate toms at pJU>. '1; oai-qtng "11th 

lt •~out f;O :pe:r oent or the eotivit:, a.nd having a poteney 

ot o.; milligrams : 1 ·l"'abb:i.t unit. In a aubseque.,t 

pulil1o:;a,t1on Dudley and starling (80) 4eeo:r1.be4 an 1anproved 

/technique. 



t,rchntqu~ for the cQnvei-&/ion of plo:rAt'i! to l1Yd~taohloride, 

1thioh oonst ste4 ot 0,j.ssolving the pi.er.ate tn o. sclut1on of 

b.Y4tochlorio acid in ?I pe_.. 'f)en~ alcohol ( 2a :m~l1s1. 11; 

(&4ueo1,11) hyd!"ochloJilc a.cid + ?i, m1it.aba<tlttte talcoh.ol) and 

pr:eoiptta.ting t-he l\V4roehlor1,de by the addition 0£ 10-10 

. · yolW'.Bets ,of <117 acetone.. the rt1.bb3, t u111 t :,~vt,ng· to be aa 
,/ 

1 1.ow tJ.$ o·.2 mg. 

In 1924 Dttdlet ( '19) u.aed piot'I. o ac1d tor tbe enraot­
lon of 1nGt.Q.1n .f'rom th~ 1s1et tiseu.e ot the c~d. The 

rfi.Su:t.ta ot lAoOol11lick a:nd Nobl.., (81) .1nctich1te-d. that the 

e.mout1t Of .insulin in ,anoreatto. tiseue pr.Eu1erved in 90 per 

oerit e.1,coho1 containing Oti8. per· oent bydi"Qeb).i(),;-t o aolt~ · 

~H.mtniiahetl n.eoor«U.ng to the time elo.p·sj.113 bct'o.re the 

mat,u·ial wa.e worked up., Similar ObR~l'VatioM we~ made 

by .Dudley. In oon,$lde~ing e.ltornatlve 1:00thodo of «olle:ct• 

1ng the m•ttr.tai.. he· mad4 1VJe of a afl.t urated aqueO\ls 

eolu.tton ot pi,oric acid a.nd obtained. :rema.rka.ble euectUHJ. 

· fh~ t.1sh. tsl,~t ttasu.'° was pre$erTetl iri tht.e, tluid fo:r 

periods vacyt.ng trom 6 to. 12 4~a, atte:r which· it wnel. 

ground in a m0,rte.r w.i th ?S per oerit acetone. nd.a wt.tts· 

~vapom~t in vacuo and the ~recip1tated pi.crate <.mnv~.r~ 

to the l.varochlorlde. havins an act1vtt.1 ot l m11l.1gram ~ 

1 rabbit unit ant ,a .,-:teld ot J.&.12 rabbit utd.tm p~r g;rwn 

of wet tieeue (l~ao .r-e.bbit uni.ta pe;r ldl.o).. Dudlcr 

etatte that nit :ts 1)e>s•JJ>1e that th!$ Jnetbo(l 'fli11 JJ-01'e 

.applicable to the 001.m»e~eia.l prod.uot:l.on. ot tnsulA.n t:rcm 

,sku.ghter•houae mau.-.1a1. lt appeare that on~e the 

t~es11 islet t1fJeue h~ bee» d~opped .. i~to an a\"lequ.ate 

~ariti·t:, of thie tixati ve, it ioa.n be k~pt fo'Y: o.ny time 

cletez,mJ11ea by oortvanienoe.1 transm1 tte.d w1thou.t raf'rige:ta• 

tion to the factor., whei-c, thfi! .extra\1t1on ·Of the £·neu1£n . 

ii to be carTied o,1t1 n.f.J1 $tli.1 give n Yield at leQ!Jt a$ 

aooa as that ol)tained w1 th tho .. gre•teat pr&cau1;;.i.f!H1ti as to 

apeed and t4mpen.ture, whe!l the alcohol prooeoa of 

PN$tffation is used." 
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Ooinoid.ent with. this work Doddl aml Di okens (82), won• 

bsg. on a. water extroetion method• w<a,:;e 1nv,·u~t1aattng the 

f(.UllSiblfl UH Of p.1orio acid in th1i reopeot. They Sx.traotod. 

treshly•ooU~otod par1or0ne with l. per oent aqu•ou" fOtJnic 

acid an«l p,:,e_cip1tatec1 the d:ietH)l1tell pl"oteina by aedi ti.on of 

o.n equal volume of aa.t~mted aq~ousr,iorte tiOld. !ht piel"atea 

W'1t''8 t.tUl:n1•q,1.tontl7 extracted 711.tb ?0 par. Oertt &Catone, 

insulin plot-ate cU.aeolvJ.m; to the pa:ttitll. ~xclueion of other 

equal volu1nes Of sat,"1:rated a~eo~• · Jic:ric l\C:ld ant wat«'l*• · 

and oonvert$.d to the hydrochl.o:rld• whi. ell uhowetl ~n aeti vS:t:, 

ot l.5-2 mg.• 1 l"'abl)it unit 4nd -B•V~ a. :,1el,t ot _Q.ppro;thnat"" _· 

ely zoo l"abb1t unite p-er ld.logmm -<>t pan~~e-.s,. :mndet\VOur• 

t,.ng to 1J\l11bit tl'J'Jtlo action, the authora uubsequentl:, 

a4de_d e, J>t?J' _ cent :,araldibYde t·o tho extr:.oting t1u:1a. 

obtalnod a hyd:roeblc>rUte with. an aetivity ot 2 :mg : 1 :rabbit.· 

unit and a. Jtitl.d ot 63$ lt'(lbbi t unt ts pe:r kilo of matori.111. 

Howevoi-, i.t beoaie evi.dent thnt ab-out '40 11er cant ot the 

· .J'iel.d wa.e lO!:t through tncomplete preotpi tat ion. of tbe 

picra.te 'by tU.lutton. 

t1bov&. but e:ve.porating the e."cetone by dietillatton in vaot.tt. 

ln.it~..a. of dtl.utton,. the yteld ns tnct,Ui.$Cd to 1. 040 

by Dudlny at th:ta stage ot the method Unde:t t•ial lJy hitn 

tor tht extraction of tioh .ine\llin •. they <rm1 tted tbe prt ... 

11,nlns.ry aqueous extraction arid a.ppl.ied tbEl picrio aeid. 

d.inutlV to the original tf.aiau~. 'lbfl g4anerlill outline ot 

the motbod nu to minoe, the panarea.s with tho Qu.diti.on of 

· dr,, powdered pi,oric a.ot<il durit'li the minQi.ng prooe$t>. 

After ther.oue;h mi~1ng the mixturt: ns extraet~d with ?O · 

per· c@nt acnatone at1d the latter evapo~ted by d1ttill.&tion 

1n V'~cuo~ The precipitate ot pi.crate 11av1ns becsri wa;:b.ed 

•1th ether to remove tat, wa• ec,nvo-rted into the hyd:roc,,. 

f,be activity of the byd.,:,ooblorlde 00 obtained varie4:' 

/1 



1 ... 0. :25 mg· t= l rli.\bbi t unit tu·KJ. the yield ~:rom l., OO<'r-

1.e~u; mbb:lt \U.11ttj per ldlo of i;,ar1c~a.s (l)ig) .• 

100. 

. Tho lml)c>rtant. una~rl.Jina pr1nctple in th.is m~thod is 

tbQ t.ipcolfic EJOlubi11t7 -claJ.mtd. i·o:r .1.n;t£t.1n pict.ta.te 4.n 

tMt~•pufJ Qcetone. . 1h10 wns ttmt~ eom'llentttl on by »tli!ile.v 

M(l star) .. Ja,g, {$0) ~rtd ffttbaeqtt~:ntl;, exten.si velr •t"d:tcd l>7 
. . ' . ' 

lJu.dl~}' (l'/9) ~n~. Iii ckena _(.\nf! DrHtus tea).... f'n-a t>pJimum oon-

tt~ntr-at ie11 ct acc®t one .tor tht, .Gol ub:U,t t)" of in~ul.i.~ 

»,ic:*'nte fn\S . (o~ to bt a.bou.t 70 pei~ (Hit:t!t. ·, Above an4 

. below th.I.$ concerAt mtl.on tba golubil.1 ty (lecreate$ marked• 

iv. ffWhJ.oh intliaat-es that tnsµ3.1n. p.tcrate _poeGGiilses •ef!7·· 

nharp2,J" .. d.etined toltfbt13.t7 tn ni1xture0, of Q.¢etol!:te i»'ld wat•ra 

(83). i>1.nkGns •nd Dodas pr.epa·rc4 a series ot picl'atet trom 

blto4, egg ... albumln ~nd panott6t1 ~· pr.oteJ.111,. ~~petiments on 

thf.} &Ql,tt'biJ,1t)1' t$ht>rted tb.at th~ in~ o:rtt~ of pi-otein p£q~tea . 

.. art 1neolubl.e in el tber ,fAbcolute o:r a.qtAcu,u.a e.cet·On,e, lneol.• 

ttble 111 a'btolute a.lqohol e,nd .tape.r1risl7 eol~ble ,.n aqueous 

'ffery diff~rant ft"on1 that ot prt>teln p10111:s.tf!'$i thus tt was 
found that ltieu1U:i ·could be $epar~te4 trom.asst)c1nte4 pro• 

t~tns l)J· uxtrattlQ~ ot ti:tf'l mixt~re ,of p.$.entt,~ JlY raea.n, of 

~quoo~e. aiceti::me"' (SS). 

Tl\e tinal !nathod, ot fJ;t;ira~tton adc;,pted by Dtckene a.nd 

Doddia (83) is th, tolltlwtr-~:,j/0 

n!he p:i\nel'eas 10 mi.need and, wel.1 eti l"l"4!d witb finel,g­

t,t:.WdQ:re4 n,.ler1c ~oi.d (45 giu. peX" kilo of pat1orea$, whlcll 

ha-u. l>Gen pNviout1l.7 dri:1:lned .on a .lJuchn(bl' tu.t1ne1 ). the 

.mixt,U:t'$ 18 again pael.led through the U1tru,e:r t·o e~S\l'te ~:ven 

. _a1x1na. 'l1l4 i. t teY be .rt4VtU.ttQBtH)Ue ., pa.rt! eu1:arlJ wlth 

froaen panot'eiaa. to u1inoe once mQre .• 

~lr:r:om thfJ welil"'mixed -pf.o:-ated mtliea tlte pi o,ate is 

tbarl extracted with acaton('l. fnre• ·•~t"attl.one at"e nee• 

11rBSGtlY a.nd tht conoontratlon of .a~etone in the e.xtraot.tng . 

/tl~f.d· 
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fluid eboul.4 be 70 ptr ffnt approx1tnat$ly .• · .· file quantitJ 

of acetone useo. in the tint e~tract will var, with the 

amount of water pre_eent in the pio:r$..e acid ... pancrqaa 

miz.ture. · · 

:itfb~ minced. Janoreaa•p1crie acia :n1xt1.tre is stirred. 

wl.t.n the rt:HIQ1.e1te quants·tyQf acetone and eff1o1~n:t mixing 

1,s eneui-ed bJ pa~uing the tdtole mass through tile minc.e)' 

oon.,1ateno7, from ·which the liquid extract is pressed. in a 

. •uitable p.-ea.s throlagh a 4oub1e :layer ot lljea.n.... When no 

more l1q~d 0$n be pr,unsed. out,,. the aolid nia.terial :remain• 

1.ng ie .again minced into the ••qu4,re4 volume {eq'llal to 

halt the weight ot pancreas t&ttn) ,of ?O per ·cent a.oeton~ 

07he combined c,xtract• are til tered~ it 11eotuHJar;v-) and 

the f11t~te d.1et1lled in vaQuo unt.ll all the acetone le 

removed. .from tbe aq.ueou'1 Nuidue,,. atter ooolit1a, a de• 

posit ot the amorphous fZ"•oJ.pi.ta.te ot the piorQ.te together 

with some tat and o~yet.alf of ;1orio acid sepa.rate. 1'he 

precipitate is· ool.leoted -on a .Buchner 1'unnel., waahtd. b7 

tr1:itt1ns with etb.er and the ether f11ttted ott.. !he 

pionte :reme.J..nsa undiasolved. Wbilst the. tat and, ~xceos of 

piorlo aot.t are removed by watahlns with ether. ,So o'btaln• · 

,et.. the pi orate 1 s a p al• ,-ell.ow. a.morph.mu; powder wbi ch 

i .. a readily oonvoned 1ato the h141:"ocalorlde. 

ttJtor thi a pu.TpoQe l t ls cU.saetl. ved in aqid al aoho1 pr,e, .. 

pal!'ecl by mi,dng 25 CO.Of 4(1Uitf/l:d aJl~l with ?5 Cc. cf 

.ieohol. ·ten to twenty ,o.e. of thl.& mixtu~ are uauallJ' 

requ:t red ft>%' eaoh gramme of :pie rate. By ca.r~tul rubbing · 

with a glas• roa .• a turbid. so1ut1on of a dark brown oolour­

i.s obtained. Th• ooluiion is thefl ,oenti-it~ed and the 

supernatant tluid ta poure4. ott. the eoli d m!.\ttu:•,1a.1 ln 
'' 

the 'b<tttom ot the tu'be le grot.1n4 up •1th • f1;u;t'.n~r 
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quantity of the aoid alcohol solution, and ie centrifuged 

again. i'rom the reaulting oleai- fluid the hydrochloride 

ia preo1p1tated by the addition of ten to twenty TOlumea of 

acetone. The h,ydroohlortde 1• allowed to eettle and the 

olear aupernatant tlu1d 1a 4eoant•d. The remaindeS' ia 

poun,d orit o a Buchner funnel and the pre cl pl ta te 1 e '1!a•hec1 

with acetone until tree from plar1o acid. and, finally, with 

dry ether. It ie then dried in a Taouum deaiocator. 

the orude hydrochloride ao obtained ia a perfectly white, 

non-hygroacopio, amorphous ~owder, the rabbit unit of which 

llee beitnen Q.25 to 1 ffl6•" 

An additional feature ot the method ls the appsrent 

insenaitiTity ot the plorate to higher temperature•. 

~1th d1•t1llat1on in Yaouo at 40°c the author• obtained 

G76 rabbit unit• per kilo trom a pBrtioular eample. With 

diatillation at ordinary presoure trom a water-bath at 

eo0 c, they obtained 712 unit• per kilo. The tlme to 

oomplete the proc••• ie about one 4a7. the authora haYing 

worked up batobe• ot up to 10 ldlos within aix hours. 

A aimllar method baa been worked out 1ndependentl7 

by Oordelli an<1 Deuloteu. (a•, 85) and wern1cke (86). 

Th••• are the laat oommun1cat1ona with a direct 

bearing on the piar1 c aoid-acetone method of 1nau11n ex• 

tr~otlon. In monograph• on the aubJect (41, 42, '18)· tbia 

met..'1.od 1• c1 ted aa a atandard method of lnaulin -preparation; 

oth~r wori:;:,,ra oooae1onally refer to 1 t in paaaing by a• an 

Blternat1Te method ot insulin extraction (87). but •1na. the 

work and claim• of Dudley, Dioken• and Do4dl, Tery little 

. direct evldenoe ha• been forthcoming to either aub•tantiate 

or di•pro•• th••• ola1ma. 

The aoid alcohol method with minor or maJor modi• 

fioationa appeare to be almoot un1Ter•allT uae4 for both the 

experimental and commercial production ot insulin. 

/J)ur1ns 
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Inn."11'1' the ea-,l.y ph,uH)& of 8,tperimental work on 1.rt~ul.l:n 

protiuotS.<>n;mapY e.nd 'farted :m~thodf we:re propoged .• 

· One b)' one thei1$8 we~ d.i.&Oflt-ded 1n fa.vour of the noi4 

aloohoi .~etll<n1, the reaaonJ fo~ thir.t laalrit.:' •. in most 

oa11eo, qUc1 te obTtcn.u1, tbeae .llncl.uding, tnt,i- ~li~, too 

low a Yiel.,4, •n~t.10 det1t1'"\\ct1·on ot the aeti ,re ptin.­

oS:ple 4urtn; tho process 0£ oxtr&ctton, lor.ig and tedious 

tt1tJ."'attonn ttiakillti the :m.ethod "1r.lp1'aetloal:fl.e 4ne cumber• · 

·B&me •. impoostb.ll.ity ot repeati:.,g the ex.p~l.'.4'in1onttil method. 

c>n larS"t set.tie. bifib pre><hu.rt!on ooetr. tit .~ome ether din• 

ti.not dl1aavantase ae ,OQm~red to the acid. alcohol methed. 

iione of tlieae· have-, Q.utbon.t1t1ve1y been forthoom.ing to1:> 

tbe p1orio .e,c14•t1.0$tono mtltbod und yet it oeeme to he.'t!'e 

a)moat :c,omplatelV tall.en J. nto dieuso 6l!(.oept in 1 eola.tee 

the aavantase• olablecl tor thi e method a.re such 

thai \hey oann.Qt be ovo~1ookad without ~ue contd.derat1on. 

lfonmost ·Ot t!l,u,, are the .f:l~tt;y,e quall tJtH.a: of ptcrto 
' ' 

aoJ,.4 a.nd the olaimetl stability, ot: the t>iCt'at.0. In the 

taoi,d alcohol method tbe tlrst eesent1a3.. iu tbt ilt'mtdiate 

· ••rktng, up ot the treohl.1 obtained ·t,a.ncNatle :mate'l':ial,,. · 

or. alternatively. pnaeneat1on .of m~te:ria1 by treast.na, 

u the alcohol cannot aene thi.B pur,:,otu~ dtit! to l tc -

untowa-1'4 efft,et• on the 1nr.ull.tn content '{'V9; 81,,, 88). · 

Wi'th c.ominerclal ooru)et'n~ tbi& neeoi,et.tate.s the JJpeetty 

removal ,of tho material t.-om the abattoir to, tho fa.ot-or, 

· ·•r. a.ltematlvel,-. the t;ree-1ng· of the ll;iitert-1 at 20-

80°0 and ,ston.ge the-reot ~ntll suoh t.t.me that it <tan be 

tt'atlsporied to the eat~aotilon plant~ fh1il·, in itt turn., 

l'equlnt th• preeenct ot treo~ing faa1:u.ttea at thotu) 

4Q:p011 B t·rom which pane•eao 1 ta celletted. tor •1tt.notton. 
' . ' 

Whi:1e th!O m,1 not bt a aerioua o'bats.el.e as 

fa'I' •• tbe 1arser oeatree are conc~rnett,. tt dote 

/•ertai>:il'.t 



oe,-tainl.y. aesume l)l'aetlca'l. i~po11a.tnoe when the 

attention is tontis.eed. on the SmJ;$ller centre• vliere the 

. total obtatnabl·e matet-iG;1 .1 s int:1u1!f1,cleJ.1i to warr.,nt 

. the ttta.'.tlllebment ot costly refr;lgel'&t1on :ptante. In 

the tiu:e ot a 1 ow world prod.u<:t ion of inau11n an« an 

inc:reaetng world oonewnpt ion ot. th~ proa.uot at 111·,u, .. 

tratett. later ln tnt-s worlt" 1 t $.ppe!:Mrs tba.t at e.'ome 

£utuflt atage :tnst111:n ""P:rod.uctf1$ oonoe~ns w111 be oom• 

pe.lled tQ utU . .i.t:e ~ll available·. timte~ia1. 1lds 4efe01):. 

· (le,ek ot· ,refrl~ration f'ao11it,ie&) la eepectal:LJ ••ute 
ln thinlN .~populated area.• o.n(l countt'lee wbi ~ lack late:• 

.and •~1l·,,etu1pped s1aus;hter nouuee. c,nvu.oirig 

,e1'J.4~n(!e tor th.ia statetuent and the in1po1~ance of the 

a/bove t&irgumen:t· 1 s. Obtained' whGn i:onsld.eJ"ine; the frod.uct­

i on tigu:ree quoted f.o~ Germany ~ft$» tnta'04·U.ctton o.t the 

anbJ4rou.a sod.iurn sulphate met,horl ot pMlfe"atS.on (&I). 

th1 e -p:to<u!!ss. dE!1'e.loped in tM 1a.borator1ee of the 

Fa~rke li:ochst \>y r .. tnd:ner is baaed on tbe p.rine1p1e of 
. a 

convett:lng the· pa.ncreae el~nde int<> ~tSib~e 4.~y p»o4net 

'by btncU.ng their water oontent as nter of ceysta1l.11~at• 

ion \Yitb anh1/ctroua sodlum .ellipha.te. fhe J.atter ls 

atl~ed to the panoreQta durlns tl1e minains (700 g1,1. 

o.nb14Pue Jaod!um sulph$t~ per k.ilo ~f mtt.terlal) and.· th.e 

minced m~se pa¢k~d on iron Gheets 1n a. layer of about 

chamber overnight and tn6'Y, tn.e:rea.f'te~ bt at &:i"ed for as 

m~fJb a.v 6 ,nontbe at s-s0c o t' tor scvveral. 4aya at J'ttOJll 

1.empenture not exeeedtng ao0c without lose of' 1neu11n. 

Bt ·applying this p:rocesa the l7aJ!'l:nverke .Hochst weye 

able to double the number of sl.aUgh.tez bouee1 t•crm wki en 
they obtain.ad the neeetu'laff pancl'eae tott the· p:roduotf.ctn 

of ln&'Ulin. Th.it method h4s 4o:ne muob to etave oft 

the wo~t ccnru'!qu.encota of the tn!Jl1iln •hortast f.or 

41abet1oe ln German,-.. 



tt;tt ,eemo clear thirt ohenlicat d<!hydra.tion. will 

ena:ble insulin to be extmoted t:r.om ·pan.oretUJ which would 

oth.e:rwise be wasted and tha,t it should help to i.nerea.ee 

the aupp1i~s -of insulin ln a.l.l oountr1ee 1n whJ.oh the .. 

,(l.l.8) •. · 

)'Urther evidence ia suppli,(H.'i. by th~ to,.:tow1ng: 

.D,u:ing tb¢ war yeare a 1ai-ge <tons1gnment of t"ro1en 

panera~, wau expi,rted t:rom Rhod~ sia to Gr•at »~a, ta.in. 

!be Bbo(ieoia.n Ra.i.lmyti'I W~l"e. et the tbne, unable to 

supply l'efrtaeratlbri trucke and, altho~.h thti ~ate1"1:al 

-., p~oked ln 1 ce for trart$pOrt .and shipped iAn(!er l"etrig .. 

erat1on,, the ~ntire cons.ignment was o. t~tal. 1o;u (90). 

Added. to this the bigher cost of tr.a.nsport and ~hipment 

under •e.tr:tsera.ti.on .mast a1ao -,ecaive -ooneideration. 

It ts. th~ref1ore. appa,:-ent tha.t an, tnethod ·()1a1mf.rag 

t9 obviate &ni tla.1 tre.eainet et tbe material m\ist be take1>. 

serio"ely .tnto account. Al though the Qnb,ytln,us sodlwn 

IU.l.pbt\te method (loo. o.it.) · partly tulf11a thl& 11eq\lire•, 

-ment. it ia ~umbeN_o:me nnd. t.tnf1 t tor t1ee terr i,<Jrlode 

1.onge:r than several days w1 thout h:ttisei-ation. 

· . A turtner aspect of the u ,etulnee• of eu<tb a •th" 
tc tu~niahet 1b7 tb.e followiM: 

:tn o:tde'.J' to determine, for Jles,eareh purposaa., the 

insulin eontent trom e. !)e.:tt1.ou1~ir source ot panereaa, J.t 

10 ii9ltletimec una.void!lble that the material bit co1.1eete4 

eltper1encecl wben. in the pros<uit work. the panc~e• ts-om 

a. pa.J.'tiett1~ type t:>f shark wn.a $.nverattgatetl fol" it# 

insulin content. 

trawlGrs tor, periods var:,1ng trmn OilEl to a1g dq~. 

~eee., like most fishing boats., were not inippll~d •I.th 

retrig.aration tnstalLlation and, i.n Yi•w ot ·this. the 
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pcuu.U b.1e that tl't s Onie tut.'\.ire fltcaae iru1ul ln will le pro• 

duaed. tor oomm,u·ola.l purpose,11 ft•om fish panoJreatj. 

'Zhit1 will neeeFJt1.ta.te either ~t.t.pplyir.g al.l traw1erf.l '-1th 

f.:ree,1ng ~ppara.tuo. :1:8 is done at pnuhtnt 1n t~Otwd (8V), 

or. ~1tern~t1Vely, tlr.Hli~ tA. method not requ1~1ng pre• 

11min,;.eyc f~eetlli~. 

Further a.dvant£>.gef;) el~iraed tor thi.~ method lnoltitde 

itei ease .an6 .-ap1<U. tw ot wo:r,ld.ng •. the- hi.tsher yields ob• 

ta.tned as oompa.ree t O tb.e eo1d. al oohol method tlr'ld the 

pOs$1bi11ty Of t?Vt:lpor~ting the ~eetone at tlo~l preiusure 

and high te11r;,era;ture in,tKd of tha eon~ent1onal 1n vac"o 

anti tenrpe~l;l;t,,re ,~t low point • 

. it ta thetH, ce>ngiderationc that prom1rtefl the p:reeent 

erltiea.1 inveat!t.gn;t.ton of the picric ac1c1. .... a.cetone mEttbod. 

1'he diff.erent procl!d,~ireio hi thili'i 1r1ethod of- prepa,ra• 

tion tha.t were fully 1.n:veetigated a11e the t-ollowing.:• 

1. 'Time ta.ct o :r in fixation; 

2 .. :Effect of t~m?>e:r.a.t u.re en ~,10,:r.3, tea .. J1H;1.sEt; 

3.. Ef'f'eot or. a.eet one on. pi or.ate; 

4. Optimu.m ·r.,oneentrnt1on of acetone; 

5. ProSS'ure. 1u1c.' t~mpera.tun, d.uring. prooeae 01"' dis•· 

t 1llation; · 

6. convorf!lion of piorn,te to 1·,.ydroahlo1•id1Ji 

7. 6t11'bili'ty of hyd.rQolllorid.tt; 

8 •. Pl1:rif'1m1tiort ¢,f l\Y~roohlori4e. 

Pancret\t1o mater.1o.l. u2eGt toi th.io 1.m,estigats.on was 

obta.J.ncd from the local. abt\t1;o1rt oonuitteo. cbien.:, of 

b(D,GJvee a.ne, t.o a lee~er extm'lt,, of s1.vaep and p1g pancre.'.\s,. 

l{avine been f;limul,taneotH;;ly ene;a,g~d. 011 .ri1:1 inv~atig;.tion of 

/the 
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the ineul in content of tl'le whale pani:reaa • some of tho 

results quoted hereatte.l" rete,..- to the latte:r. 

oaee. 

Panoreaeeo wer$ ,:-emoved from the animals as soon aa 

they were killed and the materi.al rushed to the labora toey . 

tor mincing. P:rtor to this they W(!t'G oarefully trimmed. 

by removing excess· ccmneotlve tiseu.e; · tat, glande and 

liver stripe. the lapse ot time fJ"om the death of the 

animals until the minettlg of the mat~rial in no oase ex• 

· ceeded lt hours. Dur1ng :the mincing the cl7stale ot 

pic,ric acid (which had pt'eV1oua17 been drained, on a .Bucbner 

tunnel_) were added. to tll.8 mat-erial (the amount varyil.ng from 

_to to_ 110 gm·. wet weight per ldl.ogrwn ot mater!,al), and. 

Following the 

first ttd.noing th$ entire mass wao re-min~d a. ~econd and 

a thi .rd ttrne. The water wni eh oeparated du~ing the prof:ese 

was in no case d.iaoat"d•ed tor teair e>f lo:si,ng aeti~e material. 

fbe minced,. WGteey; piera.ted rnasr;a was oonatantly 

i::t1rred to ensure even d1str1bution of tbe water. Du:cing 

the stirring eamplee of e:Kactly 200 am. wore weighed. ,out 

a.nd placed in small Jars,, as many $amp1ce being pt:epa.re4 e.e 

.required tor the pai't_icu1ar purpose. . J;n eaob batch .of 

sampleB the content• from one specimen ,.t,al' were 11.uJad to 

determtne the water content e.t the b$.toh. Jor thi.e the 

Ja:r plus oontents were wet.shed and the open Jar Jla.ced, 1n 

an incubating oven at 65°c for a to 3 days until quite d:ry 

On these results were baaed the 

oalou1ations for the acetone concentration ueed in ea~h 

1nstanca. 

commenced 'before the deterniinE\tion of th~ wa.t,u· content, the 

1:1.tter 11ao eetiroated and .o:orrectione made -After it ·bad . 

been. determined. · 

fb,e method of extraction clot!lelN f'ollowe4 that of 

/Dii;kenra 
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Dickens 

and Doddu, the detatlo belng aa fQllo1ra:• 

The Vltlter content of a p~rtioular b&.tch b~Vil'i& been 

dotofflinod, thfl volume or ncetone added for tlu., fit-at •x• 

traot1on wa• cnloul•ted in oi'd.e~ to give tho ,:equired oon• 

canti"atiQn of acetone. 'lo illuetrate a typic~l emmplt't: 

rater nontent of 1ample: 

Deiai reel cono~ntyra.t ion: 

140 o.o. t1er 200 s:rn. 

!O per cent acetone .. 

• ·. n.dd to eam1,1e 140 :.-: 50 • .... IC ·• • , - .alO .c. a.absolute 
acetone (1,e .• tor firrat extraction.). 

,\ftar the l'equired perioO tor the fir.liJt e~traat1011 tm 
pi~rated acetone mixture wa• t~~aterred. to a h-'llld pr•~• 

and ao muon fluid ao poastbl• pre•••d ~ut. To tbe dey 

NSidue waa added aoo o.o. ot 60 per oont aoetono tor the 

oeoond extract.ion Qnd the prooee:a repc;at~a. After th.1 & 

tollo'Wed a th1 rd ext not.ion •1th a futther 200 c,. e. of 6t>.' 

aocton.e. Tho combined turbid prea• liquids (mtaGu._.ina 

· about 650 c. o) depoaited a tine 1nnoluble preo1pitate en 

atGnding. The clear aupernatant flu.id ws.s decanted snd the 

l'Oleaindor f'lltered throueh a Buohl'ltr tunnel. 

11te. olea~ filtrate cf &Qu•oue aoetone was trano!erred 

to A distilling flask and the acetone t!fVai,ol"nted e.t re• 

di.ti:ed pte••ure ~nd temperature not exeeedir.a. ~o0~ (unlcusa 

otho:-v:iaa ntate4 1 n the reaul ta). The re aid ue .in tbe 

flask, conai etioo of W3;tel:', p:rototn picmte-o. fat n.nd p1or1o 

acid cry3tr-1la 1 \"la& trantd"errtd to a. gla.os beaker t1nd sub­

sequently fU tered. The !11 t:rate wae :1ecarded s.nd the 

r.ea id ue waahed rel)ea. t e;l ly Yi th other. flit, WE.lJthed plo:ratea 

••r• th.en ground in a. morta:o with aicall aocunte of oloohol1c 

b.Ydi-oohl ort.e acid (2i o .. o. a:1Hcl l)lu• '15 c. c.abeolute aloOhol, 

unlotlm: otherwioe rotated in the NtJul ts) al'ld tilt.end. Th1• 

proc.,uo of e:rtnding and !1ltl"ation -.a• rcapented a second. anc! 

tht rd tir;e. The combined f 11 tra.t ,s { or fllUparnat~nt .tl uld. 

when centri.fug.,tion yatJ used) mea1,uring about 60 co. 

wei-e added to approximately 1.000 c.o.of 
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dry acetone. A& soon as the procipitate of ~yd~o­

ohloride had settled the supernatant flutd wae decanted 

and the residue passed through a. .$intered glaas filter. 

The hydroohloride was repeatedly washed first with 

acetone, than with acetone-ether and. f1.nally, with dry 

ether. The tilter with i ta cont~nt• . war, then placed in 

a de•icoator for further di"yina, whe:re_upon the bydro• 

chloride was tubed, liealed and stored in a retrigeratoJ." 

In all oaaea the dried hydroohloride wao weighed 

and tested for activity ae aoon as poasi_ble after its 

preparation. Unleso otherw1ae stated in tbe reiaults, not 

more than three day$ elapsed between the preparation 

of' the hydrochloride and it• te,t1ns .• T'he method of 

teat1ng was done a• described in Part I of this work. 

To ,ehoak the acoura.Qy of this method, occasional full 

aaaa.y.s were carried out acool"dins to Trev:1.n•a mouae 

methQd (3.7. ?3, '92). 

(d) Results. 
, ..... 

1. Time rac'tor ln '.!1,r.atton. 

'!he effect of the lapse of time from the mincing 

of the pancreas until the beginning of extract ion hae 

been studied. !'b.e ma.terie.l wa.a obtained. and minaed with 

picrio acid, as previously deeor~bed. weighed ott in 200 

gm., Gamplea and the water content estimated and deter­

mined. The picrs.ted samples were then stored in a 

ref'riaerator for varyina period• ae 1nd1oated until the 

extraction procee11 was etarted. 

tor all samples except tholle indicated by an aeteriak, 

where ei tber the et,orage took plaoe at room temperature 

or the acetone concentration wae varied, theee. varia• 

tions to be considered in au.oceedin,g section$.· The 

summarieed result• are given in the following Table 24. 

/?;Al}lt,~ 24~. 
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TABL!U 24. 

serial Peri·oa. ot xnoulin y1e14 
Num.ber timtion per kilo ot 
ot with p1cric wet 
~IY?;e.ie,. .... ..,. _· ,,..¢id,. ": • . ttlf !I r .... ....;.. • ..R.~rl<:i:l"e,a~ .. ~-

fl 7 ~ 1 ·-· ~ :a 

tt4 1 hour 2a2a 

125 51· hours 3225 

126 24 hours 2'80 

12? 2 dByS 249a 
t" 

128 5 daye .·3285 

120 35 day-s ·2440 
J. 146,t 12 days 2'737 f 

I 
I 

107t 1~ da;rs 3425 I 
. I 

,{ 1"11 ;!'( 21 days 2550 
·'· 

12ot 26 days 2175' 

112 te 28daya ( 263f. 
(· 2457 ->;::. .. :. 

114 i 32 da,ye 3286 
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It was su.beeque11tly neoe sna.l:'y to determine the e.ffect 

e,t: tempt!!rature on the sampl.eia d.uring the period ot etoroge. 

othero ~t ref'rigerator temperature. Growth ot moulds on the 

samples etored a.t :room temperat1.u.·~ tor long pe:r'iods was 

particula.rl)t troubl.esome 1 so .tllt1t, a.e indicated. tr.1creaol 

o.r tb;ymol wae added. to these. l.!ater1al wa.~ oo'l.1ected and, 

The swnples were 

. from the same bo.t-ah and r.eaeived simtla·r treatment. exc~pt 

tho$e indicated by _an t\&teriek which belonged to ditferGnt 

bntohes and.· received. varied treatrner1t., The summarised 

t-e6lulte are. given in Table, 25 on the following page. 

In Sample llo .• 142 the open ep-eoimen Jar was placed .:f.n an 

incu'Qating o_ven and. left for: two days. during whioh time all 

the fluid eva.poa:ated. · The absolutely d.r;v p1crated ma.es 

that :remained w11, pla.oe4 in a dark .;iup'boar4 tor 10 4qs and 

su.bGequ.ently e.tttaoted a,a the other $mnples. 

3. Effect -ot A:cu.1tone on P1Qra.te. 

The next question that required •ettlemtmt was the 

poeo1 bl,$ effect of the aqueous a.oetone on th'3 p1orate. 

Ao has been 1ndiC1i&ted previously, the picriited. mass la ex­

tracted a time:e in suooe,oion with aqu'3011s ace.tone, d>Aring 

which prooesil the lneulin p!crata, togetl'.:l.er with other 

inactive protein picrates. goes into aol.u.tion. Xn view 

of the untoward effect of acid alcohol on .insul. in discussed . . - . . 

olsewhere, .it was th.Ought neoaaso.ry to deterrn1ne thg poss~ 

ib1e effect of acetone on the ,insulin pierate. The Mter• 

ia.l wa, eolleoted and treated a.c previous~ d.eaoJ".ib$d. 

Unlese otherwise :indicated, thQ_ i,mnples were, o.11 f.rom the 

/sr;.me 
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· Beef' Pancreas. 

-·~r'""'e"""rl.,...a""'lill""· --· ··-· .... ,·. e"""'r .... , ... oa-'"'"'o~r-------li'll1-eie-h-o-a: ..... -·o"""f-1 -· , .. - ........ ····--· •inou.lin >• I lo 

Nwnber fimtion storage Yield (t. U) 
ot yith picr1o ot 11er kilo of 
0 l 1d 1 · wet pmerea.s. uamp e ac · · ·.. · &wnn. • 

..... . ~Pl ·-. 1 ••• Q I a· [. • iBlt .. *' •UH8'1i1N ·--'-· ,·-:, Q 

135 

136 

l.37 

138 

139 

107~1( 

11!~ 

ll.l i 

120t 

ll('J ·1 

112 tr 

24 hours 

( 2 daye 

f 10 clay.a 

1:5.da,yo 

21 4a.vs 

· 21 days 

26 d.aya 

137 da,ys 

. 28 da~s 

On lilhelf at room temp­
erature w1tb tr1oreeol 
added. 

!n dark cupboard at 
room temp.- ( 23°0) 
with t:rioreso1.added. · 

In incubating oven 
at 40°C with t li"1• 
oreaol added .. 

In dark curbea.td at 
room temp. asoo) 
with tricresol. 
add.ed 

ln 4ark cupboard at 
room temp. C 2a0c) 
·w1tn trJ.cre.sol ad4ecl. 

(ln embecld.ing oven at 
(6o0 c · .· · 

1 
Dried ·_material in_ 
dark cupboard at· 
rooni temp. · 

in i-efrigerator o.t 4°c 
On ahelt at room temp. 
w.i. th thym.ol added 

In refrigerator at 4°c 
:wi tb ·ttl,Ymol added 

lb refrigerator at -1°c 
In retrigeratQr at 4 °c 

Xn <hu:k cupboard. at 
·. room temp. wl th thymol . 

a.dcled 

32 dJl\)'a In refrigerator nt ,40c 
with thymol added. 

Qn shelf at room temp. 
w1 th tbymol added . 

. . [( 

· 2aao 

2466 

1425 

1920 

2550 

21"15 

2958 

f:&,63~ 
I ' . 

_\ n45? ... :;·c~ 
'\ ._. -1",•\, 

1s,_ ·a..,.• · 

.. 

l Fl" "ii 
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eame -batoh and reoe;'i,ved eimilQ.r treatment. HowErver, a$ 

ts indicated in the followi.ng · 9,'ta.ble 20. the duration. of 

the extraction period, i.e., the· entire 

aqueous acetone was in oontaqt with the 

has been varied. 

• I 'aerial O , .... , 

Number of' 
~m;el~e .. , •. 

130 

l.31 

1:52 

133 

134 )l 

129 i' 

10'1 * 

. ' "To'ta'i' a,11ratl on . . 
of ext raetion 
wt th a oet one. . ; · •·. _ - _ n .. ,, · r. r • .-,ae 

lt hours 

3 hours 

44 hour.a; 

·95 hours· 

2 hours 

3 hours 

.16 houra 

· "fneiil.ln y!eid ·· 
(I.U.) per kilo 

, , .. . p~ · ~e~, ,,Jlaf},Q,re?t,s •. , 

3333 

aoao 
2994 

420 

25?5 

24401 

3425" 

From the onaet ot this lnveettgation ot the pt.oric 

acid.•aoetone method it became evident· that this matter 

-should receive tul.1 consideration. As claimed by its 

or1gJ.natc:;rs thEJ speolfio solub.ility of insulin plcrate 

1n a,ueoue $Cetone forms the basis of the metho1'.. 

Through the action o.f :piori o acid all pancree.tio proteins 

are converted to the respeoti ve protein pi crates. From 

the .mass of pi.era.tee the insulin pi.orate ts selectively 

d.1$S01ve·cl by O.Q;UeOUS acetone, tbe Opt1rnwn oonoentra.ti.on 

having been fouttd to be 70 per cent. 

In order to test thle 1Jta.temer1t. the material \ta.a 

oollected and treated as previo12sJ¥ deeor1be4. !he wat~r 

c,ontent was d.eterm1ned for the d.itf'e;rent samples and. these 

/were 
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were extracted w.ith vary1n.g oonoentmtiono of sa.oet,one. 

In a part.i cular bat ch the treatment wae eim11ar for 

114. 

all samples, eo that d.itterencea .in the yield are to b~ 

asor.ibed· to the va.rylng concentrations· of acetona. 

3an1pl,eo f.rom .other batches or samplee having rece.ived 

ditferei1t treatment are denoted by ,an aoteriak. The 

reaulta aro i.ntU.ca.te4 in the f'oll.ow1ng Ta.bleo 2'1,, 28 : ... 



. TAl~ 27. 

Beef. Pa.norea.e. 
l :·•1,. I J ,SI....,. 

No. tion - Inou:u.n b.ydro-
ot ot chloride in ~g. 
Sample Acetone per_ 200 gm~. Baml)le 

148 40 o •. ona 

149 50 0.240 

150 60 · o.we 
151 70 e. 5·77 

152 ao o. 670 --

16~ go o.z2e 

-117 40 0.121 

118 45 o.1e; 
119 60 0.266 

120 66 0.270 

120(a) 60 o.343 

121 65 0.448 

12l(a) ?O o.524 

122 '16 o.677 

l22(a) ao 0693 

123 85 0 .• 4?4 

l23(a.) vo o. 281 

- 113 ~t GO 0.400 

112 ,tr so o. 361-

125 ~1 65 o.·.us& 

134 ~t( 65 o. 515 

lOQ )l 85 ·O. 282 

115 . 

=,.1e~1Hd!V InauI~'ii' ·--
ot hyd.ro• yield. (I.U) 
chloride per kilo of 
I.U/mg. wet pancreas. 

- ... 

1.16 1392 

1.12 2172 

1.10 ~174 

l.14 3819 

l.14 187,0 

.... -
0.61 oG'l 

1.12 1484 

·l.58 21'15 

l.36 2352 

1.21 2'110 

1.20 3144 

l.17 · 3960 

l 18 ~a . - . 
' \ 

1.20 2844\ 
\ 

\ 

.l.36 .19~0 
,, 

'-, 

o.96 1920 -•\., 
. '\\\ 

(1.50 l 63 ''\','·,, 

·:1. 40 2 2 ··~ I\ \ 
( 2457 ')•~::- \ 

' \ 

-l.~36 ?2~5 . I \ 
I 

1.00 to7t>\ \ 
' \ 

1.22 , J.1~0 
I, 

' "' ---------------·---•-••-ri!!!ii..,.ou--,_o ___ ! ..,,i~,l.. ..... ~ --..... ·,~~"'"'.---
I ,_' 

\ 
; ',' 

1. • 

'-



serial Concen­
:Nwnber tration 

- of of 
Sample Acetone 

' (i) &5 

(ll) 60 

(iii) 05 

(iv) '10 

(v) '75 \, 

("ti) 80 

(Y11) 85 

(vJ.11) GO 

6 (1) ·. tiO 

(i.1) 55 

(1li) 60 

·uv) 65 

(v) 70 

(vi) 75 

(v11) 80 

(v111) 81 

· X 116. 

Whale . Pancreas. 
-· .• 4 •. _ .. /Jti., a _ J . 

Yield ot Potency.· lnaul.1.n 71.~ld 
insulin hydro• ot bydro• (l~U •. ) per 
chloride in mg. chloride kilo ot wet 
per 200 g1:11. lU'llJJ,ple. t. u .• /mg. · panorea..s. 

0.22a. l.60 :1'7Sl 

0.241 1.12 1350 

o.,,o ·0.?8 1835 

o. 5?1 o.,a. 2226 

0.518 o.ea 2279 

0.002 o.;a 2460 

o.sse 11.06 r40 
2814 ~;I~ 1.05 

0.210 1.40 1410 

0.1JQ 1,30 845 

o.aa1 1.1a 1675 

0.46'1 o.aG 2008 

0.570 .0.78 2223 

0,614 o.aa · 251'1 

o. 61? (0 .• 02 (a838 

lo.a,. ( 
(2592 ~~~.[/ 

/1·. 

0.684 0.02 3146 

o. 6'15 0.94 31?2 
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After extraction and •ubeequent fS.ltrt.ltion of the 

.. aqueoue acet,one1 the acetone ita evapon.ted. from the io.tter. 

In all,, the e:xt:raoted &Wflple,;; tbi.e wao done at red\iced 

pressure. with tb.re tampefttur.e 1n tbe cU.0tllltns flaek not 

exoe•d.!na, aooc. However, DA.ckene and Doclde (S,3) ba4 claim• 

od .that this etep can ·be p-ertoa1ned •t ord.lruar.y p,:oeasure tram 

a water bath. Zn order to teat this statement. two aemples, 

!roe. 134 and .iM(a ), r:ecelved. id.milar treatment with the 

exception that. trher•a• lio .• 1a, was dJ.st11le4 in vaouo Q.t 

'bolo'W'ZOoo., Do.l34(a) was 41.ott.lled at ordi.nary i,naeure, 

tbe maximum t,enitterature tn tb<i nt~r bath hav1~ rog:i.ste:red 

avoo. , a1i,r tn the diot1llins flask &1°c. f.lle duration ot 

the di stt11ation was apprc,ximately Ii- houre;. sample .. 134 

yielded af,'1$ unit• pet' _kilo ,of wot. panorea,s whereas the 
. . 

o.otteoponding 7lelil tow $ample l.34faJwaG 2468 units. 

As Dudley fVG) pointed out. th.ta l• eCfe.cted b7 ttteat• 

ment. o.t the p1on.t.te w1 th a mixture of VB oc •. absolute 

alcoh01 .;.nd :26 cc. 3Nltc1.. the vartab1ea 1n the mlxtl.lre 

be1ns · (1) the ooncent:rat1on ot ,al,eohol.. and (11) tht 

o.oldity. fh• underl,7trig .4.wuat1on in this etatement 1• the 

~1e. ot the alcohol and aci41ty tn a further iihtlectJ;ve 

itolat1.on ot insul.ln p1cra.te :t·rom the accompu1yt,ng lnaotive 

:Ln the first of whidh the alcohc,1 oonoenti-ation was vai-i.e4 

recelvo4 atmilar treAtment ae naard• time of fixation a.tad 

' e1ttraotion with acetone. However* with o.onveralon ,ot the 

pie.ta.to to the 11,fdroob.lqride the al.obho1 (;onoentratlon in 

each 1ample wa.a ·va:rle4. 
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in sa.mple 140 the combined plcra.tee were eround up 

with iO per cent alcohol 1n o .• '15N.Hol, and. the hydroehloride 

precipitated. The uncU.saolved reeidue w:as then treated with 

75 per cent aloohol i·n o .• 7$ NHcl: and tbe ~droohl.orid;e 

simil1.1arly prec1pi ts.ted. A ·$1.milar procedu:re wa, followed 

with Sample 141, the picratfJ fitGt having been ground. up 

W1 th 60 per oent aleohol · :i.n Q. 75 NHe1 and the :reetd.ue wl th 

· *15 por cent aloohol 1n Q. '16_ lOtcl. With Sam:pl~ 143 the 

piorate waa groun~ with QO per cent alcohol tn Q.i NHcl., 

the residue with 85 per cent alcohol. t.n o. 75 NHcl_, the 

r~ud.d.ue ot th1s with 75 pe:r cent a.loohol iS.n o. '15 mtcl and 

the final residue with 65 per cent alcohol· in o. ?& NHo1. 

The resul. ts of ·thl• ser.iee ax-e gi vGn 1n the £o1lo-wlng Table 2s: 

3e"'r1a1 Treatment" 
Number of 
of Sa.mple fimrate 

J • 11!7 . - l!ii'l!illl LL . Ii! !I'• •. iii# 

Yield. of 
Xn~u11n bYdro• 
<=hloride 1n 
gffV'200 gm.aamp~e 

140 
to per cent· 

.Fraction A al.oohol 1n 
O. 76 NH.o1 

Praotion l3 "15 per cent 
alcohol -. in 
O. 75 NHoJ. 

141 

Fraction A 

F:ractlon .I 

J - ., 

TOTAL 

60 per cent 
al.coh01 in 
O. ?fS Nltol 
?e lNbl' cent 
alcohol in 
2•15 !Uf~~. 

143 
fil5 per cent 

Fraction A alcohol 1n 
o. 5 NHol 85 

Q.136 

Q.101 

~.654 

• f t '-; . nC _ "«- - It 7 I 111f ·_.· .fl, l 

0.634 

0.140 

Pract ion :a per cent al·coho1 o. 333 
tn 0.75 NBc:t 

Fraction C ,~ per oent 
alcohol ln 

Fraction D o.V5 mtcl 65 
% alooho1 1n 
O. ?5 NHcl 

., - ... .-. ... lithl . • 

0.261 

-
"ii t t· _at,, .... ttte $ 1 

0.124 

of Yield (t.U)I 
.hy4ro.ob.lor• per kilo of 
1 de ~. u/rng. wet pancreai 

-~.SQ 

1.12 

I. l_niili ··.) 

0.84 

1.28 

(). ?O , 

-

3024 

1060 

. 1·_ It 

008 

. 2151 

878 

... 

359'1 
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ln the aooond aeries the al..oohol concentration was 

kept ooneta.nt whil,e thia aoid1 ty was varied. B8 indimted. 

ln fable 20:• 

.,-.. .:rt - ... 

:seef Pancreas • 
.. 1 ·,<«· I~·· .ST -

Se.rial 
Number 
ct 
SU1ple 

Treatment of 
pi crate 

Yield ot 
hydr.ochlor-
1de in gm/ 
200 gm l!lample 

Potency lna'l.lliri Yield 
.ot bych:-o• ( X. U. ) per 
ehl.oride k1lo ot 
I. U/nig. wet p$.ncrea1;1. 

n _ - ·· 11 n-_lP_·z· .-· m -tr 71 r ·_, --· -- r ~ ·'\ 

l44 

146 

. '~ -, 

?5 per cent 
aloohol in 
0.5 NHcl. 

?5 pe.r cant 
al coh.o'l .in 
0.3 NHCl 

14,G 75 per cent 
o.loonol 1G 
0 •. 2 NKol 

14? '96 per oe.nt 
.a.loohol ln · 
Qcl 1 .. 5 

HHI_ 1.-s:t i_ I!_·_ l, _I 

e. 666 

o.s;a 
o .•. 615 

0.96 

l1.1e 
(1 .• l"l 

1.06 

1.oe 

3662 

'ti.ii!.·~~ ;e~.'c.:.,. ..,u..,;,;;, ··'~'-

3lS3 

aaeo 

:\ il.f - ti!,,..... ii .• ·r · 1 ·.no:_J '!. • •• ·1-w· _., 

flJ. •t...,~1.litz q~; &'\rocU1.lo,r1d.e., 

In a.11 sainp1e8 the hydroohlorid.e wo.c test~d tor potenoy 

as soon ae possibl.e after exti-act:ton. 

nQt alvays poae:ible on the day fo1lcw1ng •xtraetion and not 

infrequently eamplee had t,o atand over for 1ongcu.- period.a 

before being tested. Du~J.ng .this period the bydroeblorid4\• 

•hi ch had prev:Lcusl.y been ~ri.,,,d in a <lec.d.rHiator and eealed 

$.n a ;la.au tube wttnout spoo1al p:reoa.ut1on. · was .kept in a 

tG tes·t the ,stab11l ty of the b,ydrocbl.orlde under st1Ch 

oonditlons, the retu2.t,e belnQ given in fable W:• 

r \ 
/ ' ///-
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aerial J.to. J>a. te Potency of Insulin yield 
ot of' hy4rooblor1de (I.u.) .per kilo 
Samn1; ... , ., . , .. Teet ... • I•.PLS•- . i • 0 ~f' wet, Eti!!~l"_!aa&._. 

146 

23/3/50 

4/4/$0 

17/4/5-0 

!4/~/50 

10/4/80 

J.8/4/50 

20/a/eo 
6/4/50 

'1 l • ••·o;,.. "' r ,· · .. 'j/111.if:,,5,0.· ·,·.If 
£1! .:. ' 

1.26 

o.as 

1.18 

Q.98 

o.,, 
·1.os 

o.e2 
i _I _ •- _f ··.- lf h,JL ! 

2131 

aoin 
l4o4 

S662 

3042 

2298 

3260 

1121 

6 d /ttt2t .2,,.., q --.--, :1-r 

!hi, b~drochlor.1.de as obtain~ by conver'11on of the 

pt.crate is o'bviout.1y a crude and impure product. 

Attempts at pu.rifieation ot this, ustng some ot tbs. 

otandai-4 methods.. were, · therefore,, coneldend. DudleJl 

(~l) hD.a stated· that, if iao•e1eotr1c p:mcipita.tion is 

carried out with 11 2 pe.r cent· solution ot the hl'th.·o­

ohloricte. a precipi te.te ·formed a.t pH0 .• '7, carrying wi tb 

it a.bout ao per cent or the acti vil ty and having a 

Joteno)P ot o. Z mill lg~ : rabbit unit. Boi-vin and, 

Guillemet (93) extracted incu1in wf.th acid alcohol, 

prectpi ta.tell the a·Ot1ire fraction by halt eatur.1tion 

with anunon:1:um aa.tl.pba.te and put-1f1Qd. the extract aooord• 

ins to Dudl.ey•e pi orate method ( 61 ) • J31 repeating the 

process cf piorate preQi..p1tation and convereion of .the 

latter to tho hydrochlori<le, they obtained an active 

material with a potency vaey1ng .t.r.om .6 to 10 u.n1ts . 

( International.) per milligram. From this· they 

/separated 
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lltmratcd the active f'raotion by· 1so-electrio preo.1pita-

. tion a..t pH5 •. 1'he precipitate wa.a .re.,.a.issolved. inaetive 

proteins pree1p1 tate<1 a.t pH.7. 4. Bnd 3. 6 and the insulin 

aga1n 1so-el.eot r.i callY preo1p1 ta.te4 at pH5. 4, thus. obtain•· 

.· tng an insulin aesaying at .40 uni ts per· milligrani. 

Moloney and F1.ndlay ( 4g) adsorbed. ineulin on charcoal 

from a solut1on ot the hyd.roohlorir.le; · adsorbed imp,irities 

.. were removed by washing with an alcoholic aolution ,of 

acet 1c acid and the insulin by digeetion at normal te:mper­

•ture vii th .. a solution of benzoie. or. ~lieyllc acid in oO 

per ·cent nloohol. and. recovered by e'Vapora.ting the alcohol 

and extro.oting the ben zoic or onl1cyl.1.o acid with ether .• 

· Tb.ey thus obtained a Aighly purified a.nsulin. 

Xn Bn attempt to purify the hyd.rochloride obta:lnecl 

by picric acid-aoetone oxtraotion. the following procedures 

were used. : ... 

(1) sample 154 was extracted according to tho general 

method and the picrate purified acooratns to Dodds and 

Dickens ('18). 1bis ocmsiate of d,1esol'f1ng the pierate in 

,N/10 sodlum oe.rbonate, prec:tpi ta.ting by the addition of 

ll/10 Hol and oonvereion ,of the purified picrate to the 

. bydrochlor,lde.. , The .rie'ld. obtained ns o. 2?6 gr. and the 

/' /. ~ctiYitY a. :i.2 un1t,s per miiliaram.. the total ~ield per 
. ' 

/ Jktlo; of wet pan<>reas thu.a being 2,920 units. ,,. 
'/ 

_
1
)' ·(ii) The byd.roohlo:rlde • . obtained fJ-:om preYioualy extract ... 

. / 
eel .• ~a,mp1.es, wa.s pooled, ·the total weight· being .e.o gm. end 

'th'!i activity, ~s previously ·determined• 1.02 unit, per 
/ 

~ll1s~m. This waa dissolved. in d1stilled water a.nd the 

;PH oa.rried to 6 by the dropwise addition o.f dilute sodiwn 
. ' 

tlydf'OJP.4e. , No preoip1 tate 'W40 obt111ned within the acid 
/ ' • I 

-: ra.-e trom plt2 to pH'1, but on adj uetlng the pH to a a 
; ' 

! 
.t 

cu~ptuus :Preoipito.te formed. Thia ehowed no activity on 
ii . . ' 
}" ~ . . . . . 

t~ttng rnd the mother liquor WU again brought to the 

\At11d side with dilu'te :nydrochlc.tric ao14 but without 

/succeas 
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13ucce•• ot prec1p1ta.t1on withl:n the mer1tiontd :-ange .• 

(t11) 10 gm. of bydr<>cblo:ride with • previously 

detem1ned aotivit:, ot 0.12 units pel' milligram were srni.la:t'• 

11 collected •• in (11 ). Thia was dissolved to a ooncen• 

t.ration ot. 2 pe.r oent 1n d1sti1le4 water, the plt of tb.e 

eolut1on having been 4. 2. . This waa oa~r1ed to pHS with 

sodium eyd.ro,ctdt and the precipitate r,.nnQved. · To the 

clear filtrate (PH2) ·aodium chtor1cle ne ad.ded to .a 0:on-. 

centration · of 15 per cent. · !he brine. on testing, eo!ltain• 

eel no activity. 

pM2. 2 and the reaction carr.ied toward• 5. Asain, no pi!'e­

cipitation na obtained. wi·thin the acid range pH2 to pH?. 

(iv)· 16 sm.'ot bydroch1or14e_ waa prepared from Whale 

panorea• • activity o.;, units per milligram .. Thi$ was 

diasolved. ln 2000 milfll. 41attlled water and the mixture 

made ammon1acal (pHS.l). ·The. precipitate wail removed by 

centrttuse. the aupernatant fluid aoidit"1ed to p1t2. 2 with 

sulphuric ac1d rand 25 per cent sodium ch1orli.dt added. 

The brine contained. no acti?itJ: . the prec:1p1tate wae re• 

moved bt filtnti.on and re•dissolved in l, 200 mil~. dis• 

tilled water actd1fi.ed to .PH2 with 1\Ydrochloric ,ao1d. 

ff'o thiEJ was added aodium chloride to a ooncentration of 

15 per cent; the brlne showed .no activity a.nd the pre ... 

o1p1tate, aeparated by .tU.tration, re-cU.seolved i.n ZSO miles. 

ht~r acidified to pH2,1'1th h_V4roohloric acid. Ho 

·prec1pitatei formed within the 1so ... eleetr1c range (pH5• 

5.4) but, on carrying the reaction to pHS.a .. ;, a further 

prac1p1tate co.me down. .The pH of the mother liquor w;a.a 

o.djueted to 5. 4, again without eu_cceea. On te.sting.; both 

the mother liquor and the pKS.B•G -preoipitate showed 

aOt1 V:ltJ. This ft,S . re•diBS·Ol Ved, added to the mother 

liquor and the pH adJusted. to 2. . The solution was now 

salted out with 9 per cent aodlum cblori4e; the brine 

/alowed 
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ebo•d no aotiv1ty and the precipitate re-dissolved at · 

pH2: aga.1n, no preeip1tt.\to wtu·, obtained 1tithin the 1.oo• 

electrio ~nge. Finally •. the solution (at Pl{2) was 

aa1te4 out With 5 per c,nt sodium chloride and the brine .• 

. showing no 11,ctivity. discarded.· The preoipitat~ wais dis.­

solved in 50 mils.n/10. Bel and ,dinlised. against distilled 

ster. To .this was then added 20 times its vol\1rn0 of 

alaQhol ... nther and. the proeip1to..te oo.llectt)d by centrif'usa• 

tion. !'bl,1 wao dried in an 1noub~t1ng oven a.t z?0c. 
The :,1eld qf 1~su.lln thu.EJ obtai.ned was O. 444 gm. and the 

activity ,.ao unitG per mill1e;to.m. 

(v) . 5 kilos of beef ,e.ncreae were e1ttracted according 

to the meth.od. as 1 t was · f tnall;, ~dopted. !ho toto.l ;v1eld 

of l\Vdrocbloride was 16. 425 gm. and tts aot1v1ty 1.22 untts 

per milltgnun, g1ving ta; ytc1d of 4008. units per Id.lo of n·t 

panoreae. Thi.ti wu.a disool~ed. tn 1000 mil'$. ot water. the 

pH adjusted to 2. 2 with ttil..ute hydroobl.or1o aold a;nd acdtwn 

ebl.ort.d• .to I\ -.concentration· of 25 pe,:, cont adde4. The 

precipitate was dissolved in ZOO mil.~. or •ter, the mix­

t\U'"e acidified to plQ..8 with hydroch~oric acid and .. ·Gt.i:i.ltsd. 

out with 15 per cent oodillm ahl.o:rtdc. the preci:pi tat·e 

•s dissolved in 150 mils. ot wate:r, .acidified to ;,m,.o 
with l'JY4,:oeb1or1c ac14. to this aolu.ti·on dilute eodlum 

tey'4ro,d.de W&$ added. slowl;v anct the Acidity aciJ uoted to 

pli5. To this was now Q.d.ded l~ m1l•.. of· a. Godi.Wll acetate 

bu.ff er pH5. 4. and the pH graclua.11.y tn4reaeed .unt 11 preoipi• 

tat ion seemed at. a. me.xi.mum (plt5. 4•5. 5). This ••• lett $t 

:refrigP.!ra.tor temperature tor' 48 hours and then filter-ed.. 

The iso•elect:rio. pi;-ecipita.te was di.l'HlOlved in ·75 tnil.l'I. ot 

-.ter cortta1ning 0.86 mil$.glaci.a.l acetic acid and the 

procedure tor the preparation of ceyetall.1ne tnaulin fur.­

ther followed. as d<H3or1bed by Bomane, :tcott and :Fishe:r 

(7'7). The weight of ceysta.l11ne inaulin obt~lned was o. 592 

gm •. asaeying at 20.02 u.ni te per millig~. 

/( e) l,S r,ou,s
1
s
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The ~oet outstand.:img featuN of' the methoC,. io the 

etab1l1ty or the pt.crate ai°tor rnint?1ng the original. 

materio.l wtth .a.rt Adequate amount of' picric aci.d .ory,rata.ls. 

However, the amount ot pie rt o acid• as advioetl by DJ.ck:Eans 

and Dodds, is coneidertd too low tor complete fimtion. 

espeoia11y if the material has to s.tand for some length 

ot time before being worked up. During the initial 

stages fd' this investigation 1 t waa expex-ieneed on ,severnl 
. . 

ocCAs1ons tha.t minced. samples had to be diaoard,ed due to· 

the 1.ow yield obtained from them. 'l'he ca.u.ee of th:i.s was 

traced. to 1noutf1cienoy of picrJ.o aoidJ resulting in the 

partial or total loss of, not only the aoti,re principle, but 

· also the aooompa.nyins inactive .hyd:roabloridEu,. It is 

ad.vised that the a.11Jou.nt of. piorl o ao1t4_.crysta.1s, · previously 

ell ctra1ned on 11 Buohne.r tuvne1, be not lesa tha.n eo gm. 

per kilo of material. 

Dudley's claim tor inesesentia.11 ty of ref'r1gerat1on 

after adequate fixation wtth p1cric acid (79) has been 

amply au.bstant1ated. As lndioated by the results given 

1n Table 24, no apprecin.ble. differencoo can be detected 

in the inau.li.n 11eld of s~ples th.at had been stored for 

varying periods ot f.rom l houl" to 85 days. S~lle:r 

differences oan be ascribed etthet" to SQffipl.e variation or 

differing proce.d.ureo during t:no extraotion prO<ieas. 

·fbe Nfi\1lt.» showing the effect of temperatut•Ei on the 

Jie:ratecl mass li.l'e ev,en more 1ntormatlve. Samplee that had. 

been kept at. :refrigerator temperature (4°c) f'or a ma:,;imum 

time period teot~cl ot $2 days. show .no decrease of insulin 

yi6ld on ext:ra.ctli.on. For .aampleo stored at room temper­

ature 1.t wau found neoesoary to add tricreoo,1 or th1tr1ol 

to the p1cr:a~ed maae in pmer to prevent the growth of 

. moulds. :tn none of these untoward: ,effeota of , ei the.r 

/t:rioreeol 



.. t:r1crevol or b.bYmPl are indicated. Ne1 ther is the yield. 

appreciably affected by .storage at room temperature. the 

insulin content .of aamples having been thus stored for 
' 

periods of 4. 7, 15, 21 o.nd 28 dayf!, comparing favourably 

with thooe that htl.d been atoted at refrigerate:>~ temper• 

atu:re or extracted shortly atter:fbcation (c ... f.so.mples 124 

and 125, Table 24). Neither d.oes storag<! ·in-light or 

darkness· aeem to have effect ori the picrate. Sample 113 

(Table 26) wo\lld lnc.Uaate a gradual decrease of 1nsulin . 

oontent when otoxed in light ae compared to Sample 112 

(etored in da.~knesa ). Both these ilantples were ,extracted 

y,1th 60 per oent aQetone ,(Table 2?) and the results 1nd1 ... 

oat1ng the d1~ferorice in y:Leld ore not ouf'f i cient.17 oon .. 

vinoins to wa.rt'a.nt the statement that light .ha• a ~etr:1• 
. . 

mental effect on the stored p1crate. 

Sample l.15 (Table 2ft) yielded no J.naul::iJH,.rdroohloride. 

Tb.~s may be due partly to the low aeetone concentration of 

the extrt1oting medium • 50 per cent.. However. both 

sampleo 14Q and lli (Table 27) and sa.mple 6(1) (Table 28) 

had been ex.tractod with.th10·1ow :aonoontrat1on of ·acetone 

o.nd ho.d still given approximatel.y halt the no)'.'mal yield. 

SAmpl.o 149 waa stored tor 6 days at r-ef'rJ..gerator tempera­

ture pr1or to extraotion and eample 119 tor 26 daye at 

refrigerator temperature. It, therefqre,. eeemo plo.us1bl.e 

to a.eswne that the loes of 1neu1in in Sample . 3.15 le the 

etfeot of the long period of storage (f>.t days),. 

The resulte as shown 1n Tables 24 and 26, th~refore, 

1nd.ieate that the well•mixed and sufficiently piorated maas, 

should. tbe oiroumstances demand it, ea:n be stored at either 

refrigerator or room tempera.tut:'f;) for a period of at least 

20 to 30 4eys, before being worked up withou,t aerious loss 

ot 1neu11n. Tho importance of this fa.ct, aa far as the 

collection or pancreas from ieoleted areao for either 

/ o omme re1al 
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commercial produetion or research purposes is concerned., 

_ 1e eo obvious that 1 t needs no further oo:nment. 

However,, l)roloneed e::cposure of the pi.orate to 

higher te.mpeX'lt.tU;re results in serious loss of aotivi.t)". 

1':lie is shown by sample 137 ( Table 26) tthi eh had been 

ht'1d been extraeted with 65 per cont- ·o.ootone, the 1ield 

:be.ing o .. &9~ .gm.hy'drochloride,which compnrcn favou1.'ablV 

with the yields obtained f'.rnm other swnp1eo extraoted 

with this oonoent:ration (c.t. onroplGs l.21, l.25 a.nd. 134 ... Table 

!'1). uowever., the aotivitl" ot t~ b1drochloria,e in 

sample 137 •~o only o. 44 uni ts per m1ll.1gram a.a compared 

to l. ~l, 1. 38, 1.00 uni ts per m1lligram in ownples 121, 

125 and 134 reapecti vo.ly. -

Xn contrast to th!s ie the result of sample 142. 

This cample was placed in an ombedd.ing oven at eo°C for 

two d.ays (in an open jo.r, tho Jar in sampl• 137 having 

been kept eloaed.). ·During th1s time all. the wter ,rve.por,.. 

ated leaving tbt ptentad ll'Jae~ hard and ch-y. Thi-e na 

pl~ced in a. dta.rk cupb_oard for a further p~riod of 10 (lays 

lbetore being tested and at !11 g~;ve a yield well within 

tho normal rang;e (246$ uni to. per kilo of wet ptu1oreas). 

In order to account for the lQsS of t1ctivity tn e~mple 

15'7 as ooropared. to sam:9le 142, 1 t wi 11 ba nec<!ssary to .look 

further afield than tl'J,e effeot of tompora.ture over n. longer 

period.. oon.-•:f.de:ring th~t the higher temparatur0 ot eo0o 

tor a period of two dayo hru1. ·n<> or 11 ttle effeat on the 

inaul.in aontent of thA so.mple, it is difficult to visualise 

that the lower tempc~atura of' 4o0c over a poriod of six 

da;ye could result in no much losa, or activity. It seems 

probable tha.t · other factorc ~a th8 length o:r tim¢i, ra.nd 

.esnee1•l.lY unreoogninad fa.otore -of the fluid medium (a.~ 

in f!.\anrplo 1.3'1). oQntrihutcd more to loss of activity than 

higher tempo rat urif a.lone, •. 



,/ 

'f 

But sample 1,7 doec in41eate that it the piorated ' 

maea is stored at room temperature, thio tthoUld be in a 

cool place ~way from the sun. 

ia.J. 1,u. to be transpQrted., the containe:ra w1 th th& p1o:rated 

masG plus s.eparata4 water should 'be lcept in a.a cool -. place 

as possible, aG exposua:,, to beat (in a non-a.mnll.ated. t~uok 

of • train tor t.notan<$) woul..d result in aerious loas ot 

active mate rial. 

The ob'3ervatlon on aample 142 can 'be. ot great praot1• 

cal importance.. Deby4ratton of the piorat•d mast reeultG 

in a 70 per cent los• of weight ot the ,original. material 

(the water content of a 200 gm •. sample ot minced picrated 

pancreae has been :found to average 140 mil.'1). This not 

only rendero transtcrr easter but ,also cheaper. 

\forking cm a small a<iale, separation of the minced. 

material from the ,extracting m.edll.um. has been etf•cted b7 

filtration. Thie procesa waa otten f'ound to be very al.ow 

and te<llou$ and, in isolated caeee, almost impossible. 

AU additional o.dvantase of the <lried ·piorate is tbat th~ 

add.fad ext:racting fluid ii aepara.ted from tll.e eol1d material 

withe.nit tbe least dif'ficul.ty by filtration~ On a small 

GQale dehydration is aooompl1ehed within a few hour$ by 

placing the mated.al in ·an open, :f1at--bottomed dish in an 

embeddi~ oven a;t eo0o. ·On ta. larger scale thi e would 

probably 'be done in an easier .and more effective manner. 

As regards the effect of acetone on tbe pi.orate, 

Tctibl.e ae shows that over•o~poaure r&sttl t.e 1n almost total 

destruation o:f the inaul.1n. A s.1mi.lar effect of acetone 

on or-yatallf.ne J.na\11.in ha.a been postulca.ted .by Soott and 

.Fleher ·(14h th1e is eilbanoed by the presence of 

rmall amounto ot .hydrochlorlo aoid. 

hou;111 onlJ e11gbt effect i.& ind.teated, 'but expoeur~ ot tb.e 

p1~ia.te to the aqueous acetone :Cot QG houra ( sample 13Z) 
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caused almost oomplote dastruetion of the insulin. 

In the series 130-1-33 thera 1s. first, a gndua.l a.n4 

then a sudden decline of inoulin content ot tho tamples. 

The differences b~tween th.G incul.i.n yt~ld in aamp).eo 

130, 131 and 132, a.re compq.ratively amnJ.l and insuff1-

eient to wax-rant a diroat oonclua1on. However, it would 

e,eem advisable, when extracting tha :;,icra.ted masa. with 

aq~out acetorua, to m~e this proqedure aa short aa 

possible. /..$ sample 130 indicates. e. total extraot-ton 

periQd of' it hour.a ie ouff1cicnt • + hour., tor em.oh of 

three oxtro.ot :ions. Evo:porat1on of th$, acetone from tho 

f1ltered ext1-acting :fluid as soon n.a possible in strons13" 

euggestod. 

i~ aeparated from the minced material by fil trut1on. 

It wac; donetantl.y found that the cl,ear filtrat\9 d.eposi.ted 

on standing. a tine 1n'.Jtcti ve preoipito.te increas~ng in 

e.mottnt with t.ime. 

The ola.1m· ot Dicken• a.nd Dodds that the solubility 

of insulin pieratn in mixtures of acetone and ws.ter i.s · 
. -

( i )· a11arply det'ined nnd (11) at an Optimum of 70 per cent 

&cetone (8Z) h•• not 'befm substantiated. · The authors 

stated that nthe -Optimum con.contration of ace.tone for 

thG aolu'bility of bieulin picrate ns found t·o be 70 per 

oent. Above o.nd 'below thill concentration th~ s<>lubil.1ty 

decreased marked.ly." 

Table, 27 a.nd 28 present tho resul ta ribtainc,d 1rhen 

san,.ples ware extracted with aoatone <ionoentx-a.tions 

ranging from 40 to 90 pQ r cent. In a.ll. th~oe cases the 

water oontent. ot each l:n.1toh of' samples wa,s determined 

as previously described t1nd on.loulations bas"d thereon. 

:Oiokena and Dodds give no aoccun,t of tha1r determination 

of the wate,.- content but state that the water which 

aepa:rated during· the mincing prooeae u.e pretJsad out and 

/a 



a volume ot tlry aoetQne equa.l 1n weight to the i-eeidue 

.added to the latter. · suoh a prooed.\1110 where (1) the . 

amount ot wat.er aepan..tina <i.uring the m1no1ng varies 

(with frozen pancreaa very little water separate,) and 

(11) the a.mount $f water pre$eed out ia uncontrolled:• 

is naturally open to inaccuraoiem as ta11 as the ti.rat 

extraction .ts ooncerned. Thi.a woald. natu.rallY, aft~ct 

the ultimate retn4 t, notw1 thetand1ng the f'act that the 

second and thi rt1 ext tae1; 1 orua are performed. with the re• 

quired conoentrattona of acetone. Whereas Dickens ant 

Dodd• had poatula.ted an optimum $Catone ooncentra.tton· of 

?O per cent. the i-eaulta ot Table• 2'1 ri,.nd 28 olftarly 

indicate that, w1.th acourete17•oalcUlated values. the 

optimum acetone coneentratlon .ts much olo•er ·to 80 than 

to ?O ,per cent. In the firtat aeries (table 27) ts&mple 

151 (70 per cent) :Vi·elded. 3174 units as compared. to 3819 

untts. ot aample 152 (SO per cent). In the second series 

the reo1>4Jctive values are 3144 a.nd: 4088 units for eamplee 

121(a) and 122(a). 

tion la provided. by sample 122 (?6 per oent) in whieh thf: 

yield almost equalled tha.t. of eample .laa(a). The differ•· 

ence in yield botwe~n the 70 per cent an:l 'SO per oent 
• 

extt"actlona in tho tirat series is 645 unite and 1n the 

eecond eer.lee 944. Alth<,ugh not -very appNuiiable. theae 

differences are eufftcie·nt t,o be of pract 1cal importance. 

Unto:ttunately, no extraott.ona wel.'"e made with 70 and 85 

per C$nt a,etone concentrations 1n the tiret aeries but 

uample 123 in the eecon4 oeriea unm,,ate.kably 1n41oa.te• a 

marked deor.&ase in y.teld w.1th an 65 per cent aoetone 

conoent:ratton. Thi,a 1s further evidenced bl' the compan• 

t1 vely 1.ow yield of ·-=ample ,109 (l 720 un1ts) wh1 oh ha.d. a.1$0 

been extracted With 85 per cent aoetQne. As .tar as beef 

pancrea• ie eence:rn"d• the optimum &oetontt concentration 
~· . 

undoubtedly lies between '11f and 80 pe:r cent. 
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In dealing with whale pancreas ( T:o.ble 31} s1mi.1ar 

eonelu.siona are arrived at, with the exception 'that the 

opt&m\Ulj V&lue has shifted to the so to S5 peJI eent level. 

In both series ( Table 2a) the mQ.XlfllUm y.ield we$ g:1:ven by 

85 per cent 1extx.ct1ona.. However. the ditt'·eJ::"ences between· 

80 and ee per cent extmc.tiono S.n theee two EJer1ee are but 

s11ght.. ln th.$ firet. series t.he cU.:tf'erenoe between the 

'10 p(lr cent e.xtraotlon and ma.Jd.mum yi.E)ld. (sa.mplee 8(1v) 

and B(v11) ie 614 un:ltB al1d. the corresponding f1tture in the 

second uerteu (somplee 6(v) and 6(v1i1) 655 units. In all 

these ( 1'ab1flS 27 and 2a) extraot1on •i th ao per cent 

aee~one tor beef' pancreas and ao .to 85 per cent ror whale 

pancreaa ind1oatet.1 an ine:reaeed yield of' o.pprox1mateJ.y 20 

to .26 pe,.- cent ovel" a 70 pe.r oent extraQt1on.· For whale 

pancreas ;o per cent ex.traction (sampl.e a(vl.U.) shcnrs a 

similar marked <leoreaae,. aa was .:round tor S5 per cent 1n 

beef.·· 

The poeai btli ty of alight variat.1 one in ,optimum 

ooneentrat1on tor panorea, from different sou:toee .i.s i.ndi• 

oated b1' a comparison of beet a.nd whale panoreas. · The 

optimum concentration waa not determined for pir;; and. ·sheep 

but it would t>tem advisable to deter,nine this for pancreas 

ft-om a particular source prior to ex.traotion of tha triatt,:r• 

ia.1 on larger aoale. 

A• i-egard.11 the 4'filbarply defined" sol.ubt1tty of 

»1ora.te and its "marked decn:ease• above or 'below the stated 

70 per cent level, the evidence is not very conc1us#,ve. 

Tables 2? and, 28 indicate that the pi.orate 1'1 soluble to 

g-reater or lesser extent :Ln oonot!lntrationa of a-0etone va.r,-• 

1ng from 50 to QO pe.r cent. Xn the first tJetie'3 (fables 26) 

. the total yie1,d obtained from 50 and. 90 1er cent extractions 

constitute abOut 30 i:o iO per cent respectively of the 

maximal yield. A similar proportion is indicated tor the 

second aeries ot Tablet."/. 'The difference i.n &olubllity ,19 

/even 
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,ven less ma.rked •ben. conei d&ring the rea\llt,,s of ?able 

28.. However, it 1 s clear from thece resul. ts that the 

,solubility increaaea with inareaairuz concentrations until 

the opttmum level is rea.Ohtd,, and tben .(l~creaaea leas 

gradually or more markedl,v.. Thie is also ntlecte4 by 

the orctntal yield of hY4rochlorlde which, in the eecond 

cer1es ( T.abl~ 27) rieee ,gradually trom o. 26S gm. tor a 

50 per cent ex.traction to a muisnum of 0.695 gJi.for the 

ao per cent. then deo:reaeing &S:$1n to t. 281 gm. for the 

00 pet cent. Thi.a ind1cates that the eolubil.ity of the 

pJ.orates ie more ot a ·quantitative than ot a qua.litlilotive 

natu:re. The potency or the_ converted. 1'Y4roohlor1<ie 

roma1rua unaffected. to a. ).Q.rge extent throughout the r&f8e 

ot concentrations varying only .-1tb1n narrow 11.mitf.l (1.12 

to 1. f)8 uni ta per milligram in the second 1er:lec of fable 

27).. Added to this is the fQct that in none of the 
. 

cerS.ee 1 s ·the most potent .material extracted by ·the 

optimum c,oncentration. in the four series cf ·Tables av 
and 28 tbe potency of the hydrochlori.de. obtained from 

Optimum eonoentratiQn e:Jetn.ctlon is l.l.4,, 1.1$-, 1.0G, o.;4: 

uni to per milligra.m as comps.red to 1.3.€>, 1. 68, .J.. oo. l. 30 

unit• per mil11gram respectively~ representing the most 

potent t.1.nal producta of the cU.fte,:ant ser1ea. -tn most 

oases ext raot1on with 50 or 90 per cent of Ac.eton:e,, 

ialthOugh giving a ~ller yield; givea a purer pro,,h1ot 

than e.xtraotton with the optimum concentration. tt the 

eol·ubtlit;v of acetone for insulin pie.rate had been 

selective and specific. lt would be expected tb.at the 

optimum cot1<u:mtration would y1e1d. a product aurpaeo1111 

in potency those products obtained. by extractions with 

concentrations other than the optimum.. 

Ad.dttional suppon tor- this etatem.flnt ls f'uX1"1i.she4 

l>)r the to1low1ng obeex-vatton. The p1ciiate obtained b7 

/axtraction 
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e.xtraotion with 50 or QO per cent acetone· ls cf small 

quant.ity and wh-tn treated with acid alcohol tor conversion 

to th• hydrochloride. dissolve• eomp1etely or almost eo ln 

the alcohol., so that very little undissolved pi orate ·rema1nfl. 

As the acc,tone oonccntration 1a incnua.eed to 55• 00, 65• etc. 

per cent, so the quantity ·ot pi.orat• 1nereca.aes and :U.kewi.ee 

the s.mou-nt of pi.crate uncU.saolved after treatment w1 th aoid 

Q.loohol tn:e:reaeea. With 60 pe:r cent acetone extraotton, 

tll'e we1sht ot dried pi.orate obtained afte.r evaporatl.on ot 

the acetone na•· oonoi otently _ l)een found to vary from o. 4 

to o. e gm. When treated wtth acid alcohol thie either 

diasolY$e completely or a negligible residue .ie left. 

With eo per cent acetone extract.ion tbe dried picmte 

weighs 1n the neighbourhood o:f rrotn Z to 4 ·gm., of wh.1 ch 

not more than o. ?'5 to l gm, goes into 'aolut1on in the .aotd 

alaohol. leaving the bulk of protein piorat•• (2 to ~ gm.) 

\Uld 1.saol ved. J:t aeems as if selectiv• aol~tlon of 1ti&\4in 

picrate i• more a :f'eatuee ot the aoid alcohol than of tille 

o.cetone. 

t'hLs raises the interesting question whether ac1d 

e.loohol (or alcohol only) nannot aubstitute acetone in the 

extraction process. Tb.is being ~ore of theoretical than 

practioal impot"tanee, the matter wa,a not . turthe:r_ inveotiga• 

ted as (sra11ted 1 t i a the oaae) Jl.t would not add to the 

effectiveneta or practicab1lity of the method, iln general •. 

Juc,aing trom the above obeenationa, ther6 eeome no reaA:Jon 

wb)T alcohol ehould not etteetively displ.aoe acetone 1n the 

extraction. 

Th• picrato wb1 ch eeparatea when the acetone ts 

evaporated, •'PP1trentl.y cona.:L&ts. ot a minor £motion of 

1ntul~n p:S.ora.te. acoompa.nied. ~Y a ma..J or traction of 

pl\'Y'ciol.ogical.17 iriaoti"V'e protein piora.teta. The Gpectf'lcity 

of solubility of' acet:on~ 1e i,robably related. m.ore to tho 

ent:lre complex than to 1nsu11n pic:rate in particular, thence 

/the 



/ 
! 

/ 

/ 
I 

:/ 
'/ 
[; 

1/. 
,;1 

. ·, 
{/;. 

,J;(' ~ 

,( I 
/ ' 

r . , 

133. 

thed.1spropo2:'tionate inorea.$·.e of pi.orate to hydrochloride 

with .1noreaaing oono~ntratione ot acetone. As thill con­

centration 1a increased, more of the (!ntite compl.•x goes 

into solution, carrying with. it aleo insulin pi.crate. 

As f'ai- aa spec:d.fioi,ty io concerned. it can. ,safely be stliit• · 

ed that the very low and very high acetone concentrat1ono 

are J uet a,a apeo1fic, it not more. -for 1neul1n picrate 

than the ,optimum concentration. 

the partial exclusion o.f much tnert m•teria.1 by the low 

and. high concentrations of ac~tone. This would also· 

account tor the greater potency of the hydroohloride ob• 

tained. from levels ~bove and below the optimum. The fe.tJt 

that so much piorate that had dissolved in thea.que.ous acetone 

at the optitnum level 1e intsolubl.e in the aoi d alcohol when 

treated With tbts, cle$.rly pro'Ve8 that the alcohol luUJ a 

.greater .selectivity and· apeeifiolty foi- insulin pierate 

than acetone. 

· HQWGVer, notwithstanding this appar$nt ineff'ectlve .. 

nees of aqueous acetone in ~e1·eotive1y dis1Jol.v.ing ineulin 

picra.te, there can be no d,i;>ubt that it ootnpl.etely removes 

the active principle from the p1o:rate4 ma.es.. Tbie 10 

proved· '.bY· tbe hig.h yields ot insulin obtained· by th.is 

method a.e compared to other•. A 61rect qompariuon 1n terms 

ot. e.o.y. ceystt;tlline i,nsulin between the two methods .makeEJ 

lt otrvious tba:t the yield obta.ined by the ptcrio•aoid 

ao.et·one method su.rpaenes that of the a.rd.d alcohol. method 

. ( see l.ater). 

The observation of Dickens a.nd. Dodds (83) that the 

acetone oan. be d.iat111ed off t,:,om the e.quGotu1 mixture at 

or?:i~ary pressure from a water bath has been oonfi:r:med. 

liowevor. this 1.i ot ruore th.eoretioa.l than practica.l inter~ 

· eat as d.iet111a.t1on a.'t prd1na.:ry pressure 1o. a much elower 

. prooesc. than at reduoed prettsure. This fa.ct conaequent17 

has no pmct:toa.l advantages .iri. increasing the effectivenena 

/of 
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,of the method. It does., how.ever, emplmsi ze ago.in the 

Jtab:11.1.t;y or tno piorate to higher temperatures. 
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Conco:rning the convere1on of the p1c,:u.te to the 

hydrochloride, the variable tacto:rs o.N (i) the concent.ra• 

tion of alcohol and (ii) the acidity ot the mixture. A$ 

has been pointed out in the preceding paragro.phe., the a.otli.on 

of the aqueoua acetone ie the sol.ution- ot the complex of 

protein pi.orate• whieh acoompany insulin picrate. 

Geleotive solution of insulin piarate f'rom the a.ecompanyJ.ng 

pi.crates is more a ft..ature of the Q..cid alcohol. The ultJ.mate. 

hydroonl.ori de $.B st 111 a very crude p;roduet a.nd the re1aul ts 

ot Ta."ble1 2S and gQ represent attemptG at .increasing the 

spec1!1c fH)lit'bili tf ot a.oid- alcohol for insu1b1 pi.crate bJ 

vaqing the alcohol 40t'loentra.tion o.nd acidity. 
. . (O,} 

Sample 141 (Table 28) shows that 66 per oent alooh.o1 

(tn o. 75 IUtol) ia ae efrective in dissolving the pi.orates 

s.nd converting thtin to tne hydrocblorid.ea a.a ?6 per eent 

alcohol (a8 ad'1'ised by Dudley (80). The total yield of 

hydroohloride (385G units per kilo) and ito aotivity (l.20 

units per mg).doe&J not differ 1n any- reapect·trom the yield. 

and activity ae obtained by the use of 75 per cent aloohol. 

That solution of the aat1ve principle is quantita.ti.ve with 

this concentration ot' aloohOl:, is evi<',Emced. by the further 

reault ot the eame sample where subsequent treatment of the. 

reei4ue w.ith '15 p~r cent alcohol yield• no further hydro• 

ohlori de • either n ct ive oi- i naot :L ve. 'Where the piers.tea 

we,:e treated,.firr,t with 90 per cent aloohol (A.n o .• ?µlntcl • 

•ample 140, Table 2a), th~ :resulting yield of hydrochloride 

{Fraction A) is somewhat lese (O.JZ6 gm.) .and ito a.ff*Y'JY 

elightl7 inorea.aed (l. 80 uni ta per mg.). liOW$Ver, 

,ubsequen.t extraotion of the :reeid.ue. with 75 per cent 

alcohol -(in ,Q. 75 NJtol) bad given a :further hydroohloricle 

(Fraction B) or slightly lesser activity. This proves that 

• 00 per oant ·ooncentrAtion of alcohol (loes not oomplete1y 

/remove 



I 

/ 
/ 

/ 

135. 

remove tho inel.llin from the mixture ot pieratee. 
~) 

S1m1lo.r1Y, further fractimat1on (sample 143, Table 28) is 

obtained by treatment of the milttu:re Of pi.crate a ti rat with. 

95, than a 5.,, '?5 Llrid 65 per ,cent of a10011ol (.in o. ?5 HHcl}. 

Whe last of theoe, yiel.d1ng no further b)tdroohlo:ride (there 

la no Fraction D) indicates thQt .a ooncentl"rl.tion of' ?5 per 

<.'Jent ia effective tor the complete removal of insulin 

pic1--a.te. Fron:i this it is to be concluded that conoentra­

tion& of al,oohol. (1n O.?BNJtol) ranging troro. Ge t,o 75 per 

cent . (concontrations lower than 65 not havtng been tested) 

a:re Gffectivc in quantitatively reinov1ng inaul1r1 p1orate 

tirom the mixture. Use of higher ooncentrations of Ql.oohol 

result.a in oniy the partial rem.QVal ,of the aottve · pttnciple 

trom the mixtu:re {Fra,et.:i.on A. sample 140 and Fractiona A 

and B sample .143). JJ.oreovet-, it 1s evident that no increase 

1n activity ~r ,p,u•ifioatton ,oan be aooompl1"1hed by va.eying 

.tbe concentration o.f alcohol ueed for conversion of the 

pierate to tbe ltydrocb1or1de. 

· This· phenomenori o.f traotionation o.t insulin wu 

enoountere4 elaewhere tn this work. · In an attempt to ob• 

ta.in a -purer and more potent hydroohlox-1,de. the piora.te 

was washed first with {i) ;a per oent Q.l~ohol (withOu.t 

acid )and .seeondl ... ~ with ( 11} 96 per cent acet·one (without 

acid) and f1~ll,7 with (i,i.i.) 75 par oent a.loohol in o. 76 

NHol tor ao•1v•r,1on to the h,ydroehloridtiJ.. the yield 

after (iii) we.~ so s1Mill without a ce>rreaponding inoreeiee 

in activity tmt the waiahlnga of (1) o.nd (ii) were in• 

Y&st.igated., :which revealed that amounte ot picrate 

.carry!ng aot.i ve principle had di.esolved in ,the high 

ooncentra.tions of alcohol and ether,.. Theee were preo.ipi­

ta.ted" and oornrerted to the oorreepondine h)'d.'tQoblttridea. 

Thus thr:ee f'ro.otionu ot hydrochloride were obtained: 

(1) :rraot ion A .. the picrs.te eoluble in 96 pe:t> cent 

e.lcQhol; 
/(11) 
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(.11) Fraction :a ""' the piorate inaoluble .in 9G pe1• 

oent alcohol but ooluble in 9 6 pe:r cent acetone: 

(iii) Fraction o • the pi.crate b1solublo 1n ei thtl?t- 06 

per cent alcohol or acetcne bl.it soluble in ''16 

per cent alcohol. 

These three traet1onG, on testing., mhowed the tollow.lng 

activity: 

Fra.ot ion A • 2~ 25 uni ts pe;r ms. 

Fraction n • l, .84 n " " 

11 fl . 

This tra.otionation of the i.n•uU,n 1e probably 'the roou1t 

of the speed.tic solub111 ty propert.:le" of the protein 

fission products in the ·vo.rtous solvents. 

Turning to the va.r:l.atlon ot the acidity .of the 

alcoholto bJdroohloric a<d .. d .• the results of Table 2Q 

indicate tha.t., within the limitl! testeo (10 per oent 

alcohol, in o. e · ... 1. 5 NHcl) a.cid! t,y does not a:f'f,eut the 

co11ver$iOn of the pi orate ·to the hyd;roohloi-.1de; neither 

does it increase or decrease the 111iOlubil1tY of insulin 

p1o:rate. 

potency of the; bydrooblor1de a.re not E.\ff'ected by varia• 

·tJ.ona of the acidity. ;tnc:reaeed eeleotivtty oan .• 

therefore, not be obtai.n·ed by variation of tho alcohol 

conoent:ratton or aci41t7. 

· lludi~y {"19) ext.racting insulin from ftsh .ih":ilet 

tis~uie cla,imed an aot!lirity ,of l rn111ig:ram = l rabbit 

unit tor tbe crude by'droohl.oridl!, Wherea.e l>ickens and 

llodde (82)· tound an aotlvity varying from l to o.ae 
roillls~ams = 1 rabbit unit. 

ln the serien of extractions tor this inveat1ga.• 

tion the fir.'$t claim baa been amply aon:Cirmod. Except 

. in ex.t:reme vario.tions ct procedure. the ·potency 'Ot the 

bydrocblori.de has r~ma.ined remarkably conot~nt. va.eying 
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from 1 .. 10 to 1.20 i.nterm>.tional units pe.,:, mtll.ie;iram, 

lower and higher value.a, obtained with certein eampl.te 
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being the reeu.lt of sueh va.riAtiona. However., the claim 

for a crude b;rdroohlorid~ aesa,ving at 4 to ,5 international 

unit.a pe%' milligram has., with a so-rien ot 144 e~ra.ctione 

according to this metho<t., not been aubotantiated. In none 

ot these, even with preliraina.ry puJ">tf.ication of tht! 

piomth!; haG .1 t b~en po~ai ble to obt(t.in a. hydrooblorid.o 

showing an. nctivlty of more than .2. e intarnntiona.l units 

the 1xperi..enoe that. wt. th similar procedure, the yield ot . ~ ' 

eydrocblorl.de cuid. 1 to potency agree w1 thln very narrow 

limits. ?he resUJ.ts of Dickens Md Dodd,~; where a specific 

y1el-<l ot J:l7drochlor1de ha., an act1 v$.ty ot l un1·t por 

m:tll.1grnm and a second yield:, ,obtn.ined through id.ent 1aa1 

proooduN. an activity ot 4 to 6 un1 ts per milligram a¥"e, 

thereforo1 tbe more dtttd.oul. t to exp1ain. lifot,rttbata.ndtn.g 

all possible variations ·of the method that had been tried· 

out, the exa.ot proce«1u:re ·Whe,teby a crude hydroohloride 

ae,sayJ.ng at 4 to. 6 unite per milligna.m ean be obtained., has 

:uot been ,truck. As to.r as the res1Jl te frotD 144 extra.ct• 

ions a,:e con<1erned., it ~- been found 1mpossi bl.e with 

st~ndard p~oeedure (e"ch as described by· Dicken~ end 

. l>odus) to obt~in a orude hydrochloride wt th a potency 

exGe•dtng l.eo to 2.00 units ,er milligram:,. t.he average 

vnl.ue l,y.ln.g much closer to 1 than to 2. 

That the hyd.r<>ehlori-de is :not very stable u.wier 

Qrdina.ry cond.ittons of utoras~ is ehown l>y th~ ;-eeu.J.ts 

qucte<i. 1n Table 30 .. · In all threa eatnpl.ec l.43B, 146 and 

1.47, thGre is a grtidual deorea.ee in the potency o',t the 

hy<h:ochloride l'1 th increasing storage period.. samples 

l..tJi3B ·· a.nd l.4'1 tntU.ca.te that ,under conditiona ao des• 

oi-ibed, ,it Ja stable £or o.bou.t l week, after whioh perlod 
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it sm.dually .loseo potency. In sample 145 tstorage fo:r 

17 days caused a deorer.uaed. activity of 0 •. 20 unite per 

milligram, and o. 44 uni ts in 25 da.yo. samplaa 143B and 

14? likewi 0e ahow a tlecreaeed acti v1ty ot o. 40 and o. 2& 

uni to pe~ milligram when stored. tor 24 and. 31 days 

respectively. Fu:rthermo:re, !t as repeate.dl;y exper#.enee4 

that }lydroohlor1de that had been stored f'or pet10da 0£ 

2 to 3 montho had 1nvar1ebly lost .all or moi,t of ite 
. . . 

. activity. 

These reeul to indicate· that the nyd:roo.hlor1de sboulc:i 

be teated :f'o r aoti vi ty a, soon as posai ble after 1 te 

preparation. in any caee not later than, l week atter• 

wardo. Aleo. 1 t ehou.id be purified •s soon ae poacJ. b1e. 

after having been prepared. . If' J.t has to etan(i over for 

l)eriotls exoeed.ing 1 week Qr where it hae to be tra.nsported. 

trom an b11ti•l extracting plant elmewhere for purl.ti• 

cation, it would .be advisable to Btore it under cond:itions 

ensuring area.ter stability such tia complete <lryli.ng 1 

tiea11ns over n1 tre>gen and lower tempei'"ature. 

F~om the r•sult o'f .sample .154 f.t illl! evident that 

purification at the picrate by thia. ·method oou:l.d not :lead 

to much aucoesi and. it was realitae.d that the onlY pmotlcal. 

alternative method .-as iflo•el~ctri.o precipitation. 

Ini t iall.y • however,, much <U. ff i o\ll. ty waa exper.ien.ced. with 

thi41. In thtl first attempte the biYdroobloride wae obtain• 

ed by pooling previously' ext:racted ea~ples which had been 

stored i'o;r varying per10dl'I. Tlli• waa done before the 

in1;1tabi11 ty of the crude hydroebloride '11:lder the tpecif'io 

conditions had beon definitely shown, anrl failure to obtain 

ioo-eleotr& e prec1p1 ta.ti on, muat have been due to the 

inactivity_ of the original material. 

In a later attempt (oee (iv) page l?.a) by4l"oehlor1de 

was treehly pre~ared. Failure to obta.in iao•el•ot~io 

pr•c1pita.t1on in this 1natance wa.a probably due to two 

/factor$ 



ta,ctorE: {:i) ini tia.l prea1p1tat1on at ·paS.l. and (11) 

ia.bsence o'f o. buffered ac1ution dur1ng tho prooose ot J.so­

elect rio pr~eipitation •. 

The initit\l precipitation at pHS.1- brougbt·down a 

mass ot material which, as a result of nimf.lar proctdUN 

1n the a.cid alcohol Gxtract:ton metbod, wae oon~d.dertH1 in• 
' 

active and discarded without h.:1.v.lng been temted for 

ln vf.ew or _the fact th~t at a later .stage an 

. .a~t1.v1ty containing traction was pre.ei:t,iitated at pHS.8 ... 

9• it can be n.sotmted that the first precipitate at pHfhl 

,cBrried down •1th it an uppreclable amount ot' Q.Ot1vtty. 

· wb1eh ecnaoquently we$ l·oet. Subsequent ta.1J.ure to obtain 
' - ' 

- -

iso~eleotr.ic preoipita.tion ca.n pos.s1b1y be aec:ribed to the 

absence ot ri ou1table buffer solution. As pointed .out by 

Boivin and Guillemet (93), inf.in~lin is iml)ttrif1ed by other 

proteins; which behave ti o much l.ike 1 t, that .1 t 1 s .imposai b1e 

to separate these by precipita.tion with sodium chloride, 

ammonium sulphate, pic:ric ooid or a.leohol, The preeetloe of 

large quantities (d' these inactive !l:nsuU.rt-1ike proteins .• 

a eoneoponding smaller amount of active rnate:rlal and the 

absence of a bufferQd eoluti,on were probably the causative 

ta.ct OJ"G reapons! ble tor the failure to obtain j.so•elet1tri e 

preoipi ta ti.on. 

With E\ toll owing "tfort ( see ( v) pa.ge 123) the~e oa.uaee 

were rem~tUed .an(l th-e o.cti ve eu.bstana~ was procipita.ted. at . -

its iao•electric point without ditriou.lty.. The process of 

purification was continued further and erysta.111.ne .1nsul.in 

prepared. From the original ;t 2a. 000 uni ts almost 12, 000 

had been :recovered in crystalline form. W1tt"king on a. 

small sco.l·e, aotiv-e material is lost at various stage$; on 

a lo.r;e soa.le those oan ba r~cove:red and worked up so that 

the total yield will be inc:rea-a$d. As it i~. a yield of 

2. 310 uni ta pe:r kilo ,of wet pnncrea; wae o·bte.!ned. As a 

/oontrol 
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control (uee later) beet panoraa.e was extracted. w1th 

. acid t.t.lcohol .and cey~alline · intn,tlin. prepared aocQl'd.1118 

tu the method of Romano~ Scott s.nd Fisher. (loo. ·cit .• ). 

!he ydeld .obtained, w1 th thi a prooedui-e was 1St2 un.1 te 

per kilo of wet panoreas. 

Ttle method then. 11\8 it wae ttnally ad.opted a.no 

ae it it advised, oan be SU1Im'l4ri~etl as follows:• 

(i) Obtain th$ mat.erie.1 as treeh as. possible. remove 

exoe1s fat, eonnective ·td.ssue, glan4.u1Ar structures, etc. 

an.4 mbu:,e, addlng piort.o acid cryetale wh1le this 1e in 

p:rosra••·· '.l'he amount of piorto acid should not be ).eas 

than 80 ,;rn. per k:i.lo of me.te:rial. · After mincing,, the 

entire _ma.as 11nould be re•m1noed. a second and a thi id time 

to ensure even miK1rJS. 

(11) filEt piol'ated mo.oe sn1ould. be atored preferably t.n 

slaee or earth,u:·ti.W$re containa:rs, the effect ot other 

. types such as metal, not ha.Ying been tested: out., lf pcas1bl.e. 

storage eould take place at refd.gerator temperature, 

otber1rise room temperature will suff1oe providll4 tbylnol or 

t1rioreeo1: 1 e added to the mix:t\\re in •ticle.r to prevent 

modld growth. :tn the latter caee samples mar. be etored 

1n e1 tber light or darkneru.1. taking oare to keep the mater• 

· ,ial as eool a• poca1ble. 

atorage can te.lu, pl.ao• for a pe.riod ot trom 20 to SO daye 

without serious loee of activity • 

. u.11) Immediately befo,...e oxtraction, determine the water 

0011tent of the mixture from a small $ample as prev1ouo17 

· cteaoribed. Add, to the mixture avftieient a.bsolute acetone 

to make the concentration 75 to 80 per oent. It pa.ncre,aa. 

othe·r than beef iG •=raoted, it would be well advised to 

<l•termine the optimum a.ceton, conoentrat1on for the 

/epeoit'1c 
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aouroe a• previously described. l\e..-p:traot the r•sidue 

a second. and a third. time with ?S to 80 per cent acetone 

and pool the filtrates. · A?oid pro1ongtd contact of the 

acetone with the diaaolved pi.crate; the sooner tbe 

acetone 1• evaporated the better. 1!xtro.ction t:>'f the 

picrated mas.» tor t hour is eutt.totont; under no ctr• 

oumeto.ncee muat the acetone be lett in contaot with the 

picJ:"&te tor long•r than 24 •r at the utmo•t 36 hours. 

(iv) J:vapor-.tion ot the acetone can be effected either -

in 'faouc, or at ordinary preeeure from a water bath, 

In view, however. ot the shc:n:t•r time neceeaary tor J.n 

11acuc d.1et11la.t1on, thle te reoornmended. 

(v) P:re11mln&J7 pur.1t'icat1on of the picrate 10 ~nnee• 

essar., ae fractional precipitation w1 th alcohol or treat• 

ment w1 th • ocU Ubl carbon11ote <10•11 not yield $11. appreo1abl.y 

purer aubatan048. · The pl.crate 1s oonverted to the hydro .. 

chloride by treatment with 65 to V5 per oent alo.ohol. in 

by4rocb.lor1o ao1d wbioh ma:, Yaey from l. 5 • o .. 2 N. 

(vi) The hydrochloride le precipitated by adding to the 

alcoholic bYdr(>cihlor:Lo acid eol.ut.ton l·O to 20 times its 

\'olume of dry acetone. 

(vii) It 1• advisable to test the h1drochlori.de ,or to 

purity it •• soon a, 1011sible after its preparation,. 

unlete special precaution• are ~ins .taken. wi tb rega,-4 to 

its etorage. 

(vil.1) J?ur1f1cat.1on 9f tho ho:rmt.;n• oart " ~,t~otefi by 

41e:sol'V'ing the h}rdrochlorit·le $.n water., .salting out tirat 

with 85 and then •1th 15 i,eJJ Qent aod1um chle>rld•,. and 

tinal.ly precip1 ta ting the insulin at 1 ts 1.eo .. eleoti-10 

point pH5, 4. 

Other possible methotl• ct purification ha'V"e not 

been explo1ted .. lndioat1one were obtained that allioa 

/and 
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' ' 

advantageously be used for insulin purlf1cation b7 ad• 
,. 

so:rption and it i.o proposed t·o continue with further 

investigations in this directs.on. 

(t} Oonolut,i1ons: 

:Reviewing the method ae .a wltol.:e. tbe to11c•ina oon• 

olluaiona are arrf.Ved at : • 

(1) The field of erudc; b.Vdroobloride obtained with t:tds 

method 1a nearly double that of pure insulin. whion 1ti 

obtaine¢ with the acid alcohol method (3000 ... 4000 umtG 

per kilo o:r w,et pancreas). W1th puri!ication ot the bydro• 

chloride on a J:itnall scale o.n appreciable $.rllount Qf aotivt.ty 

ts 1.ost: it could· be expeQted that larger sea.le purifi• 

cation would re.tsult 1n les• ioru.;. A compa.t"1son of the 

two methode srried: th'.l'ough to the or,atalline product" 

tJbowed a yield of 1892 units per ·kilo of wet b(utf panoreata 

to:r the aoi<i. a1coho1 method an compared. to a y,ield ot 

23?0 units per kilo t.or the p1.ttr1o acid acetone method. 

Xn a laboratory the proportion, yield i3rudt 

eydrochloride ;yield o-eymtalline 1noulin. oa.n be deter ... 

mined in A serie• of experiment• so that au"beequent 

extra.otions. tor recearoh. PllJ'PO&esi need be carr1ttd. 

througll only to the crude hydroch.lor1<ie etage. from which 

value the amount of' oeystGlli.ne 1nsu11n obtainable can be 

calculated. 

(11) Tbe-so1ub111ty of aqueoue aoetone to:r insulin 

picrate is not· apect:r.to; it 1e probably- more specific 

:tor the entire o.ompleg. of ptcratee behaving .lik4' insulin. 

In thla reepeot alcohol, or probably othel" oxganlo 

sol.vents, QOUld be f!U1~t1 tt1ted tor acetone. However. 1 t 

1.o certain that all iruau:un aotivity 1a quanti.tativel.,­

removet from the pi crated ma$8 · by this sol vent. 

/(iii.) 
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(iii) Perhaps the most outstanding fee.ture and merit 

of the method 1 a the stability ot the pi Grate t.Q varying 

temperature. . The ad.vantages of thiri a.nd its pmot1cal 

application are numerous. It all ow.a the collect ion of 

ttiater1al from cU.etant eoun,es (1.e., the ocean; 'tAnolvJ.1taed 

cou.ntw, th1n1y-9opulated. areas, ~tc.) •bei-t tree»sing 

lf'aollitS.oa are not avai.labl.e. In add.l tion tc tnia, it 

allow• the storage ot auob mate.rial to:; tai :rl.y long period• 

without refrigeration un.til euch time that tuc.traetion ,ean 

be undertaken. 

An interesting ob$ertation that may lead. to important 

dl!Velopmenta is the etab11ity of the picrate under oon.-

4it1ona ot denyd.ration of the minced picrated mas13. 

The ad'fantage,e -.re obvious: the bulk of material .1~ ve:r, 

·~ 

' 

1 
I 

l 

i 

much reduced: tlli.s will requ.1re an equally muoh•reduoecl ~ 

volwne of oxtractant • traneportat ion is timpli fi.ed. in 

many waya; the pgasib1l1ty of extraotton of the dried, 

pi crated ma.so with water, .i.net_ead of· an organic aolvent · 

looms in the. to xeg:rouna.; the poasib11 tt7 of some other 

etf'eottve fixative replacing piorio acid follo•ed 1>7· 

dehydration and eubaequ,nt aqueQue extraotibn cannot be 

ign.ored • The prospect of further reseM'"ch 1n this di r~ 
eot ion ie being b.eld out. 

(iv) For elq)erimental work and e:tracti.on on small 

•oale,the method ls to l:>e recommended. Aa <H>mpat-ed to 

.other method.a it g1V4S a maximwn yield •1th a minimum of 

-prec:fautions and 1irn1tat1one. It work• easily and rapidl.1'. 

(v) A aerioue <U. s.s.-d.vantage of the method ls th.fl 

eta.1n1ng .a._nd flxing propert lee ot the picrio &lC:id and its 

exploa1vene•• when dry. Prol.>ably the greatest objection 

to it is 1te llJtaining piooperty; all obJeots in contact 

with it • apparatus, bands, eto .... beoom.a inten.selY stained, 

so that. on the flhole, 1t is a meeay method ae CQmpa.red 

/to 
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to the aeld .a:toohol. - 4 ;possible injurious efr.ect of it 

on huina.n eontaote (o.f. aotion or tanni.o &\Cid) hae as .Yet 

not been postulateq,. lror this ?e$~aroll 1t was hand1e4 for 

·ll period 0£ o~r two y(u1.t-r,; as y<!it no untcn11al'4 effect has 

been observed. 

(v.1) It t 11 doubtful whethel", ln £ tc present :f.ol'l!l. t t 

can replace the a.el d alool10.l m.ethQd fo#' la.rg4a scale e.x: ... 

t,:-a.otton.. Apart from the stability of the piorate, it has 

tl(')tbJ.ns to otfeF above the acid a.laoltol. method; added to 

t).1s ie tha aer101ui diaadvantntJ,e mentioned .in (v) &~ve. 
•,. 

Aa pat1.crea$ee nrt at present ool.leeted only troni large 

centres wbe:re · there ai'e am.pl.e refr1ger&tion f'aq1lit1es., 
,, 

thio advantage 1$ not 0£ mu.oh practical conoe-rn.. Xt., 

however, at eome tutuxe ate.se the tlG(Jeea:$. tr should arise 

tor tho oolleot ion ot material t:rom other eou~oes, the · 1 

method oould a,sume great~r importanoe. Ad.ded. to this is 

tbe tact that f'ul.1 details ragard,!.ns oommexrcia). extraction 

method.a art not publishedj there moy-1 _ tberetore., be 

unpubliabed data whi eh 3,ive the 0;01d, al.cohol method & 

d~cided advantage over th$ p1orio ao!d t1.ceto11e tnetb.od, 

t 
\-
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. Ill. EXTRACTION OJ? INSULIN FROY 

VA.HIOUS SOURCES • 

. Introduction. 

Sinc:ie the first succeB-aful extraction of insulin by· 

Banting and Dest and, the su'baequent improvements in the 
. . 

methods ot extraction and pur.1:f'icat ion, the honnone ha.a 

been ioolated from many and Ya;ried sources. However, lack 
, , 

or an accurate method of' assay and unif orroity in expressing 

activity during the first years, when most of the work was 

done, makes a direct oomparieon of. tho yields. obtained: by 
I 
.\ 

various authors trom different sources a d.1f'ficul t matter. 

In addition, tho end. products obtained by different workers 

repree~nted the hormone in varying degrees of purl ty, de• 
" 

pend.ing on the method of extraction and purif1cation, which 
. -

factor further oomplioaten matters because, as has been 

shown, inorea.eed puri.fi mt ion io o.ccompa.nied by increased 

· loss o.f' active material. 

In past.years the panerean t:rom,beevea and pigs has 

probably been tho most commonl)' --drawr.-,r:rom source for 

research anti expei.-imental purposes. Apa.rt from the eat1iir 

work ot .Banting and. Beat, tlie Toronto worke:rs have al.moot 

exclusively uued beet ;pancreas for t~eir wox-k on extraction 

and purification methods (43). S1mila:;rl.y, many other 
\ 

I 

workers have found this source useful ~.~ convenient. · 

Be st a.nd. Scott ( 43) J:;eviewed the increasing yield.a ot 

insulin obtained ey them with improved \methods.. From a. 
. ~ . \ . 

mere 1·5 un1 ts (modified Toronto) :per kil,o ot beef pancreas 

in April, 1922, they auooess1 veiy :i.nii=reased the yield to 

40, 90, 400 · and goo uni ts per kil.o 1~ June. 192:i,: and 

oonolude that nthe inoreo.ee in ~aidi tY' of the ext.t;acti ve 

has been the greatest single fff.ctor ~*'\ improving tl\e 

yields". Thia yield was obtaify.ed w,:iith ~c,1d (aceti o, acid) 

/al.cOhol 
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alcohol extraction, proo1pi ta.ti.on w1 th ammonium 

sulphatii and tao-electric precip1.tat1on. In the es.ms 

year Jturiin o.nd oo•!'orkerr, (119) claimed yield·• of in­

sulin aI!lCunting to ,,ooo, Toronto unit.• per k.llo of 

ma-eeri.al. These were obtained. by ac:iueoua extra.ctlon with 

N/6 hydroohlo;I'iO acid .at 75°0. for one hour, followed by 

oalting out with eod.ium chloride and iso-electrl,c pre• 

cipitation. 

In 1924 somogTi, Doiay ,and Shaffer (63), using their 

method of extra.ct.ton with ;acid (sulphuric} aloon.ol, 

preo.ipitation with a.nmonium sulphate and ieo-eleQtric pre• 

eipito.tion (loo.cit.) obtained yields varying from l, 5QO 
\ 

to 2,500 Toronto uni ts per kilo at 'beet paneres.s. In thf) 

same yea.r _Fenger and .·wtloon (120), u.e1 ng the above met ho~, 

dete.rmin~d the insult n c.ontent of· the pancreas tram· 

cattle, hogs and sheep and obtained a yield of .l.,.800 

rabbit units per kilo ~ot beef p&ncreas. s1m1;a:rly, 

Voloney and Fi.ndla1" (50). by purification of' orude in• 

sul.in through adaorption on charooali obtained 2. 000 
. ~ . . 

Toronto units per k1l.o of beef pancreae. Diokena and 

Dodde,applylng the p1cr1c ac~d acetone·method (83) tot~· . . . \ ' . . 

\ 

extraction of inoulin from variou& ~ources ('18 ) 1 obta.i~ed 

2, 500 r~bbi t uni ta par kilo f.rO?ll ·OX pancreas. 
' . 

In 1927 Blathex-wiok ~nd his aaso<,1.ateo (54), using 

their method (loo.cit.),. obtain.ed from 1, soo to 2,000 

clinical..· unit• pet' kilo of beet (asaayed, aga1net 

. Lilly's "iletin6 a.a standard). After the third iso­

el9otr1c precipitation, this was deoi-eaaod to l,000 to 

l, 400 olinica.l unite per kilo. Jephc;ott( 5?), 1nveatigat ing 

th~ method of the Tor-onto' worker• "11th reference to the 

optimum alcohol and a.cid concen.tra.ti~n tor the extraota.nt, 

obtained ~ yield of Z,000 inter:natiorl,~ unita for/beef' 

panei:eae. Scott and Parker ( 66'.) obta.iu'ed 2,000 1nt~,rnat-. . 

\, 

ional u.n1te from the. ea.me a6u~1Qe. ~tarting "1th th~\,resh 
. ' .. 
/material 

\,· 
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material · and carrying the process th-«.o.uah to the oryeta.lline 

stage, Ro~ns, Scott and Fisher (7'7, obtained y1elda 

va.eying from l,BOO to 2,000 uni ts per kilo for beef po.narca.e. 

Fisher and Scott (121 ), investigating the insl.tl1o content 

of the pancrea• in oa.ttle of various ages, tourtd the :follow• 

ins values: 

Foetal calves (under 5 monthe) ••• 
n (5 • 7 months) 

· Calves (6•8 week& on milk diet) ••• 

Cattle (2 years) 

con {7 yeo.x-e and older, pregnant) 

Cowe (9 yea.re and -olda:r) 

aa,200 international 
llni ts per kilo·, 

23;100 ditto 

ll.400 ditto 

· 4,800 ditto 

2,200 ditto 

1,800 ditto 

Notw1 thstandir!g the laok of uni. form e;x.preaaion of 

activity amongst earlier workers (o.f.rabbit unit. orig ... 

inal Toronto unit. modified Toronto unit, clinical unit, 

interno.tional unit). it ie clear that beef pa.norea.e ha.a 

been ext,ensi vely etu~ied and ha& yielded a.mounts of insulin 

vs.eying from 2,000 to 3,000 internatioMl units per kilo?' 

:Best and Scott (43) state that "perk pancreac ha.s 

conaiatently given us somewhat larger yields in experi• 

mental l.ots than haa beef: panorea.Q.,. In their atudies on 

the picric ao1d acetone method (83 ). Dickena and Dodds 

have larsels made· use of pig's pt\ncreas and hnve found 

values varying from 3,000 to ,.aao rabbit un1to per kilo• 

giwn. Fe~er and Wilson (120) obtained\ l,800 rabb1t 

units per kilo of pig'e parioreao. Scott (122) has pre ... 

pared. cr;yotalline insulin from pig'e pancreas in amounts 

&lightly exceeding tho values o~a1ned ,.for beef' panorea.a. 

Apa.rt from these mnounte of' i.no.uli rt extracted from 

beef o.nd l)ig 'e ja.ncJ'eae. the ~ol 1 owi!ng vieldo have bee-n 

/obtained 

* Toronto unit• 1 n the above Pf;o.graph~ · ref era to 
modified Toronto unit, 10., /3 of the original 
Toronto unit or rabbit unit. 
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ol.>tained from. other mammale :• 

Sh.esp - 1.000 rabbit unite/kg. (78) 

fl - 1,aoo fl . •• ill (120) 

Horse .. 1,600 ff ff ff ( '18) 

Cat ... 1,000 " ff " (7S) •. 

ReO.enba.u.gh et al, (128) have de.term1ne4 the insulin 

eonterit of the .eh1 ckeri pancreas. The pancreas.es from· one 
. . 

hundred obiokens (330 gm. ) were removed ~nd inaultn pN• 

par'i!d. by Fisb.er•s modification of the Doiay•muitter method. 
. . 

They obtained a yield of 7600;r~bbit uni.ts per kilo ot 

pancreas -.nd conoluded that the ohilcken -panore~a. by t1eight, 

oontaino ae much insulin·.ao oalvea' pancreas~ Relatively 

la:rg~ amount a of insulin were also found in -the kidney and 

ld.ve_r. 

The f1tsh pancreaa as a source ot insul.tn hao been 

studied extensivel;r. Ae ea.rlr a.a 1889 Diamare :recognised. 

that certain etruotures in the abdominal cavity of ebme at 

. the Teleoetii are :Ldent1ca.l with thoee of the islands ,of 

I.angerhane of higher vertebratee. In 1905 Rennie not.eel 

in ea.oh species ot Teleoat11 t:1t least one larg~ islet, 

Which 1s often enca.pnul.ated. and thereby: separated trom the 

zymogenoue ttsoue. ·. Ja,ckson (l.23) and 1.:cCormlek (124) 

undertook a thorough 1nveet1ga.t ion ot the 1 sleta in f1sne,s. 

In o:rder to determine· whether tll.e islets ot Langerhanti or 

the zymogenoue t1saue e.re the real source of insulin :i.n 

tij.e pancreas~ t:aoleod (125) prepared alooholio extrac.rt'~ 

from the principal islets of a number of bony fishes, 

including the sculpi_n and angler f1ah.. Notvd.tbatanding 

the poor yields he obtained, _due to the method of ex­

traction. he showed that .very potent extraota cou.ld. be pro"" 

pared :from the prin.cipal · iolets. 

th.a.t the i ale ts might furnish a. convenient pra.eti cal• source 
' . . 

of insulin-. ~1eh a.speot wao oubcequently 1nvest1ga.ted:\ b3') ·· 

/.tzeco rm1 ck 
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>AoOormick H.nd Noble (18) in Am•ri oa., and Ludley ( 79l in 

England. The .SormeJ/' wor.iera, employing a.n aoid u.loOhol 

method of extrac_tion, .obtained_ larGe ;yield• o~ insulin at 

relatively small coot from large quantities of tieh. 

F.rom the cod ( Gael.us ca.llartue) they obtained average yields 

of 6,. 000 rabbit uni to per kilo of pri noip&l ielets, and a 

eimil•r yield from the halibut (Hippoglo1u,ua hippoglossua) • 

.From p0llack. and haddoc~ yields aa high ae 12,000 and 

9,000 rabbit unite t-espectively were obtained in isolated 

cases. Dudley {loo. cit)• making uue of aqueous pioric 

acid for ti~tion, obtained 13,120 rabbit unite per kilo 

from the cod and ooncluded. that t•the collection of fiah 

islete by the above method will be round to have advant·• 

r,gea wherever the ci.rowneto.noes make thi • sou.roe Qf in­

sulin worth exploitation.• (loo~ oit. ).. 51milo.r inveati• 

gati-o!!s were oonduoted by Vincent, Dodds o.nd Dickeri.a (126) 

on Lophiuu piecatQrius and Jlyox.ooephalu.s bubAliG; who 

confirmed the earlier work or Xaoleod and showed that the 

ielet titume yielde 6 to ? time• as much 1.naul:ln aa th.~ 

Z12Jl.ogenoua t1aeue. Their. ree\tlta were in general agree­

ment With those of JioCormiOk and Noble and Dudley. 
. . . . 

Jenson et ,al. (129), me.king uae ot aoid aJ.cOhol ex-

trattt1on, prepared crystalline fish 1.nsulin (usina Abel's 

method) from th~ 1elet t1as\,le ot the ood and pollock. 

Un.fortunn.tely·, they did not report on the yields per 

·wight that they obtained. 

Praot1 C".».lly all oomner,oial ineulin ia ot present pre-
~ . . 

'\~;~d from the pancreas of either beeve• or pies. 

ne·oemt:}.Y (8"1) f1eh pancroao. has been put to use for thi a 
" :'J 

purpose ''1.11.11).lft. rwa.y. !&late trom the cod. eaithe and . . ~y: 
halibut are now being oolleoted on the trawlers and 

prea4!rved: for •orking up aehore by the acid alcohol 
. -r.-...... .,. "'\'- . . . . 

and piomta m~!h'011!· .,.·;t....Jl!.11 ~e,n :round that the ~uli.p 
. ""'~ • - l ~ .to... ' ~ \ .... , . 

content ia much high•r ( ottert lO to 2Q time, j"~t~~~~n . 

\ 
\ . 
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ro!\ml.b.a.lian panol'eas • but :the disadvantage is that the 

ind~v,1~ual orsane i.n the fieh are dispr0portionatel.y etnall. 

: I,Jl 1924 Fenger -.nd Wilson (120) supplied the follow• 

inti; information: . "The. number of danestio animals •laughter• 

ed .,yearly, in the United Sta.tea under federal government 
. ' 

inop<,ct;J.on. a.p:pro:ximatee a+ million cattle; 4 million oa.1vco., 

11 miJ,lion nheep and lambs and 43 million hoga. These 

nn1rraJ.s furnish about 5-}- million kilo• of :fresh pancreaa 

glande. " They con eluded that nthe availo.l:il e supply of raw 

matc:ria.l ia, therefore, f'a.r in excess at any poeei ble. de• 

ma.nd tor insulin. n· 

Gince then the poeition a.a regards t>Upply am demand 

hu.e Qbnnged considara.bly for reasons to be turni shed 

presently.. In 1947 the lnterim comm1esion of the World 

Health 0:rganieation (131) · aent a questionnaire to g.overn• 

mento askj.ng tor inf'ormat 1on on their ooneumption and 

product ion ot inoUlin, and for an e.st imate ot their pros• 

pecte in regard to insulin eupplies for the next ten yeare. 

By A p· ril. 1948, replies had been rece1 ved from ·44 oountr1ea 

and the following fit,;turea give only a broad 1ndit:$tion ot 

insulin needs and production:• 

Exolud1ng the United States and can~da. for Which 

t1gurea were not a"f'Qilable, the annual consumption ot 

insulin amounted to 3,901,000,000 international ~nits. 

It l1as been eetima.ted that ineuli,n comsumr,tion for the 

following ten yetu·e. with the exception of those oountr.tee 

t\l.rea.dy mentioned. will total a.ppro.J:imately 46i, 426,000,000 

units. 'l'b1s, however, ~oes not include the requi rementa 

Qf the United Statea, wh1ch haa one million diabetics and 

which can export only e relatively small quantity ot 

insulin (loo. <U.t.). · 

'J.'he :present yearly p:foduetJ.on of insulin in 43 

eountrieo is 11,oa1,aoo,ooo units., of which most is pro• 

duced by the United .States, followed by the United Kingdom 

/and 
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l.i ngd'Om and the No the rland e • It is eatimr;.tod that tbe 

total_ product ion f'or the ne.xt ten y~rs m~y reach 

1.15• ~50, 000, 000 Uni ta. 

Of the 44 countries that had rapli.ed to the qu¢:stion­

nai re, 34 were not eelf-auf'fioient as_ regards their ,i.n­

llUlin ouppli.es. Their ir.11:r;,ort requi n,me.11te ha.Ve been 

estimated o.t l, 854,000,000, whil.o the exportable aurplus 

of the producing countnoa is only l,430.000,000 units, 

wl1ieh sh.owe a yearly deficit ·of 42.ft,OOO,OOO units (loo. 

oit. ). In order to balance· this, many oountrie• have 

taken otep& to inonae() product ton:. obligatory oollect ion 

o..r pan.creaa frQm slaughtered animale, granting of 1n.1bstd­

ies to enooura.ge oollect1on, inatallat ion of suita.ble 

refrigeration apparatus at olaughternousee, · tra1ning ot 

f'a.otol"Y personnel for th1$ purpoee, eto. It ie to be 

hoped that,- partly tbrouah these measures, and partly by 

the incroaaed YiGld ot insulin expected aa a result of 

·, improved rnethode ot Gxtraction, the caxportable eupplt. 

· will meet the dGmand. Nevertheless. a she rtage of 1nsul.1n 

at some future stage i& not bGyond the rea.lro11 ot poss1• 

b1lity .. 

Probably the chief causative factor of this ate.te of 

affairs ie the disproportionate 111orea$e of prQduotlon 

ar.td consumption. Pr,oduet ion its firstly hampered by prose nt 

outtenoy restrictions; oecondl.Y, muoh ·raw material goee 

waate in the non•prodiio1ng oountr1•o; thirdly, the world'• 

cattle stock has declined considerably during the war,and 

poiit-w-ar years. Consumption ha.a in9reaaed through more 

efficient methods of' diagnoaie ot diabetes. :tncretu~1ng 

numbers of eurviving diabetioa am1 chiefl.y as a result of 

the d.evelopmtnt of -.el!l,oraanioed meoieal oerv1 eea and 

skilled medical. protesoion in bi therto lese ·Cleveloped 

oountriee. 

/1.n 
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l:n faae of a. threatening a.no rtage, 1 t has b(!en 

thought advisable. to investigate aorne potential eources .of' 

insulin ou-pply wttioh coulC, be utili aed :sb,ould. the nee ... 

eaai ty a r1 ee. An additional cona1de ration has been the 

theoretical interest· attQehed to. the determination of the· 

insulin content. of the pa.ncreaa in hitherto unexplored 

sou.roes. i'or these reo.sons the insulin yield from the 

f<>llowine aouroea h.~1s been determined in this investiga• 

tion:• 

(1) 'fthale, (ii.) •hark, (111). Beuth African d.omeatio 

animal• - cattle, p1ge "ind eheep. 

/(1). rl!AL\.,I§f?~lU,, 
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That the whale !')~nereo.s could ·oo an important potential 

,eou:rce of inoulin,is i,ndiro.ted by the following figures. 

repreoenting the total a.ntarotio oat~h, including land 

staU.ons, f-or the years 1947-1950 (132) • 

. XABL.~i. -3~ •• 

Total antarctic ca.tc~ . .!..t?.<?.lAd,in& .lanri stations. 

J.947/1948 6~08 2ll4l 

1948/1949 7626 19l,24 

1949/1950 6182 20060 

Ii~- --ia- 11!!11 .. ' -

2G 621 

il 577 

2143 l.284 

2622 

3903 

2727 

7.ota.'1 • . . - ... ~ 

31318 

31260 

32396 

·\ If the average weight of' the wb.a.le pancreas 1s con ... 
. \ . ·. . 

sidelfact a& 120 pou.nt\1 and. if it were assumed that wha.le 

pa.noreas would field per weight, the eame uni tag~ of insulin 

aB beef panoreri.s (1.0., 2. 000 units per kilo). then the 

total a.mount of 1neulin to .be derived troni · this sou roe 

would amount to 3,, 450,, 000, 000 uni ta annu3lly. Thie amount 

alroost equate the annual consumption, excl.ud:Lng the Unl.ted 

_ _'States. and ia more tllnn d ou.ble the import requi 1"3tnente of 

.. 34 countries (see :preceding pa.rl.l.grapha). fhe 1tnpressive.neae 

of theae figures pranpted the preeent 1nve1;1tie;ation. How• 

t'!V8?' 1 before di•ouottiJ.1g the dire_ctJ.y rel,;vant napeota, 1 t . 

i a :tel t that; for a proper apprec.iation o~ later statements. 

corto.in 1ntormat1on regarding whales in ·general. a.nd. whaling 

method a should be fu,.n1 ohed. 

/Suborder 



Bed<:taM \ 202 > give& 't.ne :r:01..Low1.ng c.LarHn.ri.ea'tJ.on 154., 
of wbnlee: (not complete). 

ORD~R :.. CETb;[IDA:, •. 

Suborder Fa.m111ee, · Genera 
I _, w...... If.._ I lii .. !M .... M W"ftl 1r Si 11h: • W 9 I 

Myatatooeti Balaenidae 
(Baleen 
· whales) 

· ~laena 
(right . 
wnale&) 

... * 

:Ba.laena mystet 1.cua 
(Oroenland whale) 

Ba.la.ena auetralia 
( Southem ,:-ight 

whale). 

Be.laena glac1ai1a 

13,alaenopteri ... Balaenoptera llala.enoptera sibbald• 
dae, · ( rorquaia) iua 

Odontocot1 
,(toothed 
wha.lee) 

. . 

nha.chianecti­
dae 

Phyee terida.e 
( snernr 
whales)· 

Zi'Phiidae. 
(beaked . 
whales) 

Delt)hinidae · 
(:Dolphins & 
p~rpoisea). · 

· .. N:egaptera 
(humpback) 

Kogia .. 
,(pigmy 

sperm. 
wha.leo) 

.·Ph,yeeter 

t:a ,aopl odo n 
Hyperoodon 

Z1ph1UB 

.Balaenoptera. musoulu,a 
(biue whale) 

Balaenoptera physalus 
, (fin whale) 

Balaenoptera. borealis 
· ( Sci whale) 

Ba.laenopte ra rout·ra. t'1 

· Uegapte.ra nod.Qua 
(hw.npback whale) . 

Physe.ter ca.todon 
(sporm whale) 
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Voemae-r (203) d_escribes mystatoeeti a.~: posoeesion ot 

whalebone, therefore no teeth, oho.raQtera more like mammals. 

two nootrile; · and odontooeti as: · lfo whalebone but teeth. 

one nostril, cranium aoymmetrioa1. Regarding o<i-ontoo-eti, 

:Beddard wrl tea: •tt. oontraeta markedly with mystatooeti, 

the differenoea being so great that more th.an one natural­

iet 1& d.isposed, to giv.e to the two a. different line of 

descent. 11 

W'.nalebone Whal.ea ·feed exclusively on plankton, 1nolud ... 

1ng !i ebee. ~iey obtain food 'by rneane ot a whalebone aieve 

and ao much ae two tons of plankton hnve been ta.ken from the 

stonm-ob ot ·a blue whale (215). Spenn whales are mainly 

dependent on o_uttle ti.eh, some of' wbi OQ mu.et be obtained at 

consider.able depth.a (loo.oit. ). 

The blubbe.r in the sperm whale may be ae th1<ik as 14 

incbea and up to 20 inchee in the bala.enidae. In tl'1a sperm 

· 4 tons of blubber yield 3 tons of oil; in ad.di tion to th.1 e 

the sperm oortta1n&J .Q large amount ·Of olear oil in the he&d. 

To. preserve thJ.s, ·o.perm 'Vfhales are invariably shot in the · 

bo<ly. 

The most frequently. hunted whales in tlm anta.rotJ.o 

are the ll"in (.Balaenoptcra pbyoa.ius),, Dlu.e (Balaenopte.ra 

Iffuuoulus), Oei (:&1.lnenoptera. bo:reaita) Humpback (Megaptera 

nodosa.) and. ~perm (Pbyseter eatodon). From the olasllifi­

eation 1 t i a noted that. the first thl'eo b.elong to the .srune 

g,enus o.nd. with the Jtumpb.aek to the aaine f'a.m.tly 1 viz: 

Balaenoptarida-e:. The apern-i. on tlte o"tber han4. belongs to 

the suborder odontoceti. \11th a view to later findings,. 1t 

i• of t.uterest to bear this rela.tiol'.lShip in mind. 

Having ~rrived in the whaling grounds, the catcher 

-vessels ( ± 300 tone) operate o.t varying radiufJ t':rom the 

:factory ship, to wh1 oh dea.d whales are 'brought i,n daily. 

The harp<Hli'l weighs 75 ki_loa and 1 t carries a war head of 

cnet tron, :nighing 9 kilos, whi oh 1 o · filled with black 

/powdtr. 
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powder. It la euppl1o·c1 with a time fuse (~ to .4 .eeoonde) 

cau.eing explooi.on of the po'Wder a.e soon as tho weapon hu 

struck itQ object. Tho harpoon is fired oft by 210 gm. 

powder coneiat:t.ng chi e~ly or ni tro-oellulose (133). 

· The animals a:ro allot at an ave rage d.1 ato.nce of 20 

to 30 fnthoma. They appear above the tr.1ter. head firot. 

dosoribing a oexnicirole· and a.re oeen above the ourfa.ee for 

no longer than 3 to 4 aecomlo, during which el'.iort epo.ce of 

time the harpoon 1o fired. There is no time· for. aocumte 

a1Mi,ng; frequently a harpoon mieoes 1 to gonl exploding in 

tho water.. Where o h1 t i a regiat.erod., it· invariably ztriic.·e 

the body; the harpoon penetratoo n.n average distance of 

4 feet {in moet ea.ueo into the abdominal 01gnns) befor'e the 

oh::irge. goeo o.f.f. causing a cavity of about 18 1ncheo 

diflttlet or. If the first harpoon doee not kill, the oni:mal 

is pulled in with :tho ntta.ched harpoon rope and looae,, . 

leeu charc;ed harpoons fired at ahort ranee~ As a rule, 1 

to 3 of these are neoP,ssary in oxder to kill the a.n1mo;1. 

Depending on. the oi te where it .ha.a been struck, it may 

die imnediately or an hour or more may ela:t>-ee before it 

finally eoases i to struggles. 'However,. i hour can be 

considered a good average time tor killing the animal 

· (loo. ct t. } • As the expJ.ovive head of the harpoon moot 

frequently burats in' the 1ntost1nea,. it spreads putre:fact1ve 

organismo throuehout tho circul.ntion during the time ta.ken 

f¢r the ereatute to die. Onl~ in the oomparatively few 

caacz when the wha.le iti trpee,:Uly and huma.nely kil.led by a 

harpoon striking a vito.l spot altogether away from the 
.. 

inteatinea c~n aa.tisfaetor,y meat be p:roe.ucod from 1,t (134}. 

The dead. whale io intl.o.ted with oomproesed a.ir, 

5, ooo-s,ooo litre a beinc used per animal, and left thua 

floating on the water, belly upward a. ln th! s condition 

they a.re left for periods varying from t to 18 hours. 

/with 
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with an average of 8 to 12 hours, before being towed to 

the factory ship. · Here they an speedily worked up at 

the rate of l Blue wi~le per hour, 2 ~in whales per hour 

and 3t ijumpbaoko (133). 

During the past oeaeon the more humane method ot 

killing by electrocution wao experimented wtth. '!'he 

harpoon ie of the sari.o weight; to it is attached a highly 

chargod. ineulatod elcotri c cable. However, as this cable 

ia much lighter than the convent 1oml harpoon rope, it 

,mapa, the dead wrua.l e air.Jts antl is lost. On. account of 

this, the new method htu1, as yet, not met with much 

eucceaa (lo~ cit.). 

The advant3ges ot whale pa.ncreas ae a poaeible 

source of inaulin are maey. The si&e of the organ io such 

th'l.t it io acceosible and easily .ha.ndled (170 • 200 

pound• in the .Blue wh.~lo. 110 - 120 pounds. in ,the Fin and 

50 • 60 pounds 1n the 3porm) {lo~. oit.). T.h.Gt thie is 

.of great importn.nee a.s far aa commercial p:r:oduction is 

oon<Jerned, is evidenced by the fact that, although fish 

pancreas is o:ftcn 10 to 20 times richer in inaul1n than 

beef. it is not uaod !or this purpose to any appreciable 

~xtent. The reason~ fo4 thi.a ia that the comparatively 

small O?gana in the fioh require more time. skill a.nd 

labour to remove, which, in 1 tu turn, increase• production 

costs. Accoyding to the W l:1 0 report already referred to 

(1:51), production cost for f;f.eh insulin m~ exceed that 

!or beef 1nsul1n .many time.a. Secondly, the large nmber of 

whale• killed annually cou).d, under -opt lmal conditions, 

rurniab a la:rge portion of the world' a insulin demand 

and thue contribute much to ward off an insul.in shorta,ae. 

Tho figures 1>rEHJt1tnted in Table 31 and suoceeding para• 

grapho fully boar th1• claim out. Thirdly, the whale 

panoreaa at t,he mo1uent is wa.ste m11terial; its collection 

on board the factory •hip will not involve much e:xtra 

/coat 
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ooat, so tha.t it can be dis.posed of at oompara.tively low 

price. 

U&Jo -r disa.dvo.nt.a.ge_a of this potential sou roe upon 

whioh attention is immedia.taly focussed are the following:· 

The method of killing 1.o ouoh o.s to ema.nce the action 

of putretaet ive o:i:gani sma. Added. to this 1 o the high 

temperature which is ma.intn.ined within the body of the 

detlld 11.nimal. Th.ei thi ok layer of blubber inoulatea it so 

effectively that, f'or ns long as 24 hour-G after d-eath, . the 

innor temperature remains almost constant. notwithstanding 

· the 1oineoe of the wat 11r 1 n wh1 ch it fl.oato (1S3). 

Thi tdly, tho lcmg poriodo that tho animal.a are lc:ft float­

ing would• in oornb;na.tion v,i tl1 the previously ment_io ned 

two factors, oert11inly n:ffect thA ineulin content 

adversely. 

Thie f'icld of reeearoh iG practically •virgin soil". 

In all tl1~ available li tera.turo only one r&ference. 

as regards whalo insulin, was found (1Z5). Jacobsen 

(loo.cit. ) collected ovaries, testes, thyroid, adrenals. 

and pancreas from the Blue whale and subsequently ex• 

tracted these with n view to determining their hormonal 

yields. In many respects tho. present in.ve et 1go.t ion. 

therefore. seems to have bo.o·n the first of its kind (as 

tar as can be judged from current publiohed work). 

Pointe of major interest whi:eh presented. themselves 

a.no were dealt with in this investigation are the follow­

ing:• 

(i) 'l'he inoul in content ot the whale pancrea.n 

e.xpreased as internat'ional un1ta per weight 

of mat~rial; 

(11) Speoies variat:i_ona in insulin content, if 

such oxif.lt; 

· (iii) Sex variations in insulin oont~nt, if suoh exist; 

/(:Lv) 



(1v) The eftec.t or post mortem time ar.ci relat•d 

· faqtors on the .1neul1 n content. 

(l) 

The material for tbi & 1nveatigat1on was kim;U.y 

'3Upplied by Jlesere .United 'rihaling Ltd. of London. 

It was colleQted in the A.nto.rctio during the 194891949 

whalina sen.eon and d.olivered. at cape-.Town on the :return 

· j ourne7 ot the whaling fleet~ .. Altogethe;r 38 samples wei-e 

rece1ved,repreeent1ng 12 :Blue whal.eo, l? J'in, 6 Spem and 

3 Hunrpba()k .wht\loa, the post ·mortem t1~o for theae varying 

from 2 to 10 hou:re~ Gamplera were received dur1ng larch, 

. . . ' . 

Accompanying each sample Wall the neceeaary infonnation as 

. rega.rda the speoiea of whale, dato of killing, ei~e. ae.x 

and emot ·pout morte.rn period, i.e., the lapse or .time rr.om 

the tiring of the t1r$t. harpoon unt1l the whale wa.o brought 

aboard, the pancrea• removed and treated. 

All eampl.os had received the following treatment: 

Tho pancreas wae removod and the e nt 1 re o $an fi.nely mineed: 

th• roquisite e.mount ot picric acid being added during the 

mincing proeeos. The
1 
reasons for :revert1ns to the piorio 

aoid method were twofold!• Firstly,· the di.atribution of 

iolet tissue in the 'trhale pancreaa ·(i.e., head, body and 

tail) has as yet not been atudied., Tbc oigan is too large 

to extra.ct the entire bulk in a eeriee of sn.mplee; :reroov1~ 

only part of' it _might 1nvol ve the t'i sk of obtaining more or 

leas dtneely ii.slet. populated o.r~a.u, reaultir.g 1n a. poaaible 

miarepreeentation or facts. The piol'ic acid :method allowed 

tho minci.ng of the whole o 1gan. thorough mixirlB of the 

pi crated maaa and· wbaequent remo"Val of' a speo1men aampl•• 

/extJ."$.Ot1on 
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extraction of which \;ould yield inoulin repreoentative of 

the whole organ. Uecondly, the method vtali • at. the time, 

being investigated and ha.cl been shown to work cf'fioiently, 

easily and rapidl:y with small quantities ot material. 

In view of the extremely high oil oonte nt of the pancreao, 

it wan feared that an alternative method might ,havo proved 

d11Tioult or UDSl1COOfHfful • 

.Vrozn the ;pie.rated maoe of eaoh pa.norea.o 1.5 - 2 lcilos 

ot material.. were removed. Thie waG immedia.tely deep 

frozen into el.abs of a.bout 12 x 8 x lt inehes and kept 1n 

cold atorage for the remainder of the wlv111ng Deason and. 

retum journey to Capetown.. Ori e.rri val here, the sla.ba were 

transferred and kept in ool<l storage by 1t,u1e;ra Imperial 

Cold Storage Ltd. J/rom thi a central de,pot tho froacn 

alaba were removed ain{tly ae requi 1·ed and oxtraotcd.. 

On account ot the number of samples, it is clea.r that some 

eampl.ts had been left in cold eto:rage for perioclo of six 

month• or longer. 

Extraction was done aocording to the method deacrib• 

ed in Part II of th.1 g work. uowevor, as whale incut1n 

wall still largely an unk.novtn entity, it was deoided to 

eubdiv1de the material ot each mlab into sn:aller sam9lea 

of 200 am.each.. These were then extracted urtdel' varyins 

experimental conditions, tho resµlte of this .having been 

partly q1.1oted .in Table 28., paa• .11(. .• Furth.er result• of 

this nature are not relative to the su.bj ect under i nvesti• 

gation, ao that tho•~ g1 ven 1n the follov•ing Table ~2 

repreaent on1y the maximum yield of 1nsUl. i 11 obtained from 

the specific origi n..!ll aample. 

The final. proliuot obta.ineti in each in1;ta.nce wae 

the crude insulin hydrochloride; none ot the yielde 

having been purified beyond this stage. Tlle hydrochloride 

was teated for activity au eoon aa possible after its 

/pxeP'lro.tion 
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pi"'eparation according to t.he meth.Od deaoribed ir.t Part 

I. Altogether 87, 200 gm. samples were e:rlraoted. these 

having been tested in l l5 assaye. In order to enc ck 

these, 10 f'ull ass;,.ys a.ooording to the mouse method were 

carried out. 

· At the end ot the 1949/1950 season 5 further 

eamplea o:t pancreas Wt!re o'tto.ined. from. tne &a.me sou.roe. 

These were much larger than the previous o.nea (20 ... 

26 kilos each) were frozen only (with. no picric acid 

ad<led) a.nd were to 'be u.sed for Qleohol extra.ct ion and 

preparation of crystalline insulin. The method follow­

ed was that of Romans, Scott and Fieher (7'7). 

(a> Reaulte: __ ._..... 

';tABLE .~i•. 

Yields of IJ1!P.l .. 1~ .. £.ran Jfh_o.l,e pane.re~..!.· 
fffllil_.,.11" ... ,-. • ..- ....... ,.,.........,...P-Y••••1·v •11 ·(Iii.fl DU 1i.11r••J 

Post Yield Activity Insulin 
mortem insulin crude Content 

serial time byd:roehlor• hydro- IU per 
lhunber Spaciero bex (houra) 1de gm/200 chloride kg. of 

5 

0 

8 

9 

10 

ll 

13 

1£ 

19 

2i. 

.. -c t11f.711J11•-.1F---·1PI_I ... ".W?ll ..... ~J.Q:!!.,,.B .. ~t?alG lt11:..~JJLma.· .. .R.!!!cz:e.a.~, 

ff 3 -0. 672 0.84 ··2002 

• 3 o.634 1.12 3540 · 

" 2 o. 536 {1.16 (31.08 
(l.lO (2948-t 

ff 11 91' o. 6117 f0.98 ( 3023 
0.90 (27?6-t-

8t o. 372 0.40 '144 ti 

(o. 42 (1080 
Fin ~le .2 o. 514 (O. 48 (1234-t 

*' ft 3 o. 362· 0.46 832 

~ Ferna1e· et o. 487 0.22 535 

ft )tale .4 o. 463 · o. 14 324 

'1 .Female 21; 0.060 ·0.29 622 

- /22. 



X.1\~le ~ (continued) • 

..... -· •... ' • "'"" .... l>oat ' .... !le!ci - ' ... Ac'llvi ti""'l'n""s'u!"tri ·.. "· 
mortem inoulin crudo Oonten,t 

serial time bydroohlor ... h)r·dro- I .tJ per· 
Number Speoiec sex, (bou:ra) ide gm/200 ohl~ride . kg. of 

•. ··1111, •. -8 -

n 

ff 

.'Nff .ti• .. ' 

ff 

Kale 

ft 

8 

6 

2t 
2t 
9t 

39 '1 , H 8 

44 rt Fen s.l.e S'4 

45 "' Male .4t 

15 ,. !:ale. ai 

1G o Fetna.le. 3-t 
23 ,; B.3,l() . 4 

24 'It tt ·.4t 

25 • u 6i 
26 ff Female 6 

27 fl " 31· 
28 " lmle .if 

?§l ,, · Female Bt 

35 lt"llO . . . . 2i-

(im.~s!!Rl~e • ..,I .UL'f!Jt•..... ya,,ncrf:.a:..,.• 

o. 280 

o. 4~5. 

o. aa? 
0.202 

0.202 

o •. eeo 

0.244 

o .• 41~ 

0,?09 

o.M2 
. ' 

0.35$ 

.. · 0:..390 ·. 

o.354 

o ... 655 

o. '110 

O.OM 

· o. 420 

0.522 

0.458 

· o.·e4o 
0.'.640 

o. 643 

1.231 

0~614 

o .• ?92 

Q.19 

~g::: 
0 .• 16 

0.04 

0.06 

0.12 

· { o. 36 
(0.40 

0.10 

0.22 

0.11 

0.21 

0.:29 

o.~l 
t o •. 48 
( 0.52 

0.44' 

.0.32 

0.35 
.. (0. 42 
(0.44 

0.23 

·o.2a 
0,.17 

(0 •. 26 
(0.50 

{0.29 
,( o. 26 

o •. 1e 

0.17.S 

266 
(1144 
( 900, 

261 

44 

76 

515 

( 440 
( 488t 

206 

780 

108 

3?4 

565 

548 
( l 5l.a 
(1698...,.. 

1562 

1330 

735 
(lOQ6 
(1148 T. 

626 

620 

644 

(836 
(9541" 

(l786 
(16001" 

516 

514 
·-------------....... --....-----~111!81" .s... l .• 11¢111,?· ... Hump 

46 back, Male 4i 
47 u . li'emale · 4 

o.,oo 
0.304 

o. 31.4 

0.34 
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Two unsuccessful atte.mpto wer.a ma.de to preµara 

crystalline insulin from whale panoTeas •. 'l'he extreinoly 

high oil cont~nt o:f the orgu n m~de the 1n1 tia.l. extroct ion 

with 0tci d alcOl:iol and oubrsequent diatillat ion very di!fi• 

cul.t. The mator1a1 obtaim,d after the ti rot. salting out 

wa.a rather gelatinous and not altoeethor soluble in 

acidulated wator. Nevertheless, A otip1 one ieo•eleotri o 

precipitate waa obtained but attempts to crystallise this 

roatorinl were not au.ceesaful. 

In a. third attempt 20 kiloe or Blue whalepancrea.a 

were 11.eed.. The ani1r.al bad a post mortem time of 5 houre 

. and a omall sample of' rr,ateri&l e;r.,trncted by t.be piori o 

ao:id•acotone methtui, had indicated c1.n insulin content 

or 1. 280 uni to per kilo. :Purine the niineing of the 

matcrinl emall nroounta of 3N liydx-ochlorio t1ere added, th.a 

roir1 ced ?r!lSS3 well eti :rr!!d and as m.uoh Oil as possible 

separated,. by gentle preaoure through s.. layer of cheese 

cloth. The roaidt,ie wnfil added to tl1e alcohQ"l mixture· 

ns aoon a~ possible. Di~till~tion ot the alcohol · 

was done q,uiokl.y with slightly raised temperature. 

An e.ttnda.nt 1•o.;,elcct:r.1o preoipito.te was obtained, but 

the final product appeared amorphous.: After twice 

repeating the proc1Hua of Ndieaol.ving the 1'1no.l product 

in .,,at•r plua aoetio a.aid, oarrying the -proces• through 

the different steps or the method (7'1 ), a oma.l.l yield 

of very tiny cryatals 'W'aB obtained (ahown in Figure ll ) •. 

The yield .frow 20 kilos wao o. 277 gm .and the 

aoti vi ty, aasayed by tha mouse method, 19.8 uni ts per 

rrilligmm {1. e, 27 5 un:L ts per 'kilo). 

/.Figure · 7 .• · · 
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As a detailed study of the histolosice..1 otructure of the 

pancrea• Y:aa not ini::luded in this ir1vesti~ation, no fu1·· 

ther aeotion• were prepared from any of th~ other opeoies. 

?+.a i th.or waa 11. diff e:rentiati on of the different types of 

islet oella undertaken. · Nevortheleso, from the above and 

similar sections it was eatabliehed that, generally, and 

with regard to ita 111let tissue, the ~,ho.le pancreas doee 

not seem to differ from thf\t of other rnamnala. In the 

different section!:> sti.tdied. the aboence of ielats from 

larce o.reas, or their Vf'.ry scanty ,uatr1bution, wao 

es-pooislly marked. ·lbo-thor thi o i o cl'u\ractcriotio of the 

entire orgn.n io 1m1>ossible to say. 

The overall im-;>resaion ga.inod from the resulto 

shown in Table 38 1 s that the whale pa.noreas i o, gener­

ally ,peaking, poor in insulin.· (This .. statem.ent rarer• \ 
to the vancreas a.a obtainable under opt1mum. oonditiona of 

whaling procedure, i.e., immediate killing of the animnl, 

opeedy removal to the factory abip and treatment of t~e 

panot"eaa for extraotion purpoaea, which, under most £avour­

a.ble oonditiona, cannot be aoh1eved in leas th~n 2 hou~). 

Excepting the sperm panoreaa, the ron.ximum yioldBobtaine<l 

from the other three spec1eo vary from 1200. • 1800 units. 

per kg.ot matori,u (thia representing the activity con­

tained in the crude hyd?'oohloride ao prepared ·by the picr1o 

aoid•aoetone method). As compared to the amount of 

insulin contained. 1n beet' and pig pancreas, which, by this 

method of ext·raction, had been shown to be t,f the order 

of ZOOO • 4000 unit• per kilo, 1 t can be sto. ted that whAl.e 

panorea• haa per we1ght only t - l/3 ot this ,-nlue. It, 

therefore, ahowa closer correspondence with the sheep 

pancreas, whi eh ha• been ehown to contain appxeoiably lesa 

insulin. than e1 ther the pig or beef (120 ). No explanatii?n 
\ 

can be offered tor thi• low i.nsulin content of the whale ~-

panoreaa. 

/An 
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An interesting obti,ervation 1 s thi! vary marked 

species diff«n~Gnce Shown by the Fin, .Blue and .Humpback 

on tha one hand, and tho Gporm on the other. Even the 

fonner threo ahow slight dit'ferenoee among themsel~s • 

. Tb.I'll Fin pancreas oontn.ins tbe lea8t insulin and tho m.ax1-

mum yield ol:,tm.ino<J from it was l,ooo • l, 200 ~itB pe'l' 

kilo. AltogethGr 18 sample~ ot Fin pancreas war$ extract­

'1d and the pot;saib1l1ty that none of the resul.ts reflect 

the s.ctui.l. posit1.on, although ,;U.ght; cannot be altogether 

ignored. ·. A posa1 ble Il!S.}Gld~g effe.ct ot f'o.otore such as 

pa.t't1oula:rly quick destruction of ineul1n in the J?1n is 

diecueaecl in a. later par~raph. That thio should be ao 

ie unfortunate, because these whal.eiJ are killed in largest 

numbers ( 20,. 000 during the 1949/1950 EJeaocm - 'rable 51) • 

and their uanoreaa in ot connideTable size - ll.O ... 120 

pound.a. Apart from other i'aetorG to be preaently con­

eidare.d• the J'in pa.nareas, notwi thete.nd in:g the large 

· ar.:iount available, could not aseuma ·nnfoh importano~ as a 

pot ont ial roou roe ,of 1 nsul 1.n~ 

Of the Humpbacks only 3 samples were extracted. 

Whotha:t· the values obtainod .rapnuaent the maximal ones, 1 a 

d1ff1eul.t to Judge, alii oov~rol factors. eoul.rl ha.Ve been 

responsible tQr a dec:rea.111e of in1$Ul1n c.ontont. Hcwever; 

ta.king tl1e resulta at t'a.e'l valuo, it woul.d soe:m aG if 

the inaulin content (l, 000 ... l, 200 uni tfl per kilo) in 

th1 & SJ)eoiAa. closely approximates that of the Blue; (.aee later). 

1Itunpba.cla1 ha.Ve for fJ«?Ve;ra). yoa;ro been prot<ticted (o.f.Table 31), 

but, o.pa.rt from thi ~. are killed in oanparat1 vely 8nlalle1" 

numbers. 

' poundr.) a.nd, with l:' sampl<tn that wore extracted,, a rn~imum 

yield of l., 500 ... 1, 700 un1 ts 1)8~ kilo was obtained. . Thi• 
; \ 

f1gure ie slightly higher than that reported by Jaoobbe~ 
\ 

(135) who had :f'ound 1,000 units par kilo for the Blue 

/Whal~, } 
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1'hale, but ooula prooobly be accounted for by the differ­

ent method of extraction without further purification, 

by different degreee of freohnoes of the material or by 

1ndiv1dual variations. · 

Standing in sharp contra.at to t:t1e above 1s the high 

insulin content or the Gperm pnncreaa. In six satnplts 

tb;a.t v1ore oxt raotod a maximum yield of ±3, 000 unite per 

kilo wan obtained, which. ia only little lesn than that 

extracted :f'rolli beef. Thi~ difference is not so aurpris1ng 

it it is bonie 1n.mind that the sperm io a d.istinot 

suborder, diffori~ in many rQspecta from the other 

SpGcitl•. Agn.in, this ie. unfortunatoly, no, because not 

only io the sperm paneT.eas or 11una.llor size_ ( fiO - 60, 

pounds) but theao animals aro killed in uiubh leteer 

numbers. 

ltrom the quo tsd resulto it 1 a impossible to dis ... 

tinguioh any diff~renc~ in insulin oontont tbat could. be 

aaori bod to oexual var1at ions, both males and femalc·s 

lm.ving gfvon good y1oldo. It io interesting to note, 

though that the &perr:u; were a.ll .males - the Antarctic· , 
'· 

hn,s no mperm :females booauee these inhabit the warmer 

wntern. It i c 'bol1ovod th1At the old sporm wha.lea leave 

the horn anrl mi[."mtc to tho Antarctic to die there, 

thP.noa "thE!li r desoript,ion by wM.lormen a.a 11tiJ.e Qld 

gentlemon of the Anturotio" •. !io ewnplea ot femalo 

:>perm. pa.norea'1 wn re supplied and e canpa:rioon is, tbere..­

fore, imponsiblo. In ViAW of th~ f'3ot th.at the epe:rme 

were a.ll old G.nim$1.a am'i that the 111.rntlin content of the 

pancreaa decreaaea with age (o.f.work of Fisher and L~tt 

(121).i Qn the· inoulin oontont in cattle o:r va.rioua ~es). 

1 t ooul~ be asoum~d that in young or nnimnl s the amount 

of insulin would be appreciably mo:ro. 

/Viewing 
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Viewing th•l reaulta of To.bl~ :32, a striking feature 

ia the variation• in yiele ahown by sam~lea from tho 

same source. From the Fin va.~ia.tdlona from 50 .. l • .100 

unite per kilo were encou~tcrod; Blue 500 ... 1,aoo and 

Spei'm '100""3, ooo. ti1multaneou:.ily with th1 a a.re notioed 

th4' variations in poat n:;o:rtom period, extenSing :t"rom 2 ... 

l.O h<mrs. This leads to a conoi derat ion of the oauanti ve 

tact ors ... 1e 1t the ooat mortem period per ae wh1 oh ia 

res1>onai ble for these vario.t ions or other identified and 

unidenti:f!'ied f'aotorc ? 

P..egardi1ig tho post mortem period, it will be noti.oed 

that there 1o. nothing· in~:Uoa.ting a graded rf(Jcreaae 1n 

inamlin coi1tent with increBsing time. If t.'11 a were the 

oa~e, it would be expected that, in general, those aampleo 

with thn a4orter post mortftm perioue, would be the oneQ 

giving the hir,;her yield.s. Tb:!'\t this 1 a not the case i:0 

cl.ea.r. On the contrary, some of the highest yields o:n:.. 
tained were from a1un'P.les witll long post mortem periods 

(c.f.antnple 9 .. 9f hou:rs ... 2,800 units,· sample 2; - a 
hou 1'lil .. lt 000 uni. ta. SQ1Tlp1e 28 - 5 houra - 1,000 unit$\. 

On the oth.l!~c:' li.1r1d, · 11am1>:tes wt th oho rter poet mortem pe:r~ 

ioda !requQntly SAVO oxt:reroGly low yield,i (c. r. ~a.n,ple t3'4 ~ 
'\ ·. \. \ 

' ' 1\\ 

\ 

2-! bout"m • '15 u.nitd, sa.mnle 19 ... 4 hours - 324 units, ' '·, 
' ·," : ::, 

eazzi:ole 51 • 2i· hours • 516 unite. · me.mple 35 ... 2t 

hours - 5:t4 unite._ !_La"OpC'!ar!.,~::~f.!'.~ .. e..z •• YA~.l th~ ,:eos~ 

rnort~rn JlOl"iod ao sueh is not the cn.1ef factor in oa.uoir..g 

\ 

.. ' .. ._... ........ ..,. 4,zu 4d • ............,....,... _..., 

insulin doat 1·uetion. As ori terion :fo:r dete:rr,,1.ning ttle · 

m,:;ount of inauli.n c!e-etruction, ha.fl bf!nn takMl the raaxi'nmui 

)"it3l.ds obtained f'TCl"l the part1 eular fiOtl!"CO ~ That it '. \ 
' ' ". '\ 

unooubt~dl3• has 0.11 si.dvercc effect will not hA dt?nied, but 

it sO«.lme more 'Probable. that the diaappem.ranc'l of ,1.naultn ·,_ 

·trom thr- nMierea.rt, due to a titile fo.otor chic,fly, ie :a 

mur,h mo~ grndual nroceas. Other fo.,.,toro ex.eluded, it 

eocma as if leaving the dead whales floating until to\fed 

/to 
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to thn taotory ship could. w1 th.in limits (maximum period 

tested • 10 hours, o. f. Anmple 9). not result in greo.t 

destru.ot1 tm of inrrnl:t.n. 

An acoompa.ny.1ng phenomenon whi e.h t.e t~aquontly 

oonsidered. oauau.tive ot inoulin deotruotion ie temper­

ature: thanctt tn.c 4~nerally- pmatieed precaution ot 

deep trooaing material. ·to ·oe 1,1eed for extraction. 

The e:ffeot of 1norea&ed. temp"rature is ohi~fly thnt of. 

~nhnncing putrefactive proceaeen tn the de,'1.d organism. 

Again. the came arsument ~..an. be uoed thJ.:l.t high t~mperatuxe 

(which ia mu.intained 1n the dead w~1.le) a.lone or teniper• 

tLtu.re plua post PlOrtem .period cannot ~ roaponu1bla for 

the 'deg:re*! ot ineulin dostruot1on observed in this ser1ee 

of ext:ra.etiona. 

It wa.s impoasi ble t<1 obtain 1nf ormfltion ae 1•ega:rde 

the numbor of' ha.i-poons utu:ld for eseh animal, or the emot 

spot Where thft · dlf'fel'ent whales were st:ruck. ·· :tt l;leom·s. 

however- . tl1.a.t the varying degroe of ineul.1 n destruction 

1e closely related to the site or explosion ·Of the 4ri'T ... 

µoon head. In thoea samples, giving high yielC,.s of .· \.., 
\.'\ 

insulin (~.g •• Nos.a, e, 9, 11. 12. 22, 24. v.n(l 30) th~ \~ 

whia.le, ht1d "O:robnbly been iilt1·uck. in some vit11l opot ll\.?.~.h'as 

the brain or henrt, oo tbnt they. had cllcd ·$tlmost \ \\ 

1natantaneouel.y. It io wellknown tttri,t, with a bead or 

thor,,.Qic wound, l)Utrefaotion is lasa ·:i 1kely to ata:r.t and 

. ep:mad than with an o.bdom1na1 wound. Thie wou.ld then 

ex-plain wbY some samnle :s, notwi thBtf.1. r...d iue tl lone; post 

m.ortem time, still yielded am~unts of inil311lin eq,ual t~ 

those ol,)tained !rom the frl'!oheat -pruJoi 'ble o~mples. 

On the othor hand, the e::ttt.'emt,ly lO'ff yte'.ld$ '!!Oald prob ... 

a.bly be the result of abdominal wounde., ·t,here the 

inteotines and related o:rgana h~ been destroyed. 

Damage to the inteatinea results in th~" qui ck sp:ead. and 

act ion ot putr,etacti ve orgontama. , Lillie (134) ntatee 

/that 
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that this oooux• almost immedintely and that the respon­

sible orgo.nisme are spread via the bloodetreom during 

the time the ,uun1al takes to die. The low. yields of 

samples 25, 34. 36, 38, 40 mu&t th.en be ascribed to des­

truction of the -inaulin through putrefaction. Thia pi-o ... 

oeee io obviously enhanced by the high internal tempera ... 

tu.re of the dead wnalo. Putrefnotion, caused by the method· 

or killing the whales, 1a prooobl.y the greatettt single 

raoto:r in the destruction of the ho.rmone. In on~ t-'&Ge 

eeotiono of th~ pnncrona (BltMJ whale, pont mortem 7i houra) 

rever1led the tisaue to tmve autolysed beyond recognition. 

It was pointed out that the Blue whale pancreas 

contairu1 •lightly more insulin th.im the L'1n (afJ deter-

mined from maximal values obtained). It ie interesting 

to eomp~r• the yielda obtained us affected by poot mortem 

time and/o:r putrefaction. In the lfin 6 of the 18 samples 

had yielded virtually no insulin {leee than 300 unite per 

kilo) whereao in the Bl ut not a single Baruple (from 12) 

had ;yi•lao'1 les;s than 600 units. The ave rage post mortem 

time in the to:rmer 1Jt\S 4. a hours o.nd 1 n the lo.tter 4. 3 

hours; Th1& auggesta that eit11er the insulin content in 

the m.uo whale .10. 1n the intact o:rgan, much high.er than 

WS.8 revealed by any Of tho &runplea • OX" the l!'in harbOUJ'S 

in its intestines larger mar.sea of those oxsa.niems ca.uo-

1n; putr•taotion. It nppears probable .that the latter or 

'some related factor is the oaae, · rather than the tonner. 

Ir, in only 6 aamplee of Spann pancreas (average post . 

mortem period 4.a houro) ca,s m&t\Y as 50 per cent had 1Jhown . 

-maximum yields, it could be expected that in 12 eampleu 

. ot Blue Whale at lea•t one or two yields would be l"eprc­

sentat1 vo of the insulin content. ltotf only 1n the 

nctiv1ty of the hydrochloride from the Fin lees than that 

from the Blue (Gve ~e · o. 24 uni ts per mg • •• compared 

/to 
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to O. 30 ), but al.so the a.otu.-'l.l amount of .b.yd roohlo:r3.de 
. , 

is less (average O. 408 gm.as oom?1,rod to o. 596 gm.) 

Thia seemB to indicate that, not only dooo the Fin eon• 

tnin leos insulin. but also ito deetruetion te: more rapid. 

( The varying aoti vi ty ot the bYdrochloride obtained from 

e.1:rterent sourcen ho.s alNa.,Cy b_E3en corrmented on :tn hrt 

XI. of thi a -wor.k). · .'!he hie,hcst noti vi ty ot tlle hydro.,. 

·Ohlor.lde obta.ined tor Fin iG o. 48 unit t,er mg,. fo:t' Blue 

o. 5:2, for Humpb~ok o. 66 ond tor a"enn 1.16. ·Thia latter 

f'igum a,p-praximo.teo the averag~ Aictivity obtai.ntd for 

bl'Jef ~drochloride •. Judged fr.om these results, 1t a.ppea.ra 

tlll\t whale 1')4ncreas contains 8!11QUUte of insulin in the 

following decreasing .onier:- · 

(i) a,,erm apl)roxi.unit1ng ~et pa.n¢rens .• 

( i 1). Humpba.ek tt ;. n • 

( ii i ) Bl Ute " l / 3--t" " 
(iv) l?in " 1/:3 n 

It is intereating to note that the inaulln content. 

as indicated lt~re., ?"~fleets fairly aocumtfll;y the clase1-

fiea.t ion of whales. 'Tne spef.'nt, with ita high yield, 

oolongo t·o a <l.ifterent auborder. viz: · odontoceti. 

It would. be intQreating t~ determtne whether tb-e pa.noreas 

in the other fo.miliee of thi&> sauborder (i.e •• beaked 

whale•, dolphins and porpoitteti.) oontainn aimilai-

reJ.ati vely large amounts. On the other ha.nd, the 

mye.tatooeti a.re poor. in 1mn41n~ The mue and tb.e F.in 

'belong to th-& ea.me genus, ba.laenoptera,, and Yield approx• 

J.mately the Smn$ amounta. &sed on this assumption, the 

se.1 (trom which no t1NT1plea were reeei:vad} would probably 

_ ohow an equally low 1nt1ul1n _ content. In the Humpback, 

'belonging to the genus mega.ptera, tho 1nwl in content 

could 'M slightly higher than the values found from three 

aOJn-pl e e only. 

'?he queetion arioes whethex- the reoul te obtained 

/(maximUm) 
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(maximum) repretent .. the true insulin oontant of the 

whrile p,in.,rer.s. Und1~r even the moot favoura.b:i.o oonclit­

iona of whaline, it very rarely happens thrJ.t a sampl.• 

rreohE"t" thn.n tvrn hours poot mortem iaa obtaimble '1.nd the 

r~1n~'V'Al of s p~rfectly fresh poncree.s (i.e., from 10 .. 

?0 roinutP.r. after the o.nin..a.l i.L{i.d died) is virtually im• 

possible. As all tho extraoted oamplee were of a hour111 

or more pout mortPm, th~ posei bility 1 s not excluded 

t~f'Jlt oonsidernbl~ inoulin loeo uu.d oeou l"l'e<i during that 

~r.i.oc', so th9.t tho ::ictu~l ineuli n content is much hittlle:r 

thn.n t'h.1it reflected i>y th~, l°f'£ul to. Gl"antc?d that such a 

loui doaa oocur, it ,,ould be expected thnt this proceoa 

woul<'! ormtinue at increa.sod rat$, arriving nt a stage, 

soonAr ·or l.ator, 'lfs,he:ro the insulin content is· n11. 

How o. 9•hour somplG undllr nuoh ooncHti ono could. still 

give a 3.ooo unit yield would be dift'ioult to explain • 

.tt a.~pearo more f Paei ble to uofit&e that the rate of in• 

suliri dEu1t:ruction du:ring the fir.at two hours 1a not of 

such a degree as t.o greatly aff'ect the inaulin eontent 

(exce~t where extensive putrefaction ia tho oa~sative 

.fact or). 

It could bo argued that . iheuli n loo a had occurred "· 

du~ ta the method of !)reservation of the 1naterial o-ver a 

"Oeriod nf O(!Veral monthe. 11lat freezing pfflaervee the 

horrnons tor at least aix monthtl has been amply confimed; 

that r,iori11 acid likewise. preoervee it baa been shown; 

that tb~ two methods combined would have any other etfaota 

than tbese ie highly improbable. Tho fi rot eamplea were 

extraated two lV(.Htks ai'ter collect ion and the last ones 6 

months. If these hnd been a prog:reeaive lo&a during this 

time this would have been reflected by deorea.eing :,ieldo. 

This wao not observed. 

'l'he piori o acid-acetone method naa beon used tor 

1n3ulin ca:xtraotion from sources ae varied as mammal•, 

/tieh 
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It ia highly improb.11.ble that this 

· If'f'trorl, with fill tlie rm<H1"ioati.ons tried out, would fail 

to extract o.13. th.-1 1naulin from tho Whalo -panort:a.e •. 

4. Conclusions. 

The. pancreao in the Fin whn.le, :.Blue and aump'back, 

is natural 17 poor, in inf.lul1n., whereae that of tho Qper.m 

appro~im!l.tes beef pooorelfls •. lt oan, therefore, not be 

oonaid~red a promising uou ree to.r tho co1mue:rcial. extraction 

of' 1noul1n. Added to this· i.a tho extensive insulin d.ee- . 

truetion tll.at ocQcu:rs. in the o:gn11 prior to 1 tG ·remoV'.l 

and processing. The ·antiquated method 01' whaling is 

sol~ly reoponn1blo tor thio. Putrefaotion, oauoed by the 
. . . 

· explosion of the harpoon head in t:he animal body, and 

enhanced. by the hieh temptllraturo, is the greateJJt single 

factor on.ue1f8 insulin laaa.. ?.:ore humane methodS ot. 

killing, ae eleot roaut ion.. would result i.u l esa drunaga to 

the t1aeUE!II and larger yields of insulin, al the post 

mortem period and temperature alone .do not involV<j con­

siderable lose. Under p~vail1ng conditiona, however, 

ther4' 1• no prospoet ot Whale tnau).in oontrilniting to 

rnaet the inoreaoing world demand for insulin. 



174. 

( 2) 

(l) Introduotion. 

The histological structure of trJ.e u .. ammlie.n pancreas 

and the cytology of the iolet cells v,are extensively 

atu0.ied by Lng-uosea, l006-l9ll (204}. Honnie, 1909 (206), 

lane, 190? (206}, ·ilennloy, l9ll (207}. Otani. u,29 (20a). 

ano Thoma.&, l«J:30 (200). Through theise and other studies it 

was e~tablished tbn.t tho isleta. may be locatea (1) in the 

interlobulu.,r .oonrie<itive tissue. but·.connecteo. witb. the duct 

oyetem by solid cords; (ii} in the lobules, unconnected 

with the aoini but conuected withthe ifAtrolobular duct 

systam; (111) in tno lobules snd in connection with either 

a.oini or ducto (theoe includo .the great m..'l\jority); (1v) in 

tllll intc1·oti tial tioaue or intralobularly. but .not connected 

V)i th ei thor aci.ni or ducts. Due to the chara.ot~r and 

chemical properties of their cytoplBDmio granules, three 

granular ct)ll. types ha.Vo been o i st ingui ehod. viz:, A, .B. and 

D. . In the dog Hunt found thoae to con:stitute 20. 75 and 

5 per cent respectively. Whether the D-celln are a seoar• 

ate type or whethor tlley .represent c. ate.gc in the development 
1 

of the A- or .a-cello, remains to be determined. In addition 

to -these three, .densley has deaori bod a. fourth Of3ll type in 

the guinea. pig panoroa.s - the non ... ,;ranular c-oell, ,which 

hao ~een suggented represents the progenitor of the .A~oells. 

The use of all.om.n has def .initely eotg.bliahed. the B•celllil 

as raeoonsiblc for inoulin oecl"ation. 
. ', >\, . 

Regarding the A··cclla. th.-0 poaoi bili ty has 

ed that they may be conccrnod with the production 

been. sugge-@t• 
\ \. ·-.,. ot tho',': ~, 

eyperglycaemio ... glycogenolytic (H•G) :factor (210), the 
·\'·, 

'l '\ 
\, ', 
''\ ' 

praoenoe of which luui been revealed in tho p~ncreaa of ,alljl ~ 

spocies tosted (211). AO·a rcoult of the rendtneso with\ 
\ 

which A ... ceJ.le otain with eilvor (212j. they- have been re-\ 

g;ardcd as related to ondode:rmal argentoph1J. oolla 1n the 
' 

/gaatrointeetinal 

,\ 
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Q"G.Strointeatirial tract,, where '!ohver (213) noted · 

relatively lc.rse numbers p_1,·u3ent in the upper two-thirds 

ot the mucoaa of dog otomaoh; from which conoiderable 

arnol1nta. of the H-G factor have already been extracted 

(214 ). 

Re:forenoe ht:ta al. ready b1lon made ( page "148) to 

the studies or l.'icCo~ick<1:1nd Uoble, ~cleod, rudley .. Dodds 

and .Dickena, etc. on the. e.:.&-t:ra.otion of insUlin fro.ro fish 

pa.norea~. In the Telcostii it varies widely structurally 

a.nd topograph1oally. Either it lies 1n the mesentery. 

wb,en lt · ie di vid-ed into three parto ( cranial, i11termedial 

and ,oo;udal mesenter1c:) (216), or i.n the liver forming the 

ao-Mlled intrahepa.t i o· pe.noreo.a, o:r it may .ooour n~xt to 

the portal vain&. Apa.rt fx·om thi2. there cccur in bony 

fishes .certa.in glandular etruotures !ound by Ren11ie 

(lt;)03) to be homoloe;ous to the mammalian ialetr» .of 

langerho.na, a.nd the largest or them termed .,._principal 

islets" by him. The extra.ct ion of large .orm.ounts of 

insulin from th.e isolated and Bener:.1lly enou.pau.la.tc<i, 

:prinoil)al ielet t1 and of small er ti.Ji;Ou.n ts of inwld.n £:rom . 

the pa.ncreat 1 a sywol_!enous tis;;;uc ll£4c a.l ready been' :re£e:rrod 

to ( page 149). 

In the ·Elasmobranch1i the pancr~a.s · ie larse and com­

pact and ttltuated neat the· duodenum 11,a a d.orsal anf.\ 0. 

ventral portion. Tho islands are large and numerou$ and. 

retain their primitive relationuhip to the duota. 

Al.though they show a marked resemblance ·to the higher\. 

vertebrates a.o far n.e Sha.pc and cU.ntributi.o:n are concern...;,, 
''\ 

ed, they reu:resent ttJ.e moot prirnitivo typo. of' iolet \ 

structure 1n vertebrates (217). · 

A well•kno-,,n elaijmObranch apecias of the Cape 

wate ro is the ".'vo.alh.ao.i O or Galeorhi rlu& C3.penaia. 

During the war year a, · n.ncl. immediately afterward.a. t~ae 

sharka were co.ught in large number& forthe extraction Qi' 

/v1,ta.m.in 

(' I ·.' 

\ 

,, ,,. 
1. \ 
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Vita.mir1 A oil .from the liver. Aa m.ey a.a 13,000 of 

theaJc t'ish were caught pet· month by a sint!le concern 

'!! 
f 176. 

{218). It waa, theref 01-c, thoueht fit to investigate the 

at-;ructure a.nd in.ow.in content of the panore(&'.e in this 

opeoiea. Th.a study ot' the hi£1tologiQn.l structure of the 

panoreiao wo.o Unde:rtakRn in co.ll,abort)t ion with D. R. da 

Villiers,, formerly o:f this deziartr.aori,t., · and made the sub ... 

ject of a. tbesio by the latter author (~10). The results 

will, therefore, not be reoap1tulated in detail, but only 

b:tief re:f'erenoo made. to them. 81nce thet:1e animals wer,e 

caught in· such large numbe:re (tnes~ ·have lately been 

l"educed ·ooneiderobly due to the synthesis of Vit.A. ) .• e:inoe 

tht'!ir pancreas ie a f'ai:rly lo.ra;e, compaot organ (30 ... 00 

gm., showin~ seasonal va.riations in weight ( 220) and. since . 

the fitih pancreas generally hae been ehown to give go(Hi 

yiel'da of inoulin, ·the ~~ra.ction of the hormone f.rorn tllis 

oource was ·fully investieated. 

(2) .t!ataria.l and Jlethods • 
... _ If ,. ....... -a-. _1 t .. 44:i 

In ordor to obtal.n the roa.toria.l ouffioient'lY fraah 

for :microsoopic examination and insulin extraet1011, the 

wi-i tor, ,on fleveral ooca.siona. accompanied. t11e trawlers 

of ~eesrs Marine Products;. Oape Town, on thair shark 

fishing tripe. The fish were caught by llandline. ~nd 

weighed from • 40 ... ± ?O pounds. Onoa on board, ~he ab• 

dom.irmJ. wall was opened and, on spreading out the 1isoera, , 

the pancreas oould be seen as a distinot, solid, ye·110~1Sh ! 
\ l 

J organ o.dj acent to the alimentary oana.l a.t th.e junction ot, 

stomadh and duodenum. ~ll port.ions were .remo·v-ed from \, '} 

different parts o:f tha 01Ba.n and these dropped into tlie \~ 

apeci fio fixatives. seven of these containi~. mex-cux-ic < 

chloride and. six bichromate a.a potassiwn biohron:ate in \ 

aQlution.,ha.v.ing been uacd. 

/Ae 
\ 
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Ao the tra:1,vlers wore not fi ttoo witl1 freezing appar­

atus and, on· oocasiona, st,nyea a.t aan. for five to nix 

days. the pie rte aoid ... noct one method wan rovcrtad to t'.or 

the e:Rt raotion of insulin. Tho pa.ncrenoea were removed 

immediately the f1 oh were· brought a.board and out up w1 th 

to.iaaorn into epecinw.n jars oonta.ining a saturated aqueous 

solution of l)ier!a acid. In one instance the material W"...t.Gl 

minced, with picr1e aoid oryet~ls added to it. during the 

p:rooens •. Rxtract1ona were ma.de a.a aoon as 1)-0tusi ble at"ttlr 

return to tn.e la'born.t or.y,; in no oa.ae did the period of 

fixation exceed oiGbt da,ya. 

The method of extraction was that outlined. in Part 

II o:f thi.ll work. 

ide t~a prepared . ., no attempts he.vi.rig been made at further 

purifioatton.. Naith.er was the hormone prepared. in its 

crystal1ine f.orro. The h.v4r.ochJ. oride. was te$ted for 

activity by tha.m~thod descr1.bed in Part I ot' this work;· 

i.n addition one a,:lmple wa.a tented bt the twin croo~-9ver 

:re.bbit l'!lethod. 

(3) Reaul ts and Di aoussio n.. $1#1'1" p ... ...~ • • It/ _ _. •• __ 

Bega.rd ing i 1;a mi croueopi o s.ppearanoe; the ob· 

eerva.tiona of ea.r,lier investigators were confirmed. 

The atriking .. hel.le lrelderff of Oppol are .sb,own in 

Figure 9. These light field&, it-regular in shape, size 

imd distribution, are $harply demoroatad, from the 

ourrou.nding eyMQgt1'nous tissue. With specific staining 

method a 1 t ·1 s aeen that they oonsist of islet c,ells, 

nbiet'lY· arranged around the ,epitheliwn of the smaller 

d.uota. 

" 

' j. 
,, 
I ,. 



l? • 

• 

,/ 

/ 

.. 38 . 

1 t· r - fo ol . 
I 

I 

/ 
r oni n , thyl• n. 

/ 
:ri itiv l t onshi of t i l t el 

t t h liurn 1 l -il u tr t in t 

uo i g 0 1 'i gu 10. OU s 
,-· 

of 1 l t 0 ll 00 ur t l rs uot • t 

r rn, i n r t d fr i co n ot iv 

ti 

.n r 11 t ~ r 0 i oloc. on ... 

tin i y t h Q l.Jt ' i h ,l 1uru, ·i t ovt int rv· rii! , Y 

•J onn - t h. ~t notably th i n l' ... 
t 

n' i n r J y Ot o , 11 'JOn t of 0 

C y l".., ... . . n ir.'. r tu t ":>i J" .l r· "'n u 

i l t ocll ) .-,y 

• 

10 . 



/ 

/ 

) 
I 

i 

) 

''l 

l 78(a) 

a. 
1 tive : Zenk r' lui , 

t . , n : aid u 1 in t y .... r n . 

i t 1v : 

.;t 1 : 

ll . 

• 

l y• 

za.n ( 

lui , 

i nhain ouifica 1on) • 



179. 

ao .. time• the ialet oell• appear aingly, or 1n 

ftJ71ng ma'ber•, interpeaed 'between the duet 

oella. It 1• lntereat1ng to note that these 

oiear eell•. They do not border the lumen \>ut remain 

oOTerecl by a layer of cytopla• from the neighbouring 

epithelial oella. 

native: Orth•• tl ui d, 

Stain: Ao14 tuohaia ••t~l-areen. 
' 

. Thia ob .. nation aeema to lend · aupport to the •ucaeati·.oa ,(,\ 
\ l ' . 

that' the ole~r ~ella a re the moat primitive type of ie~t 
\ 

oe11, · aria1n1 from th• duet epithelium, _ ~nd in it• turn 

,riving rlae to A• or B-oell•. Incrtta11ng number• or 

i•l~t oella in between the duot epithelium would then 

lead to their outward m1 f1ration, thua toming a uaond. 

layer aurround1ng -the duct epithelium (.l'i g .11). Yurther 
.! . 

"1ai'at ion &111l7 :trom the duot wpuld lead to a solid aell 

oluter ••paratef! trom the duot ·by connective 

In -other oaaea the i slet oell• surround what app .. ra 

to be the remain• ot a du~ without a trace or a duot 

epi thellua. Thia 1• aeen in ,lUgure l! and could npre• 

Nnt a 9oait1on where all d11et •11• had. been tranatoaed . 

to lalet oell• with aubae•u•nt t\lD~1onal abaqe •• 11 
~ . . 

eTld.enOiNI_ 'by the deoreaaed duot · lmea. 

~, 
'· 
\ 
'·' 
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.How v r , t i i i n enc .of iral t tissue from aoina:r 

ostul to oy many inves t i g tors . is not t a 

In ir ct o-ppo ition to tn t l: ory of "1 ne.a emeno fl 

V ntJ by nsle y a. oth r. , 1 al t cells ,Ill:' t'r quently 

t'oun in lo · tomical cormectio '14 1th Ohl r tie- ue . 

• ?U.%' 1 0 nhow& i let cello ( ... type) app :r ntly 1 nfil tra. ... 

t.i i n alv 

At ot r tim 

i nco:rpo t 

olus . 

, 

}
1 1 ti V 

..,tai : 

1 

15.:.. 

2.e nk r • o fl ui cJ , 

os. i n methy e 1c blue • 

s b' i • 1 6 sho P , · oin r cells 

in th~ isl n . Tn hree cinar cell ilth 

th 1r l ~g . ark st i n i 

tiflf~Ui h d • 

nu leoli readily b ., di .I-



tio l 

n : 
lui • 

f ut;, 1 

18 .• 

ith thi obs rv t io n i oun up t h u s tion of th 

cin o-ial t r 1 ti on h i • eg i n his, t .o 00 

i V CO 

ii:&J 

to t bl:i h on i e 0 

Ut non-ir t e r ,, ility o f t h t · 

tis ues onoe t h y r fully iff • d t h otb r 

t h r 

o1ni t o isl t 

f 1 o ri 

t t i n h i , ·h reby 

vi # v .ra 

1n t o e 1oa.:rine 

n OCOUl". 

n t a • nd 

r vour a yn ic 

tr ·ns ... tions to 

uo~ a t nei io 

vice v rs in t h n or h s boe n · oribe 

ol 

d 

i 

ytoplas 

wa OU 

0 (2 21 ). 

C t 

h vi 

in 

r s ctiv ly . 

1th thi i nv 

t 80 ew, 

nt t' n 1 

both I enc 

i" l n d b a 

o i n i t io 

ti ·t1on • 

886, in otui:i.l i ty, 

ll ft Yln • 
s • nd en ~1 ·. ie 

l ortion& 0 the 

of ue t ·tion 

• inti · te 

onn otion . t en h t b n f ul y b t nti ted 

u to t p of i ng J ·• e · tt re ol r o lla in 

tr e zym no o tis · e n of •O la 1n continuity it 

i'rl ( ie. 5), it r t .. t. if t 1 0 e 

dos t l Off , it cons ists 0 of t ne tion fro 

lveol\ls to oinue th n of th revere process . 

/ D 



t 

i ~ 

r 

J u 

' n 

... 

I) 
I 

onJ.y 

. 

r 

n. 

t• i g 

n , 

w 

u .t n · 

y 

7. 

i t i v 
· t· . : 

.. c 

C 

C 

r nu . 1 y e • t h 

l ·~ i y 

1 n · 1 { J ,h , ) 

11 r un i n~ 

t 0 th . ·-c 11 

7 . 

X 0 0 . 

Z nk • a 'l w.d. 

m toxylin n. 

l · r ll•1ll io ' i 1 

· l 5. 

183 • 

ller 

i () n 

nd 18 . 



... 
' I ' l 

I, 
".J .f ;:; 

•. / 
/ 

l'\ 
I 

/ ::· 
I : 

r·· ,, , 
'/ 
,// 

184. 

ot apeoi.al intorest · are the lnt-t1:e numbt?ra ot A• 

Cells preoent in tht? Bl'4~l"k pancreas.. lJO: e:,:plano.tion C.Q.n 
~ ·. . " 

be offelred for t.hc pnyeioloiical · eignSi"taance of thl a~ . 

.&:&:tract ion ot the pancrea• yielded mnounta ot 

inoulin ae shown in Table clif• 

-----iniiiiifn .......... ·-! ..... -Aitl:Y1 .. iiol"'""" Yie'iti-: insui'111 m .u~ 
nerial, h,yd:roohloridn · eyclrochlr,r1de nirtlro,.hJ orido ptlr 

,Jii•: ...... .smL.;&<?. Km•JJtw.2!.• ' _I_.~usi ... · * ~ll~ l~t\t.e.t:,iJll. ··~-

12 0.142 

13 r). 658 

14 0 67 •.. 2 

15 0 .. 676 

1? o. 4'76 s.a1 - · · 

12.836. 

1.0. 364 
11, 894 · 
10,. 5161-

9, V?O 

9. 068 

·~- .,.~9 ....... ,,.-.... -----~., *OOf-?. ,. -~·--------·---3• _6~ ..... ·---··~,..;;.~..,..a.---O·Q-.... Q ..... !,., ___ ..... _ .. _._, -·• 

· The resul. ta amply eonr1~ the higb ineUlin content 

ot the panoraa• · tn this elasmobranch &1J•ci1to. Hot onl,- . 

do the yiel,de of' orudf! hyd:rooblo:r!de equal or exceed thoee 

obtained from 1Wo11rt other aourcee (6: tt40 gm./200 gm. · 

material}, 'bllt n.leo th~ aot1"1ttty ot tho crude rnate'ria.l 1s 

m\lch higher .than that found fol' any other oourott !n thie · 

tnve•ttgation. r Th.is again oonfime what wae atated. pre• 

vJ.outtly, vi~: that, ua1:ng the pic.ric aoid•a.cet,one method 

· of extract top. the actiTi ty ·ot tbce ·Crude b7d.rooblor.ide 

/renaina 
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remain• con11tant for a particular eource (average 3.42 

unitn/~.ro1· the ehnrk), but it varico eonaiderab1y !ran 

aouroe to souroe ( c. f. o. 40 unit/me. for the Fin '\Wha"il .. e, 

o. 00 unl t/mg. !or the ahe~p. l. 20 unit/mg. tor beet. 

:t • 40 un1 t/mg. fer pig, et o. ) • Tl1e pot ency ot· t}1& hydro­

ohlori de obtained from a particular s<iu~ee, t'h1t1rofore, 

furnh1hea a fa.irly ao~ura.te .tnd1.cation of the inaulih 

content of that aouroe. · 

Calculated on the ta.sis of 10,000 units per kilo 

of pancwar., anrJ a I{lea.n Wftiuht of 40 gm.per Jpancrea1ii., tlle 

tota.l ,...,mount .Of infJUlin to be dtTiVed f:rOm thl,B GOUJl'Oe 

per month (1.1:1 •• 13,,.000) amounti; to 5,200,.000 units., 

Thia amount or insulin is obtained from approximately 

8.000 hea.d of oo.ttlo.. Although tho shark pancreas is 

n<'t a particularly lrn.·eo org-... n,_ it iv no finn and easily 

o.ooesoible, that it aa.n be removed ·.&ithin a. :few oeoonds 

by even an unakiJled ,rorker. Xt te, therefore, clear 

that, vhe:rever these fish are cnught in la:rge numbere 

(f'or other purposer.; such aa oil. fc~tilizer, etc.), 

e;;i.:troctio:n Qf inau.lin .trom the panoreae oould ro_rm a 

very profitable by ... p:rot!t.uct. 

The large r.un.ounte of islr.,•t tissuq it o,,ntaine cnn 

:reacUly l)e aeen from the uooiions on the preceding pages. 

Th~ high pror,ortion of A-colls bas already bo~n cnm ... 

mented on. Mo attempt wa.11 made to determine tbe pro-

portion of thccfl! to the D-oells. but it Ui evident that 

the percentage io much hisb.ex- the.n tha.t quoted for the 

dog (1.o., 25 par cant). The high inot.ilin contant of 

the 11bllrk pa.norea11. is. therefore, difficult to rae'onoile·. 

with thE> elaboration of p. blood sugar raiPins f'a.oto:r by 

a large part of 1tll eon11tituent cells. 

/4. 
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(4) . Oonolus1onv. 

The extremely- l)l'irtlitiV9 rels.tiouship of ielet tiaau.• 

to the 4uot aylltem, ia well illustrated 1n this elaemo-

branch species. 1U.11tol051cnl e:>mrnlna.t1on of: thi c relaU.on-

ehip f'u.r:nl s.he• evidence fni the thenl;V of 1£Jl~t tiaaue 

formation f?'om the duct epi thel.ium. In tbis prooesu it 

aj)peare thn.t clear eell.e are· tirr;t t'ormeo and these. in 

·turn, give riae to the g~nular elemt\nte~ lfo convinotng 

evid.ence was obtained as regards the .A•B 1.?all relation, but 

it .oeema probable tha.t the A•cells ate .the ff.rat to be fOtm• 

ed from the Olea.r Cella and . th:1t thesn t in thH i ?' t UJ:'ll• may 

give l:'ise to .O•cella., &uffioient evidonc-,e was obtained to 

constitute a def'inite aoino-isl~t rel.at:1onsb.1p, but whethex­

thlo leaua to a formation t>f i•let t.1«uJue frt.1m acinar or 

vice versa i.e not clear. Available <1vidence f'avcur'1. the 

:former proce:rn. in wbiob oaae thJi A•c•llit were alwqe ob• 

served to ocou.w a poa1tion. in betncu1 a.ainnr a.nd B•cells. 

On extraction,. the panQ.J"eae yiald• Zrom 10,000 _to 

12.000 units of ineu.lin i;,er kilo. ~his souroe is, there• 

fore. worth ex:ploitation whGrP.ver oircumntanoee permit. 

(3). 

(i) lntroduetton. 

During 1049 the following numbert:1 ot animals weJ;-e 

•lo.ugbttJrod. in all Union 111:attoira und9r thG Union J:taat 

Oontrol .Uoa.1,i; lJ. ?2. :504 c~·ttle, 2,822. GOO a.beep and 

?90, 070 piirgs ( 2:a2). '1'.ae Union of South Africa 1e one of 

the M oountrie• which, a.r. rega:rcls her insulin eupp1y, i & 

not self•autf'ioient but entirely dependent on import. 

lfro:z. tbe l•rG•r oentro• ae Cape Town, Jo~nnosburs, Durban, 

•tc. troeen panoreas 1• at prescani exported to llritain, 
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but no .material frow the CUla,ll1H' CQntraa is utili-,,:ed 

for the li)Ul"J:>OB0 of J.11..:ulin exti·aott.cu:.. 

Thim inVG:Jtigat;i.on was und&1taken primarily w1 th 

a view to obtnining a criterion (with the n.ethcd of' 

ext motion uced h:y which tJ1.e 1nau.lin yielde .from unknown 

SQuroe·s (G~g,. • W}.ut.le,. shark) couJ,.d be compared, and, seo• 

-onda.r.ily, to eota.'bliJ.ih tho inaulin content of tbe pan• 

C:t"ftatt 1n flouth Af:rioian domestic am.ma.la, thus obtaininB 

an estin1ato o:t' tne annual insulin ou.tput t·o be expected 

if ail material were to be utili,ed. !or e.xtraction pur• 

.All panoreaeeu used in thia investigation were 

obtained. from tile Capetown a.bat toir. 'l'h.ey were 1·tl:lllQYed 

au soon aa tlie an1malu were killed and i.mmed:1.atel)" rushed 

to tho laboratory tor Gxtra(.lt1on. LJmall aQmples of 200 illi• 

eaeh were wo1·ked up acoording to. the pior1e a.cid.,..aeetona 

method, in addition to which one large sample (10-20 kg.) 

of eaeb. ot beef\ pig and sheep was extraotad· with acid 

al.oohOl and cryatall1ne ins.ulin 'Prepared a.aoording to .the 

method of nosa1u·1e. so.ott and i'iaher ('17). However. 
' ' 

employing this m•thod with fairly large samples in a 

laboratory wb.1 ch is not speci&ll.y equipped. for the pur• 

pose (1.e., ti1 th a sufficiently large basket centrifuge, 

preasur• tilters, vaouum &till, etc.). iCJ a. diflicult 

talk. ln order to effect o1stillation o:C the !airly .large 

amountu of alcoliol suffioientl,y qU1ekl.Y, dietill:i.ng appa.r• 

atua from commercial anu othur re~earch laboratcriea wa.a 

used. Apart from not being ee9ecially su.it1ible tor the 

pu:rpos~. mucll time .wa& 101:1,t o,Jnveying 1Mte:£"1ala from lab,• 

oratory to l:ii.borato·ry, and the proces~ further haJ?'J.pered by 

the £i:x.ed worA.<.ing hov.re of pri va.te inat! tutiona. 

The ovnrall eff eet 01· this ·••• that, e_special:&.7 aa far ae· 
. 

tho initial tso-oara.tion of the alcohol f'rom· the tdnoed mas, 

/the 
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the OfJ'f)rlJ"at1on of·tbf'I 1naetiVfl p!'<!Cd,pi.tate nt p!!S and 

the distil.l&tton <>£ thll· al.collol. we:rc {i?nc~1·ne<l 11 theca 

pt'OS,81t8~JlJ COUl:<1!. not btJ aQCOmplished With the. requ1 t•od 

eftaet i venesa s.nu s~od. ?.leverthal11~e. oeyf,talJJ.ne . 

. inBU'.Un wrio ·eu<:neasf11lJ.y prepnreo in each tnst.nn¢e. · 

. - ... ' 

Tho amounts of t.ru:~uUn extraoted from beet• pig 

and _ahe.;,p ;pa.J.lar,nMil · .b;r · means .oi' thG . p·icr1c aci,d ..... aoetone 

method· ai-e shown· in 'labltJ i:,: · 

~itt.. .. Z:3e · 

~,1_i.,mum .!ie.l~P ... .J.!!!!'}!.:~i ~ .. ~~t.6:.:ropJ:Joz:i._pJ'. 
,obtained • .... ~~~ 

"'... ' .. ~- *"" 
11 

I ' ,; !ien'of' Tn~ul.Tnm' ··1?o't'e"ney.-fns'u!1n f1e":i'a 
· nyclrochloride . of eydru~. (.1,u~) per 

saniple . ( crtide) in gm:/20.0 . ebl oride kilo o:r · 
-~u_:r.,~~ .... -NJ:• . .; ..... .S.il!:•,,..~a:n;el,e. _, ,.-.... ,. .~.:].--4ms_t.- ?,~t ,;ea~o,t:,e:,f~ 

152 o.67o l.-14 3819 

122 o. 6''l7 l.,. 17 0960 
l. .. 18 

. •. 
3062 

145 o:. a21. 1.1., · 3632t 

l·-1'1 o. 616 ··1.06 a:200 

HB o. C94 l.32 
.. 

4000 

83 p .. 140 ,11128 4135 

84 o. 654· 1 .. 41 .4610 
1.22 4062 

66 o.ee6 l.30 ,aao+ 

'7l' 0.646 0,62 2000 

72 o. 584 o.aa 2425 

173 0 .. 642 o .. 58 1860 
,. 
'14 o. 61.2 0.65 20SO 

·, • .,._-MF®111_il· ,_GJMcs,·q·-:WII~" a·· IIQilj'-... .__ "1•• 111tWt11a.dWwftlf'Wlit_ .• •--•iir;q;,1 i ·r···• 

-t··aa determined. r;y moutu? aseav. 
- . ii Nii_ 11 _ ·~ f C . IIJ!!IM-M · ,; I •r _:Ill •.,•JI -... 1 1 · ! _ . ' I - •• t . lilll -- a i 1 



The Naul • of acid alooh 1 •~notion an •u'b­

aequ r.t preparation of ~r,yot lli u ·nuulin ar ·iv n in 

Ta 1 3 • 

- . I I•• ,. ' - ' . X tlv1,,. o? tneu!ln Yleid ' 
ight .f cry tall ine (I.U.) .,. 

~ .. 
cry,talllne 1neulin kilo ot wet 
1nnu11n {el. I.U./ g. P!.!l tnrt. 

t 10 c. it 20 • l8QO 

• 'ic 10 1.00& . 2088 

§pe P, • 10 0.534 1g.1 ,1019. JI - .. .. . • 1 , .. . f I • 

otivi ty 

lt,otom1 rogr. ph o' thf'J cry tallino r:rl.tor1,.-l are ehown 

in Fi~ .19, 20, 21. 
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·~sulta of j' bl 33 in icat a.n insulin cont nt 

uuits er ilo for f 1cr as, -:!:: "' • 500 for 

and :!: 2,000 i 'o:i.. a • Th c aluos ar slightly in 

oeau :f t hos . n rally ac e ted 1.'or t.heue soure , out 

in no y • oeed olai th t had been forth oming for t.b•m 

in th at (o.f.5,280 rabbit uni 

noro a .. 1) dd na Dicken) . Th t tor res or ible 

for tn • high figur r to· old : Yiratly, wo king 

ith S 11 N l nci u in t 

th , moro 1n ulin 1 extr ct 

t>i ri c a id • a. t one 

t n 'Tith th aoid 

lcob.ol m th it is g n rallJ d sc Thi fact 

o nvinv1 ly ho•n by the co rative y higher yield• 

obtained with thi"" 1aethod by :Du ley an Diolcena nd 

Dodd.a. Seoon ly, th ia ri 

waa the arude hydroohlor d . 

t t in e h in ta.nee 

tis g n r lly re 

rification i coo ni d by lo e of tiv a er• t t 

ial, th t t- valu s g iv n bo~ ould u oubte 17 

V been 1a11 · r ha the h;ydroc.hlorioe undergone a pro• 

oea11 of rif .toat1on. 

'lhi p rtly e l in• t .le (Jiscr no a en in th 

yi 1d oi' 1ydroohlori { '1 ble 33} nd -rystalline 

J.n ul1n ( ble 34). ' to tlli i t e fa t alre y 

/ nt1 ~ n 
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!n$nti<'ned th,a.t the acid ~1 oohol extraction l:tid i,ot taken 

l)lace undet optimum oondi t ionn in a. l!ell ... equipped { row 

the specific p~~poee) labo1uto?Y. 

case... tht1 valuee or '.l1ablc 34 would probably l'iavt botut 
' 

iuarkedly hi&her. · On the r,1101 e, howevex, the ela imo of 

oarliQ~ invcu,t-ie;atora for the inaulin content of the 

pancreas htiVe been ocmfi rwfHl o.lwo for South A:ri can 

tlomeeti o a.n1rnal e. "£hat the oheep panoreae is n.ot as 

profj.t&\ble a. sourue for c:onuntn•¢ia.l extraction purpcsee 

ir:, fully born• out by the results. 

the total wnount of imrnlin to "be derivoC. fro1i1 tn.ese two 

aources. if all x1a.t orial we:r(il uti liaed., ~ould be 

900,000~000 a.nci 288,000,000 units ri~POt.1tively, total.11:t]ff 
. 000 · 

i;;aE},000,"unit,fil annually (oaloult-.1ted ~t 2,000 unitG por 

kilo of 'bee:r -.;,nnor,!aa and 3., 000 per k;J.lo fo1· the pig). 

llo emct in:f omat 1on wa.e avail.able on tho Union' B inrpor,t 

demanda :for insulin, but it ta oleE.u.· th:tt the above fig ... 

Fx·om the-se 

sou.rcau, togetbor with th.;i.t obtaiuable from the fishing 

induotry and tbe st~te• controlled f1eal industry, woount.e 

of insulin tiuffioient for tho nountry'e own use pluu an 

oxporta'ble aurpluf.i oould be p1·oduoud {no inforruat1on 1a 

Qt t>n•uent available on tLe· inllulin contc-mt of the r,enl 

p~nereat:1, inveatigation of this source being held in 

:;,rospeet ). 

lfrom Figures l 9. 20 and 21, it i ~ evident that 

the :dno insulin o.ry~ta.J.!Q µrepa.l'td from pig and all.eep 

are eimilar in ap9e•ranoe (j,. e, wedge-zh.a;,ed) and of tht; 

same si ~e. Thos0 from beer., on tho oth('!r hand. are micro• 

oryotals and :rhomboh13d:ral. On t·wo aucoe1tsi vo occasi(m0 

this &t\ffi'? t)rpt of crystals wa.s obtained t:rom t:ile souroe. 

/,ret, 



Tett the procedure toll.owed wae exactly tbe same 1tt ·. · 

4ta.oh in:Jtaru:e.. .It seema, the2>etore. that otbel" faotors, 

beside the pH at wh1 ch crys~allieation ie effected., ate 

,:,oricerned v·ith the ultimate e;ha,pa and !lit.e of the ct"yata.ls .. 
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l .• :Ine ef;fect ot g.rad~d do:aes of.' insulin (0,05-G.85 unit/ 

.:z kg •. , varying wtth P.00 unit) on the blood sugal." of 

f'a,1,3ting rabbi ts Jiaa been ~tu.dieii• 

2• Invidnnce w~s o'bta.;t.ned t:hat arr.all doses o:t' i.unuli:r1 chow 

n well•g:r.:tdr:td blood sugar rer5 por,F.J(!h 

3, The a OEage ... ;re aporrne e.urv~s .and the dovage- r~sponoe lines 

. wex-e di-:a.wn by pl.ct.ting respo:n.ae aga1net. dosage and against 

the logarithm of thti' 6,oae · ret:;peot1voJ.y •. 

· 4. Th~ d.oaa.ge.•rflsponae curves show cha:ro.cterist;ie flatt~ning 

at the highe:r and :tower. •losase lovoJ.s: thflc~ havn been 

a.r0ued to be due 1;o t.oo long a period over which ef.teo.t ia 

meo.su:reel nmJ too sho!.'t ,~ por1oci :reopootivcly~ Adjustrncnt 

of· the pe1"'.1oo .of teat1ng and th~ .bleeding acherlule 

t'Ol).,pwo~, to the dose woul<l 1•esH1lt in J).roportj,onal1ty of 

1'.cse-·t'EHJ'OOt1Qe over a .muoh wid&r range. 

6 .. ·The off eat of t11eoe doooa <Jan bf.i. dote:rmino<l by measuring 

(1) the .(:1.verage a.'biiolute faJ.l 9Ver a p~:d.ocl ot 'thren · 

houra, · o:r (il) tb.~ ave:t--agf.1 · a"Qsol.ute .·fall_ at· the c11¢ of 

the aeoond hour, or (iii) the :ave rage &.bsol uto blood sugar 

. J.evel a.:t the tmd of' the aeeond hour. 

u.Ca.lci;le.tion of t~.e standard <Jev .1.~1.:t1 on and the r1oeff icient 

.cults~ In. a ainii.la:r'l;~ ·t t'(1atea group of re..bbi ts, the 

ini.ti.al 1::rng.J.r va.ltie can be diactJ.Tdad and aal~1lla.ti,ono 

ba.oed cm th.a. abootut~ blooa _vuga:r level, two hours a.tte;,: 

!r,Jention, only.· 

7, l.t is i,ugee~tecl that, in the assay of ln:n.llin. the blood 

sugar lo.vel is .1:1. mor{l acourat~ m0,uJu.rement of etfeot 

thin, the fa.ll ot the blood aue;ar ( expr~ssed oi th.er a,e 

/ a \if.7olute 
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absolute o,:, pe.:reentage). 

8 .. A coarse method, of SG~ay to be used where largo m.mfbere 
ot \lnkno11n aantpleG a11e concerned, .. is propooed and cU.e• 

cussed.· The ln~e1 a for this mathod ia a pred(3'Ceminotl 
' ' 

lOg ,,close ... t'SSpfmse (H.trY'~, pl.Otting .the abaOl.Ute 'blOOd 

suga,r. level~ two hours after :i.\'JJ ect#.<m aga.1nut the 
' ' 

. logarithm. ot th.e ,d oae • 

.. 9. The p1cr1 o a.oic ... aeetone method 01• .insulin extraction 

bas been .fully investigated. 

J,O.Aeatone MS no specific solu.bil#,ty .for huml;in inicrate 

as .such, ·but rather fo:r the entire oompl.ex of accompan;y.­

ing protein piarates,. , 1ne optimum o¢nccntmtiQn or · 

a._oet one tor th.ta· purpose was found to l)e about 80 per 

11_."lbe insulin hydrochl.ori<le so olltaJ.ned io a. crude 

pr-oduot, the fl.otiv1J:,y of which "Var.1.es with .the source 

fr.om which it is derived. The activity of the eydro-

chloride fu:rni she!3 a fairly acourat e estima.te. ot the 

1nt:nJ11n cont'-'nt of the. eourae. 

12. The effeot of clifferent faoto;ra auc!1 e.s time (,f fi~;.. 

tion, acetone, converei_on 'or the l.'.)i~:r;ate to ti1e 

hydrochloride, stabi11ty or the hydroan1ot.1de, etc. 

the roethod 1~ tllA stal;)j,lity of the J)tc:rnte. 

13.Tlte y1eltl n:f' in.eulln by thic'!tleth.09 exco"~dl"J that of 

th<! a.eid ~leohol mr1thod. l?or r1xr1ariment~l Wllrk and 

1'4.T.lie •ise of piori.c .11md as ~ueh, with its ista.i.Jlir.ig a.pd 

othe:r speolfi c q.tlal,itiea, io tt;;e chief diiJa.tlv~ntage of 

't,he met hod • 

. 15 .. The insulin QOntent of the p~:tu,rea.s. in tb.e whale. 

1rvaal!'lMi'" and South A.tri cnn cattle., pigr1 e.nd ·&heep 

has been invet)tigate·a. 
. ' 
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).6. The pa.n.c:rcaa in the ,.o;u .. w whal~ •. li'in and m.ur..;,back 

J,if nn.t1.1rn.lly poor in insulin, yielding from l,000• 

J.1 500 uni ta per kilo o.f 1uateritil.. That qf t:tie 

Spe :rm. o:n t!le: o th.er ha.nc! • i tl much hiflb.flr., a. VP roxlma•~ 

ting beaf :pa.ncre:.u;i.. On the Vl'hOlc, corume.rcial e;x ... 

· tract"ion of int.ulin from this. eou rce ctmnot be 

prof.tta't>ly und.erta.~en. Aar.too to th1$ is the :rapid 

lofHr of i:mm.lin whieh occurs chiefly P.!J' a :reoult of 

the 1neth<;.d of killi~S:. the .ani.1"1€\la. 

17. A efa:tdy Of the hiotploei cal. st :ructure of th~ :rm.nc:reas • 

in the 1•.va..al.l\a:li '' was u.ndort,1ken. This 6.lanmobranob · 

epi thel;iura~ 

18, The sh~.rk. pa,.l'lCt'CHlS has f"/, high i.n:;:i1;tlin content ... 

10. 000-12,. 000 uni ts per kilo. Wher~. tn~oo. fi sl~ are · 

onught in large numl:m:rs, insulin eould constitute Ea,. 

. . 
.19. The claims of e::trli er inveotigu.t ors rcg1iircli:ne: the 

inaulitl content o:t. the p~ncrcas in cnttlo. pigs ~ncl 
. . . 

sheop h,'1-Y'l1 been confirmed. 

20. Pooline of :.:;.11 rw.w m;:itorial in south Africa could 

rei:iult in tro prodl:lction ot .ouft'icier1t utnounte of 

ir.usulin r 01• tho_ count ey• $ 0011omnption ptu-1 an 

~.-.....Q1111a11h,j3'M,;,tlllil 
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