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T.9Hk DOUAGE RESPONST CURVE,

{a) Introduotion and Discussion of
Liter&ture;

'Invﬁay; i922, Bantinglahd Bast, working in the
Phyoiclogy Department of the University of Toronto, obe
tained the first active extraets'frum'panciéna; The
credit fuf_tha‘prepafutioﬁ nf'guch'e$tracts‘caﬁabia of
"affgcting a lowering of the blood and urinamy'éugarB;
asﬂ servioeab1§ in mﬁtigating_tha'éymntcms of experie
mmntal,éiabetée'in animaie,'aﬁd of hﬁman_ﬁiabeeea,
therefors, belongs tavtheée twd workers, to Hacleod and
Collip (i), Improvements in the methode of extrastion
‘and purifinatioa pf‘iﬁsulin followad quiekiy. Accompany=
) ing this were the investix‘;atiana of the 'phyaiologicalg |
chemical and physical properties of the hormone.

Since that time @ maso of evidence relating to the above
and produced by a host of workers has accumulated,

The most important and easily doterminalle physiols
ogical nction of inﬁulin ig ite effoct in lowering thé
blood sugar ﬁhsn,injested’parentqrﬁlly into animals,

B Thiswis aocoaspanied by oiher phyéialﬂgicél diaturhanceq |

dnd. when sufficiently great, it recults in hypaglycﬁemia

‘coma, chvulsiona and, finally, deatﬁ, {4). These

- symptoms can be relleved almost inatangéneansly by the

4 administration of glucose. Dogs, cate and rabhita ahew_

about thoe game degtas'af sensitivity; pigs are very

eensitive {158) and sheep more resistant {166, 1857).

., Goate are very feaiatan; and require at least 4 units per

kilo body weight to produce shock {(158), Mice show little

ranpénse_at'room tamparat&ie; excapt that.tne boéy tenpey=

ature falls to a low level, "1f,lhowever, the animals ara
‘ | /kept
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kept at 28“5.. they gd inte convulsions and coma (Krogh

quotad by ¥ncleod - 159), F¥raser (é) showed that these
animals are very gensitive to the ametion of insulin if

ih@ected int;aperitoﬂeally, provided thej are starved

~prior to injection and kept at clightly increased temp=~

) erature, According tn.ﬁaxntyxe ané Burke the albino

rat normally echows & high resistance. Huxley and Fulton

{161L) found that convudsions develop much more slowly in

frogs kap£ 8t low temperature (6~6°C - 120-140 hours)

than in those ﬁt'higher temperatursav(sﬂacka 14 nours)

and eoncluded.that'"tn@ activity of insulin itself ise noﬁv
egéehtially-alﬁefed_by temperature, but that'its speed of

ﬁation is dependent upon the me%abulic rate of the animel

itself, " | | | _
'Thg effeét of ingulin preparations on the biood'sugar
in normal aniﬁaié’wés.firat studied by the Toronte workers
(4), who observed the fall in bleood sugar level of rabﬁita
with the in@ection.of»a guffieiant_&oaé and the oCoUrrence
of eomvulsions and e&ma. when the_blood éﬂgar had dropped

to abéut 0.045 per cent., These findings formed the basis

for tﬁeir'definitibh‘af the ﬁariginal Toronto Unit* which

was given as "the smalleat dose of inpsulin that would

lowey the blood sugar of a 2-kilo rabbit, starved for 24

~hours, from the normal level of 0.118 per cent to the

convuleant level of 0.045 per oent*, However, this unit
wae modified by the Publie Hgﬁiﬁh committeé of the League
of Kﬁtians to the “Clinical Unit®, io, *The unit of B
inoulin is one~thizd of the amount of material required
to lower the blood augariaf'arzwkila rabbit, which hag
faeted 24 hours, from the nommal level of Q.ilavpar cent
to 0;945 pex‘menﬁ over a pariod of 5 hbnra,#

The blood sugar fall was soon shown to be dependent
an.apd affacted by many xadtoxs: (i) rhe degree of

/response
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response is dependent on the purity and source of the
preparation tested (31, 162). {ii) Bome rabbita are
over-gensitive and eonwulsions appear before.thé vlood
sugar bhas reached the meﬁv&lsive‘leval of 0,045 pe#
Gaﬁtrfiﬁa). {1ii) The senspitivity of the animal to
insulin sction is variable (163, 181). (@v) The sensi-
tivity of the animal depends upon its environment
(7. B, 189, 164).
| With the injection of small &oéas, the rate of fall
of the blood sugar is dependent on thé method of injection,
Bubcutaneous injection results in a rapid decrease in bBlood
sugar, which attains a minimum in 3 = § hours (165),
The onset of the fall is later and its duration longer
with intrathees) and subatachnoid injection than with
intravenous {(166), Suboulaneous and intravenous injection
are equally effeotive (167), The actual value of the blood
sugar depends on the sight from which it is drawn (168,
168). The capillazry blomd sugar corresponds ta'theamtémial
value, but the venous méy be much lower (170).

The abamluté Value.of the blood sugar varies with
the analytieal methods employed,  The nature of the none
glucose reduoing substances in the blood was investigated
by Herbert, Bourne and ¢roen {23, 171).  !he most important
‘of these non-glucome reducing substances is gluthathione.
According to Ravinowiteh (24) the non«glucose feduaing
substances are responsible far 0.025 per cent of the re=
dueing value of the blood and have a ﬁalue iéﬁal ng.per
100 mi. Ernet and Foster olaim that the blood sugar at
ites lowest value in rabbits suffering from insulin hypo«
glycnemia has a reducing agtion, of which énly 61-76 par
aenﬁ'ig due to glucose (172). Hiller et ai.(zﬁ) showed
that, whén indueing inoculin shock in rabbits, th@u@h‘tha
redueing fermanﬁable an@ar-was ?edueeﬁ to zero, the

Jconcentrations
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econcentratione of nbnsfermeniable_reducing subutances were
not altersd. Similar results were reported»by Dotti (173).
The valuc of the blood sugar and the significance attached
ta it, therefore, dapend upon thé.methed30f edtimaﬁion.
Aﬁminiatfation nf insuiin to depancreatized animals

restorss ihe blood sugar to normal, the reapiratoiy
quotient rised, excesvive ketogenesis and gluconeogenesis
are inhibited and the giycégen stores are adjdsted te normal.
Pauls and Druxy (I?B)IQdmimistered insulin to fasted,
&epanoreatized'rats and found a marked augmentation in
musecle glyéogén (0.16~0.60 per cent} and also liver _
glycogén (3.26-0.78 per cent), whicﬁ confirme the findings
‘of earlier investigatoro. | |

Injection of insulin into intact animals resulte in
less measurable and more #omplex physiological repbnaea._
The free sugar content of the 1ivér.and kidney in gtarve
ing anim&la'ia marvkedly lowared,_but that of the museles
i5 not ihfluenced (174). 'Inéu1in administration does not
inerease the utilization of earbonydratg'in the organiom as
& whole {176}, From the experimgnts of Bridge (1?7),'it
aéémsvthat/the action of_insulin is seen only 1ﬁ the dig~
tribvution of glycogen 5etween‘livar»and?muaala; without
ingulin most glucose is deposited as gl&cogen in the liver
and with insulin relatively little goes to the liver, most
aopearing in the muscles, This éanfirms the work of
earlier investigators (178, 179), Stetten and Klein (180)
found that the glycogen apneafing in the muscle afterv
aﬂministrntioﬁ of inswvlin plus glucose is Tormed largely
dir@étiy from glucose, | _

~Whether the disappaarance bf giucgose from the blood is
- the determining factor in the @nset and severity of
inéﬁiin convultions remain® a guestion, Fischler and
Hynd (quoted from 42) expresced thé view’that‘aonvulsiona

}/ﬁere
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. were causad through the formation of méthylglybxa& and

' giuccaaﬁe reﬁpeﬁtively in thé tiasues; ,'Rudy'(la2) and
Rabinowitch (183) postulated that the £ymptoms are due
eseentzally to the dieappearanae of sugar fram thc blood
stream. Another view is that cunvuﬁaiens are caused by
the lack of oxidation in the central nervous system cells
f184. 185). According to Ggrfard {186) convulsions oceur
| becéuse,there is no availabie caibohydrate for normanl |
oxidation, Drabkin andina?din {187) postulaie the Tollowe
, ing‘meahaniém for{the production qf convuiaions:-' |
Hypoglycaemia —» anhy&raemia;e{rise‘in corabral Fluid
. presgsure — unknown mediating faétors, poééibiy‘nerveua-e

convalsions,

Binge the'suéceaaful preparation of insulin and

itavsubsequent maﬁufaeturé byvaommereial fizmé,far
therapeutic use, the_nepasﬂity has arisen for an aegurate
and reliable method of éssny. Although é.physical ﬁethad .
(é);'basea on the abéarption bands of insulin as critérian-
of ito activity and a chemical one (3), based on the
inhibition of oxadation of polyhydraxyphenela by hydragen
pernxide‘in tha‘preaeneg-af ingulin, have been proposed,
these have both been followed up without euocess.

The reéult is that- up to %he.preaent ﬁimé only the bioe~
'Iogical method of testlng insu&in activity haa proveﬁ
R apniieabie. _ _ _
| Thaieafmy workers tested the aetiv&ty of their
preparéfibna‘by injection inta}animals'and noting ﬁhe |
degree of effect, bLy which procedures the conception of
"Original Toronto Unit#‘and "Clinigal Unit" originated.

/Thus
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Thus a direct method of'datermining innuiin peﬁency,
.'baaed on the fall of the blood augar zn rabbits after the
'aubcutaneous in@nctian of varying quantities of an insulin
preparatien, or upan the inaidence of convulasions in
rabbits (5), had ¢ome to be uﬂe& by dszerent labamataries.
mhia direct method waa extended to other laberatozv
animals, white rats and mlne being uued for determinxng
insulin activity by the percentage drop in blood pugar
- {6) or by the incidemce of”canvuisiana (?, 3){ »
However, it was soon feuﬁd'thgt, mainzy'béeguse of
the wide variation in reepénse infexgerlmentallanimals.
.the_direat method wae inadcurate. Meanwhile a standard
- was adopted in 1925'byltha'stanéardizatian Committes of
the League of Nations (9), this being a special prepara=
tion of dry . neulin hydrodhloride regarded as containing
8 units per milligr@m, In 1935 this old international
_ standardTwaé reﬁléced-by>th9 new intgxnafiénalvctandard
_'by the committée {10), this being.a recryﬂtalli?ed
' preparation of cryatallin& 1neulin to which has been
aamigned a yotenoy of £2 internat ional units per mzlligr&m
As shown prevzously, the factors which affect the
response to insulin administration, are many and varied,
These ahviaaglyvreStriét thé aceuraqy of the biological
asoay of insulin, In order to minimize or exclude as
many of these, the indirest or comparative method of
teating was intraduced_‘-xn this the effect af‘thg un«
»vknéwn sample is gompared with the effect of a known
strength of insulin standard and expressed in terms
thﬁreof; To compare the activity of insulin greparat;ons
with the standard, two grnaedures have come to be gener-
ally'énd almaét univsraa11y ém@ioyed, Vizie (l) the
method based eévdanvuiaiané'in mice snd (is) the method
N /oased |



baged on the fall of tneﬁbloed sugur in robbits, both
, of thease having been fully doscrlbed and discushed by
| vzrinus authors {11~ l?)

The use of miocs feor this 9urpase was firet suggeet-
ed by Praaor (8) and ?oagtliﬂ and his collaborators (364),
Trevan and Booek (17) fsrwaédéd the most practical methéé;
vhile variaus refineﬁeﬁts have been Qdded sinaé it was '
£iret devised (15, 16 118, 189). |

The star ing ﬁo;nt for the deveIOpment of this methed

“ - wag the cbachaticn that mice, kept at room taﬁperature,

were able to withstand large dosemvef‘inaulin;‘bﬁt were
pfamptly'kiiled bty small Goseo when kept in an incubator
" at temperatures ranging from 55° - 35°C {8, 159).  The |
method, as deseribed by'H6mmingeen and Krﬂgh (iﬁ). ﬁﬁs
first ueed ac a direct method and the mouse unit was defin-
eé as that amount of insulin that would prﬂdﬁce convulsiaﬁs‘

. in half the number of mice injected. The relation between
'v'the mbﬁse_unit énﬁ the 6riginﬁ1 Toronto Unit (4) was faund'v
to be of the order of 600:1., | |

From 3 ta'ioﬁmice, weighing from 16 to'zﬂ.gm.,;were

.used'far.eaéh'a335y. They were fed aﬁ bread and water and
each animal injected subﬂutanecusly with the Buitably |
dilutcd inuulin to ba tested. They were then;placed
singlykin glaaa,gars in‘an_incuﬁator with glagead ﬁodrs'
and the iampgrafuxe,maiﬂtained-at 30°C. According to

the incidenéé of convulsions, the nativity of the sample
under tect was»¢alculétad in texms of nouge units.
Due largely to fluctuations in sensitivity, the numbers

of test animals were‘greétly increase&_and'the ocomparative
. mothod veverted to (loc. cit.), where the activity of the

| gsample was éompared with the-a&tiviﬁy of the standard

'.(priiata standard of the xordiak Inculin Laboratorium,
cné unit being 0;085 mg. as compared to €.125 mg. of the

| | - Jeld
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international standard), From 60 to 80 mice were.used,
half-recéiving th@ atanﬂarﬂ'an&,haif the uﬁknown'sampie
‘and sach ﬁeét'repaaied'fram"e t0 12 times with different

‘concentrations on 4'%9'6‘ocnaecutivd days. The ﬂumﬁgr

- af mzee aanvu1aing in each group for~aéeh test were
~ noted, and the final result obtained by pzaeting. for
ﬂtandard and unknown, the percenxage convulsions against
- doses, 9ram the two ourves thus obtained, the awtivity
of the unknown, in terms of the standard, was caloulated
:ar&thmetiaaily; Snbaeqnently ths curves were replaeed
Aby,aﬁwaighi lines by plotting the percentage convulsions.
in ench test against the logaritimie values of the doses,
‘and the final fesui% obtained graphically or_arxtnmet#.
: ieallyﬁy.tne method of leaat squares. 1£ is impartant
that in eaeh.ﬁeﬂt_%ha'aaéumpﬁian regarding the strength
of the unknown should be as nearly corfeet as possible,
80 that about the same percentasé @onvulsions iz obtained
in each group, Bach test serves as a guide for the next
and, hﬁ fin&ing“the prababla gtrength ofvtha unknown By'
interpnlaticn in the normal gurve and uaing this result
| in the next test, reliable results gan be obtained, oven
with 1amge simu&tangaus variations in the general
sensitivity. | o |

Travan and Booek (17) fed their mice on wh:.te

bread and axcess milk:and 9tarved them for 12 to 18
hours yrior to the teut.‘aroupa of 60 animals are used,
of which half réaeivu>the'atandard and haif the'unknbwn,-
- doses being aq5uﬁtgd_to # body weight of 20 gm.
Dﬁringkthe test the shimals are placed in zinc Baxés.
~which are f@r £hree quarters of their height immersed

in & iater baah at'58°¢.  In all, four tests are made
fusingvthe aamejdoaagg and the number~ofranimala ¢onvul e
ging within two hours with sach test obserf@d. | |

| o | /The
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The peﬁc&ntage aonvulsiona for each grbup is platted against
the'dases andvthe two ourves compared ﬁith_a predetermined
reference curve, from whaich can be caloulated the ratio of
the aetivi%ieé of the atandard andvsample under test,
Prevan considers that the relation betwesn @arcentégé
increment of doge and pertentage increment of convulsion
rate ‘iaj constant, which means conotaney of the actusl
slope of the log, dose = convulsion rate curve, éxcept
,fprIVariatian due to sampling of the mice. 
| Fallowing the éantentian of Trevan that a tempsrature
of 2900'i§ 1eas)effective for performing the test than
| higher températures'becauae the dameaconVulsion_?ate'ahrve
is too flat (17),'Hemm1ngaen.mnd Marke (laaj'aamﬁared the
‘effectivenaaa of different tempe?aturad and fQuaﬂ that-ths
.distribution of gonuulaivé_dbseq for mice at 370C is
.aimilar to'that at 29°C ané that.thg‘aiapa’af the average
line relating to the naxmél qui?alent‘deviaiian of tha_v
pércentage convulsion rates taafhe loz.608e at 37°C, does
'ﬁot differ much from that at 20°C. _
Hﬂﬁmingaen {16, 190) pﬁudied'the distribution of

individual sensitivities of mice, the factors influencing
vsenéitivity and the Vnriatian in the éiapé of the 1ag.doae»
-aonvulaion rate curve in a large pumber‘bf,animaia, Bube
jeoting the results to statistical treatment. He found
that the individual sensitivities of mice to insulin are
normally distributed (logaritims) and that the true slope
of the Iog.daaeanofmal eqdivalent deviation aannnt_ba o=
gardéﬂ at eonstant., He described a method {16 p. 192) in
which the aiopé of the 1og.doéennorma1 equivalent deviation
relation ig indirectly ésaessed hw‘maané‘of the differences
in-aaeuﬁptiaﬁa~of;different;teeta, and in which one doge of
»e&¢ﬁ preparation iz so injectad tkat the influence of
pqssible changes in seheitivity during ihe gingle tests
is eliminated as fai as possible. o )

,iJ.A disadvantage of the mouse method is ﬁhe subjective

/selection



seleation of énimals ahqﬁing gymptoms  of hypéglyaa@miat
To overcome this and, at the same time,}reduging the cost
'ot‘ the assay and'perammei requi rements, Thompson (194)
introaucad tha sloping acrcen technique. The graﬁpa of
injected mica are placed on 60° Bloped wire mesh asreena.
~ They remain on the aczaen until aﬂvanced 1neulin<symptﬁms
cause thﬂm to ‘1ose ﬁheir faathald, falling free from the
adge of the serean 1nto the provided trays, from which
' ,they onn dbe removed far injection with glucnae.

However, it was found that the mice do mbt fall away from
ﬁhevsereen-untilvsigns of insulin shock are far advanéed,'
»aé that the martéiity is high. Young and Lewis {196)
deporibed an improvad unit for this purpose, éanaiﬁting
'Uﬂf‘hollﬁw wiia‘meah aylih&erafmennted at an angle of

60° on wooden rﬁllera, wheieby‘the rétation\aesures thét
the fenthoid‘is never secure for long and, aﬁ'thé first
signs of jnsulin ehock, the mice fall j.nt.n_ tyays beneath
the cyiinderé_. wheée opn%ain_chow?pellﬁta and'thé animals
are able to eat suffiocient food tavreiiéva_their'hypan
glycaemisa, aﬂ that injéction'with giueuse’is“unnecesaary;'
-With this procedure the martality was reduced from ?-1@
per cent to 1.7 per oent, | |

The principles 1nvolving the bia-aaﬁay of inaulin

by the rabbit method, as it was originally employed,

fhafe been discussed by Macleod and Orr (191) and the re~
port by the Insulin Committee of the University of Toronto
eubmitted (lcs.eit J.  The earlier workers (4) had de-

termined inau&in activity in teams of & ﬁﬂﬂVuIBLVe 1eve1

'at.g,hlapg gugay epncentxgtipnrof 0,048 peragent {e.f,

original Toronte Unit), It, theiefere; be came neeehaary

lia choose between the 1neidencé of ¢onvuleions and the

£all 4n Slopd-ﬁugar level g8 basis for the method of éaaay

 For reasons supplied by the writers {loc. éit;) the |

Ingulin Committee of the Univéxsity of Toronto adopﬁed
| | | | _/%he
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| ‘the fall of the blood sugar."Their'method of perfarming
the assay was as follows: _ o

To et an appraximation of the poteney of tha unknown'
sample, < 18 rabbits are indected with & widely varying
number of dosee (E6) and the lowest dose, producing
eon#ulsiana in the mﬁjérity af.animalé, 6bge#ved. -
mhis.canvulsant”ﬁeéa bffihe_unknoﬁn gample is then oone
sidered = 1 originsl Tér@nﬁo Unit % 3 clinical units.
: and on thiE‘vaiue is based the emounts of the unknown
sample to be injected into the test animal. ?ar-each
test 9 rabbits, weighmng from 1.8 - 2.2 kg, are used,
' They are staxrved for 24 hours and, immediately before in= -
Jeationﬁ sufficient blood 1é abllégted frbm each anim@i
to &etermihe its initial ér faéfiﬂg bloaé.sugar‘leﬁela |
| Three rabbitse are thenfihﬂébtédvﬁith an amQuntfaf tﬁe ﬁn-
known sample astimnté& tb contain 2. 5 eclinigal units,
duapimale red@iie_én améunt estimated to’coﬁtain -
g¢linical unita‘and the last three l.s‘unitﬂ, Injeations
are made suhcutﬁneouély'nnd_fram,each animal blood ia
. drawn at lf.vﬁ and § hauzﬁ‘after injection. The bloed -
| fil%ratee for a particular rabbit are mixed Or pealed, 80
vthat enly one augar fltratlon.xa neeesaary for'aaoh rabbit,
The activity of the sample is then calaulated £rom the
equation: | R | | | | |

oo 9. §
Actmvity’(clinieal units par ce) =2 % xex i.5
where a = percentage of blood sugnr before injection minug

the avorage of the pprcentagea of blood augar founé in the
aamplea taken 1%, 3 and 5 hours fallawing the injection;
= percentage of hlocd sugar hefore injection minue
Q. 045 per cent, | |
v = weight of rabtbit in xe; __ |
¢ = number of cc. Of the original (undiluted)
insulin @ulﬁtibﬁ ibjeeteds-
o | | /Using -
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'ﬁeing tnis'&irect method, the old 1nternationai staﬁdé?ﬁ
| (ineulin-hyﬁraehlaride) assayed aﬁ 8.1 unitﬁ pef-mg.v
ﬂﬂrka.(14) descrihed,thé"compa?ativevméthqﬂ, a8 it<waé
evolved and used in ﬁhe gﬁiienal Institute for ¥Medical
Heséarﬁh,’Léndbn. &é réf@rpnoe standard %as used, a’sampia
- of inaulin aalutian suppiied by Hesors Eli Lilly . Co.and
gtanﬂaramzed by the zarom%a Insulin Commitfce. At loast 6
;ﬁbbitevaré uged for each ausay. ‘Théy_dra starved for 24
hours and blood for the detormination of the fasting level
_wiﬁhﬂrnwn'immediateiy before in&éatiﬁn;  Holf the animals
of tha;group:axé then injected with 1 dinical ﬁnit of the
reference standard per 2 kg.bodyweight and the other half
are givén a theorestically correeponding doaé'pf_ﬁhe unknown
sample;;]?ram eéchkr&bblttméod is taken st hourly intervals
for five»héngé ane the samples from an individusl snimal
pooled., Fitration of this sample gives the mean value
" (average - aboolute.level) of the blood Bugar over 5 hours
‘and subtraction cf{thiu from the fasting or initial value,
gives the mbﬁoiﬁte Ulaoa'sug&r reduction, which is then
“eonverted to éhe peraeﬁtage bléod ﬁugar'réduatién in order
to compsnsate differences in initial blood sugar values.

To further e:umimte errors intreauced by individual
‘differenfes and periodic fluctuations in the response of
the rabbits, the teﬁi in repeated a fow days later, but the
grbupa are‘reveraeﬂ'— the‘aoucalled croeséver ? 50 that
those rabbits, which previausly reca:ved «he atandard, naw'
receive the unknown and those that had TEQQIVGQ the unknown
raceive the standard, In the same way as pr@?ious&y, the
percéntage blood sugar reauetzan for each animal is deter-
miﬁed. The sum ic now found Qf'éli.the figuras for the
two days relabing %o the.#nknoﬁn eample, and siﬁiiaily also
~ the sum of all the figurea relatingvfa the standard,

A ﬂcmpariﬁan of the two totals then dndicates the approxi~
mate aeti?ity of the unknown in terms of the standard,
| | - /wh.
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which can then be cgleulated. in & series of ten teatd
the standard erior was found to be ?.0 for the croseover
method as compared to 9.9 for the direct metinod (10¢. cit.).

Anply;ng this method to tho'evaluafion of the old intew~
nationai atandard;.a value of 9.3 units per m;iligram wag
found, }The aprlimtion of statistics to this metho& hos
greatly inocreased 1ts nceuracy., | | |

In 1939 Bliss and Larks (33) introduced the latin
squari cro:é-ovez design,'and-nppiied the analysis of -

_varianca and co-~variance to the assay 0f inculin s a means
of studying the variables affecting the precision of the
mathed of assay. However, this method éufferé‘from the -

drawbacks that, for routine assay; it takes longer to com=
platevthan”thﬂ drdinaryvcroaeaver, and thot the occurrence
of convulaions or Geathe complicates the srithmetic. In
ordar to overcome some of these difficulties, Piellex (34)_
in 19{9 proposed the eplit oross=-over deaign@ whichvoanml
aista in eftgct of two craaaﬁdvar‘tests carried out simule ,
tnneoualy, the doéea of the atandard.being the same in both,
but those of the test different, This method supplies an .
astimate of the log dose-response line, but it has the
disadvantage that the estimate of the slope is obtained
by varying thé doses of 6n1y one of the two prepuratipn&,'
standafd und test, In 1944 Smifheﬁal {35) exﬁended the

work of Fieller to the twin exocs-over design in order to
 further simplify ths procedurc ané rule out thié disad~
| vantaga. This, like the split crossover, cénaists of two
Bimpl e croeaovera; in the one a high dose of the standard
being coﬁpared with a low dose of the test, aﬁd in the
othor & low dép@ of the etandard with a high dose of the
test, | | ' .
| Lacey; in 1941 (192),’deqcribad the method of insulin
assay used in the Ingulin Gommittee»Lahdratar&,'ﬂniveraityg
.. of Toronto, and-aubsaquently adéptad, with minor modifica~
tioné, a8 the official method by the United States. -
Pharhacopoeial Convention. This 3-assumption érosaovex

/method
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mefhoﬁ,'iﬂvolfes'testingvthe material on the baéea of three
, aﬁaumeﬁ values‘(ag oppoaed»té the’singie assumﬁtﬁeh‘of the
,patancyfdf.the-unananinqther téstb); allAthesé valueé
g heiﬁg used on eaoh day of the'tent. Three separata and.
: eompleﬁe crcsamover teata are, therefcre, nade, uszng from
20 to_40 rabbits for each test, The range of assumption
"mhauld-ba és nérvoﬁ as yésaible. In a case of materiaz
 'purportea to eantamn, say, 20 unats per co, dilutzona for
ingettion are made on the bases af 18, 20 and 22 units per
eo.and a&oh 6f these dilutiona compared with the standard |
' vin an ordivary crosaover. The thme aasay reaulta are
graphed. plotting aasumed potency'against result and the
| true potency read aff directly., The test lasts over a
periocd of b hours with a bleeding schedlue of o, 1.6 5
and S hours, The doses administered should be auffiaienﬁiy
laxge to ensure an average blnod sugar levei belaw normal |
throughout the fPBt pPrlDﬁ but not so large as ta eause R
' zaximum effect. - | |

In & subsequent paper (1946)'the eamaiauthor {183) pbinta
ed a;t that, for a satisfactwy assay hy‘meéns of this . ‘
mathcd. @he range of assumed vaiues should be very_émall.
Its useful range ia_véry 1imitea.and, by means oflﬁhe ﬁwih
grosscver ﬁesign,:it is possible to evaluate potency bvér
a muéh‘widar'ranpp. "It'can. thaféfdre; be‘auceeasfull?
apglied only vhen the material under teut has been care=~
fully "brackeged* ie.. 1ts potancy detarmined by some
other meane to within 10+20 per cent of the aatual value.
The author (lca. eit, ) aubsequently presente modxficatiane
'to be applied to bath the 3-aaaumptzﬁn orosgover and the
twin crosgover methods.A‘ These aonsist of following a

0, 2, 83 and 4shours bleed ing Bchcdula and the indeotion

of the insul:n in clinical dovage forma. as it hao been
shown ahat the blona BUZRT CUIVES &Yo different, fnllawing

/hdministration
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" administration of various dilutions of insulin to rabbits,

_éveniiough the*unip doce pﬁr’rﬁbbit remaing unchanged,

With inmreagihs ¢ancaﬁtfation there is a progressive zné
creame'iﬁ rate of aetion and dectaaée'in.durﬁtian of |
effect, Injection in clinical dasage fbmma in?éivea
amounts as small as 0.0l c.and requires the use of a
micrometer syringe. " |

Thus far thc'dasﬂd Qf'imsulin had been administérQ'

- ed subcutaneously in all assays. Young (1945} studied

the dtomge~revponse relationship after intravenous
aéministration of the doses and, with Romans {29) re-

ported a method of mcoay depending on intravenous in-

jection of the doses and a single bleeding 50 minutes

after injestion. From the results of 103, twelve

rﬁbbxt'assays they could detect no significant variation
in the slope of the dosage response curve over s peried

of.lé months, and found the standard error to be of the

-arée: of 11 or 12 per cent. Pugsley and Rampton (39)

compared the potency of commercial insulin pf@parﬁ%ions,

wheﬁ aEsayed by the mathod of s&bcutane@ua administration

 and the method of intravenmous injection (Young and Romans),

and'foundvthat,the'lattér method gives resuls in good

| agreemgnf with those obtained bﬁ the former, &as regaxds

the slope of ths regfesaian’liné'anﬁ the otandard error,

The g&nefdllywregcgniaad'mﬁtheﬁﬂ of imsulgn aséay

'.have‘beeﬁ‘comparéd bvaéung et al.(aﬁ),,wh@\féﬁnd -4

standard error of the estimste Of potency of 13 per cent

for a B2-rabbit subcutaneous asseay, 10 per cent for a

‘16-rabbit intravenous ascay and 9 per cent for two 144-

animal mouse assays. o N
The use of other lﬂbnratory’antmnlé>far'inaulinj

assay was intrééuo@d by Gﬁdyke.(lgﬁ), who reported that

'ihe chick offars poesibilities as a teet‘animal for

ineulin assay. He'fuunﬂ that the blood sugar of the
' - Jehick
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chick is lowered in reaponse to 1ight dopes of |
ingulin, and the éurqtian of the hypoglycaemia nhcrten-
ed by incrﬁasin@ the dosme. The pereemaage decrease of
blood glucose 14 hours after injection is a etraight
line function nf tha’logarithm af'the»daég up ta~a%éﬁt
3.5 units per kg. Although the individual.iariation in
}reapﬁnse is not excessive, the aﬁthor’gubeaquently (197)'.
~ tried to reduce this by pralonged fasting>and dehyﬁratigﬁ._
Vhite [Leghorn cockerels between 30 and 40 days old.and. |
body weiaht Varying'betwegﬁ’zﬁé - 40d‘gm., were-uséd.
- Aftar fasting periods of 14, 24, 48 and 72 hours aoﬁe'
were inﬁédted iﬁtramuucuiarly,Withlp.laﬁs'unit of insulin,
the othera'acting_aa oohtrnla. In ghg control goups it
was found that the'blacd sugar rose after mhéviéthh@ur,'
‘and continued to rise through 73 ‘hours af faating. mhia
rige was aagmanted by dehydrataon 80 that the blooﬂ sugar
.rase more'pramptly and to higher_levele. It was found
that neither fasting.alane nor fasting plus dehydration
affected thevinﬁulin seneitivity, and that faéfihg plus
delydration resulted in a-marked-ﬁecreaaa]in:the varia=
- bility of the blood sugar valﬂeﬁ,:whereaa faating'aKOHe
increased variébiiity. The variéﬁue in blood sugar |
values b hburﬁ.after injeo%ien was least indhieks -

fasted and dehydrated for 48 hours. The suthor éoﬁcludea'-
that the precision éf the”résﬁlts, after 14 hours of
fast; is eufficient for routineginéulin‘asaay by the
'ohxck method. | | |

The detection and meaeurement of thé insulin eon-_

tent of the-body fiuids has long baen‘a difficult and
 ‘a1mQBt,lﬁstsi%1e task, Hemmingsen et,al,(igé)_had>
shown tﬁ@t adrenéiectemiaea mime:dévélbp nypeglycaemis
eonvulsisns-on.&osea of D.Oﬁoi to 0.0@02 unit of
~ inoulin ver 10 gm. of body weight. However, ‘tmir
_criterion, vig: convulsions. did not permit tnem to ‘

/aneay
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aesay insulin Very aacurntaly,_becauae of the marked 1ndi-
idual dif!erenoes in tha convulaive threshold. Eﬂldman |
ot a1, (199) suggested the hypoglyoaemic effoot as index,
and found'thét minute quéntities bf insulin couié be |
‘detocted in the blaod of adrenalectcmzaed rats which. had
Avbaen subjected to anexia er metraol Gellhorn et al,
{200) aubsequently uged hypayhyeaotsmiseﬂ;aﬁren@é
&emeéull#ted and,hypuyhysectﬁmiﬁeaaaarena~dem§iuﬁiate&
rate for the asgay af insulin by 1tae1f and in the presexme
of bleod., They founﬂ thnt 0. 025=0, 03 unit insulin per
‘ iac gm;of"body veight causts convulsiona 1n the hypaﬁ
physeetemised rat, o.cos nnit in the aﬁreﬁc»eemeduliateé -
animal and C,001 unit in the hynnphyseetamisaﬁ-adrena» J
demedullated rat. .Extendiug this work {1947}, Anﬁeraan
et al. (201), uaing:adren&-damaﬁul!stwd diabetic hypo~
pnysectomiaed rnta, found that 0.000l2 unit of insulin,
| administereé iutravanauszy,-causes a suffiocient laweriﬂg -
- 9f the sugar far thia metned to be used for detection of
1nsn&in 1n.blood.
' Hctwithstanding the utwost cars as regords aeleetinn.
“of animals, feeding, hﬂuaing.-etg., it has, an yet, not
bean possible to éxcludeuthe-wide variations in‘faaﬁing
blood wgir values which are freqaenﬂ& encountered,
'Bw statistioal analyeia'of n,reatriﬁted nﬁmbar uf data
de Jongh {26) found that the 1nit1a1 blaaé sugar level
has, within wide limits, almust no influance on the
absolute value of the deeyﬁaaeﬁ level caused by'insuliﬁ,
injection.: waevex.'dajtéeuﬁ-{27) obsaervad larger dif-
~ ferences and he calculated & correeting factor, by means
of whiech *hay could Se eiiniﬁated' Marks ané Hemmingsen
{13} have shown that both the absolnte and percentage
Tall inerease with incrpaainp initial value, ‘and, through
statistionl analysis of a\1arge amount of material, came

/te
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‘to:the coﬁclusion that the peraentage,rali increases by -
approximately 0 22 for an inerecse of 1 mg. per cent in
" the 1nitig1 blood sugar value. Qn this abaarvation they
1ikéwisa based“theif.method of correcting %he results,of
tests for &1fferéneea in initinl blocd sugar level.. .'
In a later communication (1934) Marke preaented & slighxly
higher regreseion sosfficient, vizi0.025, In 1947
dg Jongh, Lana and Spanhoff (28). working on a larze
anount of accumulated matarial. obtained a regfessian
-»cmeffiﬂientrof 0,952 Ifor every 0,001 ®/o0 inorease in |
ihitiﬂl blood sugar level, the relative dectease increases
with 0.032¢}. Hoéaver, the,v@lug of the'regression 0o -
efficient found in a seriea*oflexperiméntﬁ undertnken'at"
. différent times has baen shown to vary (28}. |

' In contrast to the importance attached to varia-
tions in the initial blood gugar level and the Subsaquent
detarminatian of the regreasion coefficient in oxder to
obtain the aorrection factor, are the findinge of Young,,
- 1945. and Xoungland Hamanaqflgﬁv {29). These authoys per-
formed 102 twéiée-rabbit inéulin\aasnys'aecarﬂing to ﬁha
intiﬁveﬁéuﬁ mathcd; Tha.initiai sugar determination'waﬁ
cmitted and no eignificant varintion in the slope of the
dcaapeﬁreﬁpouse cuive was detected over & 14-mcnth period.
Pugeley and Ramptor {30) have sim:lariy found that, in
‘both the subsutanecue and intrgvehnus methods, the initial
sugar value may be excluded from thé calculations without |
affecting the §r¢ciaion og,thé asBay.

.The effeptncf inaulih‘hda §een expressed differb.
eniiy by different workers, Marks {14) asocumad that the
absolute nverage foll of.tha blood sugar, after ihgectien
"of a sertain doée of insulin, is progoitiﬁnalvta the
abé@lute value of'ihe ihitial blood sugar, and, therefore,
expressed the blood éugaf fall as n percentage of the

| | /initial
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 initia1 blivod sugar ~gthe'ﬁarcenﬁaée raduction; Krogh
 &&6 Hemﬁingsen; 19?8. adopted the abaolute féiz as the
measure of effeot, whereaa Laqueur (ﬁl) 1gnored the
initial Ploocd augar and merely obaerved the 1aweat paint
| to whiah the blood sugar fell duwing the test. In-a 1atar
sommuni cat ion (13) Hnmmingaen and ﬁarka auhmitted & large
amount of matcrial to statiatical treatment and found that
}bmth the absolutevrudgctianvand peraentage reduction in~ |
crease with inpreasing initial value. de Jongh et ai.»
(28), throwgh eimilar treatment of nacumuiate& material,
" ¢btained Qarréspcnding results, and conalude that calcula-
‘tions can be based with equally an-tizsfactéry results ‘on "
cither the abaoluté rmauetien or th@ pereentage reduation
{after npplieatxon cf the cerreatian fastor for 1nitia1
tvaluea). Fugaley and Rampton {(30) have similarly found
1o nignifieant differsncas when bnoing their aa1¢n1atianﬁ
.en éi#her‘the parogﬁtage ra&uatian or absolute reéuﬁtion.
In the 1ntravanoua nethod (Young and Roamans, (29)) the
inxtial value 19 ﬂiaregarda& and the calculatians baseﬁ
on the absozute decreaced 1evel.
xt has beeome austamary to maaaure thﬁ effeat of
1nau1£n on the blood sugar by means of the nveraga fail
(absolute ar_percentage) during the first four or five
-houxa,foliowing thé_&njection@ Thig~perio& wae origine
aliy deﬁided upon,vaa a reault.of'invsstmgatiané oarfiga
out by the éariier;workaxé {14, 191), as-é:‘su:ficient |
: &uration f@t'the blégé‘ﬁugar to return to its normal
value,'failoving the injé&tian of th&'apeoific insulin
- dose employed iy aéﬁéyB; The bleeding schedule followed
by moét wbrkerﬁ in thét éf O {initial), .1.5@ s and 5
hours; 'athets (28) prefer-a 0,.0.75,'1;6, 2.26 and 3
;‘haura scﬁéduiea, ‘As regarde the»bleeﬁing schedule, Bliss
| and Earte1e, u&ing the diseriminate function test, claim
that "the d;tferent_time intervals are markedly unequal

/in.'.



:the information they provide on the insﬁlin‘efféct, and

the application of thia.méthoﬁ to more extensive data
should provide a revisa&-bieeding seheau1e, which would be
both simpler and more afficientﬂ.', Pugsley and Eamptan
(30) have compared the effect of variationo of the bleeding
schedule on the Biope of'the'regieﬂsimn line ané the
standard eﬁror; Their results indicate that, in the con~_'
-'vcntianal bleeding achedule of the eubeutaneaus methoﬁ the
B=hour sugar value does not cantrﬁbutq to the precneionﬂaf
the assay and may, therefora, together with the O sugar
value, ba’exaiuaédg Similarly, sugar determinations can

be made at 2 and 4 hours oﬁly or at 1.5 and 3 hours only,
_withnut soriousiy affecting the precision of the assay.

In the intravenous method Young and Romans (99} wake a
singie sugar determinatian at 50 mina. after injection,

. A surprising faetor in the assay ig the meagre con=
tributions by research workers on the amﬁunt of insulin
desaga and possible VRriations of the dose. This is prub-
ab1y~dug to the long practised, ¢Onventiona1 bleeding
‘sohedula of 0. 1.5, 3 and 5 hsurﬁ where a dose of - 1 1.4Y.
per 2 kg.body weight has been found to give the desired
result. ‘The Toronto workers (191) used a subeonvulﬁive
doce of 2.5 alinicél nnits_per 2 kg. body weight. xarks
_ (i&) inveotigated the relation between dossge and effect -
ané found that, on,the-iuwéf dogen, the hypoglyﬁaamia :
affect is apprcximatély péoportipna1 to the dase; but as
the doses are incraaaed; the hypoglycaemic cffect reaches
& limit, abvove whisﬁ_thare is praotiaaliy no further ine
sreace, however large the dose. 1t is, therefore,
-easentiqi to employ o dose emaller thhnii;sﬁ‘unitﬁ.per 2
 kg.in order to obtain hypagiyeaemi¢'ef£ests VATYing approx~
1méj;ely with the doge.  “On the other hand, the doce
Bheuld-be as large as paésibie, so that the effect shall
_ ﬁot be s0 small ag to give undue prominenca to

/EXPBrimentai
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uxﬁerim@ntal errore. For this purpose a dose of 1 unit
vvper 2 Xg. has‘ﬁaen'addptadﬂ (loc. oit.). Hevertheleas,vit
- is possible that experimental variatian of the doge,
espeeially to%ards tha lower ranges, may yielﬁ equally
' fruitfui results as have been obtaineﬁ by variation of
~ the bleeding schaéule.‘; ®ith the lntroduetian of the
aplit nrnas~cVer and the twin crasaov«r designs. ‘the 6035
'fhas coma tc be variad fanging frcm 0. 3 units per kg. for
'the low doae to 1.6 unats for the high dose, according to
the eenaitivity af thevindiv&duai.nnimnlahtssi. Othar
workers have used higher dbssga'leveiaﬁ-being as muéh as
0.90 unite for the low and 1.80 units for the high dose
per rabbit (30). The continentsl workers (28), using &
o, 0;75, 1;5,.2.251and 3 houré.bleeding aaheduie. have veen
'wozking’én_ulightly 1oﬁer,&bﬂageblaveie; Tﬁe'effective
dbﬂ&géviaVGie in the 1ntrav§ﬁaua method are within the =
same range 35 these'reqﬁired for the subcutaneous m&thbd._-
‘previous studies (14) have chown thgt 0ve§ a fairly
wide range of domes the effeefs of ihsulin injeeti@n'are'
'progortionai to the doaea, plotting of these rasults, i.e.,
, aasage against mreruge percentage blood sugar redueuon,
yﬁelding the doaeareaponﬂe curve. ' zater ﬂtudies-indiaa~
ted that for part, at least, of the affeative range this
relaticn ig linaar, uhen the percentnge reduction is
plotted againat the ibgarithm of the dose. Bliss and
Marks (33) have eonaxde\red at length thoae faletara by
- which the preeision af theveurve, reiating‘dbdagé and.
g:uded‘reaponsi, can b inareésed; Thej’indicﬂté;haﬁ
ﬂwhén the relation bstwean dosage and.raspanag'ia to be
used sﬁhaequently.fot pirposes of hioldgical'nsaa?. iﬁ-ia §
advdntggeoua'to find the méaaure af_ranpohae which will
plot as a strajght line against thé logarithm of the doase,
1 teated over a wide emough range of doaea, rost |
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reap@naeﬁ éhéw bbth minimal and mnximaiviimita‘that are

approached aaymptatiaaiiy, but an intermedlate range ia often ‘
present which 1a indistinguishabie oxperimentaxly rrom o

_atrnight line and quite»adequate furvpharmacolagical asaays,"

= As roegards the estimation of ralatzfe gaténgiea by tha

ﬁiﬁpﬁ of a predetn:mined curve, the same autnora in & sub—j
saguent paper {37) point out that tha slope of thn curve
_m@y yary from 1abcrntory to laharatcry or from one test to
another., Thic point was further alabarated on by ?ielzer

et al.(38),who conseidered nhather the dosage reponte
relatibh ghould be determined separately'in‘each aﬁsay,'arv
whether it should be predetermined in a apeciglvexpériment.
and tho result aceapﬁéd as a'parmanent'étandard'of:referanee
for use in all subseguent ﬁésajn._ They compared Curves
obtained from two series of assoys from different laborator-
iés'énd epaced by an intarVai of 1¢ yehf& and the curve

~ obtained by Biiss and Marks (33), finding a sntiufactary
agreement hetween tha aloyee in the three curves, the slopeﬂ
b+ being = 53.6, 46.7 ang 46 with standard errors of £4.9

¥ 4.8 and ¥ 2.7 raspectiszy. Thay énme to'the.conelusion
that a leg.;dauawreSpenso relation with a slagé of 45 ié N
apgropfi&te.‘ Ih avsubﬁaquent‘psper {39) the.aamé authdfa
compared the dosage~response lines for 2 latoratories, two
of these being cermercial nneﬁ, whe§e'the‘work sonsicted of
routine sssays an o large number of different preparations.

_andgfound, especially in thévbaae of the latter laboratories,
that real changes in the slope occur relatively frequently.
They eonclude that "a dcaageurauponsa rel&tian obtained by
peans of a special exparimanﬁin a particular laboratory may
not necessarily apply strictly to general routine assay ané.
it would, iharafére; 5e ﬁeairab1e for any 1&%32&%0#& in

- which aadayn'are régu;ar&y carried out to analyée ite own

experience, A further improvement would be to arrange

ench aepa&ata tent 80 that it should provide a falrly

| | - /reliadle
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'reliablé estimate of ifa own slopa;“ Both,the split
crosaover and, eapécinllyiﬁha ﬁwin eroaaover, due to the
*differnnceﬁ in dnﬂage fulfll this requirament 30 that;
in an asaay of the 1atter deaign, the uae of a predetars
.mined log. ﬁosevmeaponae linazﬁaa_became.unnecesﬂawy anﬁ'

superfivous.

. The majoxity of the faportd-on_the aén@y'af ingulin
aim at i#néeasiﬁg the precision of the method, being a
, c@ﬁeerﬁea'eithar'with the effeet of va?iatiﬁné'ﬁn'the
| - dasign, or_wiﬁh methadﬁ.or-interpretiﬁg the resultég |
'-Preaisian af_the assay ié. theretore,'of fundamental im-
portance when dealing with purified material to bé uged
for pharmaceutical or vesearch purposes, Hoﬁaver,’%he
researcn worker in the field of inauiin axtraction by |
varinus methods, or from dszerent eaurces, ie ¢anfrented
by the prablem that he requires a quick estimate of the |
gctenoy of an inaulmn containing sample of varying degreee
of purity at difrerant stages of the cx&r&cting provedure,
”3¢r'obviﬁus reagons the methods of assay af expiéined in7
the praviaua paragraphs, do not fulfil this requi:emant.
Firet and for&moet theae metheds are too precise
for the purpose in vigw invqlving an unnece ssary cmmplicé~
‘tion of procedure and calculations. Often the material
that ic tested is so impuxé, aﬁxnmpared with the standard,
that affulllagsgﬁ~wcuid yield no more eniightgning résﬁité‘
than coulad Ee'@htainad through dmplar procedure, Thig |
vﬁaa the @ése with m@ny of the»samplea gquoted in thé_aubn
seguent sections of this.wﬁrk." The worker in thie field
is intéresesd ta_knéw~whether'a éer;gin gource yields,
80y, 1.9@6 or 3,000 units per kg. of matexia1. or whether
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'a'cérﬁain pfocedura increa#gs the yield of his product
from, say, 500 units to 1;000 units pet gifan weight.
vHe'ié not concerned, at this stage, w£th_the exact
activity of his ultimate_purifieé pinduct. but needs a .
:quick method and yet one whikh is-buffiaientlﬁ_reliab;e
to give him an ap@roximata-estimate of the poten@y‘of the
material.in hand., The standard methodu of ageay can be
compared te the fine aﬁaustment of & miaromcope, the sye&ifﬂ
aim and requirement beling clar;ty,and precision, ﬂcwever,
it ‘can bo assumed that éaqh 1aba§atbry, where inguu‘:ﬁ assay
io un@ertakan‘aﬁ rquﬁine‘ﬁdf or“apecifically, aleo;has a
“coarce adjustment® hy‘meana,af'ﬁhidh the activity of
an altogetherAunknaﬁn»sampie @a firﬁt roughly determined
vefore switching ovar‘to_:he fina;_ Beﬁcrigmioné'ef these
fooarse adjaatmegtsé-sh;na by their absence from the
1iterature, .
A sanand digaEVantage i9~the1duration of thé properly-
conducted rabbit assay. mpeﬁaizg_'un'tha numbers of
animals ussd and thg specific design followed, thié asaay
Ry rﬁquire'from,i'te 4 weeks to complete. If 8 ni 32',
,Vanimals are used and the twin cruaaover'emplayed; at»leaet
" a week is neeésaary for cémpietion bf tﬁe teat,'the.c@ha,
| vantianai blesding a@heduie not permitting reeaing ﬁf'the
.animala in between. ang thus preventing the test running
‘over four ¢oncecutive days. This method serves the pur-'
 pese very well when perfa:mad for resaarch 9urpoaas
aiming at increaﬁing ite preeiszon or pracstioability,
or when single large batches of material are toated, as
is done in commercial labnratarxea, but it is imprectical
when large pumbers of sampkes require testing.  The |
| intravenous method W allowing feeding of the.animals in
'between, shortens this pericd to 4 days and therefore,

hao distinct advantagaa over the subcutanenus methad

./1n
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In the mouse msthod large numbers of expérimental
aniwaie (varying from 150 « 200 per aaaéy) aré required.
Thin neaéssitatea the ocarrying of large stocke over long
“periods]. In many 1nﬂtitﬁtiana, where the research fields
' 6f their various méﬁmera'are cf a diverse nature, the;@éﬁts
~ attached to the maintenance of adequate numbors of animals,
“gause the quae method to'bé an axpensive and'impréctieai
one. o |

in the latter sectiona of this'wark {see Parts II and
111} large numbers of insulin cnntaining samples (rumning -
well into three riggrea) had to be tested. JYor the reasons
already quoted, the stahdﬁrd mothodg of assay would not |
only have been superfluoua but would have ﬁade thé task
impossible. It ﬁae, therefbre;,dee1dad to embark on a
gearch for a4 "coarse adauetmentﬁ;'éhe features of which :'
would be ease and iapiﬁity of working c&mbine&uwith the
waximum amount of precision that can be expected of such a
methpd. In the following pégas ia desoribed the yroeedur§
followed in order tolarrivé at a aatiafﬁétory anlﬁtionQ
Apart from this piima:y sim, & secondary consideration was
the pnéaib1e in9trueti§a aanclpaiana thét‘suuld é@arué f?dm
- experimental procedure mr,thia kind, The meth@d,.ae ii'was
f;nally adngted, was used in a'quick assay of all the
samples, but it by no means raplaée& the necurate full assay
ﬁﬂihdds,‘whieh were roverted to in ail cases where final

axnctvdeterminatiaﬁa ware required,

(b) Material and Methods,

The rabbits used in this teatuwere of » mixed breed,
having been bred ffam the loecal stock, on apesiai in-
struetiona the young animala ware frequently nandled by the
attendant, 60 that by the time they were used for the -

test they had become aacustomed to handling and were

/ﬁuite_
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quite tame.' Before the qﬁiméls in,the_gréup were mselected,
the entire bateh was on two occasions injected wiiﬁ 0.5
unit © insulin standard per kilo body weight, and the bloa&'
sugar determined at hourly intervals over a perxed af three
;hours. In each instance. the average pereentagc raduction
for each nnimal and the graup was determined, an& those
that had ahcwn inaenaztivenens or'aver-sensitiveneaa on.
»both occaaions were consequently omitted. |

- The experimental nnimals were haueed in large cages -
3 to 4 animals to a cage of approximately 16 aquare feet
floor space, and males and femalee kept separately, No
‘speclal provision wao made for ‘temperature regulatien in the
 ’aana1 house, the conatruction of this ‘being such as to
:mazntain as far as possible & fairly constant temperature.
Hnreover, the greater part af the test was nerformed éurs
ing the warmer aeason of the_year (5aptember -~ April) and
the 1abafat0ry temperature waa'hafdly‘eﬁer_obaerVQd fa
_fiuctuate:bgyond the 1imits'of720 } 24“0,.-O¢aasiana11y.‘ f
when lower or higher temperatures were rogistered, no
evidence could be fOund of'aﬁy devidtiah'éa far as the
.fastlng blood augar level was coneerned or the effemt of
the injected 1nsu11n, thim being 1n agreement with the
egrller observations of Seott and Detti (18}, ‘
| Throughout the duration of the test the rabbi%a
were fed on a diet of eabbage, earrnts, dried lucerne and
cata. Prior to the injeetion of insulin they were placed
- aingly inta smaiiei cages and etafvea for periods varying
_’from 14 to 18 hours, water being alwaye available,

Tha wa;ghta of ﬁhe animals variad fram 1.6 to 2.&
kiiograms and throughout the dose was adjusted to a mean :_'
'hody weight of a‘kilo, As.ulmoat-&ll the an;mala reaeive&‘
thé entiré dosaée rénge, adjustment of doge to bady weigﬁt
’seeﬁa to have been an uhnecgspgry prnégdure. ‘Howe#ei; in

/the



'the'iight of the ultimate ugse the results were to be put

to, it seemed more expedicnt to follow this course,
Altogether 70 rabbits were used, a group of 42

being selectad for each dose. It is,-thereféra, Appare

‘ent that most animals were uced for the ontire range,of

dosage. Where accident to a rabbit or pregnancy of a

female provented it frcmfbeing used, its place was ﬁaken

by 8 new one. With the higher doaeslrabbﬁts occanion-

ally convulsed: these were then fepiaceﬁ?by'nanu

convulsing ones,

An average of 9 rabbits were tested per day, oo

that, with few exceptions, no animal was used more than

once weekly, the test period having lasted approximately

18 weeks.

The contents of an ampoule of insulin standard was

dissolved in &isﬁilied water gontaining C.85 per ecent
'sadium chloride, hydrochloria acid to maks pH 2. 5 and

" 0.3 per cent trieresol.  The volume of solvent was such

a% to give 10 units per ml. This stock aolution wag
stored in a refrigerator at 4°C, Immediatély before
injection the stock solution was diluted with a further
éoiﬁﬁe,cf solvent to the required strength. The volume

injected was 0,5 ml.per 2 kilo, bodywmight. The doses

- varied by O. 05 uni te and ranged from 0,05 = 0,85 unite

pey 2 kiia. Aitogather then, 17 groups of 42 rabbits

' each were tested. The dszerenp groups were treated at. -

‘random and not nocording to w systematic schedule.

Te illustrate this'

"On the first day af the test 3 of the 9 rabbits

'reaezved 0.45 units eaah, 3 received

0.70 units égeh; and'a received

ﬂ.sﬁ'units each,

- On the séednﬁ.day 3 rédeived 0.158 units each,

3 received 0.35 unite each,
3 received 0.50 units each,
| fand



' and BO on until all 1? groupa haﬂ beon comyleted.‘
Indectxona were made under the loose sk:n ot ‘the

| fzank. Immediately before the indection each rabbit was
“bléd.in oxder ta determxne_the fasting sugar value,; blood
,beiﬁg'ébtainea ftom the outer marginal vein of the ear, (

' Abéut 1oml, of bioﬁd was voileéted frcm éaeh rabﬁif into
a small giaea tube’ containing a very minute quantity of
’Vpotanaium oxaiate. After injecticn the an;mal was- put
back into the eage and the latter placed in a dark
aupboarﬁ, HC aB ta_exclude the disturbing_factara_of |
normal 1abdratdfy raut1n¢.  The rabbits were removed from -
'the cupbaards only for ahcrt-pario&s'in ordér to dréw
blood. During the injectinn, but especially during the
N bleeding process, the utmopt care was exercised to prevent,
‘ undue aativity of the animals such as jumpxng or Jalting.
‘The small ﬂize of the eages (12” x 18%) pravanted marked
'muscular act;vity of the animals while in the cugboqrﬂe.'
Thorp (40) in11944 densribed the_effect of mild exgraise
upen rﬁhbits_which\had fécéived insuiin,.and showeﬁ:ﬁhat,

in exercised animazé,'%he blood sugar not only did not

o reach the samo iow level as in non—exerkised ones but it'

aluo returned more rapi&iy to normal. He alno fcunﬁ

the degree of animal varzation to be h;aher in the e%arn’
cised rabbits. When‘opcasionally such.muacular activity
did occur during the'bleediﬁgg the ?eaulté'fram the |
part;cular rabbit were disédrded aﬁd<a new one substituted
“in its place, _ | _

Blood was collccted from each rabbit atvhouriy "
intervals over a poriod of three hours falloﬁing the'iha
jeotion of insulin, The blood samplee ware not pooled,
but each determined ﬂeparatcly. 50 that the.hourly 1eve1

- for each rabbit could be observed. Eaéh sugar level
-_lzﬂted in the succeeding tables represents the averaga
_reading of three sepnrate determinatienw.
.  /The
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The procadure uéed for the"éﬁtimation of sugar was
Hhrding'a>modification of the Schaffar»ﬁartmahn methbd
(129-21). o |

{a)'»aesuitsi'
In the follbwing*Tablés‘i -‘17'ara listed the
effeots af-Varyihg Gaéeg gf_insuiin standard on the
bleod sugar lavel bfvfaéting rabbits over a period of

'3 hours,

/TAMIE 1,



20,

CTABLE 1,

Dose; 0.06 I.U/2 kg, rabbit..

Serial Fasting Abe.fall Abs.fall Abs.fall Average

Number Blood at end  at end at end absolute
. of Sugar of . of - ef fall over
- Rabbit level =~ 1st hour 2nd hour 3rd hour B hours,

i 60
2 74
4 58
6 - 66
8 78
9 57
10 - 80
il 63
iz - 84
15 56
16 67
A7 7%
18 76
2 54
2. 63
25 82
26 19
27 70:
28 . 6b
200 64
30 76 -
32 59
233 - 63 -
34 65
- 3B 66
- 36 Co-m
B 72
39 70
41 64
43 . B8
4% 81
- 44 o 58
45 &8
- 46 78
47 82
48 80
49 170
60 - 57
81 2
52 74
53 , 79
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Dose:

Serial  Fasting ALS,fall Abs.fall Abs.fall Average
‘Number  blood at end  at end. at end  abs,.fall
of - sugar - . of of of - over

_Rakbit level ~ 1st h@uf} 2nd_nour 3rd h6ur 3 hours,
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TABLE 3.

Dose: 0,15 1.U/2 kg.rabbitl

- Beriasl Fasting abs.fall Abz.fa2ll Abs.fall Average
Number  blood at end  at end at end  abs.fall
ef . sugar of of . - of . over
Rebbit leovel  1let hour 2nd hr, 3rd hr, 3 hours,

4
¥

a8
16
13
6
13
14

‘9.

‘s‘
25

8

17
;
15
3
z1
20
1
5
10
20
16
4
6
20
13
9
8
8
3
15
15
12
13
19
14
25
15
19
20 -

3 78 i 6
4 1) 27 o ¥
5 ! _ 1l 7
7 - 60 29 20
8 66 j2) 8 _ 18
9 S 86 T Y 2
10 - 84 , K5 S
31 - T4 26 - - 11
B % . 86 26 o 1
T ¥ 69 24 “
ia - 68 - 36 30
156 L4 .18 1
16 6 .40 - 26
L7 82 . ¥ | 1%
19 73 18 9
20 63 20 18
21 - 60 _ 7 2
2 74 ’ & 20
23 64 29 2
24 b - 63 4r 16 -
oD 86 -y AR 3
o8 62 s 12
- P9 - 66 2 18
30 - 64 34 14
32 . 80 ' 8 . 4
33 68 19 -
34 69 . 20 18
35 &% 25 14
38 74 - 22 6
39 692 | 18 B
42 @ 0000mn ig 8
43 62 . 9 _ -
45 84 24 . 16
‘46 67 8 14
47 58 26 10
48 S £ TR 28, 9
50 66 3 18
51 76 25 is
52 68 36 a8
83 64 g2 - 18
54 84 . 32 . 18
55 - 80 40 ° e

QLo DI O s ot &t 30088

= e

o Lo B
NP PRI LN O

 TOTAL: _ 2907 ~ 3038 - 510 144 564

_Averame:
m‘-v-w

e
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. gerial Fasting' Abs.fall

¥umber  blood
Bugar

'Eabﬁit ;,1¢val :

at end
of .
1gt hour

at end

2nd hour

Aba,fall Average

at end
of
Srd hour

aba.

fall

over
3 hours,

1 .
4 6%
[ . 69
é 82
9 . 80
8 68
9

10 60
-1 73
¥ 64
13 54
5 63
16 &
17 63
19 70
20 62 .
21 71
22 - 80
23 e
24 62
26 56
26 82
a% 78

% e

29 71
30 83
3 74

76

67

18
32
25
43
18
45
23
22
37
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TABLT 5.

Dose: ©.28 I.U/2 kg.rabbit,

Serial Fasting Abs,fall Abs.fall Abs,.fall Average
Humber  blooed ~ at end at end at end . abs.fall
of . pugar of of of _ over

Babbit  level - 1st hour 2nd hour &rd hour 3 hours,

Y

7

24
8

7

%
pRe]
18
28

S ¥
i1
iz
16
33
R
32
. 25
18

71 33 : 17
70 . . 30 1é
75 : 31 30
83 ; 23 ' -
18 26 5 18
B6 20 : -
89 - 29 19
80 34 IR ¥
-5 - D& . R2
56 27 5]
55 20 12
B 24 iz
513) 36 Y
83 ' 43 37
65 16 L
61 40 33
866 25 ' 25
66 = 26 16
83 X 9 il
82 =8 il . 12
89 o 11 4 - B
% 23 10 ‘ B ¥ §
75 - 44 o 26
60 ' 37 -8
71 35 20
&85 28 14
66 28 _ 14
7% 28 8
B8 - 34 R ¥
: . 16 -
12
18
i1
7
8
20
4
-9
12
13

e
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TOTAL: __ 2926 1183 665 194 642
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Dose: 0,30 1.U/2 kg. rabbit.

Serial Fasting abs,.fall Abs.fall Abs.fall Average

Funber  blood  at end at end at end .  abs.fall
of . mugar of . of of - aver

Rabbit level 1st hour 2nd hour 3rd hour 3 hours,

15
20
19
-6

19
20
12
16
27
14

23

6

6
19

8
v
22
17
9
20
16
17
30
13

19
10
15
20

20

67 27 13
- 88 - 24
- %1 ' 43 - 13
-6l 17 L -
Y 33 16
74 - 34 S8
64 33 3
: ' e 28 20
12 8z 46 28
.3 87 32 9
14 - 78 -39 24
18 o8 18 -
i9 50 5 13
20 S 4 - 37 16
31 68 13 S 3 §
28 61 - b
23 ¥ 3 21
24 68 .54 - AR
25 72 27 L.
26 72 '35 - 7 18
27 83 - 25 "13
o8 80 a7 - 10
29 7 33 23
3 8 . 23 16
g2 75 34 . 1?7
33 75 17 15
34 - - 64 28 14
35 .69 3% - 22
36 85 B 21
B8 - B - 12 - 6
- 39 69 19 2
40 Bl 30 ad
41 g4 30 11
42 68 3L 16
43 - 65 30 17
&4 8 18 4
46 74 20 - 24
Y SR -1 2 B
48 76 .28 12
49 61 20 "
- 82 L 36 20
53 69 24 20

DOOICL M
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| o

\ TR n '
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H

. H LT
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TOTAL: _p997 1208 596 18z 643
@vgxaﬁg;' 71.4 _ﬂ‘ga,s }V_H‘\ié.g 7 3ffi ,. A_;;5,§ o
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ZABLE 7.

Dose: 0.35 1.U/2 kg. rabbit,

" Gerial F¥asting AUuB.Tall ALR.fall ADS.fall Average
- Bumber blooed at end  at end -at - emd  abs.fall
of sugar = of . of of . OYer .
Rabbit level 1st hour 2nd hour 2Zrd hour 3 hours,

%6 44 3%
67 39 86
79 10 15

5 |
5
- 8 68 38 18
7
9

27
8
20
8
11
22
17
17
.9
15
21
14
35
o7
13
17
o
20
20
4
1
30
15
- 33
9

Cpepy
g

R

L 18 : 5
- 689 30 4
10 85 8. 28
12 8o - 27 23
i2 8l 38 v 18
i3 80 28 -
34 60 . 26 10
15 - 98 44 16
o2 68. 42 41
22 7 3% o9
23 66 a3 8.
26 7 WA« S £
27 .79 18 4
28 78 35 . 1B
¥ 8B 42 17
o 7 8 4
& T 28 e
32 e a 14
.33 74 47 36
34 . 78 &2 i4
35 66 - 42 K72}
36 77 21 . 6
- 37 65 3 - 24
. % 73 . 3% . 18
® M 22 2
40 . 66 21 ¥
- 42 - 83 - 3z 18
43 - 69 ;S 9
4 58 24 16
45 67 S © - R 10
47 8 . 24 9
48 79 8 16
49 e 8 . 4
51 7 3T 3
Bg 73 - %2 .. 18
. B3 68 .18 ' 17

e
(SRS

Qoo n

Pt

25
18
8
16
8
16
15
13
9
11
16
8
25
19
12

[

F2CI0 T LY hny

. TOTAL: 3056 1388 | 651 173 689
~ Average: 72.8 30 1556 4.1 16,4
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TABLR 8.

Serial Fasting AbB. Abe, | AbB, AvVerage  ADB.blood
Rumber bieod  fall at fzll at fall at abs.fall sugsr level
3t sugar end of end of end of over at erd of
Rabbit level 1st hour 2nd hr. 3rd hr. § hours. 2nd hour.

17 63
19 5%
25 50
5 - 37
28 , 51
16 80
-7 "y
17 A 64
27 : 23
il 42
13 : 70
10 : 61 -
20 - 78
i3 43
i85 : 56
17 - 35
27 33
21 59
g2 50
3

B B . 69
.8 70
18 ' 37 .

- va ?3 ) _
a3 @

11 . 64
14 4
i8 62
16 56
9 85
13 43
25 5%
17 - 36

28
17 60
20 62

- 18 - 65
29 33
18 44

o av 3%

1 fvg 17 -
2 81 20 19
5 78 32 21

4 -9 37 20
6 - BB 24 18
8 72 3 12

mg '?97 18 . 2

n 79 24 18
1 60 23 37
14 56 19 14
i5 86 3 9
16 74 1% .13 .
13 92 3/ 16 n
g0 & - 18 18
R 69 - 13
22 56 26 o2

. 25 69 39 , 36
26 79 43 20
2 N 46 2
51 ’ ?Q> 3» Rt
3 18 =
54 78 7 8
35 57 27 - 20
3 73 198 .

39 . 89 37 B ¥
40 Kz 44 2%

41 76 18 ia

42 - 84 20 10
43 80 -3 8
44 70 33 14

45 78 a0 2$ .
46 59 23 16

a7 76 4 . 23
8 57 27 A
49 6 49 4

61 86 . pv 18
8 18 20 23
8 = 89 43 %6
55 62 23 18
56 59 a8 -

Poumat . N “ SRR Y - 4
VRHROIPALL QI DUSRED AL O EUDT L MDY § OBDH oY

jomL: o3 doe  7es s me a0
"féverage 2.2 20.5 - 17.8 4.4 17.0 54,9




38,

TABLE 9.

_Dose: 0,45 I.U/2 kg. rabbit,

Serial Yasting Abs.fall Abs,fall Abs.  aver, Abg, blood
Tumber Ylood at end - at end fall at abs.fall sugar
of sugar  of -of end of over ievel at
Rabbit level - 1st hour 2nd hr., 3rd hr. 3 hours end of
' _ _ , o L ) ,@mhm,

3 69 31 16 - 16 : 563
4 T3 3 26 10 22 - 47
6 7 48 _ av - 32 39 as
? - 64 16 - ) 8- ?2 33
a - ; i8 67
B 3 2 39
12 63
C A% 49
34 - 25
23 49
27 - B2 .
12 57
10 5%
22 31
12 68
i5 52
24 - 44
17 48
26 B80C
26 59
9 82
8 @ 54
21 .49
10 2
17 Bl
25 $9
11 55
a7 4
19 38
23 - 53
20 - 47
14 . 59
26 58
21 41
7 ' 53
18 : 70
- 14 64
32 27
17 53
9% 44
27 41
13 61

, 8- B 20
9 60 3 - =2
11 5 28 1z
12 69 3 .20
3 - 6z 37 37
14 78 %8 B |
185 - 60 28 ‘ 28
16 72 20 _ i5
17 95 15 15
20 . 85 27 24
21 76 22 .8
22 7 20 25
24 ) . 40 28
25 84 54 16
26 . 73 38 - as -
oy A 87 28 , 28
29 8% 16 8
30 ve - 33 16
31 2} 30 23

32 - 8% A '8
34 66 3¢ 15
av - BS CopB - 26
3B T2 N ) oaz
39 74 vi'%ﬁﬁyj'u
40 68 3 20
41 s 39 22
49 65 32 “18
43 . 72 29 13

44 95 4L 17
45 &7 33 © 16
%Y A - I 24
49 86 . 34 .16
50 -6 . 24 12
51 - 82 44 35
53 70 33 17
58 7L 29 - 29
858 63 44 T 22
LY S % o2 - 22

e ooy
YRR YIS IR

B one
TG me

M
I oG

Pl

- p )
T OODNATMIOO OO

e

TOTAL: _ 3008 1987 - 872 368 842 2136
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TABIR 10,

0,50 I.U/2 kg. rabbit,

-39,

Serinl Fasting Abe,fall

Numbey blood
of sugar
’Babbzt lavel

~at end

of

~ist hour

ADS. Fall ADS.fald AVGTL.

- at end at end abse,

of : of . fall

- 2nd hnur 3rd hour over

S Brs,

Abe ., blood
gugar
Clevel
at end
‘ofaag hr

| 656
2 866 .
3 - 67

6 62
7 72

a ,
9

37
36
29
39
42
36
16
43
20
47
32
-
21
16
28
37
16
42
25
34
19
34
26
31
45
37
32
.38
36
2
39
24
26
32
24
- 35
23
22
30
34
28
19

14

-2

18 11 2
v .9 a9
. 18 - 2%
25 - m= . 21
0. 24 35
39 17 51
- m 16
1 - 19
28 - 19

2 7 27 .

17 ‘ 5 i8

ez 17 16

22 17 20
48 17 26

85 e 16

a7 .. 80, . o8
15 B 10

3. 8 33

26 - 16 228

4% 30 36

43 . . 39 34
18 9 20
- 14
29 - 23
- 40
7
41
26
210
36
46
18
17
36
- 35
19
14

ig
16

W Lot

25
10
27

ot ot

i8

19

26

16

16

- 20
Y

- 17
10

@i@ggé}

44
24
11

o
- YR,

a0

30

35

TOTAL: _2995

1288 L

1082 446 937

1013

Averase s '?l 3
m——nﬁm

30.7

25.8 10.5 22,3

45 5

w—-‘—
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TABL® 11.

Dose: O, 55 1.U/2 kg.rabbit,

~ Berial Fasting Abs,fall Abs.fall Abm.fa.ll Average Abs.blood
 Number Ddlood at end at end at end ' absfall sugar
of sugar of of of over level at
- _Ra“bbit .level 1st hour 2nd hour arﬂ nour 3 }wura ené of '

a3 30

3 | - 25 44
4 81 42 B 8 26 80
6 70 & 22 5 22 48
v/ 7€ 49 40 . 20 % 38
8 84 45 44 B2 4D 40
g 63 . 32 25 13 23 38
10 58 R 18 - 1z 40
11 65 28 -8 23 335 25
12 7% 2b 25 13 22 47
13 64 6 39 14 % - 25
14 8 7 a7 4 ‘26 . 21
15 69 26 24 9 20 45
16 80 a9 36 10 28 44
20 60 17 g - 9 51
21 69 16 19 - 12 50
2 72 40 3z 25 32 40
24 7 31 28 1 20 43
25 69 41 e 3 39 23
26 66 35 35 20 3 31
29 56 40 46 29 38 10
0 52 28 34 33 32 18
21 72 34 16 4 18 86
32 79 43 48 11 34 31
33 61 17 13 - 10 48
34 70 44 42 18 35 26
35 76 32 17 14 21 58
37 53 ) 34 19 30 19
2 82 05 36 12 24 46
39 79 30 S 28 2 20 49
40 57 41 48 18 36 9
41 70 22 17 - 13 53
42 85 28 47 20 35 8
43 71 34 22 4 20 49
46 59 21 15 - 12 44
a7 67 42 28 17 o9 )
48 84 35 g0 9 21, 44
49 81 36 - %6 7 26 45
50 59 37 29 6 24 0
53 64 45 28 11 31 26
54 73 22 35 12 25 38
55 65 38 34 13 28 31
56 70 3G 18 ] 18 52
TOYAL: 2887 1408 31983 813 1064 1604

Averagoe: 68.7
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TABLE 12.

Dose: 0.60 I.U/2 kg.rabbit. -

Serial TFasting Abs.fall aAbs,fall Abs.fall  Average ADO,blood
Humber blood = at end at end at end  abs, fall Sugar
- of spugar of  of of . gver  ievel at
Rabbit level = 1st hour gnd hour 3rd hour & hra, end of
r— . : e e, s i hOUT

is . 54

"4 3% 20 e
"9 o7 e
5

i 20
2 75 46 2% -9
3 9 80 36 15 24 4
4 &8 . =5 =28 13 . 20 46
6 62 20 20 . 13 42
7 w6 & 26 e 28 B
8 61 43 3B 20 32 26
g 99 48 49 36 45 30
10 74 24 29 - 18 . 4%
il 77 34 a2 B4 36
i2 6 2% 24 ig 28 36
13 7% . o8& a7 B 43 28
14 864 5 B9 - 8. . 55 25
15 S0 32 0 15 26 40
a7 TR 3 & 9 - 26 41
18 6 25 - 4 2 21 s
20 & 25 34 3 2 34
‘g2 . 61 29 2 . 9 . 20 40
24 93 68 . 53 . 20 42 29
25 & 156 20 28 - 28 24
26 69 @8 81 15 25 38
27 67 3B - 2 e g . 39
29 86 46 44 19 36 41
aL 73 3 @08 20 52
32 70 - &7 -5 9 .86 40
33 - T4 30 - 38 - 16 28 36
36 "8 . 38 . 2 4 27 4%
3 64 24 % 9. 23 28
58 61, 3 1a - 15 47
40 76 58 49 88 584 27
4 91 50 - 40 . m 40 . 53
42 . w6 38 - 3 @23 3 41
43 63 18 . 3% 11 22 . 28
44 76 3 20 10 22 66
46 66 4 - 38 19 3 28
47 87 . 34 38 24 . 32 29
49 8L 30 44 13 32 17
80 3 28 - .45 8 - @21 28
51 %8 - 50 . 46 s 43 B2
53 62 31 17 - 16 45
58 76 3B 3. 3 3 .39
56 76 32 46 45 .

TOTAL: 3008 1808 1433 714 - 1220 1675

Average: 71. 6 35.9 6.1 170 29.0 3.5
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| TABIE 13,

| EQQQ{ 0.65 1.U/2 kg,rghbip;

Sericl HASLing ADO.T6Li AOUB.L8lL ADa,fall Average ADG, blood
Kumber blood 8t end  at end &t end  abe,fall sugar
of sugary of “of - .. of . over level at
Rabbit level ist hour 2nd hour 3rd hour & hours end of
. e S i ond hr,

i2 66
.;52 41; .
53 31
28 45
20 44

X 18

82 : 20 0 16
7w .. 45 31

94 - BB - B3
. 88 30

66 : 3L 22

78 27 &0 47 :

A 63 34 24 | 25 . 39
10 ‘88 25 B ( 23 19

1 83 48 87 . 21 42 26
12 60 - 28 ' 19 5 17 41
B ¥ -T2 B . 58 - 68 - B4 14
34 - 69 43 3B 16 - 32 3
15 82 57 43 3 486 39
16 81 45 .32 6 28 49
¥ % 58 46 an 4 24
18 0 69 . b4 5% - 25 43 14
20 - 78 52 43 2b 48 35
21 64 .20 10 3 1 54
22 66 e a7 0 23 29
24 7% 49 40 34 41 - 33
26 71 40 48 35 431 23
26 88 41 3 @z 33 47
29 66 28 2 16 23 34
25 62 . 3B 24 16 24 58 -
30 79 B 0 8% 29 46 24
31 65 28 R & i2 1 . 48

52 74 a7 20 16 27 45
33 - 83 48 Y 22 42 36
3 7 45 B8 . 13 31 41
38 81 - 33 36 25 i 45
40 70 (46 44 s 40 - 26
42 - 92 % - 30 40 4z
43 65 - 33 34 14 &7 : 31
44 63 47 47 21 38 16
46 ' 43 31 16 0 46
47 66 36 47 43 42 .. A
48 69 48 . 42 A0 4 . 27
50 - B8O 52 - 40 - 27 40 40
) 81 32 64 43 43 - Q7
B3 68 4 . @6 21 ' 33 32
B4 n 35 - 28 5 23 43
55 59 33 16" .- 16 43

t4@§}!

3
L4
¥ 20
-3~ O O
Y
~3

TOTAL: = 3069 1691 1586 951 1408 1473

Average: 72.8 40,3
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| TAMLT 14.

pose: 0,70 I.U/2 ke.yebbit.

Serinl Pasting ADB,inli ADS.Lall ADB. 44l AvVer. AbS,Dlood
- Lumber blood at - at end at end ©  abg, sugsr
of - pugar - end of of of fall level
rabbit level  1st hour 2nd hour 3rd hour over at end of
. ' 3 ars, z2nc hour,

3 80 54 47 34 45 33
4 80 44 45 43 44 35
6 - 98 63 56 4 B3 36
3 79 B2 56 37 48 23
8
9

2 38 35 : 24 B33 38
69 45 33 35 39 31
10 a8l .57 62 26 59 19
21 - 83 3T - 24 .26 29 3B
12 61 28 19 15 21 3
13 6¢ 36 32 22 30 -
14 87 = 58 66 26 46 &
16 53 ot 28 13 23 29
17 95 52 44 ‘ 3 ' 42 -
18 68 - -y 22 20 37
90 86 - 64 a7 46 B9 19
7 79 65 47 o8 43 32
24 ORE 8 4% . 36 40 26 -
25 68 42 . 29 20 3 29
86 77 24 48 33 35 g9
27 - &7 322 a0 12 25 39
29 S [+ I ¥ | - B S a1
30 oML 44 44 21 - 36 a%
31 70 - B 42 ‘ a7 44 28
33 . 68 o8 S -T: B 25 26 43
3s 62 .y R 21 - 17 41
38 R > N 2 8} % S2 - 30
37 60 34 32 v 26 28
40 63 36 . S - -3 0 - 26
41 71 4 - 38 35 39 36
42 & 23 . 35 26 28 32
44 6 4g 3g 1 30 31
45 83 ) _ 1 i 25 48 22
47 684 32 a5 14 23 41
49 73 51 - 38 : 32 40 34
60 .8 47 54 - 32 44 19
81 78 47 28 - 38 41 40
53 ] 40 38 . 4 B 32
54 65 . 42 . 42 ' 28 36 28
56 63 - &0 8 . 16 45
&7 76 56 - 48 0 I R - 34 .
58 74 49 39 . a7 41 55
59 oy 35 - ®. . 82 32 37

TOTAL: 3031 1806 1606 1114 1536 1386

Average: 72.2 43.0 . 0.%  26.5 36,5 31.8
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L

Dose: 0.95 .I.U/:?,ﬁ ke. ?a_‘bbit.

 @erial Fasting Abs.fali ALS.Inll A0S, fall Average Abe.biood
Humber blood at at end ot end absg, fall sugar

R Bugar end of  of of ab over level at
Rabbit level ist hour 2nd hour 3rd hour 3 hours end of

1 ag 4 36 34 38 46
3 w2 35 39 7 S -+
4 73 37 22 17 29 ‘41
& 78 49 4 12 38 33
8 79 36 19 - 18 60
9 84 53 47 41 47 37
10 €6 48 32 24 34 34
12 M 40 52 29 39 26
14 04 66 i 42 47 40
15 . 82 26 B3 . 3b . az 29
16 3 34 27 8 23 45
18 76 4 44 31 29 32
s 68 " 52 36 16 36 32
24 7% 56 48 30 5 A
6 81 64 40 g7 - 4 - a
26 7% 3 29 1B 29 46
27 65 - 34 36 15 - 28 - 29
20 71 51 42 16 36 29
30 70 3 8 25 34 . 32
3 69 28 26 il g2 43
32 68 44 - 35 32 27 33
33 52 26 19 12 19 83
35 56 . 32 23 12 22 33
36 86 - 48 46 22 39 © 20
37 69 37 BL . 28 37 18
e 91 ] 68 44 856 . 23
40 72 53 o a 32 42 3
41 89 62 61 36 58 . 9B
42 60 41 3 34 37 23
4 8o " 58 8 49 22
46 . 6 52 36 29 39 33
47 88 56 62 36 Bl 26
48 64 39 43 22 35 -
49 76 57 46 86 46 30
50 63 < S 37 26 33 26
5% 88 46 49 41 48 39
54 63 48 49 20 42 14
85 84 58 63 - 44 56 21
56 8 8L 47 32 43 31
57 60 36 29 21 29 1
- 68 81 54 . 5% 43 51 24
59 74 29 B8 47 45 16

TOTAL: 3094 - 1863 . 1%80 . 1183 1602 1315

- _Aver:

3.7 448 4p.4 274 381 313
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TADLE 16,

V,Dése;;,oaac:;.U/é kg. fﬁbbit..l

Serial b, anting IIE Y Abs 33T Abe TaIT Average A%S, blood |
‘Fumber tlood at end at end at end abs.fall sugar
of  sugar of  eof . of = aover level at
Rabbit 1level  1st hour 2nd hour 3ré hour 3 hours end of

End hcur.”

3 3. 44 51 " 46 . 29
6 . 65 - B0 46 T - i9
7 B9 . b6 55 62 88 - - 34

8 84 - 82 46 49 49 38
w7 87 29 17 . zB . 49
1z . 68 26 3% 206 29 -
13 - 9z 67T - %6 44 62 16
- 14 - B9 43 45 g2 . 36 16 -
16 62 3 33 - T 34 o9
19 M 850 - 4B 28 4l 32
20 %1 32 . 48, - 43 43 23
21 66 = 43 40 31;’4,4 35 826
23 7% . 35 17 -1 . B9
24 885 $2. . 63 44 . 5% . o3
25 . 80 - 54 45 38 46 . 3B
26 . 64 A3 . a4 o 36 - 20
28 95 56 . 49 S5 N 48 26
20 B - T o ag 29 35 34
3 89 26 - 34 22 2 35
33 "9 B2 63 44 53 186
35 81 62 61 40 . o4, 20
3% 86 34 26 B 22 40
37 69 - 2% - . . 47 7 C 30
- N 53 % - 3 . 4 - 36
41 T8 46 59 . 26 Y 3 19
42 8B 31 29 24 28 - 29
44 81 Y .43 3 42 28
46 = 65 a1 a8 30 33 by A
4 6. 48 48 a7 41 g8
48 "4 38 45 25 36 29
49 - 69 41 40 22 34 29
Bl 70 40 19 235 - a8 B 2 ¢
53 70 43 46 %8 = B 24
86 . 73 86 B8 - 33 - 49 15
66 - 63 a2 - 41 ! B 22
58 68 38 48 23 - 36 20
89 ™M 58 . B4 43 . B2 23
61 8¢ = B2 63 47 B4 21
62: T2 50 48 & 43 24
64 60 42 .39 21 T34 A
- 6b 75 . 83 46 40 46 29
86 T 44 . 41 - 34 40 - 29

TOTAL 3068 1876 1871 1285  16v8 1189

&3339594773.81144 6 446 305 40, 28,3
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| TARI® 17.

Dose: .00 L./3 ks sbbt.

Seriml FoRting Abs.fall Abs,Fall Aba,f“ﬁi AVerage ADE, DL00G
¥umber blood at end at end at end abe, fall sugar
of sugar of - - of of over level
Rabbit  level 1ot hour 2nd hour 3rd hour 3 hours at end
. . e , e . of ond hr

3 66 = 44 52 1& 38 13
4 68 32 17 - 16 8
6 79 38 . b6 46 47 23
8 74 B3 458 28 42 29 -
9 81 48 20 - 28 61
11 66 36 . 47 34 39 19
12 72 . 54 50 -8 & 2
14 .13 - 46 28 20 . 24
16 . ve . 5% ) 38 46 27
18 86 58 67 62 59 18
19 - 69 34 51 38 41 18

21 73 42 40 - 32 38 33 ;
28 ® B8 47 %0 45 &
24 62 13 3 0 . a7 o2
26 &7 38 3% 39 3 &
27 77 47 38 44 43 -39
28 80 - e 34 R - I - S 46
30 84 44 41 21 B85 23
31 - 88 . B9 68 - &2 | 63 20
33 58 83 3% 15 26 . 8
3¢ - 76 . 46 49 43 . 46 27
36 56 3 7T e 14 49
3 68 - 87 46 &2 - 20
39 S92 53 . 41 34 - 43 LY
40 0 50 - - & 80 40 28
41 89 - 8 66 B2 58 24
43 68 47 38 o2 356 30
48 = M 47 53 30 42 24
47 - - - BRI - . B2 a4 0 A
49 75 7 S 33 © B9 42
51 69 8 s = - 13 . B8 19
52 72 29 - a7 22 26 45
83 80 43 . 53 35 44 29
55 99 . 68 63 47 56 16
86 - 78 42 55 51 49 23
B8 N -3 49 44 43 24
B9 = 65 50 38 29 39 27
61 = 68 46 46 41 44 28
63 71 40 35 29 - 36 -
- 64 73 B R } 34 46 22
.65 69 - 46 . B2 456 48 17
67 74 54 57 42 . 81 17

TOTAL: - 3045 1780 1868 1349 - 1661 -~ 1176

Average: 72.5 42.5  44.5 321  39.5 8.0




TABLE 18,

SUMBARY OF TABLES 1= 17.

Tose  Average YastT T AVeTEEE ~AVEFage BET T AVETHEE BB AVETage ab- AVeTaZe Ab- AVEFaSe per
1.U/2 kg. ing bvlood absolute fall gclute fall at selute blood sugar golute fall solute fall centage
Group. rabbit sugar level ~at end of lst hr., end of 2nd hr. level at end of 2nd at end of over 3 fall over

_hour —..Brd hour hrs, 3 hours

8,005 69.4
0.10 72,0
Q.18 - 69.2
0, 20 7.1
0.2 €9.7
0,30 73.4
0. 35 ' 72.8
0.40 2.2
0,45 1.6
10 0.50 1.3
B S A 0.55 68,7
12 0, 60 71.6 :
13 0,65 72.8 _ - 48,3 ‘ '
14 0.70 72.2 . 43,0 40.4
15 - 0,78 3.9 - 44.8 42.4
18 0.80 72.8 . 44,8 . 44.5
7 0. 85 : 72.5 o 42.5 ~ 44.5

b 13.2 19,1

.
*

CORLTOUN BDOLN T s

12.1

»
[}

5.4

5.2 13.86 18,1

4.5 15,3 2.9

4.1 16.4 2.5 q
8.8

&
L )

*
*

QE~TH MU M

[
w
fae ]

ORI IeBEIod

12.2 25.3 36.8
17.0 29.0 40.5
22.6 - 33.5 46.0
26.5 36,5 = 50.6
30.5 = 40 $4.9
32.1 9.5 54.4

L
.

A QIO AR DA DO 1 B |
?ﬁﬂﬂpgggmﬁwm
CUMLAB! LHGOO Y

Yok

&

*

®

¢ @ ]

L 3

RREEEYES

A0
o
L 4

I07aL: _1215.0

Average: 71,5

A 2
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It wiiilﬁé noticédlfhat tbéﬂavéra@e-fhstingvblood<Bugaf
leveié fdr the i?‘grégpe gre'very closely spaced - too0 close
far'cbrreation of the raenita'by‘abplicatiep'bf,a eorrgétg,
ion figure, as 1ndicatéa Ey'Hafks and ﬁémmingaén-lia) an&
déhSOhgh.'Lena.and’S@ahHOff'(28){ Kaﬁe#er,,it was felt ' |
' that'even such nlightvd;fieréhéea.affegtfthé values in the
Guaceédihg columno, eﬁpeciéily a5 far hs'thg_averﬁée ab- .
solute blood sugar lev§1~a£”phe‘eﬁd of the_segand haur‘ ,
{column 6, Table 18) zg'aanagrnea.’~;£<wa;; zﬁefeforé, de~
eiﬁed-ta ébtain_the avﬁrﬁge\of théfaVeraga:fasting blood
sugar'igvgls {ire;, 71.&)'ahd to express the succeeding re~
sults in terms qr'thia emhmoh fastingvaOéd,nuggr level; the

correctod results being given in Table 19:

':mmglﬁ

SUMEARY OF TABLES 1-17, |
VALURS CORRECTAED TO A LEAN FABTING ELOOD
STSTTUGUGAR. IBVRL . OF TLB.

- & s .

4 Tose — AVEFage abe  AvVerage Ab- Average abeoe
- 1.U/2 kg, solute £i1 = solute blood = lute fall
@Group rabbit at end of  sugar level at over

gnd hour ~  end of 2nd hr. 3 hours,

0.06 - .- mB . 1.9

G.la : 1. 5 ‘ ’ » 4903 G - ‘ ’ 404 .
S 0.5 12.5- 59,0 . 137

0,20 12.8 88,0 - 13.9

0,25 13.5 159
0.30° . 14,2 15,3
S 0.40 1731 16,8 N
10 0.50  25.9 22.4 |-
12 0,60  34.0 0000 % s
13 Q.65 = 37.1 32,9 i .
14 070 40.0 3.1 1
15  0.75  41.0 e bl
16 Ql 80 ' . 43. 7 - 39. 3 4 '\,\
37 0.8 43,9 @89\

o]
a2
L

CHIn DS S

pqwmoamﬂg
¢ & % & ¢ & @

e ®

. 9
HoGaOdO O LIROD

‘m&ggmmuammmm

-3 =2

ife
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(d) Diacussion.'

{41) General COneideratiana.

The fasting ulood mugar valuas of rabbite, asg cbtainn
ed by various workars rrom time to time, snowygreat variau -
tions. Beott, Rord and Endie (quuted from 191) feund -
mean blood sngnr of 0‘117 per cent, with variatiens from
-0, 068 to 0,177 per cent, In Hurlin*s laboratoxy (lcc czt).
the mean . was . round te be 0. 1@5 with.vatiatione from Q,071
to 0,143, whereai Grevenntuk and Laquaur (1oo.eit) abtaina&
o mean value of 0.136. ﬂlaugh et al {22), from 764 read~
ings mpreaenting 64 animals, reported o fa.eting ?alue of
0,113 per cent and a atandard deviat;on from the mean of
1?v8 mg. In this series af 714 readinga an. average valne
of 0,071 per cent, with variations fram 0. 052 to 0.093
:-per cent has been obtainad - The atandard meViation of
the whale aeries wag found to be B.84, These apparent
aiaerepancies in the fas%ing valuea obtained by different

workers aie due, a8 has alr@aﬂy been 1ndicated tothe
methoﬁs of sugar eatimatlon, the varlaus older ones having
been_campared and éiﬁeusae& oy Hexbert et al.(za)s_mhe.low
average faptiné value’bbtaiﬁed:invfh&s'éeriéé {p;e?l per
gent, as compared to 0.11?”, -_0’._105, 0. 138, 0‘..11'3-'96'3;1' cent
of other workers) is the rpnuit.df the methoavnr sugér'
determinatiun (29), which antimates gluceﬁe of the plaama
alanc and excla&as tha nitrogenoua reducing eemp@undé of
the corpuscies by the use of isotonie sodium aulphate.
| Rabinnwitcﬁ ]24) had paeﬁulated fhat nonégluégse rééucing-
ﬁubétances are feapunsiblé for 6.025 per cent ahﬁ hawe>
value of 16,31 mg.per 100 mi of the reducing value of the
‘blood (page 3 ). “ 7 o .

Broct and_ﬂoster (172) ciaim-ﬁhat nanfgluﬁ@éa'
reducing substences have & value of from O;Oaé'te 0, 049
per cent. Viewsd in the light of thess fingings, the

.average reault abtazned in this seriea oompares favaurably
N | L /witn
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i with those of other wbrkersa When the earlier observers
_(4), €herefore, éoatulatedc;045 per.c@nt,aa thévéanvulﬁive
level in rabbite, mogt of thié figﬁr@, as'waﬁ shown by
Hiller et al (25) and Dotti (173), repreaented non-gliucose
>redueing sub&tances. With this series it wasg consistently
_founé'that éhe blood glucose in the rabbit drops to an
appreciably low level (o.FOS’to 0,010 per'cent)‘bafare
signs of convulsions beoome evident. | |
The indzvidnal variaxiohn in fasting value
-(ftc.esz - *0,003), an zeen in each uf‘the preceding Tables
1 - i? cannot Dbe accaunted Lor, Theae‘are well-knawn to
all workers in this field and ocour, notwﬁthstanﬂing the
utmoat onre as regards feeding of the animals, period of
fasting, etc. The inconmistency of this Value in a4 spec-
ifia‘animél im‘illustrated,by the following figures repre=
senting’the faéting blood augar'@f;rabbit Ho;9 on 186 differ-
ent oceacions: 0.071, 0,066, 0.067, 0,080, 0,064, O.069,
10,079, 0.060, 0.076, 0.063, 0.079, 0.063, 0.069, 0,084 and
0.081, These are prabably*ihe result af’daily variations
due to external and unidentified internal physialogiaai
“ factors. HbWGVer, an importmnt ebaer?atian that was made
invihia respect is that, on_a parnxcular day,»rabbits~that
had receiveé aimi lar treatment, almost invariably sbow
similar faﬂting'valués.-‘vaiues like the following were
obtained more as & rule than exceptionis - |
| Day X 3 ..Eabbit_24~ - 0,068 per aent
Rabbit 85 - -0,066 per cent
Rabbit'27 - 0,069 per cent.
Déy.Y : Rabbit 24'> - 0,080 per vent,
X 25 - 0,078 @
"o 27 - 0,084 u.
Values such as;'e.s.. 0,088, 0.072, 0.089 per cent oﬁ_one
day for 3 simiiarlﬁ«treated'anﬁmals were hardly ever
-eneounterad, When-this wasvthe céée, the cauée gould, in
o o ' | /most
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most 1natanees, be traced to some other faetar. auch as
unequal faﬁting periods, exoitaability of rabbitﬁ, faulty
determination, ete. The oboervation, substantiated Yy |
Jacey {192), that on:a specific day thé-fasting'ﬁ;epd sugar
values of a group of aimi&arly~treated.ahimals uswally |
vary’ﬁithin narrow limits; forms an impﬂrtant'basis of the
method of activity evaluation tevbe»éeaariﬁed iaier.

The fatt that the average values (fasting) farvfhe_
difrerent-grcupé_vary within such narr@ﬂgiimiiﬁ,ia probube
1y due to i:ﬁe mtterh of procedure fénpwed with injection .
of the véribué.groupa,(yége 27). | , |

The next point requiring canéiearaiian;is the effact
af'inaaiin with refereﬁag to the,timé yériaﬂ.f'xn the assay
of insulin, the study of the blood augar'fail aﬁer'a period
»'ef 5 heurﬁ wae ariginaliy adopted as a reault of the obe
~ servations (14, 191) that, aftar this period the hleod
| sugar_level had 4n most cases reﬁurned to normal. That
this is not tne'caas,ia amply confirmed by at@dying the
resulte of inndlin asaays as pubiishéd an&~by the work of
Thorp (40). - It was, therefore. thaught that with the
reduatibn of the doses nrdinari;y used in asoays, the time
period of five hours could safely bde reduced to threé.
mhe results quoted in'thegprecédingtgbies»showithat, with
the exception of the small doses (0,05 u‘fﬂ;ﬁﬂ'i.v/b kg),
the blood sugar ﬁoéa not yeturn ta its normal value within
the first three hours. lowewer, it is clear'from the
quoted resultc that the duration and degree of recponse
show a mafked'éarélleiiam,»and. in order to obﬁigte
&eterminaticﬁs‘neqeasaiy for'stﬁdﬁing the duxa%ioﬁ‘of the
responce, a studyfof the_&egzeé; as exhibited at different Q
time intervaiﬁ Qfer.ﬁ definite timé period, ié apparently
equaliy effactive. That this response is graded for
each period tested over a wide raﬁge Gf ﬁoaes, is aiparly

/éhawn
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shown by the results, and will be referred to more in
detail prﬂséntly. T '.

To detormine aceuraﬁéiy the ;awaat point to which
the bleod sugar falls after insulin aduinistration is
aeiln&ghz;mgaséible; ow éio#aiy this 1wweat Qéini can
be approximated will depend on the,tﬁeﬁuency of the bieed%_
inga, wnidh; Tor practical réaabna. eﬁnﬁoi be too aften.r
thﬁﬁer; a cﬁmpﬁrative e:timafq is cbinined by bleeding
at accurately e¢xesuted puat»in&aetian periods, .Emgioying
 this method, a atudy of the average fulls éfter i, 2 and
S\hnurﬂ shows that, with the qntire daaage'range teated,

' al mxim'fall is @ﬁt&ineﬂl within ihe firat ha‘ui. wm ch Lo
thén'maintaineﬂ aacarﬁing'tévtha'amcunt.@f*éo#e; in the
lowsr ranges {0.08 « 0.45 3¢3/2’kg.);.the_aVQrage fall

‘at the end of she second hour is appreciably less than

_that of the first, For the zemﬁining‘daseﬁ (0. 80 ~ 0.85

1.U/2 kg.) the maximum fall of the first hour io main-
tained during the secondltaﬁirda the third hour. This
in&isét«s that inoreasing dosage firat affeats the maximum
fall and,‘agsnﬁd&yf the duration of iha £a;1.7 It is w§11~

' known that, with abnvulsive,60599, canvalsibﬁa»harﬁly-avef' -
aét_in'within the First nouf after injention, but more

rértmn'round ébdut the seeond towards the third hour, |

- This pr@hﬂbly indicates that the maximun. fall hat not been

raached until that time, but alaa that th@ uration of the

 fall is an important cansative factor in proﬁuaing cone

vu;saonﬁ. it appears that the normsl organism haa»ﬂame

_ groﬁeﬁtive meonanigm'aga§nsi a tranaiént fall of the blood

/ N _
© sugar, but that this resistance ie overcome by a maintained

. 1aw lavel

Narks (14),studying the daae»reapanse ratio over a
périoa of 5 haurn. cancludeu. inteyr nlia. that ﬂwith
é.larger dopes the nypogiycaemac effect reackes a limit,

5 above which there is graetically ne furthar ;ncreaae.'

/hawevar



- 83,

“however large the dosel This *limit® is certginly cone
ditiﬁned-byvthe time periad‘allaweﬁ.'and in this eries
- (with.smallgr‘dasea over 3 hcu:s'aﬁlyé the limit seemed ,

" to have been reached by the 0.80, 0.85 }.U/2 kg. doses

(due to the maintained effect), Similarly, in Karks's
exparimeﬁt,'thevlimit #aélraaahe& by the maintained effect "
of thevlargér’deéea'over a lionger period., 1, in the'
© Bame expmriment. bleod samples had been taken at 6, 7 LBi
_ and 9 hours after injectimn (insteaﬂ of diseontinuing at, 5),
and doses gradually ingreased (pruvxded convulsions did
not daaur);.hie doseéfeahoﬁse'ratio curve would probably
nat ﬁawa shown the horizontal line for doses over 1 -
1,5 unit per kilo, - Lo |

The effeat of small doses of 1nﬁu11n haa received
attention from Scat!; and Dotti (195) With this is bound
up the queetion‘whether an insulin dose m&af be éf‘spegi& :f
fic amount before itvaffecﬁa the‘blboa augax;,nr whether
added inaulin; howe%ef sm@ll, does have s measurable effect,
The statement has Deen made that light doses have no effeoct
ﬁr.that there iawan»éall or none" behavinﬁf. Saott énd
Dotti (loc.eit),published data relating to the response
~after injection of l/6th = 1.ﬁni€,per kilogram over 3%'
B hours;_ They found a.biéad,sugar'deeraase pfOparziamé&'to
the dosage to;;/lﬁ upit per kile and, by extrépplation,
calceulated a §er&éhtage~reduétion.bf 10 per cent for s
dose 6f 1/32 unit per kg.'>Whetﬁer doses smaller than this
couse & relatively smaller reﬁuctian 6f the blooﬂ sugar.
or whethar the curve ahawe a simmlar flattening in the -
-'extreme low repches 48 ias the case with high doses, is
vdirfzcult_to determine. Thie ie due to two factors:
(1) The precision of the best methods for the determina-
| tion af’the blaaﬂ,augaf ﬁbga not permit differontiation
of ﬁugar acncentratiana after aémihistration of very small
ﬁaema, and (ii) the effect of amall danes 18 probably 80
Shwrtnlived that, in oxder to determine it blood should

/be
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be wiﬁhdrawn gt very short-interVals'after injeotian.

- The authors suggest that & and % unit per kg. are two very

satisfactary daaagea with whi ch ta Werk. and can¢lude tha%

the failure of our teahniquevtc demanstrate the extremely '

_small changes in blood sugar level which are £o bo ex-

paated tn-resﬁlt from ver? omali doses of insulin, can

-hardly be 1nterpreted as 1ndicating that they dn not exist.

Ag inaulin cantinue& to hava the expected effecﬁ as far

dpwn the GuUIve 48 xt ¢an be followed techninally, it is

@ifficult to justify assumptions that it acts differently

- beyomé this point, We ave, therefore; unable to inter~

pret our data as gzving any aupport to the hypotheaia that

light doses of insulin have no effect, or that insulin in

4_any'mann6r,abts according to an 'all or none' principle,"®

It should be emphasized that the measurement of

effect, ap was doné in the eiﬁarimnnte'cf“ﬁeatt and Dottd -

and also in this aeries, armails the measuremont - of

qriod‘1 As the latter io ahang-

ed, 80 will ‘the ‘effect Vary. For instance, if the effect

'-bx;a_c.ﬁ aﬁit/a kg.dose over a period of 3 hours is given

‘a% an absolute blood sugar reduotion of 22.0, the same

effect measured over & peried of 6 hours, would be appre-

oiabiy,leéﬁ, depending on hos soon the hypéglyaaemi@

effect ie wom off and the blood sugsr again reaches its

-ﬁfebihjectiCn level, If, in tlhe above example, this

happene.at the eﬁd of tﬁe ihird.hour'ahd,the determination
made over 5 hours, then the effeet-uf 22.0 {quoted above)

~wiil‘%é feﬂueed to only 18, 0; ‘With this fact reéerVeﬁ

"1t ecan be. staﬁed that. measured over a peraad of 3 houys,

dosea of 0,06 and Q.10 units per 2 Lﬁ.have no hypogly-

_ caem&c-eifect (see Tables 1 and 2) and,thatvthe dosage-
‘.iéspanse curve is similarly flattened out in its lower

'"ieacheé than in the upper ones {see Tigure 1 and

Table 18).
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The limii of preéisioh of the methadiused for blood}
sugar. determinations waS‘caleuiated at 9 per éenﬁ‘
'&onsequently-dséas of 0,05 and O, 10 uniiﬂ mus£5ﬁe'cano
gidered ae having no efteat over 3 hourﬂ, with the firﬁt
bleeéing taking ylace at 1 hour paat inaecti@n. Aa it
‘15, 62 pcr sent of the animale atill show a measurable .
reduetion after 1 houw'with a dose of 0,05 units and 74
per cent with a dose ef'o;zc uﬁits, iIf only those re~
‘ductions exceeding the experimental error of 9 péru@ént
&revcnnsideréd.‘than~the:renpéctivé figuiea wéui& bévéé
per cent and'50'per cent, Added to this is thé péssiQ
bility that, in many rabbi%a ahawing no responae after 1
heur, the blood sugar had probabiy already returﬁed to its
prenindection value at the time of bleed ing. ‘xf, with
vezy.amnll ﬁcsee,-the‘effact wae measured over a shoxter
‘pétiud,'aaﬁ,,l hoﬁr,’the blecding sehedﬁle_a&jusfed to
ééy,‘lég 30, 45 andvﬁo wminutes, and metho&s'afjsugar
déﬁermination,auffieiebtly éaeuraﬁa,.1t ié probable that
exirémely amazi doses of the‘horm@ne'wiil show a wéiif
gradedvmaaaurabld effeﬁt;' | |

The flattening pf the dQSageéréSponse curve in itse
upper reaches {(Figura 1} has alree.&y bden srgued to be due
to the mazntazned effeat over 3 houra. if, in Table 15,
16 and 17, the response was measured over 5 inetead of
_cvér 3 hauiﬂ, then tﬁe.flattening-ef the curve would |
unauuhtediy‘ﬁot have ocecurred, The flattening in the
lower reaches (i.8., with dcéeé'cf C.lﬁ, 0,20, 0.26 and
0, 30 units per'z kg} still needs ax@lanaﬁion. Tabvles
3, 4, 5and 6 shoﬁ‘that the absolute reductibn over 3
'hourﬁ is 15 2, 1%.6, 15.3, 15.5 respeetiveiy. If howe
‘ever, the reductian is menaured over 2 hours, the respeat~
ive figurea\wonld-be»la.ﬁ, 18.9! 20,7 ang 21.4, thga
indicating a;mbre.distinct'grﬁyarﬁi@nality. Simiiariy,

| | /4%
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if‘tha-reapense had been measured over 1% haurs with a
bleeding schedule of 4, 1 and 1§ hours, it.iﬁ probable
that th@’propprtinnaliﬁy would have heen‘more pronouncad
still., As Macleod {191) m‘s Scott and :iimsts. {198)

pointed out, thefvelogity of change varies in different
ani@aia.» Dfawiné of blood at predetermined times (1, 2,

| 3 hours, etc.,) entails the measurcment of decreasing
(towards the minimu@) sugar valuaé ih some afﬁmaia and
inereasing (returnﬁng towards the fasting level) in others,
It is, therefore. gosaibla that measuring the effect of
the gquoted dosage range over 3 haura with a bleeding
gchedule af'i,'z and 3 hours, is the eausative factor in
the flattenang of the cuxve for the lower 1evels.

Scott and Botti point out that "by ctrict theory the

time of drawing the blooé samples ahould be 8o chcsen

for eéch dbsa tha%~the maximum iniiial véloeityvof

change wiii'be meagured, The eonclueién,-therefcre; geems
feasible that the &osagéaregponse curve.shows proportion=-
ality over a mu@h wider range of dagea‘than dﬁ‘ ' '
generally accepted, the flattening of the curve in its
upper 1limits being due to the masking effect of too short.
a poericd of measurement, and in ite lower limits to the
masking effect of eaé iong & period of measursment.

It is auggested that with the higher and lower doses, not
only the time pariod but alse the hlee&ing schedule should
‘be adapted to the dosage, o

(ii) Considerntions snecific to ggﬁ

dosa»raep@nse ourve,

'Tt will be seen that, ip eaeh group, the fasting
value varies from* O, 053 «t0, 090 per cent. The question,
tharefare,,arose whether the reaulting fall values should

/e
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be eorrgctedifor_diffarénceé inﬂfasting.values.by aypii;
‘eation of a correction factor as advdcated vy Marks and
| ﬂemm@ngsgnvilﬁ) and Ee'Jongh,:Leﬁn and‘sﬁanhoff {28). |
- This ias tried 6ut»by corieéting:the:average absaiute
fall over 3 hours, as presentéd in Table 10, by'thé:re*
-Qreeﬁion'caefficient of ﬁarka, viz: O, 052. Thé result
obtained varied so slightly from the origmal (22.4 a8
compared to 22.3) that it was decided to diaaard correct»
" ion of the fall values in favour of a gemeral correction
-of the average values, aa'shbwn 1n}Table 19, énd“tc\be
 .aisauesed presently. | | - o
~ The effeots of graded doaes of znsulin can he

stuﬁied from the summary in Table 18 or the summary in
Table 19 shawing correated-values F:am both of these
it is clear that the blood augar valua decreaues in
'.approximate prcpartion with the increaae of dosage.
VCQIumn 8, - Table 18, representa the average abselnte re-
ductzan over & periad of three houra follewing the ine-
-jeation of ﬂaaea of ineulin from 0,08 = 0 86 I. U/2 kg. |
and varying with .05 units, In column 9 the average
abaaluﬁe}reduction'nas'been converted to'the'averagéb.'
percentage reduction. With the lower doses (0..05-
0.25) no clear groportianality'cnn be éeen\beﬁﬁeen |
dosage and éffe."et. This ia”‘préh&biy'due, as has been
éx§1aiheé, tolgechnicai difficulty and_experimen§51 »
érrer in determihing alight respcnaeb - Bimiiarly.'
with the’ hiaher dasea (o 75 - 0, 85) ‘the propartionality
is maaked by the maintained fall over per:ods 1onger
than 3 hours. In between thess two 11mats is a ranse of
'dOEQE,[O.ﬁo_ﬁPO.75) where the hypoglycaemic effeot
(eipreaeed a§ either absb1ute or percehtéﬁe reduction)
lis approxima&ely prcpnrtional to tne daae. ﬁﬁing the
fdata of colu@n 8 Table is, correcting them to a mean
.fasting blooﬂ augar 19Ve1 of 71.5 {ecolumn 5, Tabie 19)
and pi@tting hypoglyaaemic effect against deaage. the
| ' s /burve



eurve, shown in Figure 1,}wns_¢unstrua£ed.-vrhe flatten-
~ing at the higher ané lowerllavalm aﬁd the proportiﬁnél

effect at the mid~levels are clearly illustrated._

Figu ; Average absolute fall over 3 huurs.

Avenace Arsorute Face Over 3 Hours. ' .

40

30

R0

; R BETE 55 75 :
| Bose I.U./Z Ke. ’

Howaver, this progortionéiity is not seen in column
8, Taﬁle 18, only. Columns 4, 5 and 7 (aversge abselute
fall at the end of tho first, 3econd and third hours,
_respectively) show a similar propart;Onnlxty. In columne
4 and 7 {average absolute faii at the end of the first and
third hours) the useful range is ﬁpeh shorter than that of
¢olumn é'an&, therefore, less euitablé fpr practical |
appiication. They‘weré! therefor¢;:diécarded,' xn'cbns
- trast ta this, the dataiaf colunn B Cavérage'absalute
| fall at thp end of the aecond hour) show a useful range
‘wbich eampares very favourably with that ef eolumn 8,
' These data wore auhsequen%iy corrected to a mean faating
-value of ?1.5 (cclumn 3 whble AQ) and used to construct

ﬁﬁe ourve shown in. Fzgure 2.

o/
f

/Figuze 2.
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Figure 2. Average aboolute fall at end of 2nd hour,

Aveaace Asorute Face AT Enp OF Seconp Hour..

30

1]/

‘15 ‘35 85 75
Dose I.U/Z Ke.

Comparicon of curvee 1 and 2 immediately shows that each
of theeo apparently represents the hypoglycasmic effact of
varying doses of insulin over 3 hours equally effectively.
The overall application of thie observation is that the
docage-recponse ratio can be determined by initiol bleeding,
injection and subaéquent bleeding after 1, 2 and 3 hours,
or by initisl bdleeding, injeotion and suboequent bleeding
after two hours only. It is obvious that, practically
conoidored, the latter nrocedure ioc praferable. However,
it io clear that similarly-graded average responses, with
concequent similar dosage-response curves (c.f.Figures 1
and 2) are no true measure of an cqual efifciency of the
two procedures, For insctance, 1f an adbsolute fall of 35
over 3 hours is the resultant mean of falls of 26, 38 nnd
41, and a similar absolute fall of 35 at the end of the
gecond hour, the resultant mean of falls of 17, 21 and 67,
it io obvious that, for practical application, the former
procedure would be much more reliable than the latter.

In order, then, to test the reliability of tho two pro-
ceduras, the following method was adopted: For each doee
/in
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in the useful range (0,40 = O, 70 units/2 kg.- see
page 68) the standard deéviation of the series of rese
ponses was determined and for cach standard deviation
the coefficient of variation calculated, the results
. being listed in Table 20i- - |

TAHLE_20.
stanﬁafdineviatiqns and caéeffieient5 of

Variation of Absolute Reductions of the
Blood Sugar after 2 and over 3 lours,

Pose 1.U/ Average epsoivte Tall ~AVATage absolute

~ 2 kg, at end of 2nd hr, fall over 3 hours.
Group rabbit = Standard Co=efficient Standard COefficieni
Deviation of varistion deviation variation
e | {per cent) __ {per cent
8 w0 89 5.7 6.8 400
g 0.45 PR 7.1 .[ 7.1 36,2
10 080 11.6 45.1 67 30.0
11 0.56 10,4 341 . B.2 32,8
12 0.0 - 104 30,5 9.9 34,0
13 0.65 13—4_ - 35,4 ,,'11;0 . 33,0
14 070 13, 8 203 9.8 268
TOTAL:=  _263.8. e 2®.5
Average 37.6 _f]  ,;v 33,1

'1heae»raau1ts show an3avarage cneffiaiént of variati@n

‘of 37. 6 per cent for the averaga abaolute fall at the and
- of tne aécond heur,_ana 33,1 per aent for the average
 absolute fall over 3 hours, < This indicates a slight ade
vantage of the 1atter over the fomer prOmedure;-_v

Regarding the optimum;time'interval.‘Scpit and Dotti
(198) néint @ﬁt that ﬂit is difficﬁit to see héﬁ-thé:uﬁé
of the minimum blood sugar value ao the eriterion may be
mpde practical f@r it cannot be detnrmxned by QVerages,
‘nor located by a aingle determination, while e series of
detarminations is imyzaetical both ph;eiologically and

/%echnicaliy. -
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Vtéuimcésny. | The questiovi then arives a.s to whether'
o them may not be some point on theeurvs athcr tMn the
lmxnimum which gould be establiahed by averages The
o nraatical dafinition of auch a point must te in texms of
 time ruther thnn af blood sugax 1evel. Tha aeleouiun of

8 defﬁnita 1n¢er?n1 nfter the adninia ration of the

:insulin, at which thz sugar &avel shall be determined,v
amounts to a deterwination el the rate of blnad sugar
?ﬁehange ruther than 8 meaaure of tha absoﬁute change, *
These authors find that. if the blood samples are dréwn
30 miuutes nfter the injection af insulin, the ralativa '
drop 1n hlead ﬁugar is praportiou&l to tha 1ogarithm of
the dose through & congiderablc portxon nf the pvactiaal»
dose Tanga. | | S

© Due to the bieeding #dnedule {1. 2 and zshouia)'in

»ﬁhis series, this alaiﬁ-can noithef Ee'ﬁubstnntinﬁéd ney
rejé§t¢¢.‘_ It is clear, howegver, thax determination of
the blood su@ar'ieve1~¢niy-30 minutes é£tar‘ingéat10ngia
a meanur&ment of aegree in terms of rate of affect,.
' which has been shown, for ths lover doses, to reach tha
minimun value at any time within one hour. Gn the
other hand,‘detﬁéminﬁtion of the\b16ad #ugar 1ével”2.
hﬁurs post in&edtioniiﬁ.mére a.méaéuxamenz éf,degrEej-
in térﬁg of.durgtinhjbf éffect. whidh, as can be seen
from thg'ﬁataland'canatrucin&-chrﬁem,-ﬁhdwa_n similar
'praportianaiity -1~ that*claiméd by'ﬁcb%t andinotti for
30 minutnn post injactian. : It is genefally agreed,

and . nubstantiated by ths data in tha preceding tableu,
’;that with the lower doaas the rate of ghange frqm |
initial to minimum levei is a quick precaaa, usumlly
oampleted within gnn hour or soon after injectioﬁ.
| m the othor hand, return of the tlosd cuger from the
-minimum zevel to tho iﬂitial is a gradual process
T . A /requiring
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requiring, even with smali doses, twm»@& more haurbifar
: eamp&eticn" eﬂ'acoount af’thiﬁ; detérmiﬁatiah of thé
sugay leVei while graduallv returnlng to normal. aeems_
preferable to determiﬁiny it while rapidly &eﬂreasing
- to the minimum, . o _

In view of the above findingn..lt was next con-—-
sidered whether the oa&culatmons could not be based on
‘the absolute reduced blood augar_lavel at the end of the

second hour instead of on the average absolute reduction,

o If‘thia were poeaihlé; the initial bleading'cﬁuld'be"

elzminated and the - aosevreaponse ratio éetermined by a
singla ﬁleeéxng two hours aftex 1n&eation.. The average
abs@iute bloed augar 1eve;s.tw0 hours after inseétion
(column‘ﬁv Table 18) were,'therefdre, studied and the
data abserved to indieate a prcporticnality. Fowever; it
was felt that, due to differencea in faating values
{column 3, Table 18} the data in columne 5, G»andra
should be expraaéed iﬁ”terms of & mean famting véiue.

For this, the average of the average f&eting blood éugar
levels was calculated (c.f 71.5 in column 3 Taklc Q&}
_and the average absolute fall am the enﬁ of the second

\

. hour, the average absolute 1eva1 at the end of ﬁhe eeeond$\

hour and the average absolute fall over 3 hcura carreeta&\\

l}\
A

te this by way of Bimple propexﬁian, the results bexng I

f
-
&)

,given in columns 3 4 and 5, Table 19 - o i
R&@arﬁing column 4, it is alear that «ith ?ﬁ& ?
procadure, the yraportinnality between dose and absmlhﬁe .
blood sugar level two hours after injection, has been\"" -
oansiderably enhanced. From these aata. the curve ﬁhewn \“\a
in ¥igure 3, piatt;ng absolute hlood sugar 39?&1 againsﬁ /

the dose, was constructsd The aimilarity of thxs N

curve to those shown in Pigures 1 and 2 is anparenﬁ. 'g“\
£t was teated for ruliability in the same way as the pra~

vious two. the gambinaﬁ resuits being given iﬁ Ta.b}le Pl.
/?igure 3,



~ Figure 3, Average abmalute blaod aggar level at B
' enﬂ of gﬁd hour.
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TABLE 21,
 Standard Deviations and Cosfficients of
Variation of Absolute Reductions of the
Blood Sugéf éfter 2 ﬁnd ﬁverra hnﬁrm and
of the Absolute Level of the Slood SHEE“
- after 2 Hau:a. '

"Average abaoiute Average absoi~  Average apsoiute.
fall at end of  ute fall over blood sugar level
| gnd hour 3 hours., end of 2nd hour
Dome “Htand-  Coefflce Stand- Coeffio-  Btand- . 3G
1.U/2 axd de~ ient of ard dent of axd ient of
: kg, viation variation devia~ varia- devia~ variation
Group rabbit - - ({pergent} tion tion tion (Percent)
—— : — ianein (percent) e st

8 0.40 8.9  5L.7 68  40.0 13.9 26,4

9 045 7.7 1 71 862 127 25,0
10 0.5 11.6 45,1 6.7  30.0 13.3  29.3
11 o086 10,4 . 361 B2 325 12l 3.7
12 0.60 10,4 3.5 9.9 34,0 9.0  24.0
13 0,85 13.4 3'1 35.4 i&,a 3.0 1.5 32, 8
A4 0% .8 293 9.8 26,8 6.5 20.4

. TOTAL: __263.2 81,5  188.6

Average: _ 37.6 . 53.1 _ ,, _26f9.,,t
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The lﬁw caéffieieﬁt of variation in the last cblﬁmn-
(26.9 per cent) not only shows %hat this ‘procedure is as. '
reliable a® the uthar two, but also that it io pore
reliable. This obsgrvation_ therefore, furnishes evidenne
in favour of those methods cfAdetermlning iasulin aetiﬁity'
based on the abéoluté leval of the blood sugar, rath@r
than thnae based on the fali ef the hlaod sugar, either
absolute or percentage. . - ‘

The three dosage-raeponae gurves and the results
obtained. by application of tests for raliability ba%h inw
dicate that the éaaage-raspanae in rabbits, after injection
of suitable inaulin_&@see, can.bevd@termxned gatiafaeﬁqriiyv
by any one oflthg following thyree praeeduies:4  ,

ey Initial bleed ing, inaéetioahand_pbatfinﬁeéﬁion

bleeding at 1, 2 and 3 hours, The hypoglycsemic

'effaet ean be expressed either as thé averégé absdw

iute fall or the average percentags fall over $ houéﬂ;

u(ii) Initial bléeding,.inaeetian'and paat~;paaoti§n

- bleeding at 2 hours. Thév’hypoglyaaemig'effeet.can"

gimilarly bde 'exp:éaaﬁéd as the average ahsalute £all A

or aVerage per¢en$age fall at the end of the aeﬂené

| hour. | o | A

(iii) gg,ihitial_bleeding. in5eation<and pest»iﬁdeétien :

biaeding at E’haurs; The hypogiycaemic effect is ex-

praaaed in terme of the average aboslute bl@ad sugar
level at the end of two haurﬂ.‘ |

?ractieal oonsiderationa clearly favaur the 1amter
procedure. An important advanﬁage is the axylusian of .
the fasting blaad sugar value, Ag previauaxy inézaated
Ybung and Romana (29) anﬁ Pugaley and aampton (3@} have
found that in both the subcutaneous and intravenous
methade, the initial augar Vaiue nay be excluded from ths

ealculations without affecting the preeision of the agsay.
| | | ./ﬁhE,_
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The haais for this atatament is that; in the two groups
~of rabbits, ‘one of whiah reeeiveﬁ the standar& and the
other the unknawn, initial differencee are counterbalanced.
Added to this are the nbservatiane of Barka and HEmmingaen |
{13) and de Jongh, :t_‘ena and Spanhoff (98) that both the
absolute and_pereentage fall inerease with incréasing-
initial value, maqueur (31) also ignored the initial ‘blood
sugar value anﬂ merely obaerved the lowest point to whioh
the blood augar fell during the teat. “Moreover, it wab
observad during the praaent tests that; on afapecific day,
the blood éugér va&ueé of a aimilarly treatéd grauﬁ‘vary
»within narrow 1imite, This was alaa’subétantiate&'by-xaaéy
_(192). In view of this evidence, it secems Juétifiablé, for
cemp#rativé purposes {i.e;; atandard againet unknown) to
omit the initial aaga_i* valéie@ -Whéther the same ﬁréaesﬁ.uzfé
can be adopted in a simple dosage-response study (where no
eamparison hetwean the offect of standard and unknown is |
made), i¢ perhaps less substantiated by axperﬁmental
evidence. KOWG?EE, thezragults of Table 21 clearly pfova
that, provided a sufficient number_af animals ave used,
over the normal variatiens nf.faaﬁing values ancauntared;
the igitiél blood sugar may be omitted, and aa;éulatiOﬂg
based an'the'abéolute level of tﬁe blood sugar ai'aame
stage after injection, B , o

The validity of sueh a pracedure was further tested 1n
the foliowing way: The data in columns 5, 3 and 4, Table
19, were used to constrﬁc% the désage»resPanse_linea ahbwn
in Fignreﬁ'ﬁ; 5 and 6, where the avérage'abﬁaiuia'faili
over 5 hﬁurs the avarage abaalute fall at the enﬁ of the
second hour and the average abaaluﬁe bla@d eugar 1evel at
the end of the second hour, respectively, have beexxplotted‘ |
agalnat the logarithm of the dose. Previous workers have
established the fact that, for part of the dosage range,
: . o S ' tne
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the effect is a 1cgurithmic funetinn of the dose, i. e,

the. doss-effeet ratia vlots as a atraight line. In eaah‘
of figures 4, 5gand 6 it is sean that the paints;reprée
sent ing the effects of daées 0{40—0.70 unit lie in ang
almast_etraight line. in the_reepectivé cages the.gtraight
lines were fitted to the aﬁeragé}abﬁéluté_falivbver‘ﬁ hours,
to the average abaqluée fall at the end 6f_£he'sec6na‘heur 
‘and to the avérage-absaiﬁteileﬁei ét thg end uf;thetséeand
hour against the log (ﬁbsé”x 100) by the methogd of least
squares., The positions of the painfs with regatd to the
straight lines are euch a8 to 1ndicate equal reliability
for the three proaeﬁurPS. An additionil obserVation in
thia respect i that this 1inear relatxonship is not specifw
fo within a single doaage range only, but can be extended
'ta other rangea with eorrespmndingly ohanged blaeding

. Bchedulas, .

Figure 4. Average gﬁsplnta fall_cveg‘a Lourg,
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¥igure O. Average abeolute fall at end of 2nd houx.
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The discussions in the praceding paragrapha, thayew
fore, furnish evidence that over the variations of
fasting values encountered (0.062 = 0.093 per cent) and
in e sufficienf number of aimiiariy«treated éhimais,‘the
initial sugar’valué can be omitted in the study of the
dosage~ras ponse cﬁrve.'_'ﬂpwévef; it is realized that,
ﬁhéré the number of test'animals_ia markedly decreased,
such & procedure wouid e open to'gueatian, unlesa the
results are'eompared with those obtained from & ¢orres=
- ponding graﬁpvof animaim,having received the standarﬁ .
yréparation, o? with a predetermined au&v¢ puch as shown
in Figure 6. In the method to be dcaoribed later, both
‘these pracedurea wers used . _

Figure ﬁ-representa.the dasagaareagonaa line (ab@ain@
ed as 0utiined_abave) showing the daa&ge ~'a§aolute biaad
 sugar ratio two hours after injection of insulin doses

‘varying'from 0.4Q « O, Vb unit per 2 kg.rabbit. These
limits (i.e., & useful range of 0.40 - 0,70 unit)
were arrlved at in the f@llowing mamer: The ¢urve-in
Wigura 3 served to indiete an‘approximatieﬁ 6f the limits
of the useful range as from 0.30 - 0. 80 unit. The points,
representing the effect to the logarithm of Qhese &osea,
weie detémmined, wheréupcn it was found that the best-
fitting straight line extended from 0,40 to 0,70 unit
'only. Inaluainn of the lower or highur doaea would have
reeulted in a change of elopa af the 1ine and a ﬁeviatian
away from it of those pointe which now either iie on oY
very close to it.  The straight line further serves to
corract those values 1ying slightly away frbm iﬁ.
on the assumption then that the response ieo a Yogari thmie
| function of the dose, the straight line in Figuxe 6 re~
preaenta the txue weapmnee of rabbits at thoe end of the

second hour to doses of 1neu11n Varying fram 0.40 - 0. ?0
unite/9 ke.
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Bliss ahd»Marks (33) éfudia§ the_curve relating
'dosagé\énd'graded regponse. The averoge percéntage'bicad
sugar reduction was plotted against ﬁhé?lagarithm of the
deae._ They.eubaequenily bonsidereé theifacﬁorﬂjwheréby the
precision of the curve could be 1ncreased and ahawed that
many ‘sources of variation. such as, ﬁifferancea between
inﬂividuals and éates of treatment could be excluded by
caicu;ating %ﬁe reaults'infthe ahaiysis of variﬁnce, while
| cﬁneomitant vériaﬁians,:ﬁuﬁh\as differeneee‘in_the initia1
16#@1 or‘différenaé9 in'bo&y weight gould. be qarxected:ma:a
:éfficientiy by the nnél&éié of cavariance. By'these Prow
_eeduras the fonowing changes were ei‘:{‘eeted in the average
percentage blood sugar reduction (quoted fram 33)

16,00 corrected to 17 15 |

26.55 % o _26.68
33.04 ° . * 3314
- 39.02z  ° % 38,64,

Ag cean be'seen fram theae-figurea, correct ions brought
about by lengthy statistical treatment resulted in
- gomparatively minor ohangea.. In the preeent aerieﬁ |
corrections could nimilarly have been made far variaﬁiona '
in fasting values, weights, days of injection, eto, but
it was'feii that fhe‘minor changes tﬁ»befeffepted by this
woul&,ﬁot warrant the time And,enargy?spent for thia;pur—
POSE. Furthermere,"iﬂ'view of'the‘eumpatatiVely,aeaxﬁa_
usé the curve wa§ to be put to, such a refineméht-wbulﬁ ;
have beenvb0£h unsuitable ahd auperfiuoue.' Thia‘eurvé;
previously referred to as the stendard ineulin aurve,vwag,
A

therefore, without furthér ﬁtatistz@al treatment far ‘ N

W )

correction, adopted as a means of evaluating, by el@se \f\

N

;approximation. the potency of unknown samples nf ineulin.

Aty
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{i14) Applioation of the dose-response curve

£0 thq_evainaﬁimh:of_gptenqg&‘

The use of a predetermined doaage~response curve ap
'an aid in the evaluation ef the activity of unknown
dnsulin aamples, is not a new 1dea in the field of insuiin
aseay, and has alreaﬁy bsen referred to aomewhat in detall
in thérﬁiﬁcuésiég of the iitérature (paga’@l). Trevan and
Boook (17) w@fe the first f@ make use of sueh'& curve and
the applieation of this procedure wap thoraughiy invasti-
gatea by Bliss and Larks {33, 37) and Pieller ot al‘lﬁa),
who pointed out that, notw&thetanﬁmng-blight variations in
' the slope of the ;m,.* ;m could be utiliezed, prévmed'eaah
laboratory had, in a eermen of eXparzments, determihed its
own referense surve, waaver, ainne the split ermas~
aver. the twin cfoﬁenoveé°and'tha's~asaﬁﬁptian areesﬁavéf;
have dome ta he almost un;vereally ueed and these prbc*
edures, by virtue of the variation of ﬂoaaﬂ. eaoch suppiiea
an eatimatian nf its own slope, the use of a reférenee
curve he.z not aaanmed pmutical impartance ina detaiied
acaurate assay. - It doec seen, though, that it ¢auld b@
eucﬁeéﬁfuliy'aﬁpiieé in a quick aseay ef 1&99 ﬂaeurate'
nature. The advantage of such a curve iz that, fa?\its
uanatructxnn, the effect of graded daseﬂ of in@ulin haﬁ
been determined an a lorge number of animala {42 for éé&p
dose in this inptance), within the 1im;ta of prahable \}A\
individnal variation, over a long period (18 weeks) unﬁef&g
standard experimentai conditiona (hﬁueing, feeding, fasta\
ing, treatment. etol. It san be asaumad that, if data |
for & second curve were to be aallected unéer identieal
cand;tiona, for a eimilar- period, with an.equaliy aarge\
_Vnumber of animals, the siape of the pacond @urve wi@l 'X :
differ very little from that of the fiyst, The curve
aatuallyvreyreaants not a uingle one, as tnatbabtainpa; §

ey
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Yy Blics and i;xks (33) from a single éasay; buf;the'
© mean’ of sidpévvariatiﬁnnvthat would ocour if the_data.'
frum‘at 1east Bix aueh'aéeaye Wefe poﬁled; It is}fully
'appreoiatad that if for a seecnd and fo:lowxng aurveﬂ.
.amaller numbars of animals were to be usced, with 8
'shnrter,doaage ranga. ovar;, shorter parioé the individ~
vual_sIOpaé‘afrsuéh Quses.would diffe: from each other
.'and.fram thatiéf the standard eufﬁé. cdnséqaently, eq&é
ﬁariéoﬁ of aucn alapes"or"eingleleffeata'withtndse of the
standarﬁ ouve will furniah reliable infozmamion regarding
~the value to be attached to an observed effect or an
obtained slcpa. j,'
| o evaluate the potenoy of an unknown sample, the
fellawing praeedure waa followad~ The a¢tivity of the‘.
-sample wag raughly eatimated uﬂiﬂg as basis the methoﬂ
of extraction and stage of purification. “An amount of
iﬁsulin._caluulated to haVa an effect falling within the
useful range of the referenae aurve 1a injected | ‘

A
auhcutaneously into 3 rabbita (of the same group as ware

. used to obtaxn the date for construction of the referenae

ourve, ana previeusly starved for 16-18 hours)., Two 3
hours after injestion blood is withdrawn and the avaraga
 absolute level deternined.  Should this fal well withiﬁ\‘
‘the useful limits, a pravieional Valua is assigned to &ﬁé \‘
unknown. if_nat, or if the obtained resultv from one 6r ‘p
more of the rabbita appaars inconaiatent. the dose is F\ \
incr@aéed dr-aecreased uﬁtil o 9atistactoﬁy regsult is
sbtained. It was found that with 1naulin'yrepared from
'thé same.snurce (e.g;, fresh beef pnnereas);‘by etandard
:@rdceduré‘le.g.,’the ploric acid*aeetonemethoﬁ.dascrihéd
in Part II); this rough‘estimatien:iefﬁsuqlly‘necessary
only for the firat ﬂample" In aubsequen% saﬁples tha
activity generally varies 50 slightly that thie first

- : ' /htep



atep aah be cﬁitted ‘Hoﬁever. should the sonfce be
enangeé or the extraetion method modified, it will be
v'necasaary to re»intrﬂduce the determinaﬁion of the
provisional value. {The pzcrio acid - 4cetone method
was extensively used for the extraction of samplee to
be assayed by this method. It wase found that the yield
of erude hydfachlariﬁe temained-very canstahz but'that

the aetivity of the hyaroehloride varxed with the eﬂuree,

o thence the auggestion that ihs rough eatimation shauld

be reﬁeated with change of s@urne) |
The acssay is thsn c@ntinued uﬂing aix r&bbite under

"the same eonditions aa.mentioned.in thﬂ precading_paxa-}_
graph, Three of th@sé receive é‘dése of inéulin-ﬁt;nﬂar&
and three'ah aﬁpraximately equivalent dose of unknown

{as determinpd from the proViaional Value). Regarﬂing
the dase of the standard to be used, it is clear that any
amount betwaen the 1imits Qi4ovand 0.?0 unite would.serve
' the purpose. it was feltv h@wevgr,*th#t the. ﬁnﬂt guite
able dose would prohably be that which had given the
maximum graded respnnse and cnnsequently 1ie tawards the
middle of the‘doseuresponae line, i.e., C.50 = U.&O.unitsc
Elood ig then callected from each rabhit exactly two hours
after injeetion, and the averaga. absolute ‘blood sugar
leval determined for‘eaoh gr@up. The methaﬁ of aetivity'
evaluation is best illustrateﬂ by furnishing results. of \
two typical assaysie | :
I TABLR 22. N
Apsay of beef insulin ng&rochloriae {crude)‘

Group A -~ Dose 0.8% unit insulin standard.
Rabbit 1 Abshivte blood sugar level 2 hours
. after injection 0.0l9 percent
"2 | - editto- 0,049 v
“ 3 : -ditto~ - 8,040 M

Avarage 0.036 #
/Group B.
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] - ] , .insulin hydrochloride.
Habblt 4 ahsolute B1608 sugar level 2 hours
- éfter 1njeatian 0. 023 per cent

Rabbit b " LR o 081
Rapbie 6 v @ e s = 003 v
| o Average: o, 030 % 4
Caloulation: . o '
Log (0.85 x 100) = 1,740

lEfféct G 56 unit (fram dose-rasponse line) & 0 G413 per cent
,Aétual effect obtained in aseay for standarﬁ?ﬁ.@&ﬁv a
Actuﬁiléffeét obtained in assay for unknown «0,030 # 4
Jfﬂffebt of unknown {in térms oflréferanca auive)_

20,030 % 0,0413
- TTTe.036

| 7 | = 0.03442 per cent.
‘Effeet of ﬂ.caéaé {fram'doaeﬁrespanse line)‘in given
. by dose 2 100‘ tha‘lcgiof which 18  1.81 -
- dose x 100 = antilog. 1.81 .
" dose = 0.65 unit.,
.r;Aéiivity.of ﬁnknownvesmple'= 0,66 x 2 |
' ‘ - = 1.30 unit/ﬁg..

This‘valua enn also be determined arithmetically byvusing

the equatien of the straight line. 7This was done for sbma'
fparative PUrpoOSeEs in several instances, and in each cage it
was found that tha value obtained from the refarenee curve
corresponded 8o olasely with that obtained from the equatien
of the straight 1ine, that.tha latter progedure’ waa aiacgfdeﬁ 
in favour of the farmer. If the raference curve is &raﬁﬁ\ ﬁ :

on fairly 1arge ceele, this methed is as accurate angd . muah

v

| IR | . iy
Qui(‘kﬂro L : <\t~ .\\

ﬁs asaaye& by the mouse method, this amﬁple af inaulin
hydroehioride showed a potency of 1, 38 unit/bg. . fii %
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TaBLE 22{(a).

_Aasgj'cf pig_c§z§ﬁalline.ipsnlin.

group A - ﬁose 0,60 unit insulin standard,
Rﬂbbzt 1 Abaolute blood sugar levedl 2 hours 0O, 050 per cent
after 1naection

" ] o W - 0.049 v ®
_— ' 3 " ” . ) - " n . 0&18 ‘

Average: '0.659' “a n

Group B « Dose 0.028 mg. ryetalline insulin,
- Rabbit 4 Absolute blood sugar level 2 hours - '
after inuection 0. 026 per cent

‘5 . . , 0,034 *
" 5 o o L B ,ﬂv ogaa-ﬁ-ﬁ

Average: 0.033 - ¢ "

Caloulation:

Log (0.60 x 100) =1, 798

Effect 0.60 unit (frnm-doﬁearpspanse line} 0.0375 per cent

| ]

Actual offact obtained in assay ror stand- » G'ogga' "
. arxd

LI " . ® & unknown & .O. 9330 LI

ll

effact of unknown {in tetms of referen@e ourve)
| & 0.0330 x_ 0. 0375 -,@
G‘O L+ 1y :

= gaOEl? per ﬁento .
N\

BEffect of 0.0517 {from dnae-rasponae ‘line) is given xf\\_
by dose x 100 the log.of which is 1.838 |

-~ dose x 100 = antilog. 1.838

- | J-&ﬁsé S 310769 unit.. o I |

L

o

aativity of cryatalline inoulin £ 24. unitaﬁmg.‘

\
o

//Aasayeﬂ by the mouse. method this sampje of crysﬂailine affsv
inaulin showed a4 patency of 20 80 unitn/mg. \‘} b
_ v N
Wharever pnaaihle, the same animals were used for ﬁbel
\\
asgays an thoae origin&lly used for the standayrd reférencé'

aurve. When new onea were Lntrnduaed they were suﬁ}ected
ta tne same prel&mznaxy trpatmvnt at the clder ones had
received, w&th’a view ta ahtaining an approximate eveﬁ\v -

blood sug&r:ﬁn all animals,\every care wa® exercised as ' ‘\"
AN

regards thazr nauaing, feeding, handling, ﬁnﬁ envzrsnmentéf V\
\ N

/ﬁondition37
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‘aondit;ons.‘ However, even under such aircumstahcea, it is

by no,menhs puaaiblé_to axdlude iﬁdividual variationﬁ; they

merely serve to, a3,£ar'ua possible, minimize them,

1t was reslized from the onset that, even for a less

aceurate assay, the method.to»béiemplﬁyed'must be an ine

direct one. Aa Blise and ¥arks (37) had oxpressed Lt:

"Unless it has been shown by pr@longnd ﬁrial that the sues
aeptibilzty to a epecif&c ﬂrug éoea not vary, the ﬁtanﬁar&.
should be tested with eVery aample of unknowa qnder as
nearﬁy identical cenﬁitiona a8 are yracticabme experiw

mentally, " Such varxntions to the action or inaulin are

thé.dcmmen'éxperienee of_all wurkere»in thiS-field. For
this reason both standard ané unknown were injected into

"each of two groups of rabbits, Their éctidn wag, there=

fore, compared under a specific "setting® of conditions

-which, for the twovgrcupa, was ag nearly idehtia&l asg

possible, That thzs ”Bettzngﬂ varias from aay to day is

roadily agpreczated and it is to be expected that on a

’ﬂubsequent day, the amount of response would prmbably be
- different, 1If, faf_exampie, on Day X the average absolute
blood sugar lovel of 3 rabbita, two houra_aftar'iﬁfpgtion

of insulin, was found to be 0,034 per cent, it is p&g\

uncomnon to 6btain values ofi'say, 0.046 or Q.stgkerfeent

'on Day Y for 3 other rabbita-or even for thé'aame 5&

It is largely dua to this faot that a0mparzeon of an ehn
tained effact with a atandarﬁ reference curve was inﬂr@—
duced, 1t has alrcady boen: pcinteﬁ out that the data ?br

canatruating the referance curve wer@ cvilected fram many .

‘animals over a leng period, The referanae eurve, t@ere»

fore, represents not a single but a mean of aattinﬁﬁqj

- Obeervnb 1h @ sin@ia series, tho effect may, thérefkr&, be

‘gither above or below. the standard effect by aampgriaan

with the reference ourve the singla effect can raadﬁl&

\\

/%e.}~ i

gt
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 be converted to a standard effeat.7 §btwiﬁhst@n¢ing
individuai variations, it ecan be aésuméd'that Tabbite
raceivzng inoulin at the same time, under identiaal con=
ﬂzt;ons,,will axhibit - nearly identlcal rnsponae |
In,thiahmathod of.aesay,-whure-only small pumbeza of
animals ave uéed, injectiénlef standard aﬁﬁ uﬁknowa into two
- graupe serves more for the evaluation of the ratio af
response in the two groups (which enn be raflected fairly
accurately by amall nunbers) than for the actual amount
of reponse {for which more anim@ié are nocessary); and
which can be ob*ained more accurataiy by cmnvereiﬁn from
the reference curve. | | '

Grmticism direaﬁed againat the method is based
chiﬁfly on the £0110win$t~ (i)_the_use of too small
numbers of exyéiimental animai#, and {iﬁ) lack of the
‘cropewover, However, viewed in the light of ita general
purpose an@'gppiication, theée 5re.not as gorious as they
appear. Thc number of rabbits in>eg¢h group wes more or
less arbitrarily fixed at'thkéé;_ The'consi&efaéicn of">
-this af a éufricicnt numbér'is ﬁaﬁpd lafgely én the 0w
wervations that (a) on a speeific day, under spaoific .
condi?zans, the blood sugﬂr level does nat Tary nppren
ciably in a gmall group of ﬁﬁmilarlyntreated aninmals,
‘and (b) theldﬁseureépanse ratio £9 effectivaly refiecﬁe&
"b§ a smsll nunber ofvanimalﬂ{ Increasing tha numbar of
animals in each grﬂup would naturalzy incrense the pt@~
c:sion nnd reliability of tho method but. thiﬁ would '
~ happen nt the @xpanne of extm labour and time iuvolved.

As regards the eroﬂSnover, 110 inﬁroduqt;on has heen‘
aonaidarad the greateat aiuéla advanee in the pssay of |
_ihsulin. It is ﬁully agf@ed that na}@eéurate'asaay eaﬁ
be conducted without it, the pe*cent&ge-error;‘éﬂrshawn
by Marks (14). bein& appreciably hirher in a direot than
in a cross-over axperinent. ﬁomever, gven in its |

/eimplest
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eimpléét'form, fhe'croaaauver requirea_atvleast two days,
with the second day'prefgéably Spacéﬁ one or two days

| fram the first. 1Its inéluaiqn.iﬁ this method would
mérely reéult iﬁ‘its cnmpleﬁeiy misﬁing tha'purpqse'for .
whioch it was orlglnally intended. it‘ié felt, 'thsﬁgh,
that the reference curve. tc a large extent, cpmpanﬁates
foxr the abuence of-the cross_over.” 1hev6pec1ric'purgnse
of the reference curve is to substitute for the cross~
‘over, thus ﬂaving time and making the methcd ﬂuitable far
“a gquick assay of an unknawn aample.

, The final proof of the valxdzty of a method lies
--1n the comparzson of its results with thcse ahtazned by 8
3tandard-procedure. or with tha-atandard 1tself, .Of the
large number of samples assayed by this methoé, a rela-
tively smaller number wer§ aaéayad'ty the mouse céﬁvulsion
method as well, Rosults obtained with the two methods
are.compareﬁ in rabie'25¢

TABILY 23,

' Comparison of assay results,

“Bampie No. Nouse method  Habbit-reforence — Percentage

7 _ e Gurve method, . error,
112 . i.40 . 150 A
6(vi) . - 0.84 o2 s
138 122 1,24 2.4
1 0,48 0.4 12,6
29 0,44 Co.48 9.0
iz . o652 . 0.4 1.6
22 0,30 0,26 13,3
o7 2.8 a.08 . 18,4
44 - 0.8 - - 0.72 16.3
5 o7 0.8z ' 81
82 1,80 2,06 . 8.4
84 me3 2,06 e
14 T B.38 - 4,25 26,8
17 3,02 3.84 2Lz
148 20.30 - 23,85 16,5
151 19,08 28 . 12,3

JAverage: - 13,7
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1f the results obtained wath,the mou&e methcd are
considered as abaclutelg correct, then the percentage |
arrqr of the rabbit - refesence curve method caloulated
fram‘l? ASsay s is”ll 7'per cohi'which fully'ﬁoﬁforma with
the requifmncnta of a "coarse adaustment“ as arigznally
outlined, . | | - |

The preclszon ef the m@thod is hipher with arude in- .
sulin preparations than mith‘the purlfiad material@..As\a}
reeult'af the exniuéibn’of the initial blcaa sﬁgﬂr'anﬂ a
- single: bleeding after injeetior as many &s tharee &sﬂays

can be condupted per day Bp ore worker and an asszstant._

{(e) Concluesions,

Small doses of insulin pfobaﬁly show o wellagra&e&
effect'on the hlood.sugar; Inability to demonstrate these
small changes is the result of (i) tochnical diffiaulty
and (41) unsuitable bleeding schedul&.v

Flattening of the dose-rauponue cure in its lowar and
upper,levelshia the»relult,of the time period of testing
sctivity and the bleeding schedulé'féllowud. e thpse |
‘were to be adapted to the dasage (f.e., frequent bleed}ngs
,:.over a short period for the low doses and less frequent '
blee&ings over a 1ong period far the high dasea),_the :
dosagewrespanse aurve wcuad show prepartionalzty over a
mueh wider rmnge of doses than ia generally accepted ‘\\

' \\

The respanae t0 dGBPB of insulin varying from 0.40 - \
AN
. N

0,70 unit can be determined most’ reliably by post-
inJection bleeding_at 2 hourm only, which procedure Shbws
the smallest cosfficient of variation, Determination of
the blood_bugat 1évei'at.3ﬁ-minqzés aftér injgatiﬂn is a
measurement of 6egrsé in teme of rate of effect, whereas
determinatiaﬁ at 2 houra'pbat»ihﬁéetion'ia a measurement
of degrée.in terms of'duratioﬁ of effect. Leasur@ment:
of the absclute level of the bload sugar after insuizn

| /éamlniatration
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administration ie, for assay purposes, pfeferébie}
to mensurenent of the fall of the blood sugar over
'a sPecifieé period, Initiml blood sﬁg&r vaiues'may
be dieregarded when determining insuwlin effect

Wot only the eoffect {in terms nf blaod sugar
£all) but also the abaolute level of the blood sugar
after inoulin administration is a 1agarith§ic function
of the dose, 910tting’of the absolute level of the
biaad sugar against'the iaéarithm of the dose results,
for part of the dosage, in a streight line. VWhen the
data for this straight line have been obtained from o
suffiviently large numbeanf animals, it can be used |
at & reference curve in evaluating the potency of
'unknown insulin sSamples, |

The method of assay desaribed is quick. involves
less labour ard io sufficiently accurate for evaiuaiiun
of, especially, crude proparations of iﬁﬁuiin to B

within 12 per cent of the correct value.
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(a) Introduoction:

¥odern~time conjeocture and obsermtims 01': the
- pancrea® - diabetes meliitus - 1@13&&3 of Langez&iana-n
complex date bank asb fav ag 16?5. The gr&dual unravelling
of the problam through the fragmﬁntaﬁy cantrihutiens af :
a host of warkara hae baen fully desaraheﬁ in variaua
monographs on the subjcot (41, 43.-?&) and need not be
recapitulated hore, _It-éauld. therefore, suffice to
merely point out in ehrunblag&oai‘arﬁer'tha euﬁstanaing
ev@nta in the nhain of graéual deveiagmant and unroldimg.
16?5: Thomas Willis made the observatian that
diabstio urine was sweet, |
1686: . Speculating on the funetion of the pancress,
von Brupner ﬂuggeatad‘%hat it was in some wé? gonnectad
_with the metabolism of fats and garbohydrates,
1776: Dobsen isolated sugar from diabetie urine,
1?&8:_.gt autopey of aldiabeiie.eowﬁey found o
Scleronis of the panareas, ‘
1615: Thomss Bright made obsexrvations on the
simultaneous aesurfenae»bf pﬁthﬁiagié&liahangas in the
" pancreas and diabetes mellitus, |
| 1869: Kleb» and Hunk exsirpateﬁ the paneraaa in
 dogs with the speoial pnrpose of demonstrating s possible
relation of the pancrsas to &iabetea. - However, their
r@eu&ta were negative. | | |
1869 Lange*r hans descri‘beﬂ' the islands af’ the
panareus as epithelial eells distinet from the alvaali
'and? duotes, Hewever. he .expre.ssed noe apmim on t_heir
function, | o o
| ‘1876: vyetars disecovered that acetone is frequently
exereted by diabeties, | |
- | /18841



814 -

1884: Finkowsky and Xulz found hydroxy-butyrie
soid in diabetic urins. | |
1&85. von Ne ring and mmmwm shuwa& ﬂmz eazaplet&
» remwnl of tm panaroeat fmm noymal haazthy dogs was
| foll owad by & eondnmn elaﬂely mismbung éiam&ea maliitus
'ﬁn the human, | o ’
in8gs Lg?igigs. raaeut_mg the :mfk‘ of wvon Mering and
}Xiﬁkﬂﬁ&kﬂ..i sug@eatéa the pasaibiuty'af an iiztérml 's&crétiam
~of the pmcraaﬁ us the active agent m the metabolism of |
. fats and earvobyd mtes., |
| 1892: Kinkowski ang Haden aeta%liahsﬁ cnzu view
‘_wiwn they showed that pertimm of the panﬁmaa grafted m the
abdonmen, Qemimw the ghmi te be ﬂmmtelﬁ removed withe
- out ﬂariuut 1njury to the earmmmte mtﬂ:ﬂnm‘ , |
1893: mnkmaki amm that ugntura af tha mnaroat»
'- ia dueta, Tt nthamtae uavmg me Mgan mmm. Baused Ao |
merglyaamia and &iabﬂw,. .
1893%: Lagueaaa suggesteﬁ that tm 181 eta of ;Langar-
huns wors the sourge of the mtarml_aeauvtim_am that ine-
Ju;‘y.m the islet 'tismé Q’w mmaim for the origin of
ﬁiabé’tea. | - o
1895; Mhatfer ﬁuggﬁsted that hum diametas is
cauae& by a deficiency of the smuuan of the ialnt. tissue
“brought about by some aathalag;.ca& cmmga in the ielete,
- 1901:  Gley émwea‘imt 61@%&&3 ﬁﬁﬁlted- when the
pam?eatﬂ.c aimuiatiun wiha -tnyped by %ying thes veins,
| 196‘7@ Imm éemenstnted Aand B wn& in the ialandﬁ '
| of ths dog; aleon that unly B nenﬁ vam aautmyed in a
-diahetie emﬁi%ien. } o
31908: de MHeyer mﬁrodu@sﬁ thae tam 'fxmu:lin* ta :
‘indicate the mutocoid of the ielet tiawa. | |

~ Hotwithatsnding the evidence put forwaxd for an
netiw prinoiple aaam‘ted b:r tha mleta ar Langm-hans
' /amt
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| and-eagahze of”infiuenain@ the aarbﬁhﬁarate'méﬁaﬁﬁlism.
 au¢h evidence oould not ba eénaiééréd as @@mpieﬁe, until
‘tha a&miniatratioﬂ ot an aet1Ve extract, prepared fram
the ganareaa, prsved erfaetive in ai&evin&ing ﬁhe
vsymptums ina depancreatized dag or in a diabetic
| patient. With this object in viewinany attamyta were N
:undertaken whieh'were mostly nn&ueaoaaful aue dﬁief!y
to the meth@ﬁ of extrastion or adminiatraﬁibn,
@uts%anﬁing.avantﬁ preoeding the wltimate suceessful
exﬁr&étiém of iﬁsuiin»may be sumarised as followsie

~ 1892; Ninkowski 1n5anteﬂ pancreatic extracts
into depamoraatized d@gs, but ahﬁaimeﬁ no poﬁitiVe
-agtion, . |
| a&ﬁa; 'Haekeﬁzie.a&miniﬁtaréa the;jaiéa Lrom
.»f?gnhiyngresﬁﬂd pancreas ar&liy %0 taree diébéfie
'pati@nts, eiaﬁming a<ganera1 imgr&vamant in their health
although the seger ex&retion was not affeaﬁed.-'

18861 upiiiman 1nae¢teé the juice from freah
pancreas and noted u slight improvement ip_glﬁ@ﬁﬁuz&u
sondition, . B R

1898: Blumenthal vemoved protein material from
the juice pressed fyom panaraas by u&ﬁitiﬂn af alcﬁhai.
~ but ebtained ineonsiatent renuita.

: _1&9&: ‘Leyden teuted panereatic extract hy auba |
ﬁut&hﬁbuﬁfinaeetién, but the %ox;ai&y of hiﬁ_matarial :
was too grént. o R -

©190%: Zuelser ét ai.preparea axtraeta hy'mﬁncing
the glands, adding ssdium hiaarbaﬁate to p?nduee a wenkly
alkaline polution. anﬁ filt@ring aff after a few'dasaa
They 2180 extxaetcd mineﬁd panareas fram ealves with
'alaahcl and abtained gromiaing reﬁults on intravenous
: 1nuectzhn 1nto panereateatemise& dogs and aight patientc
‘ with.dimbetea. but the use of theme extracts was _' :
/ﬂisaontiﬂueﬁ |
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disaontinued due to untawarﬂ symptoms,

1910» Crofton heated the Juice présaed fram pige?
panereaa for three haurn to destrby the anzymes, but
with no paaitive results.v

19112 Hedtt employea strang alaonai aa exxraeﬁing
<medium €0 as ta prevenﬁ the destruetien of the aetive
grinaiple by the ﬁigestivs enzymea Althﬁugh %he eonu
.cantratian of alaahol hﬁ uaed wak suah that most of the“ :
--_nctive praneipla was not extracted, intravenous inaeetian

»of‘hiﬁ exzraatn inta‘depancreatizea dagn temyorarixy |

’aiminiahsd the sugar exeretion.
1913: uuriiu and xramer grepared alkalina extracts .
| 7af panureae mhieh Iownred the blood sugar of dimbetie
| dogs but it iae soon ahown that the administrat&on of
' alkali alane preﬁueea a aimixar'effeat _
39213‘ Eauiesco prepared an ext ract of freah glands
"with iaééceld water, Intravenaua-inéeation brought about
8 markad imnchement in ﬁhe symptoms oﬁservéﬁ in éepaﬂv_ |
l cre&tizad dogs, | ,v |

2921~19Q2"‘3xtraetion of the active 3rincipie by

Banting and nesa {1, 4), who clearly demanatratea the
ability of these extracts to inhibit slycoauwia amﬁ hryerf'
glyeaemia in éepancreatizedfanimalz and ta alleviate the
8§mptamﬁ'gfzdiabatea7meziitus in human beings, They first :
ﬁxt&natéd the pancreatic tivcue fr@& dogs in which the
 panereéﬁ1e ﬁuété'haé been ligated for tén-wneks,.taué
néuﬁing‘dégéneratian of the aaipa:_ﬁiséua}ﬁwi&h‘ﬁin@ar‘s 
solution, »Failcwing'this; th@y‘macefate& the panoreae of
- foetal calves with Ringer's solution anﬂ:aftarﬁarda,witi'
aloohol, thus again ob&aining potent axﬁraéts‘ They_w@re
guidedtiﬁthisirespeet.ﬁy the earlier observations of o
Carlson and Drannan {91) to the effest that, up to about
the fourth manth, thavfne%si eazf pancreas abntains no
prateolytie engymes, ?inaily, 1n aallahora%ien with
‘ | ‘ / Gollip.
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Gollip thoy obtained aotive extrasts by using acidified
aiach91 aa_extractimg'mediuﬁ, thﬁa preventing enzymatic
_ actianii"ﬁha subsequent fractional pree;pitaticnide-.
vised by Colliip yieldaed more potent andllaia_tax;évezé

traota,

(b) Extsastion Methods:

The existence of the panoreatio hormaﬁe'haﬁ»beeﬁ_.
proved and Banting énﬁ_cé~§orkewﬁ haduéffmrded & general
method éf”preparing'aétivm~ext@aét@. During the years
1923 and 1934 a fl06d of new methodﬂ of preparing and pnrify~
ing pancreatic extracts poura& into the 1iterature and @
steady progrese along these lines has since been meintain-
ed, Nost af.thase.pra@eénﬁeslw@re bﬁaed'@n ihe‘extraatian _
of“rreahly m&neadlpanﬁrean'wiﬁh n@iﬁﬂlaﬁeé @rQalkwxiné
anlntianﬁ{ agueous, @Qeﬁené;vmethyi aleoohol of e%hyliv
aleohol, Qf'tnesa;»on;y_aicﬁﬁél has sssumed practical
importance a.a extracting medium, so that at present it ie
aimaﬁﬁ uniVeréékiy'uséa for this\pnrpoae. Aqyaaué ex-
traqtion waa n&ﬁamptedh?-?éuiaéao,{liﬁ).au&afterrards b?
Best and Soott (43); whﬁaa-raéﬁlts, although eneﬂursgiﬁg;
aould not show the agwe‘ﬁnitnge per pound of panazeaﬂ<éa -
did the alcohol methods. Murlin and coeworkers (44) used
vﬁ;;?f squeous hydrochiérié aaid éﬁ_eﬁtra@ting,me&ium,;

Dodés and Pickens (43) a 1 per cent aqueous solution of
formic aocid, and Kaulberss {4ﬁ)va\ahaaﬂf aguaous sodium
bicarbonate solution, but in all theaé'thé’yieiéﬁ wors
well sxceeded by those of aloocholic extractions, Moreover,
in these methods the filtration from the mméed glands
ia usualiy very slow, aa that the protaalytic enzymes
deetroy a8 1arge particﬂ of the aetive principle, |

| ~ While most workers have rataineé aleaha& as exzraatw
ing madiam,many varzatzana\ware intxadnaed-se'as to

/inerease



| increase the'uliimatgvyieiﬁ;.‘Thaae wate~conéérnad eapen#
iallvaith,thahazuze_anﬁ_sgreﬁgth ﬁ£ tna_aaid'uaed;;and
with the'haana of-graeipitéfing the:aetiém vriﬁéipie.
“godfp (47) (48) nad stiown that inswlin 1o ssluble in BO
per*cent alcohal but inaolubla in alcohol af more than

90 per gent. He omnseqnently @mtracteﬁ pancreaﬁ wﬁth an
equal vélnmﬁ'of-gﬁ per cent alennol aué yrﬁe&ﬁit&taﬁ tk@ o
inaotive pratein from the filtrate by the aﬁdition of tw@,

: volumas of 95 par aant alaahnl Eeloney and Findlay (49,

. 5@) axtfacte& with an aleoholie ﬁﬂluﬁiﬁﬂ of b@ﬂ&@ic acid, :
r@aipitatea the a&tiva fraatiun vy the mdd;tﬁ@n af sodium
 bengzvate and suhaequent aaidif;&aﬁion with hydrbwhlerﬁe |
aeid, Best and Beatt {61, 52) éxtta@te& with azaohal
agidificd with 1. 3 per aant acetia aaid and yreeipitated
the inaulth with ether. ﬁhnnl@ and walda (ﬁ&) wseﬁ | .
ftrachlnraaatic acid aa éreaipitating agentg wnile ethara |
v'emplayed potassium lmcta%a and’ potasﬂium ferraayani&e {11?)

. for this purpase. ‘Somogyl, Doisy and Schaffer {53) uaad

strong acid during the alcocholic exﬁraatian and preexpi-
tated the hqnmone by halrws&ﬁuraeion of an aquaous aalutian'
with ammonium sulghate. Blatharwiek at 31. {64) and the
Torents workers (553 substituted snd&um chloride foy
ammonium sulphate in @racipitntin§1the insul;n. The iattar
aleo confirmed the opinion that aiegheiiﬁvhydr@ehinria-mnid
‘18 the best extractant for ineulin, Jephoott (57) in
invaétigating ﬁhe'methad of the’Téraﬁtb werkérs. found the
aptimnl eoncentration tn be fram 6@ - 8C per cent for
alndhoi and from 0.12 = 0.53!3 for hyérmchloria aeld, with
somewhat highor values for Buipharta aaid.' Exoecsslive
acidity resulted in serieus 1088 of paeent material.
?nllowzng miosely on tha haels of the impraved methﬁﬁa
of ex&raction wore %the methods of puriticaticn a? %he erude
'm&terial. Theﬁa conoisted eauentially of sne aﬁ mexe of
| the folloewing grpee@ureai f;

/()
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() fraetion&l preeipitutién with organic solvents;
-{i1) precipitation us 8 salt; {iii)vian-elaaﬁrie pregie
pitatieh. (iv) adm@rptien. | '

Mmgyi ot al. (53) and walde (&6) maepenﬁemw ob-
sorved that most of the active principle aan be praeipitatea
from aquaoun solutions by'adéuating the hy&rngen ion
eoncentration to about pHB, The degiee of purification by
this method is fundamentally dependant on the iso-elestrie
points of tha'eanﬂtituent protein materials. This has
| %aeame one @f thg Etandard:hetho&svaf'purifiaatian of
_ ineuiin, al%nough the patenay cannot be increased beyond

@artain stage by rageatea iso~plostfic praaipitatians.
Somogyi and coeworkers (53) found their purest sample to
have an igo~eiaatr#@ranéalar pHA. 45,8 ”@ﬁh a maximum at
pHS,0, sShonle and Walde (56) found pﬁé:ﬁ to 87 and
Blatherwick et al._(ﬁ&) a;higher fange_éf yﬁﬁ;&aﬁ;@. - |
According to Abel {53),th@:isa#dieetria point of‘a:yaﬁalline"
insulin is pH5.5-5.6, Howitt and Prigeaux (69), ueing the
method of eiéetraﬁhoresies found that the zaﬁe of insole
ubility extended from pH4,5-6.6 and the iso-electric point
was at pHS.4. |

?hE‘mathQ&:of extraction and pn:ifiaatian ap aaed'by
the Toronto workers haﬁvbeen ﬁeacribeﬁ hj-sépt% ané Parker

(Ea). They‘ex%raefed with 6080 per cent alcohol containe-
ing i.ﬁer gent h&drechlor;a'auiﬁ-anasuhaéquentzy galted
‘out the active material by the addition of sodium chloride
‘ firot to a concentration of 25 per eent and ihen.(afzer
rediscolution) éo & oongentration of 15 per aénﬁ; %hiazaa:
f@iieuéd f&raf‘hy'iaageiaéﬁria y'reaipigaticn,vthﬁn,hy |

_fraa;inﬁai preeipiﬁatian with aleohol &ﬂa'ethei aﬁa,7
finally, again by iso-slectric precipitation, With th;s'
praae&nze a'yieid of 2,&Q0‘units per kilo efvox pancreas
at an aativity of 16«17 unxts per milligram is claimad.
|  /Gerlough
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,Ger&augh and Bates (ﬁo) bbﬁainéﬁ a prﬂ&nuﬁ aaaéylngAat
2le24 unita perﬁmilligram by axtrae&ng with alcahalic
»-vhyaroﬂhlnria acid and aalting out of the instulin pratein '
at-pﬂas5a2.6-by 16 per gent anhydrous aonium auighnte.
This ic follawud by fraecianal preaigitatzon with aleahoi
£ir8t at 80 per. cent and thnn at 90-92 per cent and,
, finally. by double iﬂﬂ*ﬂlﬁﬂtriﬂ‘??ﬁ@ipﬁt&ﬁiﬂni
ﬁuéley {61) purified orude inaulin. pxepared by

cozliﬁa matho& vy preaipitatxng the active material
from agqueons asclution with pierie acid and subseguently
- eenverting ihé_inaa&ublé picrate to the-#ﬁluhie.ﬁyﬁrav |
\onlorideg 'Biamena et al, {(62) piecipiiateﬂ'ihe aativev
_'gaaérial with 3 per dénﬁ trichloracotio acid, salied out
the insulin tr0m~the:aeid s¢lution-aﬁd praeipit&ted it a8
an oxalate at pi2.4-3.7 by the addition of N/8 potasoium
»:oxalnte. in thia wy obtaining a material for which thay

alaimed a potency of as much as 30 uaits yex'milligram.
B Dirgemanse and Lagueur (53) purified insulin by ade |
s@rgﬁicn aﬂ'ahnrﬁéal-and'fégaéaeﬁént hy phenﬁl.'tha aam;
plate proceaa oonsioting of eleatradisiysia, fraetzonal
"salv&tian with sodium bxnurbunate. adsnrption and
fzaationnl elutian_ndzh disolium @hoﬁphats'.,whey ¢lnimed
to have obtained a m&terial.with:a_donvuiszvé»éase'af
0.008«6,0046 milligram,, Abel and Geliling (64) @urified
insulin by répsated precipitaﬁisn with x/6 ﬁ#riﬁine'
solution from ﬁ_@iiute acetie aocid aé&utién. The 4ry
§re@ig1té£a nné‘aktraated ﬁith’ee per cent phenol and the
insulin prsﬁipitated frﬁm‘sélutinn by‘tha addition of 4ry
ether or‘abnélate aleochol, In the mathp& of Kha&ésah
{asi.the &ry insulin pﬂwder'is treataed with.anhyaraua'
jiquia ammonia and thé mixﬁure.filtgred; The 1@&3 &@£1?¢
material ie insoluble, while.thé more astive fraatioh'
is racovered by evaporntion_bf-thﬁ_filtréter

'/A



A_xecent'mgﬁhﬂd»(i@ég)'far}fhéiextrastibn and yurifieation
- of inéuiinvhaﬂ bean advaneé& by'LauﬁénsaﬁalaQer and
Linder (65)' This ccnsiﬁtﬁ of extraction with aleohaz and
hydroehl@ria aeﬁd\at 5«185°C, The exmraet-ia adﬁustaért@
yﬂ?.s with ammonia. the precipitatg sequated hy contri~
fugatien, the pH adjusted to 3 and tha 11quor gonecentrated
'hy evaporatian in vacuo, The active principla is then
twice ealted out with sodiwm chloride, Todissolved and the
insulin 1colated at pHES. o |

The crawning a@hievemant in the purification of
 insu1in secuns to gave beem reaaheé ‘when Abgl (67) iseﬁate&
the hormene in crystalline fomn. This §a@“¢b€ained 5% |
"'diﬁsaivaag~pmr1f;eﬁ iaau&in iﬁ ﬁeak‘aaeti¢jaeia'an&-remov~
ing 1myaritiea.by‘preaipitati@w with brucine. On addition
of B/6 pyridine srystalline ﬁndvémnrﬁhﬁuﬁ insulin Beparated'
tvgathﬁrc In é.later gommunic&ﬁian.abei and his ebéwérkers
(68) olaimed better results with e slightly modified -
techniqué. E/G pyridlna was aﬁdeé to the solution am
Avabnve, but the precipitate was removed. by cantrzfugatian
anﬁ the olear fluid trented with ammnnia,_ the p?ﬁﬁipitate
wa fiiﬁered and the filtrata. en staﬁding.dap@sited
exystals of the notive prinsipiec, In subsequent_gnbliﬁ,;
cations (éaeve) thess workers prepared eryaﬁéilin@ insulin
~without the usce of braéina; thus ahtaining a‘maﬁerigi _ |
assaying at 24 anitsfger milligream {?@); Harington and ,
%oaﬁt’(73}-dev£aed a furthor method af-abtaiﬁing erystalline
ihsulin by substituting sapounin or digitonin for brﬁeine

and praexpitating with ammonia in much the same way as

. Abel and his co=workers, Their material ag asauyed by

Culhane, uafks, Scott aﬁd.?rejgn {73) consistently shoved |
an activity of 23427 units per milligran, scoft {?&)-*
??Q@ad the dimoiphous,natufe‘af the,éry&tals hgving'
obtained a weﬁgaéshapeé form»cn aryEﬁn11i$aﬁ1an'ffaﬁ

| | ) |  /acetie
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_aeetic'aaiﬂ~amhﬁniﬁm agetate buffer in aQuemuafaaetone

_ét pﬂﬁgﬁ,&nﬂfﬁh@mbahedﬁa-with the ﬁmma'grﬁeedu?a’a€

vH6, E."In:1934 Boott (?5)‘ﬁisﬂGVerﬂ€ thﬁi ar?ataliine
snsulin, prepared by thc aﬁmve methaaa. cantained ziao and

| that tha additian of. small quantitiea af bther metals {salts
_' of aa&mium. nickel, oobalt). faeilitaxaﬁ the mryatallisation,
| Scoti and Fiaher (?6) datermineﬁ the nature of the ash of |
5amples of 1nau11n crystazzisea fram media containing

zine, eabalt and eadmium aalts. obtaining constant Values

- f@r the raspective metala. - Beott paineed out that the

l.previcua sucaessen in @ryrtallising insulin were due to.
the fartu&tona presenee nf one. nf these eaaential mataia
'Romana, Fischer and sgatt {77) subssquentiy published uhe
outiine of & procedura whieh starts with the fresh pancreaa
and givas oryntalline inau&in aa the final praduct. ?hia
method yiﬂids aomuena interuatienal units af crymtalliﬁe
insulin per pound of beef pnncreas -
Btudieﬁ en the ¢hemistry af 1nauiin followed ¢1osaly
on the heela of the imnraved methnﬁﬁ of extraetzon and _
purificutien.v | o | |
o ﬁatwithstanding claims to the donirary, 1nsu11n waa |
firﬁt regarded as a prﬁtein‘by inter alia, Bast and
ﬂ&alead (95}.V 1t was definitely placed in the prﬂﬁein anﬂ
metapraﬁeiﬁ group by the Wark af bickena, boddu. Lawﬁnn |
ané ﬁaeiagan (88). svedberg anﬁ &Jogren {57] working on
the molecular weight or inaulin.caneludeﬂ that it is a a
'hamagenaoua prnteln of the avalhumin:type, ‘On the baaia'
. of nyatomys;e of orystalline inowlin with mineral meids,
aeﬁﬁen ﬁnd wintersteinar'(sél géve the'téﬁtativ&-diétri~
butian of aming aeidc as fallaws. thue acaaunﬁing for
88 per cent of the melecule:s |
| ’vieuﬁine 39%., giutamxs acld 21%, tyrosine 12%, @yatihé.iﬂﬁf,
histidinef&%,_ gmginine a% and lyeine 27,  Recently ihe
- PR o '/fallawﬁﬁg" |
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_‘fnllawiﬂa'eamplete nnalyaéﬁ or the amxno #eidvaantent-
of innulin have been reparted by Chibnall (99} and Brand
(icoif (Figurﬁs in. par cent of ash and maiﬁ;pta-frae

protein) i~

. Consbituont  Gaibnall  Brand,
Arginime 00 ‘, ., ) 3,50

Histidime - 488 8,30
Lysine o 244 j? 260
;ﬁ1u£§@icg46£d | ié;ﬁﬁ: ~ 20420
Aepartio Actd 5.6 6,80

| 'miagfx.wna) - ;.65’-' L 2,15
Gyﬁtins,/a 12,50 I | 13.00
iyréﬁihe 'fa1 - 13.03' S 1280
Manine 460 2,90
valine . ree . 8.8
phsnyialnmina*‘ 8.09 S B f?;gﬁ‘,-
Serine. |  ‘; - 5;1é'_‘“ '  . | 5.80 |
'mm&me _v. nm j‘   64d
@éudihed: ;     _ 15.68   ; : 16,30
Giyoine "“',ﬂé.édj . v_ 4,60

| ?:oline' | S 2.6 - :;" ,: 290
Cysteins VIf“i_ - i B 60.

vThe'dsfa by Véliék ané Ronzani (102), pxesanting 8 som=.
plete analyais for taa amine acid- ¢9my@amtznn af inaulin,
are in gaad agreement with thoss cited above, .

| Abel st al. (58) eanaidered the clementary come
f_paaition bf insulin similar to thaﬁ of the awnrage pros.
tein. At an early datc ‘the presenae of nitrogen was |
established and valuea ranging batwecn 13? anﬁ 18 45 par
7cent were raeordea.' Abaz {58) fcund avnitragen content
of 15,40 per sent for crystallina insulin, while that '
found hy Brand (100) is 16 04 per aent. Dudley {80}
firat nuggeutaﬁ the proaenoe et ﬂulphur in thﬁ insulin

/hole@ule
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‘molecule., The total sulphur ebnﬁeﬁt of erystalline

insulin hac been éatimated a% 3‘15 y&r'eenﬁ'ﬁy-ﬁbeivtﬁs)
3.27 par eent by Jencen et nl. (?1) and 8, 11 ger cent by

. Harington and Saott (102), ~ The value as,ebtainad-hy

Brand (169) is 3,31 per cent. It hns been established
that all the euiphur of 1nau1in ie present ac a éiaul*
yhiée linxage ana can be agoounted for a8 oyntiné (105).~

_.aeduatien of thg diauzph;&e zinkagas in ths insuitn‘

. molecule under various experimental sonditions, teaﬁlts

in o loss of physiclogical motivity (41, 42, 104), .

. The elem&ﬁtéfy &naiysia; as given-ﬁy ﬁraﬁdjtléai ist
Carbon 52.96 per dent, hyﬁz@gen 6.79 per cent, nitxogen o
116,04 por cent and 3u1§hur 5.31 per eent. | |

The empirieal farmﬁla ﬁeriveﬁ by"ﬁbel (58) for his

nryﬂ;auim insulin is cwaﬂ_s \c_z? R11s, u?-e_dbgrg and

Bjogren (97,108),using the ultracentrifuge method,

‘investigated théjmaieﬂuiar'ﬁeight of ineulin and found

 that it changes with the pH value of the solution,

Fithin the range pHA.5-7.0 the insulin is stable, but

'-Qutaide-lt, it diesociates into products cf’lawérvmazeaular

weight, this dissocimtion being reversidle if it has not
been kept too long outside the range. At pHO.76.8 the
méan‘valﬁe of the meleaﬂiar-wéighﬁ ﬂas-aﬁileﬁ"ﬁt@wf@@t

u(lﬁ&) @btainedva_vaiua of 3%, 200, The ﬁaiécnlarfkeigﬁt~

estimated from,ﬁata obtained on redetermination of

nltxaesntrifuaaiiieﬁimsnxatian éné'éiffnéi@ncéonstéﬁta»v
of carefully tearyatallizea'inﬁulin'was found by Miller
and Andersoon (107,108) to be 46,000, Gutfreund (1)

 confirmed his previous ohﬂervﬁtiona that inauzin in

solutions of pH7-7, 5 was hamogsneaun fyom the peint af
view cf particle aizﬁ and had a maximum maleeular vaight
of 4? GOQ~4B OQO._ At pH above 7.6 or belew 4 eviéenae

wan obta&ned for revarsibie‘diﬁaaoiatioa of the hormone.

/tne
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the optinum pH for dianaﬁiatidﬁ being hetween 2 and 3,
»_1ﬁhe nminimum molacular wnight fram csmotio presaure |
| v detemin&tmms was &2,09& X 590. e mmamdcé thet
vinﬁuiin aonaiata of suhunite with a maieeulur ﬁeight of
12,000 snd that the fareea holﬂing these subunits
“together invelve the ionizing groups of the protein.

Sanger {iiﬂ) foand that aﬁ.zWGﬁlin suhmolﬁeule 6f~'
meleculnr waaght of 12,@0& aan&ained two gzynine an& two
phsnyialaninn ?nﬁidues gentainlag free < -amino sraups,
and two lysine residues centnining frea eaanine greupa.
These results suggest that the insulin auhmaxeeule is
&ﬁﬂ& up of four ovpen pu&ypentida chgina, two af theae
. having teorminal giyayz resiauea ana the athar two
terminal phenyialanin@ rasiauea. tha ehaina being bauﬂd
mgetnar most probably bgr Bt s 2 unkages

fhe same author (111) applying the perfarm&e aaiﬁ |
axzdatian method to the ox, pig and eheap insulin _
suhm@kaaa;a,vahtninﬁcLrin&iaga suggeating that, contrary

to general opinion, ohemical differences do exiet among
‘highly purified inmldin preparations of different species,

Amino acid snalyses of the acidic fractions revealed con-
‘niﬁergbze~ﬁiffarenaus 3n‘£hﬁ contents of serine, glyeine,
theeonine and alanine, ﬂhrean&ma was found to be pregsent

in the aci&ia fraetian of pig ingulin but absent. fram the

same fraction of ox nnd pheep inealiﬁs.

A& ragards %he qpestion wkﬁthﬁ? the pratein 1s
identical_wzth_ﬁhe hormone ;tselzvar,sgts simply as a
convenient osrrier én-whnée'ﬂaxfa&a tﬁ& true hogmone is
adsorbed or o which it i loosely bound, conclusive
. evidance is 1mekins. ﬁttamytﬁ hﬁ?hvh@én m#de to i#ter-
| prat the resulis obtained on treatment of insniin with
- vazioua_raagenzs.-aa 1ndiaating that eartain groups_o;
taa in@ﬁlin'ma1aeﬁ1a,_aﬁ&h_na‘yﬁeneiie;hydrnxyx, privery
amino and the disulphide 1znxége are essential for the
physiclogieal astivity of the homone, "The pharmas

B ' | . Jeodynami ¢
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i aodynamie fungtxon of iﬂnulin may be aue tn
(1} the presence of & 9rasthﬁtin group in the mnlacule,.
but no evadence for such & group has a8 yet ‘been obA
 teined; - o
{14} the oocurrence in thﬁ inﬁulin moleguie of an unknown
_-sgecifie amine aaaﬁ. buﬁ thus far oniy known amina A

ﬂbaciéa have baen iaolated from inaulin.

{114) the exiatenae in the proteiu maleauie of a apecifié

grbuping of certain compﬁnent amino aeiﬂs embééded

ln the molecuie which. ﬁy virtue af %heir ahemicai
 and spatial aanriguratlan, impart a apanifie pharmas

eeﬁynam;c fungtion to the protein molecule,

~Far tﬁié reaeﬁnlthe'entire molocule ie neﬁeaéary

for the phyaiolagical sotivity of the protein® (112)

The hulk or evidenee available favours the lattar Opinxon,4'

:that the hypoglyeaamic aativity of insuliﬂ is a ﬁpee&fto
| _»:praperty o:(‘ ﬂae whole pretein molacuxfe. and any rea&tiun

which may prﬁduca a change in the aranxtecture of tne

*3‘protein melacula ia 1ikely to cause a loaa of pnyeiologiaal
iaativity.;; ﬂhe r@antiona of 1nau1in with aeaine (zla)
'and reduoing agents {114) 1ndteate tnax tyraaine mnd dxwr.

sulynide gruups are naaessary fuv the harmane'n hypew

glyaaamic aetian, Tha work ef neita et al. (116}. mhe f
: 'have 9rmpared active snlphata esters of inauiia by treats
. fment with aoncantrated aulphnria acié shows that either the

aziphatic hydroxyl groupa ‘or the nes ohurge do not parti*

3 eipate in the binlogaoai aotioﬁ of tnsulin.

- The physieal properties of inaulin, furthar uh&mioal

properties, its inactivation and reactivation and the
. aotion of various reagants'and eénzymes on it have been

| dealt ﬁith At‘length by'iariéun authﬂra {41, 42, 112)-

lfyatallinc ﬂnaulin roapresents the pure 1so~alectrie
praduct._ addition @f aither acid oy alkali to an iso-
eleatric prsciyitate of insulin reeulta in ccmp&ete )
/aaiution,
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aelutiﬂn, §w1ng to'ths‘ﬁaréatiaﬁ?@f the said»ar vaeic
sait auaerding to the generally aueapted eheory of
amyhoteric proteina. : Tha most nommanly known salts ef
inﬁuiin‘nrt the hydraahlaride, the yiarate and the
ﬁulyhate;.‘ of theae the sulphatn 9n1y hag been preparad
in an 1naetive aryatallina fanm. ‘ _ ,
| gardzng the effact of innulin when iﬁaeeteé into
:animals, this has been rarerred to in & previaus sa&tibn ,
| (aea page 3 ). Th& anéacrine funatian af the yancreaa and
‘the physialegi ol aatian of insulin have been rwiewed in
detail by various authom (41, 42, il2, 12’3‘, 130, 156).
Sinee it falls outside the svope of thie investi-
gation. nat more than casual referenee can be made to it,
The total sum of the ehemiaal changes whioh ogour in the
tissues of the body, i.e.;inorganic‘anﬁvargnnie‘matabéliam.
in ean%rclln&'ayvthe praperphyéiaiogicéi'éa§orﬂinatién of
factors auch,as hermonea vitamins and enzymes, '"As regards
the role of hermonea. they apparentiy do not initiate new
metabolie processes, but rather influence the rate of speed
of existing proceases by aecelérating ar'inhibiting‘certaiﬁ
sneymatic reactions in the cell upon which they ast? (112)
~ That inaulin ta intimately 1&nked up wtih the organie
"'metabaliam in e5peeially ‘evident from zhe phyaielogiaﬁl
| disﬁurhauaes in the aady'nhiah are observed in total
pancreatectomy oy in diabetes mellitaﬁso
{1} Pronounced hyyerglycaamia and glyaaauxia.
(41) Deplstion of gxynagen stores in earﬁain tﬁssues {1iver,
,.muaala), _ | |
{411) Lowering of the respiratary quatiant, indiaatiag 8
| decrease in the rate of the oxidation pf‘glueaae; 
(iv) Increase in the NPN of the urine, which 18 due to an
| inorease in the conversion of protein into glucose;
(v} 1Insreased formation erXetané bodies, caused by an',
accelmmtion of fat oatabolism. 4,' S |
| | | B /!Aeuzin
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Ingulin acte on (i) the liver by inhibiting glyco- '

genolysic and gluconeogenesis and by simulating the con-
version of giucésa to fat and {i4) on the liVer; musele
and other tiuenes by premoting the stoamge of glycogen and
stimuﬁatxng, indirectly, the oxidation of glucose, it,
therefore, stimulates those processes causing glusose to
entar £hs biﬁéd‘with the over-all offect of ﬁ‘léwE?iﬁg of
the blood sugar. in thi# respeot it is antagonised by the
normones from the pi%niﬁary.'aﬂrénaifand thyroid {137).

" Gertain ndrensl and pituitary normones tené to inorease
aar%ohydrate faxmation fram protein by the 11ver and to
_dimininh the yeripheral utilization of glucose (138&143)
‘,meae nermonas k‘(inwmn, pituitary, adrenal) oxert ﬁhair,
effect on the peripheral uti&iﬁatian_of'glnécsé in the L
.foiiﬂwiﬁg'ﬁuygg | | )

The effects of insulin onm the utilimation of giuenaé,,
arg‘ﬁemenuﬁfabiﬁ in many types of intost muscle }
(éviséézatea animals, isolated perfused heart, iaé&aﬁeé mét
diaghragn) and even in cell-free extracts of liver, brain
and heart tiﬁ&uﬁ;iliﬁwlﬁl),fhﬁ'ﬁat#’bflthevﬁlueaaa‘ﬁéﬁeﬁﬁﬂ
ing on the partieuzar'preparatian use&f it may undergo
sonpiote axidatibn or it may be converted largely to
, glyeaaen. These are the two funﬂmmemtal efraots af &nﬁuiin
on peripheral giuvevee utiliantian.

The proximate fate ﬁf gluconoe dzwaﬁgearing Ln ﬁhﬁ
. tigsues ie donversion to giuc@aeuﬁnpheaph&te. Thié-'
 phesphorylation of glucose hes heéﬁzexgenaivnly_étuéied,
 partioularly by the Coris and thoir co-workers (143),

This ialgrp%ably due to increased activity of thé gnzymef
hexokinate and there is no doubt that the main reaction

‘ congiste in an exohaﬂge_af'phaﬁghnté h@twaan‘aﬁeﬁﬁsiﬁe*.;
triphosphate {ATP) aﬂdigluoaaé;'thrbuﬁhvwhioh glueese is |
e%@%rt@d iﬁtb‘giﬁéaﬁﬂ¥6~phbsﬁhataa whiéh_may ba aiﬁher_. .
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 oxidized into pyruvio acid or anymerise&Zéfyaggen. and
:AEP into adenosine diyhbsphate o%fﬁ&edylic acid., “The
main action of insulin,. therefare. appeara to be an |
aotivatnan of & camp&ez emzymatia aystem whioh fixatea v_
blood glucupyranoag anﬁ aanVQTtﬁ it to a labile, less
&axtrc-rat&tary foxm, paasibﬁy f?uateufuranaﬁe. it
vorrows the encrgy neeessary to this emnveraian from the -
oxidation of varibua carb@hydrata derivativeﬁ, partieui«
<az1y-¢£ pyruvic acld,  The activated g&ucpse a&bsaquentxy-
reacts Withfadanoainéutrigﬁusghata_und,is transformed inﬁa
,gluaoaewﬁuphcaphate* (12?). . S
Pﬂae, gori and calowink {152} :aum that the rate of

mgxek;nase reagtion colld be<deprgﬁsed by the addition of
eer;ain_péetéih £ﬁaétian$cbtained_from«the pitui tary,

This inhibition was much moﬁe maxkeauwﬁeg the pituitarj' '
fraction was snpplgmeﬁied_with‘aﬂrenal cortex extract (153),
- The iﬁ&ibitipn is dependent updn-tha pregence of a4 very
labile pratein, @iesumably of‘@it&iﬁary origin, since
‘addition of muitable pituitary extracts results in inhib-
| ,1t1on of phoa»horwlation either in the presence or absenae_
| af adﬁed adrenal eﬁrtex extract, Addition of insulxn to .
either of thewe inhibited systems rewaatablishes normal .
phosphosylation; potassium hydroxide treatmont of the
insulin aboliches its efféetivenask. The labile pﬁtu&t&ﬁ#.
fastor is not i&enti@ai.with\either purified aﬁrenatrépia,
- lactogenie or growth homones, BroheKhan and Mireky {(16¢)
obtained similar, théugh mo#@“tiuetuntimg; resuite; thay
also fennﬂ that & mubatanee causing h&xok;maaa inhzbitien
can be extraete& from the epleen. | ,

It appears, tharefore, tbat ineulin is not ewsentisl

for glugose utiliaat&an but sﬁrves ‘rather to eppose the |
| inhivitory action ef‘antegior pituitary and adrenal cortex
normones on this process. It seems that somecf the effocts
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-Qf‘hérmonqa an‘aarbohydraté metabdlism in the liver génﬁet
\ he'exylained in terms of regulatory effects om the
haxﬁkinasﬁ reaction, and i%lia likely that,other'ansymgé
.. such aes liver pﬁbs@h@ryia#e.'etihuiating-giycagnn
fnrmation from glucase»lnpnesghata, will Ye fuwnd t0 ha

similarly under vnﬁnur;ne ﬁontrnl.

?he3nsé of piérﬁe acid in.uénnection-wﬁﬁh

{nsuvlin wae farst 5eaaribe& in 1923 by budley {61}, who
used it for the purification of ecrude insulin prepared by
’» a ma&ifiea%ian of 061139*" ‘mathod. The orude material
obtained by this method was found by Dudley to have an
aﬁtivﬁtylof 59;0 miiiﬁgrﬁms @ Zv@raginni Tarénﬁn Unit.
zn,%&e”paﬁifiﬁatién\pf@ﬂeaa & l.S’par\éent aqueauﬁf '
‘solution Qf.thia'eruﬁe iﬂgulinlia made., To this is then
addeé half ite volume of a saturated aéﬁeaua aalution of
pieric acid, reeulting in an immediate flogoculent amsrphous
precipitate, the insoluble insulin gxérata. the yield being
about 7.8 per cent of the arude 1nﬁuzin taken, mhe piarate |
1a_then,transfarm@é~intn insulin hyaroshloride by grinding {
"1t up in o mortar with absclute slcohol containing § per
cant {(by weignt} of hydrachloric aeid. To the éiaaf fit~
'trate ig added dry athor and the hydrach&oxiﬁe settles ap
a whito a.mar@hauﬁ powder, the yield &b%aineﬁ being 75-80
- pex uent‘af_thé ﬁ&@ratei aﬁdvtne.potenuy of the material_
0. 5«0.75 milligrans E_Tex@ﬁta.ﬁﬁit {rabbit unit). Iniéhﬂ
sane paper lﬁii'nu&iey statos that if iaaﬁeiéatrievpreav
}oipitamien ia cﬁrrie@ but ﬁith ajz per cent polution of
-.hydroéhinrAﬂefa\preeigitaﬁe forms at 935;?; carrying with_
1t about 50 per eent of the activity and having & potency
of B.%Imiiiigramn = 1 rabbitvunit. In a subsequent
@ﬂbliaaﬁion~nuﬁley 5nﬁ Stariing (80) déeéribed.an‘improvea

| | “ | /technique
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taahhiéﬁé for the conversion of piorate to hydrochloride,
ihieh»udﬁsiﬂtéa(bf d4iss0lving the picrate in a solution of
hyasochlorio acid in 75 per cent aleohol (25 mils, 3§
':(ﬁqueaus) hydrochlorie acid + 75 mils.absolute aleohol) and
:préaipihating the hydrochloride by the addition of 10-20
‘wolumes of dry acetone, tha roabbit unit preving to be as
low as 02 M3, |

_ In 1924 Dudley (7@3 uaed picria acid for tha extraet-
ion of insulin from the Lslet tissue of the cod, zhe
raauits of ﬁacaxmiuk ané Hobie {613 inéieate& that ﬁhe
amount af 1naulin in pancraatia tmnaue preserved in 20 per
‘ ﬂent alcahnl eantainanp 0,3.per cent hydrochleric aciﬁ
ﬁim&ni&h@é aecor&iﬁg to the time elapsing befare.the
'métaria& wﬁa worked up. similar shaervations were made

| %W*Bndiay. " aneenéiéer&ng al%ernative‘maﬁhﬁda of enllest-
ing the maﬁériai, hé'maégvnae of & stturated aqueous
solution of pioric acid and ohtained yemarkable ouccess.
The fieh islet iissué‘wae presexrved in this {lnid for
perieds #aryiﬂg‘fram‘ﬁ'tnkiz &aya;}wﬁﬁér which it wﬁﬁ’.

ground in o mortar with 75 per cent acstonc. This wae

evaparateé in Vaeua and the precipitated piecrate canverﬁed

to the hydrachl@riﬁe' hav&ng an aativ&ty of ) milligram =
! rabbiﬁ unit and a yield of 13.10 rabbit units per gram
of wet tissue (15m90 rabbit units pexr kixé)r’ Dudley
states that rit ic gessib&a that this method will pYove
vappiaeahle to the aﬁmmercial produetion of inauiin from
aiaughterﬁhauae material. it appearﬁ that onge the
‘fresh islet tissue has boen dropped into an adequate
';'@uant&ﬁy of %hié fixative, it ean ﬁe.képﬁ for any time

ﬁetérmineﬂ by aonvenience, tranemitted without refrigeras

o tion to the factory where the exﬁraatian of Sh9 inoulin

46 to be carried out, apd stiil give a yield at leadt as
. goaﬂ as that obtained with tha:zrea%est pregauﬁiéns as to
spoed and tempeﬁwm, when the alcohol procecs of

preservation is used.®
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Qoingident with this wark Dodds and Di ckens {82}, warkm\

'ing on a water extragtzqn mathed. ware 1nvestigat£ﬂg the

o 9osszb1n uge of pigrxc actd 1n thnn ranpect. Ehey extraeﬁed

 fresh1ywca11ﬂct0d pancreaa with 1 par eﬂnt aquaaua farnio

| acid ana preaipitated the aiagclva& prateina by aﬁ&ltman of
an equal volume of aaturatedeunwous@ieria ‘acid. wha pzcrates
ware auboeguontly extracted with 70 per ecnt a@atene. |
 1ineu2in picrate aisaalvsng to the . partinl exciusion of athar
) protein piamateg.» This wau repreeipitated hj éilution with
| eqm:l yolumes of satumta& aquaous pleric miﬁ ané¢ water,

- and ﬁﬁnvarted to the hydraahloridt whiea showed an acﬁivity

o of Lo Bez mg.ﬂ 1 rabhit unit and gave & Jield of avﬁrbyimatu,

ely 300 rubbit unite per Rslagxnmraf pancreas, .ﬁndegv@ar-_"
ing to inh!bit tryptin-actian, th@-authnra aubaaquen*ly '
added 5 yer cent puraldihyde to tha nxﬁraating fluid
'camaam;d o hydrochloride with an activity of 2 mg -.41_ rabbit
‘ unit and o yield of 638 rabbit units pe~ kilo of mntefaai;
Howovor, xt beuame ovident thnf about 40 par cent. of tha
-‘yield waa 1ast thraugh 1noamplata precipitation of tha “
,picrate by d6iiution, Fblnawing thuvprﬁcedure as nutlinéé'
-ubova, but QVaporating the aﬂetone by diatilﬁation an vacua,
{ncstead of di:ution. the yield was iuﬁreaaeﬂ to 1,040
rabbit unita por kile of.@anaraaa. - Saving been inxormga
_Ey Dudlay at thia atagé éf the methad un¢er.tria1 by-him_"
fof the ezﬁraatian of fiah inbulin,,théy'oﬁiftﬁd}thévpré—'
liminary aqueous extraction and applied the picrim acid
dir@ctly to the original tiaaue.l Tha general outline af
~ the method was to minna the pancraaﬁ with the addition af
 dry, gowéered»pinxic acia\aurimg the mineing process, |
 After,thcrvughniix2ng the mixture was extiactéé'with:?a
per’oentaaéaténe»and'tne lsttat'avaporaged by‘éisﬁiilatiﬁn
in vacuo, The pigaipztmq of picrats having been washed
with ether to remqve'fat; was converted into thakhydrac” -
The setivity of the hy&roéhloride.mb obtaiﬁaé varied

S o , ’n
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10,26 mg # 1 rabbit unit and the yieid fr&mvi,ﬁﬂﬁw

| - 1,845 rahbit mﬂiﬁ& por Pila of panorons (ﬁig).

) The impar%ant nnanrlying prineiple in this method in
~ the gpeeif&q,aniuaaii&y alaim@ﬁ.far insulin 9&&&3&9 in

. anggus_géemm., This was firet commented on by Dudley

:; anéwﬁtarliag:{aﬁ}’mmé:agbsequanﬁiy eztenéiVéiy-atuﬁie&'ﬁy :
»ﬁuﬂiﬁy {79) and Bickens and Dosas QB&}..- The opkimun cone
eentratton of acetone fﬁr the ﬁnlubiiaty -of znau&in

piernte was faanﬁ t6 be about 70 per aewt‘:; Abeve ana

Below thie aoncentrmzian thoe so;vbiﬂi*y aenreasem markean

‘_.1y, swhich indicates that inculin picrut@ @usgasaea very-

,ﬁharpﬂyaﬁefinad sodubility in mizturec of aceﬁame»an& watap®
_.{63).4 Eirkena and Dodég mrﬁgav 4 & aeraea of picrates from
o, ggg»aih&min and panargatia»grateinﬂ._»§Ex$erim@nts 95 '
the eolubility showed that the majority of protein piorvates
 are insoluble in either sivolute or aqmeaua acetons, Linsole
- uble i abﬂ@lute alcahml an@ gparingly soluble in agueous
 sloohol, The solubility of insulin picrate ie, therefors,
veyy differont from thet of protain piﬁ?&téﬁz thus it was
found that insviin ¢ould be ssparated fwamvaésaeiatad préﬁ
teians by axtra@ﬁiaa of thé mixture of @icrmtes by means af
aqueocus acetone” (B3).

The fiaal.ﬁ@theﬁ of extrastien adopted by Dickens and
Dodds {83) is the followingte '

“The pancrsas is minced and well stirred with Linely-
1'paw&ara& pierie acid {45 gm, pexy kile éf panér&aﬁg’whiéh
‘has.baeh PraIviously dﬁained on & Puchuner furmel), ,_Thé
mixtuzre 18 again @aééeﬁ tmrnugﬁ the mineer to easure even
wmixing, end it may be advantageous, particulariy with
fyogen pancreas, %a,mimée‘ﬁnea.mgre; |

| -'ﬁnr@m the weliﬁmiﬁﬂd piarated maes ihﬂ piorate is

thon extracted with acotond, Thres extractions arve necw

ensary and the acncantrntaan-af‘mcatbnﬁ in the extracting
/fivid.
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P

- fiuid should be 70 per asent appraximateiy.zsmhe quantitg |

of acetone used in the first extract will vary with the

amount @f‘waﬁer present in the pierie acid «.panéreas

| mixmnra.'}

“The minced 9anareasspicr£c:néiﬁ mixture is etirred

with the requisite quantityof ncetone and efficient mixing

i® ensured by passing the whole mass through the mincer

once agein., This mixing ahbﬁld’praduce a paste nf‘éréamy

ona&atenay. from whieh tha liquid extract is pr@ﬂsed ina

 puitable press tnrough a donb&e layer af tjean®, When no

more liquid can be presved cat, the solid material remaine

ing ie again minced into the required volume {equal to

' hnlr the welght of pandreas taken) of 0 per cent aeetane

ané rehextzaetea as before, This process is repeated onee

more,

”Ehe»aambinéé.axxrac%é are filterad,ifjnecQSSarw;aﬁd _~
tho filtrate distilled in vaouo until all the acetone is
removed., From the aquecus reaidué@ after cooling, b de-
posit of the amQrphaha'pracipitata of the-§i¢rate togetﬁer
with some fat and orystals of pieric scid ceparate.  The
precipitate is colleoted ﬁn’a,Buehneerﬁsnei, washed by
stirring with.etﬁér'an&'gﬁe ethér filtered off. The

‘picrate remains undissolved whilst the fat and excess of

pioric n¢id are removed b& washing with o¢ther. &So obtaine

ed, the piorate ie a p ale yellow, amorphous powdes which
48 yeadily eenver%eﬂ into the hydrochloride.

“For thia purpose it ie dissolved in agid alaohoi pPree

' parea by mixing 25 ¢o.0f aquesus siﬁﬁl with 756 e, of

slochol,  Ten to twenty oc, of this mixture are ucually ‘
required for each grammg nf.picrétﬁ‘ By sareful ruhbﬂﬁg'

with & glass rod, a turbid solution of a dark brown eql@ur"

is obtained. = The sclution ie then centrifuged and the

auﬁe@na%ant fiﬁid ie poured aff. mhe 001id material in
the botéom of the tube is ground up with & further
/quantit



102,

quantity of the aoid aloohol solution, and is centrifuged
again, From the resulting oclear fluid the hydrochloride
18 precipitated by the addition of ten to twenty volumes of
acetone. The hydrochloride 1is allowed to settle and the
clear supernatant fluid is decanted, The remainder is
poured orito a Buchner funnael and the precipitate is washed
with ascetone until free from picric acid, and, finally, with
dry ether. It is then dried in a vaguum desiccator,

The orude hydrochloride so obtained i a perfectly white,
non-hygroscopic, amorphous powder, the rabbit unit of which
lies Datween 025 to 1 mg.*

An additional feature of thes method is the apparent
insensitivity of the picrate to higher temperatures,
with distillation in vaocuo at 40°C the authors obtained
676 radbit units per kilo from a partiocular sample. %With
dietillation at ordinary pressure from a water~bath at
809C, they odtained 712 units per kilo. The time to
cocwplete the process ie about one day, the authors having
worked up batches of up to 10 kilos within six hours,

A similar method has been worked out independently
by Uordelli and Deulofeu. (84, 85) and Wernicke (86).

These are the last communicatione with a direot
bearing on the piocric acid-acetone method of insulin ex~
traction. In monographs on the subject (41, 42, 78) this
method is cited as a standard method of insulin preparation;
other work=rs ocoasionally refer to it in passing by as an
alternative method of insulin extraction (87), but sinoce the
work and oclaims of Dudley, Dickens and Dodds, very little
-direct evidence has deen forthcoming to either substentiate
or digprove these claims,

The acid alochol method with minor or major modi-
fications appears to be almost universally useéd for both the
exparimental and commercial production of insulin,

/During



During the early phases of experimental work sn insulin

- product ion ,many ond varicd methods were proposed,

'ﬁne'by'éna theaa wore dincérded'iﬁvf5?auf of the naiév -

aleahex metnadh the reasony for ﬁh&a heing, in most
eanea quit@ obtricus, thease inc&uding, intey alia, tén
low a yielé, enzymatic deﬁtructian of the active prine
aipie dur&ng the prooess of amtraetion, iong and teéieus

filtratians making the method imptaeticabie ané ﬁumbetw .

same. impcaaibiiity of repseating the @Xperxmental meth@ﬁ

on large ﬁnale, high praduction coctes or aame other dise

'tiﬂnt diﬁadvantase ag eampareé to the acid alcohol weth@&,

¥ona of these have autnomatitiveiy_beeﬂ.fnrtnaaming for

the yiﬁfiﬁwaaiéuacetene methed nnd yet it seems to have

'ammaat»nnmyﬁﬁtely fallen‘Sntc~diauﬁa\ez@ggﬁ in isolated

~ fThe advantages claimed for this method are such

that they cannot Yo overlooked without due eonsideration,

Euramaaf of théﬂe are the fizstive quaiit£95 ¢f piorie
a¢id end the claimed etability of the pievate, In the
acid aloohel method the firet essential §s the immediste

working up of the freshiy bbteinealpanareasiﬁ\mﬁtezaa1§<

or, alternatively, preservation of materisl by freésin@;

'an the alcéhoi‘aannaﬁ nérvé this pufpasé due to ite

untcwaxd effeets on the inoulin content {79, 81, 88).

With eammereial concerns this nemensiﬁat@s the spsedy
 yemoval of the material from the abattoir to the factory .
“@r‘ a;tarﬁativaly, the fraea&ﬁg'of the materiak st 20«

- 309G and stamage thereof until such time that it can. be

ﬁranéparta& to ﬁh@«&ﬂt?&etién\piaﬂt.- ?hié,.inhitﬁ'turn,‘

 requires the presence of freczing favilities at those

dopots from which pancreas is collected for extraction

‘pwrpaaca. } ﬁhiievthia ﬂay'not be a serious obstacle as

far as tne lazger eentrea are gonaerned, it does

/@ertainly
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eértétn&y,aesume.rrnctioa& impar%an&e'nhcn the
attention is f@amaaeﬁ'uﬁ the emsller centres where'thé
'~%0iai'd%$ainébié'matefiéi is insuffiﬂiént to warrant
the aatabliahmenx of ccstiy refrigeration plants. In
the fave of o 1aw wnrid production of insulin and an
.increasing world cnnaumgtian.at the pra&net Ay ;llnas -
"%ratéﬁ &aterlinfthis.éaf&; it appears tha% at same'
fnturﬁ stage inauiin~prmduaing gonserny will bn som-
pelled to utilize all aVailahla matarzal, Thia defeet.
- {lack of vefrigeration facilities) is espegialigvéaute_
in ihiniy~populateﬁ areas und countries which lack laige |
anpd we11=e@u1ppeé slavghter houaes. Convincing -
avidenae f@r thia statement amﬁ,the impartanae af the
abavg argunent is obtained when eonsidering the @?mﬁu@tﬁrl-i
ion fﬁguxea:quatéﬁ for Geém#ny'afﬁa@ intxeaneziaﬂéuf’ths
anhyﬁréﬁs~&adium sulphate method of pweﬁervatian {89},
Thie proaess, developed in ﬁhB lahcraﬁoriee of the ‘
Farowerke Hochot by Lindner is ‘boged ou the prineiyze of
aaavertzng,the p&ncxeaﬁ.glanﬁe inzaA§tabie ary p&maueﬁ»
by binding their wateyr aontent as water of crystaxiizata
ion with anhyaraus Sdeum smlphate, Tha~1at&er is |
added Yo the pan@reaa ﬂuring the mindging (700 gm.
'anhydraus sodium sulphate per kilo of materiai) and the
mineg&.mass packed on irvon sheets in a layer of about
5 centimetres thick, | It i¢ giaéﬁd in a refrigeration
chamber overnight and may therenfter be'ﬁéawad for ae
much &% 6 months at 5+8°C or for several dﬁ&s-at room
tempeyature nat'exneeding 309C without loss of insulin,
By applying this process the Farhwerkélﬁochaﬁ-wére :
able o aﬁubleﬁﬁhé number of‘alaughﬁer houses fyom which
they obtained th@ ngeessayry pancreas far tne'pfbaueﬁinﬁ -
of inewlin. Thi® methﬁd_haswdaneﬂm&ah'ta'stave off
the worst consequences of the insulin shortage for

diavetics in Germany.



- %1t Beemo al?ar'ﬁhat'éhémi@a&'deﬁydratian wiil

' anable inaulin to he extragted fram paner&ms which wau&&
atherwﬁe@ be wastea and that it shauld help to increasge
the supplies of insulin in 231 countries in which the
"abattazra navo no means cf fréezing thﬁ frenh pancreaaﬂ
{(118). | |

Furthey evi&once is supp&ieﬂ by the fa?lawing-
Burﬁﬁg the war years a large aonsignmnnt of rraaen o
' panﬁraaﬁ was eaparteﬁ from Rhodasta tc ﬁreat Hrstain.
The Rhadenian Railways were, aﬁ the tﬁme, unabie to
 supp1y rpfrigeraticn trucks ané. although the watarial
wae paoked in Lce for tranapnrt and @hippeé wrideyr refrigw |
eratian. the @ntire auﬁsignmenﬁ was a total loss tgo) |
Adﬁed to tnﬁs the higher @oat of transport and shigment
vnder refrigeraticn mast also renoive aansideration,

It is, therafare, apparent that any. meth@é ﬁlaiming
to obviate initial freeaiﬂg of the materiai mast be tuk@n
ﬁexiﬂusly into aecount, Alth@ugh the anh&dzmus godium
sulphate methed {1oo. eit.) partiy fulfils this maquirew
ﬁant,-it in eumberaemeiﬁﬁ&'unfiﬁ ror”wée for periods
lnbger than aeve?éi days without ﬁafrigaratian. i |

& further aspedt of the upefulness of such a method
is furnished by the following: | |

Xn‘eraei.ta detefmine. for’resaareh puryaééa, the
insulin content from o partioculay souvee of panereas, it
is sometimes una#qiﬁéhle'that the material be collected
outside the fea@h of freazing fasilities, Thie was
 éx@er3enea€ whén; in the presant work, the pancreas from
aparticularﬁype.af‘ahafk was iﬂv&stigateﬁ for its
insulin gontent., The m&terial was colleoted on the
trawlers fgr€per19ds‘varying f¥am ong to six ﬂéy&Q
"vmheae, 1ike mastvfishzng ﬁ@atg,ware not suppiied with
vefrigeration inctallation and, in view of this, the

/projast
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project had either to b@ abandoned or tue g;erie acide

- acetone method raverted to, Lnreaver, it is not im~

\peasibie that at some fu&&ra stage 3nsulan\will be @ra~

@uaed £@r'comméraia1 purﬁéséa from fish gﬁhézaaac

This willineeesﬁitate>eithar.ﬁupplying all trawlerﬁ ﬁﬁtﬁ

freeeing aﬁparatﬁé;-aa i done &t.pf@aeﬁt.in Korway (87),

or, altern&tiveiy, findimg'ﬁ méthodvhaz requiring pré%

N lintnary freesing. B -
?urthsr a¢V1n?aFeu alammed for this method in@iudev:

ite éasevanﬁ‘rapiéity of working, the h&ghex Yields obs-

tained aﬁabmyareﬁ'to'tﬁg,éaidalcahel.me%hdd and the |

paﬁsibiﬁity'af e?é@dfﬁting the agetsne at'nammal,préwanfa;

and high temporature instead af the conventional in vaéuo

; and temwernturﬁ at low gnint. | |

It ia thene eunniﬁeratzona that pramptgﬁ the pr@aanﬁ

ﬁritieal inveatigatian of tne picrzc acidmae@tune nethod.

(a) Mﬁth@ﬁ;,"

The éifferenﬁ pr@c@éu@&s»im iﬁié moethod of‘greparas
 tion that were fully invea%iga%ed are the fazlnwing:-
-'i, Pime fastor in fization;
2, Effast of temserature on picrated mase;
3, Bffect of acetono @hﬁgiﬁféée; |
5, Optimum songentyation af-aaeténm;'

5. Prassure and temparature during ércéeaa cf-di&~'

tillﬁtion;' o | ’

6. Convorsion of plorate to hydroshloride;
7. 8tability of hydrechloride; |
8. Purifieation of hydrechloride, o

| Pancreatsc material ured fﬂrvthiﬂ_inveﬂtigatisn wal
obtained rram the Loeal abatteir, anui&tsd ghiefiy of
ﬁﬁ@#as anté, to a lesser axtant, of wueey aﬁd pig pancreas.
uavivﬁ been simu?t&weauﬂLy engagea on an inve&tigation of

/the
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,'thé inéul;n content of the whﬁia pancreas, some of the
r¢sults quotedfhereéftér refer to ihe lattér. Hawever;
the scureé af‘pancreaa used i8 clearly indicated in each
oage, I
Pandreases #ére removed from the animals as soon as
they wera killed and the Qatarial rughed to theviabbmatcﬁy!
far‘minaing.».grior-to ﬁhi# they were carefully trimmed
:by removing hxn@aﬁ-canneotive tissue, fat, glands and
lliver strips,  The lapse of time from the death of thé
animals until the mincing of the material in no case ex~
"éeeded 14 hours. During the mzﬁeing_the srystals of
picric acid (which'had pﬁévxéuﬁly been drained on'avBuahner
‘funnel) were added to thg,matéiial (the amount varying from
60 to 110 gm., wéﬁ\wéight per kilogram of matgriﬁl). and
the minced material constantly stirred, ﬁai&ﬁwing_the
first mineing the entire mass was re-minced a second and
a thiyd time, Tﬁ@ water which ceparated during the process
| _was in no case discarded for fear of losing active material.
The minced, wotery, picrated mass was constantly
stirred to ensure aveh disﬁfibution-nf the wéief; nuring
the etirring:sampzes 6f exaétly zoé gm. wore weighed out
' andIPZaced in émall jars, as many samples being p?éparéd a8
| ?e@uired for the particuiar'purﬁdse;, In each bétch'ef
| sampies the contents from one specimen jar wefevuaiawta‘
detérmine.ﬁhe water content of the batch. For this the
Jar plus contemts'wére‘ﬁ@ighed and the open jar placed in
- an ﬁnaubatiﬁgfgvan at 66°C for 2 to 3‘déys'until quite dry
and then waighaa again, On thesé'resulta were based the
aaléuiatinns for the acetone concentratigﬁ*uﬁed in cach
inetance. In thaaé caves where the extraction was
commenced before the determinaticn of the water content, the
latter wac estimated and corrections made after it had
been determined. o o | |
The method of axtfaetion»closély followed that of
| | ' /Dickens
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Dickens :
and Dodds, the details being as followsiw

The wmter content of a particular batch having dsen
doternined, tha volume of acetone added for fne fivst exe-
traétion;was édlqulstcd.in oxier to give the required con-
cantratiﬁu of acetoua. 7o 111umtr;te & typical example: |

Vhtér sontent of eample: 140 a«n.par‘ébo r51:(

bemired conoeﬁtr&tidn:' 60 por»eant acetone,

. ndd to sample 140 % 8 = 410 ¢, c.aboolute

acetone (4, e.. Zor Firut extraotion)
Altar the required pario& for the first exiraction the
piarateﬂ(ncetane_mtxtura was tranatarred_to.a hand pPrass
and as muoh flﬁid ao pos#ibi§ pressed out, To the dry
;xtsidus'iua added 200 o.c. of 60 per cent acetono for the
ceoond extraction and the prooess ropeated, Afte&.this'
‘Zollowed & third extraotion with  further 200 c.c.of 60%
acetcm.. The combined turbid pieaa li'q,uidm; '(maaéumng
“about 650 o,0) deposited a fine insoluble precipitate on
stonding, Ths clear aﬁp&idﬁtantffluid wan decanted ond the
rexainder filtered throuah - Buohﬁer funnel,
| The olear filtrate ¢f aquecus mcetone wae transferred
t¢ o distiiiing flask and the acetone,avaporated at res
 duced pressure ﬁnd‘tgmpératura'nnt @xceeding 30% (unless
asthervise ntated in therraaultn). The residue in the
flaak, consisting of wmter; protoin gicrntea. fat nnd piorie
acid orystals, was transferred to a glass boaker and sube
sequaently filtered, ‘The filtrate was diecarded and the
vreaidue wasbed repeatelly with other; The washed picrates
were then ground in » mortar with sxall smounts of alooholio
hydrochloric acid (25 o.o.3NHCI pius 75 c.c.absolute alochol,
uniong otharwine aﬁazed in thé results)} and filtered., This
process of grinding and riitrntion was repeated a second and
third tire, ‘fhé gombined £1ltrates {or supernatant fluid
when centrifugétion was used) weasuring about BO e,

sare added to approximately 1,000 ¢.o0.0f.
/azy
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- dry acetone, AS soon*as the procipitate of hydro-

chloride had settled the suﬁernntant fiuid was decantcd
and the reaidue passed through a sintered glaas filter.
The hydrochloride was r&peatedly washed first with

,'acatene, then with aoetone»ether and, finally, with dry

'ether. The filter with its contents was then placed in

va desicoator for further drying, whereupon the hydra~

. chloride was tubed, sealed and stored in a refrigerator

at 4°C.. _

In all oases the dried hydrodﬁloride was weighed
and tested for activlty an aaon ag possible after its
preparation. Unleau otherwiae stated in the resulta._nat

more than three days elapaoa between the preparation

.of the hydrochloride and it tenting. - The method of

teating was done as deacribed in Part I of this work.,
To ahack thc accuracy of this method, ccoasional fulln

aasays were carried out aeeorﬂing to Trevan's mouse

 methnd (17 ?5. 92).

(d)‘ Reault'e. -

‘1. Time faotor 1n fixation. _ ,
mhe effact of the lapsa of time from the mincing

of the pancreae until the heginning of extractzon hae

‘hean atudied The mnterial was,obtaincd and minced with

giar&c'aeid.-as previously desaribed, weighed off in 200
gn., samples and the water content estimated and deter-
mined, The picrated.sémples were.then-atared in a
refrigerator for varying perioda a8 indicated until the
extraction procecs waa.etartad. The procedureA s;milar
foi a11 samples exaapt tnone indicated by an aateriak.

where either the storage took place at room temperature

or the acetone concentration wae varied, these varia-

tions to be congidered in succeeding sections. The
summarised results are given in the following Table 24.

/gag__x, 24,
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TAB%E 24.;

Beef Pancreas.

Serfal Period of : . Inoulin yield
Kumber , - fixation S per kilo of &
of - with piorice. - wet

Sample., - paoid, . pancreas.

1!4' ,‘vi - 1 hour '  . 2828
iz B Vsi?_houré R | 53?5 |
126 I -'24 hours7' T 2480
e s aes
ig9 g 35 ﬁaya  ' _ “:2&40 ’
et . izdays 273
wort 13 days I 3425
me _zi days 2550
vilBOS?. R R v,: 26'dﬁyé - o Vig 2175
4 . B2days . 3286

| E-AB detéfMinedvby m0uBe-ﬂﬂ9aV'
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2. Effect of wempe;atﬁxaron,Pisrated'mass,

It was aubsequently necessaxy to determzne the effemt
of temperature on the sampleﬁ during the period of etoxage.
Some samples wera. therefora, stored at room temperatux@ and ”
~ others at refrigerator temperature. Growth of moulds on the
samples stored atlroém ﬁsmperaturé fﬁr long yariadsvwaa | |
_ ﬁarticularlj troﬁ%ie#ome,’se,that; as indidaﬁeé, trieﬁesél
ﬁr thymci wag added to these. Material was colleoted and
prepared as previously deéeribeﬁ.  %§9 samples were
from the oane batch ahd'reeeivéé similar treatment.‘exnepﬁ
| those indicated by an asterisk wh;ch belanged to different
batches and rpcaived varﬁed treatment. The summarisad

resulis are given in Table 25 on tha follow;ng page.

In Sample No, 142 the epen SQQQimen_Jar wae placed in an
tnsubating oven and left for twe days, during which time all a
the fluid evﬁparated.’:rhe absolutely dry picraﬁa& @aﬁs -
‘that remained was placed in &xﬂark'cuphoafd for 10 days and

gubsequently ext:aetédraﬁ the other aampies;

3, Bffect of Acetone on Piorate,

whe next'guéstipn-inat'requirea set%iemtnt‘ﬁaa thae
possible effeat_of_the aqpeous,éaetene on the plorate,
Ag haa‘been indicated graﬁiéuaijﬂ ‘the picrated mass is o=
%raateﬁ 3 times 1n suaceanion wifh agqueous acetona,‘ uring
which procesa ‘the 1naulin piarate, tOgether with other
inactiVe pretein pieratee, gaem into ﬁolutLOn. In view
of the untoward effect of aecid alcahol on insulin diacaeseﬁ
nlisewhere, it was thought neaeﬁsary to determine the pPOBS-
ible effect of acetone on the insulin picrate. The mater-
inl waé aolleéte& and trcated aa'prev&aﬁsiy~desarihed
Unless atherwise indaaated the samples were, ail fram the

}bame ,
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TABLE - 25.

' “Baef ,Pa.ncreps.

“EETAl T PeRlod T et BT insulin——m
Number ~  fization  storage - yield (1.U)
of : - with pieriec - . of \ par k;lo of
gample acid. o vsamplq wet pacreas,
138 ' 24 hours  On shelf at room temp- - - 2350

‘ . S ~erature with tricmael o
‘added. 3
136  4days  In dark oupboard at . 2500
SR room temp. { 239) | L

’ with tricreaol added,

137 - 6 days In incubaung oven . ans,
. N ‘ at 40°C with tris T
cresol added _ _ o

138 B uays In dark eu board at | '(-3946

' , room temp? 2500) B G

with tricmaol ’ { 28156 <

| | added v ;

139 158ays  In dark cupbaa:‘d at . 2595

room temp.{ 23°%C)
with tricresol added.

1:44-331? {'2 days - {In am’beddim Wen at
| s 60°c
10 days ( Dried material in - S
R | dark cupboard at - 2466
' | T 'roamtemp. : I
107 % 13 days | m.rerr;geratpr at 4°¢ - 3426
213% 21 days . On shelf at room temp, 1920
. ~ with thymol added AR
111% 21 days In refrigerator at 4°C = 2550
: ‘ with thymol added ' S
120%  26days  In refrigerator at 4% 2175
110'%_ Bt days - In refrigeratcr at 4°0C . ppB8
| a2 28 days . In éark cupbaard at {a63sa
‘ ' o ‘ . room temp, with fhymol A o
added | : ’ 22457 s

A d‘etermined 'b;v ﬁ:o’uae >afsaéy.- B

4% - 32 days " In refrigerator at 4% | - 3286
. A : _ ‘with thymol addsd.
115 ¥ 54 days ~  On shelf at. room temp. '
o - ' ‘ with thymol added . -
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- same batch and iéaeived'eimiiar treatment, However, 4s

'ie indiaatéﬂ invthe folioﬁiﬁg'wable'QG the duration of
the extraatmn permd, i.e,, the entire period tmt the
aqueous aaetone waa in contact with the prate;n pichgee

‘has been varied. , - L R ™~

;Beef--?énqreaa§

BeTlal Tfotal duration IRsulin yieis .
Kumber of of extraction {1.U.) pexr kile
_Sample,  withacetons. __of wet pamoreas.
10 14 hours 3333

13 3 hours 060
132 Adhours 2894
188 e6heurs 4
14  zhours 2875
129 © snours 2440
109% 15 hours 3425

4. .Vtimnm eohcehtration of Acetbhew'

From the onaet of thie 1nvestivation of the picria
acidaaeetone method it bécame evident that thiﬁ matter_
should receive full consideration, As olaimed by its
originatara tne'spédiﬁie éolubiiity of inéulin pi¢raté
in aqueous acetone forms the basis of the method.
Thraugh'the aotioﬁ of pieric acid all yancfeétic proteing
ﬁre_ndnferteﬁ to the raageaﬁive protein picrates.  From
fhe‘masa of picrateé_the'inaulinfpicrate is selectively
disaolvéd by aéueous aéétnne.'the optimum c¢oncentration
, maving been found to be 0 per cent.

Ih ordér to teét this ﬂtétement. the materiml was
colleateﬂ and treated as previausxy deseribed. ?hé ﬁa%er

content was determined for the éifferent aampies an& these

/wez‘e
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were extracted with varying concentrations of acetone,
In a particular batch the treatment was similar for
all aamplés. 80 that differences in the yield are to'bg
ascribad to the varying concentrations of acetono, R
Samples from other batches or samples having received
different treatment are denocted by an asterisk, The
recults are indicated in the following Tables 27, 28t~

/TA&@ 27, )



‘Tanxg 27.

 Beef_ Pancreas.

115,

- “gerial
Ko,
of

Bample

" tion
of ,
Acetone

Uoncentia~ Yield of
Insulin hydzro«
chioride in =g,
per 200 gm.sample

~~pCENTY

TR

of hydro= yield (I.U)
chloride per kilo of

I1.U/mg.

wet panaereas.

148
149
150
181
158
153

40
50
60.

i

80
90

'ﬂ,nsa
0,240 |
0.388
6,577

' 0;6ben

0,328

1.16

1ql23
1.10

1.14

T1.14

1392

M7z

2174
3819

1870

317
118

120

- 120{a)

121
123 {a)
C1z2

'122(&)_ '

123

123(=)

40

45
ne

a5
60

65
0
%
80

85
90

o1z
0,189

0. 265

0,275

»6.345
" 0,448
 0.524
0,677
0693
0.47%4
0.281

“VOiﬁl
1.12
'1.58

1.1
10»20

‘ 111?

. 1{20 , 
. l.36

B6T
1484

2175

2333
2710

- 3144
- %960

.4&&8
2344\
1910

N
~

113 &
11z ¥
125 %
134 %
109 &

Y

60 »

65

65
85

0,400
. 0.35)

0. 485
0. 515

0.36

-{1.5@
 '{

S, B T
1,00

.22

(1,40 _
11,40 (

FUSEEEN
1920 v>wx}
S ho

52652 ‘ﬁ\x
2457 ‘¥u 

\“&

$ﬁ5_as?deter¢$ned by mouse assay.
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Spem _ihale Panoreas,

. Serial Concen- Yield of ~ Potency  Insulin yield
Fumber tration  insulin hydro~ of hydro= (I.U.) per
-~ of of chloride in mg, ehloride kilo of wet
‘Bample Acetons . per 200 gm.saple. 1.U./mg.  panceress,

() s o . 160 v
@) e o 132 1380
(141) 65 . 0.470 o8 1833
'fiviv %0 ,'_ R - S o a.?a;: _ 2226
v} 5. o.sa8 0.88 2279
(vi) 8  0.502 o 0.98 2460
(vis) 88 o o.aaes!’~ N 1 (1.06 (2840
o S {1.05 - gaéié i
.v(vx;z)f 90 .'__,_' biézaf . 1,4oi'. L X470

"8 (1) s0 0130 0 f 846
(1) 85 ol 113 1878
(134) 0 o467 o;as_' 2008
'f(i#} &5 o5 o . 8223
W 1 o o8z v;gsiv
v) 78  o.e17 " (o.e2 (2838

(vit) 80 -~ 0.684 . . 0,92 = 3146
(viss) 85 . 0,675 . 0,94 3173

Lz A8 Getermined by mause nezay.
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6. PReseure and Temperature during x;.i'{s.tillatiian;‘

After extraction and hﬁbéequ‘ent fﬂtr@iéuklaf the

~ aqueous acetone, the mcetons is evaporated from the latter.
in all, the extracted sam;pl'és this was done at xéetﬁﬁea& _
pr'esadm with the t-aﬁyeraﬁ‘uge in the _-dist'_i.ﬁ&ng‘ flaex néi;
exceading mﬂ’c. Kawever. makens aﬁd Dodds (83). ha@ ezawn
ed that %hie step can be perf’@med at ordimz;y pressure fram
a watay bath. In order to test this smtement, two asamples,
Nos, 134 and 134(a}, received a:&milar treatwment with the
axeepticn that, whereas Ho.134 was maﬁfiuad in vaouo at
below 30°C., No.134(a) wae distilled at ordinary preasure,
the maximum temxbémtuw in the water bath having rogiotered
87°C. ‘and in the distilling flask 67°C. The duration of
the diétim&ti@n w‘a‘a. afpmximﬁeiy 2% hours. Bamp'le.' 134
yiaided 2575 units per :ki'ita of mtﬁm&réaa whesteas the
-anrreupon&ing yﬁeid for sémpie-lulﬂ was 2458 units,

'6; éunvar;aignjof'ﬂcmte; to ,Iy&goomwme.

A8 Budiey (?9) pointed ouﬁ. thic ie eft‘ecta& w treat-
mant of ‘the piomta with & mixture of 756 e, absulute _
Mrscmz. rmd 26 ae. 3H2{c1, the v:arﬁ.a‘blaa in the mimuxfe
..being (1) the concentration of aloohol and (44) the
vaomity The unéerlying Question in this statament is *the
}rale of the alaohul and acidity in & t‘urther aelective
isoutian of insulin pzcmte from the aaeomwnying inactive
piorates, This wad tested in two ‘gories of exparimema,—
in the £i rst of which the aloohol eoncentmtim was varied
and in the second the acldity, Sampies 140, 141 and 143
received similar treatment as regards time of fixation and
extraction with acetone. However, with eonveraian of the‘
pﬁcmta to the hydroohlcri.de tm alchhoi. noncentratmn in

| eaeh sample was varied,
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1In Sample 140 the combined plorates weve ground up
with‘ 90 peyr cent alaohpl_ an 0‘._ ?5!3361, aaé. the hydroahlbﬁda
procipitatéd. The-undiasolved reéidué waa'then treated with
76 per aant aloohal in 0.75 Nﬂcl and the hydrnchloride
'exmilarly precipitated. A similar pracedure wao follawed
with Sample 141, the picrate firat'having been“grqnﬁd up
with 60 per cent alaahal'in Q.7S Nﬂnlnand_the meﬁiduerw&th
| 75 per cent aloohol in Q,?s,ﬁﬂci. With Sample 143,the. |
‘pioerate wﬁsléfouna with 95 per'cant alcnhal.inlq;ﬁ'ﬂﬁal.
the'residue'with as:pef cent alcchol in 0.75 NHel, the
residue of thib wiﬁh}?ﬁLpei'eent dlaahai in Q.75 NHel én&
‘the final residue with 65 per cent aleoohol in Q.75 NHol.
The results of thiﬁ aerieu-are,givgn‘iﬁ'the foilowiné Taﬁle 28

TABLE 28. @

Beef Panoraaa.

Serial Treatment Yielﬂ of B _ﬁﬁetaney" insulin
Numbex of - Insulin hydros of Yiedd (I.U)
of Sample Piorate = ohloride in hydrechlor- per kilo of

, L gm/200 gm,sample ide Y. U/mg. wet pancrew

140 . ‘ |
o 90 per gent . e
- Fraction A mleohol in 0. 836 1,80 3024
S 0.75 ¥Hel - . L o
Fraction 8 75 per cent 0.191 , - 1.2 1069
. aleohol in ' S o
G. 76 NHel

141

Fraction A alcohol in 0.634 : .20 3856
" 0,706 NHol S ' L - .

Fraction B 70 per cent

' aleochol in

60 per cent

0. 75 KHal

TOTAL 0.634 N 386

‘ - g5 per cent ‘ _ ' I N
Fraction A aleohol in 0.140 : 0.84 688
0.5 NHel 85 ‘ o
Fraction B per eent alschol 0.333 - .28 - 218
. 4n 0.75 NHel . ' T U
Fraetion ¢ 75 per cent 0. 261 070 v BY8
alcohol in ' S i
Froetion D 0,795 NHel 65 . - ' : e -
| % aloohol in - , N .
, 0,75 NHel . , , .
TOTAL S ) 0.724 : 3597
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::n the ssgond series the alceohal cancentratinn was
kept eonstant vhile the acidity was varied. as in&icated
in Table 29& '

- TARLE 29.

Baef Pancreas,

Serial : _ Yield of Potency Insulin Yield
Number Treatment of hydrochlor=-  of hydro~ (I.U.) per

of ~plerate = ide in gw/ ¢hlaoride kile of

Sample 200 gm sample I.U/mg. wet pancreas, |,

sl

144 76 per cent . 666 0.96 3006
' aleohod in
C.5 NHel

145 5 per cent o.621 1.18 . 3662
' aleohol in . : .
G.3 HHel | (1.27 3632 =k

146 75 per cent |
algohel in D Co o
0.2 NHel | @. 5956 o 1,06 3153

14Y 95 per cont 0,616 1.06 3260
aloohol in - o |
_FHol 1.5

S5 Ao determined by mouse aseay.

7. Sﬁawiitg of Aydroshloride,

;n all comples the hgﬂraghzoridé wat tested for pbtenay
as soon ae @ossiﬁle aftér'axtréeticn, However, this wae
not alvays possible on the day following extraction and not
infrequently eamples had to otand over for i@ﬁger pariods
bvefore being téﬁte&.  Buring.th1m period the hydrochlorids,
which had 9rﬂv10uaiy'been§f£eﬁ in o desiccator and sealed
in & glaaa'tuhé'without spa@ial'preeaution.'ﬁasvkept in a
rofrigerator at 4°C. It was, therefore, thought desirable
to test the ﬁtability of the hydrachloride under such
aanditiena, the results being given in Table 30:w
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TABLE 30,

- Beef Panoress,

‘Serial No.  Date  Potency of  Insulin yield
ef hydroehloride (I.U.) per kiloe
Jest . R.Ufwg. . Of wet pancreas,

142 B - 23/8/80  1.98 2131
o 4/4/80  1.26 2007
17/4/50  0.88 . 1464
1456 24/3/50 1,18 366
| 10/4/60 = 0.98 3042
18/4/50 0.7¢ 2208
147 f . 29/3/80 1.06 "' 3260
6/4,/50 108  333;

—29/a/s0 0.8  250n

8. ,tﬁﬁﬂ;fimtrim of iﬁr_azfaéh;a:ide;j _

- The hydrbehlbri&a a8 obtained by eeﬁversién>af'£he
| pigxéte is okviousiy a erude and impure product.
-Attempts at ﬁﬁrificatian,ef thia..uéing some of'thé.
étanﬁnr& methﬁds, waré.'theretora, cohéiéertﬂ. Eu&iey
(61) had stated that, ifzﬁo-eiectric precipltation ‘is
garried out with a 2 per cent aolution of the hydro-
chloride, » precigieate formed at pHO.7, carrying with,“
it about 50 per cent of the metivity énd having a
pgteﬁﬁy of O.Eﬁmizlig?am = rabﬁit‘unit.‘ Boivin and
Guillemet (93) extracted insuiih‘withvamid alcohol,
piecipitated.the active fraction'hy.ﬁalf éaturﬁtinn

with anmonium muighéta‘and-purified the extract accord
ing to Dudley‘a:pic:ate method (51).’ By'repéatihg the
process of picrate ﬁféaigitatién and conversion of the
latter to the hydrochloride, they obtained an active
material ﬁith a potency varying £rbm'5 to 10 units
(Intarnatiohdl) per milligram. From this they

/separated
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gRparated the active fraction by iso~eleetric precipita~-

-tion at pHBE. The precipitate was reédieaalved,linaetivé'

prateina'précipitatedvat’pﬁ?.&,anﬁ 3.6'gnd»th¢ insulin

again iso-electrically procipitated at pi5.4, thus obtain-

ing an insulin assaying at 40 units per milligram.

ﬁolaney and Findlay {49} aasorbed 1nau11n on charcaal

- from & salution of the hydroehloride,' adaexbed 1mpurities '

were remEVed by washing with an alcnholic aolution of

- acetic aeid and the ingulin by digestion at narmal t@mperv _

- ature with n solution of benzoic or salieylic acid in 60

per cent alechol, and recavered by eVaporating the alechol

and extracting the bmnzoxc ﬁr saliayliﬁ acid with ethar. :

- They thus obta&ned a highly purifie& ineulin.

In an attempt to purzfy the hydrochloride abtained
by pieric acid-ncotone extraction, the following procedures
were used 1« | | _ _ B
{i) aamnle 154 was extravted aacording to the general
method and thn picrate purified accarding te Dodde and

Qickenﬂ (78). This consiste of dissolving the_picrate in
- B/20 sodium aarbﬂnate,praéipitating by the additiph of

}/10 Hol and conversion of the purified picrate to the

ve

;hydraéhlaride.' ' The yield abtaine& wasg 0.2?6 gr. and the
’factiv&ty 2.12 units per milligram. ‘the total yield per

kilo of wet yanoreaﬁ thus being 2, 920 units. _
(ii) The hydrochloride, obtained from previeusly axtraot~
ed aamples, was poolad, the total weight being 2,0 gm. ané
'th¢ activity, as praviouaxy determined, 1.02 units pek
mﬁlligram. ‘This was dzasulvad in distilled water and the
‘ﬁﬁ‘@arriéﬁ to ﬁvby the drapwise addition of dilute sodium

-ﬁ&dfgxide: Nb’gfecipitatevwﬁﬁ obtained within the acid

/

"range from pﬁs to pﬂ? but on adjusting the pH to 8 a

co@ivus preaipitnte formea Thia snawed no activity on
tésting ﬁnd the mother 1;quor was again broughtto the '

yaaid eide with dilute hydroehlaric acid but without
/success



success of pracipltat;on within the mentioned range.,'

, (iii) lﬁ-gm. of hydrochloride with a previoualy
‘determined aoctivity pf 0.92 unitsrper milligram were smiiare
i ;1y cniiécted as in (Ai)' 'Thin uﬁé dissolved to a cbneené :
.tratian of 2 per cent in distiiled watar, the pll of the
aélution having been 4.2, Thia was carried to pHB with
sadium. mmm ﬁnd the preoipitate remevad ‘ To the |
clear filtrata (pnz) sodium chioride wa8 added to a oon=
lcentrgtion of 15 par cent, The brine, on testing, eontain-vv
‘ed na.&otivity.' Thc precipﬁtate was resdiasolved at
pH2. 2 and the rsaction carried townrdn S Again. no pre-
_cipitation was obtained withﬁn the aeid range pHR to pHY.

(iv) 16 gm.of hydrachioride waz prepareé from whale
| panareas - activity o.ﬁa,unita per milligram. Thia was
dissolved in éccﬂfmils. éiﬁtiiled water and the mixture
made ammcniacal (pHB 1) Thevpracipitate iaa'remnved Yy ._
-aentrifuge, the supernatanz fiuid aeidified to pH2.2 with
aulphurie-gcid and 25 per cent ‘sodium chlorid@ a@ded.
»Thé'hrina contained no acti?ity;.'the precipttate ﬁﬁs re=
moved by filtrmtioa and re-disaolved in 1,200 mila. disn
tilled water acidafied to. pH2 with hyarochlaric aaid
To this wae aﬂded sodium chioridc to & aoncentration af'
lﬁ.yer gent; the brine ahowed no activity and the pre*
:uipitaﬁa separated by filtration,reudissolved in 3%0 mils.
- water acidified to pH2 with hydroahlario aold. ~ He
‘precipitate. formed within the 1sc~eleetria range (pﬁ5~

. 5.4} but, on carrying the reactzon to nﬁs Boo a further

precipitate came down, The pH ef.the mather liquor_uaa
"-adjuifqé £o 5{4;vn3ain withbut éupcgﬁs. On'tesgiﬁg, both
£h¢ mother liquor and the pHB, 8«9 précipttatg showed
activity. This.ﬁis_tﬁ-ﬁinaolved,‘added to the mother
1i§u6r aﬁd thé pH adjusted to 2.’ The salution‘waa now
'-Balted out with © per cant sodium chleride. the biine

/hmowed



- 123,

ﬁhawad'né aetivity and the precipitate re-dissolved at
 ’§32; ~again, no preéipitata was obtaiﬁéd'within thé iso~
’eleétria range, ‘Finally, the solution (at ph2) was
: saited out wﬁﬁh B par cent aadium chlaride and the brine.
showing no aetivity, discarded. The precipitate was dise
solved in 50 m&ls.ﬁ/&ﬂ Bni and dialised ag&inat diatzl}eﬁ
~water. To thia waa-th@n added 20 times its wvolume of |
:_alcaholwnther and . the pracipitate calieated by centrifuga-
‘tion., This was dried in an zncubating oven at 37%¢.
ﬁhe yield of insulin thus abtained was 0 4&4 g, and the
aotivity 9.80 units per milligram, = .

(v) 5 kilos of beef pancreae were extracted accorﬂing
to tha methad aa it was finaliy adopted. The total yield
of hyﬂrcahlbride was 1.6, 425 gm‘ and ite activity 1.22 unite
per milligrnm. giving a yield of 4008 unita par kilo of wet
pandreas., Thin was dissolvea 1n 1000 mil% of water, the
pﬂ adjuatéé to 2.2 with dilute hydrachloric»aeid ang-sodium
ehloride td a. aéncentfatian”nf 25 ﬁer'aant'ad&eﬁ - The
preoipitate wac dissalved in 300 mils, of water, the mix-
ture acidified to pHL.8 with hyﬁroch&oric.aczd and.saltea
out with 15 per cent acdiﬁm chloride. The preeiwitate
was-digaalved in 150 mils, of wﬁter;‘aeidified 1o ;ﬁz.é
with hydtoéhléric acld, To thie ﬁalntian‘dilute sodium
hydroxide wns added slowly and the ﬁciaitﬁ’ﬁéﬁuated to
pliiS., To this was now added 150 m&ls. of a sodium agetate
buffer pHs.4 and the pﬂ'graduaily Ancreased until pracipiu
tation seemed at a maximum {@35 4-5.5) This was left at
| refrigwrator temperature far 48 hours and then fiitered
The iso«alectric preaipitate was dispoelved in 75 mily, of
water containing 0.85 mil&.gla@ial acetic acid and the
praagﬁureffar ﬁhe‘prégaration5df'eryétalline jnoulin fure
ther followed as deéariﬁed bylaqmana,vgcatt and Fisher
{11}, Thé weight of aryﬁtaliino’inauiin obtained was 0. 692
gn. aasqying at 20, 02 unita per milligtem.

/(e) Disgussion,
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(e) ﬁiSQuBéibn.: 

mhe maet outntandﬁng feature of the method is the
atability of the picrate after minaing the original _
"material with an adequate amount of pi@ria aecid. amystals.
quever,,zhe_amaunt of pﬁnric;acid, as advisced by.nickens
and Dodds, io considered too 1aw_far'eampiété fixmtion,
'espeaiéliy if thefmégerialihha‘to stond for some length
of tﬁme-befora béing_workgﬂ“ub. - During the initial
-satagéé of this investigation it was experienced-an'several
ocoasiona that minned sampleﬂ had to be diaearﬂeﬁ due to ,
the low yiald obtained from them. The eauaevaf this
traced to inaufficien¢y of piqria,aoid resultimg zn‘the-
partial or total 1088 af nﬁt only the aetive Princzple but
| also tha accompanyinp inactive hyarochlorideﬁ.- It is
advised that the amaunﬁ of picria acidﬁprystals. previousiy
well draxned on & Buchner fnﬁnal, be not lesy than 80 g,
per kilo of materiai. ‘

Dudley's claim fgr inessentiality of refrigeration
’aftér adeﬁuate fixatinn*ﬁith pierie acid (79};hae béan
lamplyvsubstantiated¢ ASB 1néicatéd by the resulte given
in Table 24; na'appregiéble,diffe?éncéa can be detegeﬁd
in.tha insulin yield'of samgles that‘had been stored for
| varying pariods of from 1 hour to 38 days. Bmaller

| differences ean ba aseribed either to sample variatinn oY
differing procedures during the extractian progena.
 The results showing'ine_erfeet;of temyeraturé on the
picrated mase are even more infermétive,‘ sampgeé that had
been kept.at,refrigexdtar temperaturév{4°c) for s maximum
time-pariod teateé of 32 days show no degreaéa-bf fnsulin
yield on exxragtiana For Bamples stored aiv;oam temper-
ature it was found necessary to adﬂ‘tricresdl or thymol
to fhe pierated mass 1n.ﬂxder ta'prﬁvent the growth of_
. mduids. In none of these unt oward effecta of either

/%riereaol
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,tricrekcl_or ﬁhympl are7indiééted; ﬁéither isvfhetyieié
‘appreciabij affected by atoraée-at fobm temperétufe, fhe
inaﬁzih content'of'ﬁamples'having'béén'thﬁé'étored for

. periadé of 4,»7. i8, Ql-nnd 28 days,iéqmpérihg favourably
with those that had heéh stozeé at fefrigeratbr tempers.
ature or extracted shortly after fixation {o,f, aamples 124 )
and - 125 Table 24). Neither does atarage in light or o

x,'darkneﬂe seem to have effeet on the piﬁrate.. uample 113

" {Table 25) would indicate a gradual decrease of insulin
eantent-when stored in_light_as eqmpared,ta Sample 112
(etored in darkress), - Both‘thesé ﬁam@leé ﬁere‘exttactedr
| with 60 per cent acetons (Table 27) and the results indi~
‘eating the difference in yield nre nut auificiently con-
vincing tu warrant the atatement that 1ighx has a detri~
mental effeat on the atered picrate. |
Samph 115 ('i‘able 25) yielded no maulmlmiroamoride.
This may be due partly to tha dow acetone concentration af
the extraoting medium - 50 per cent., 30wever, both |
aamplea 149 and 19 (!‘abla 27) and sample 6(1} {Table 28)
had bean extraeted with’ this Iow eoncentration of aeetone»
and had stiil given approxtmately half the normal Yield.
Sample 149 was stored for 6 day s at_refrigerator temperae-
ture ﬁrior to éxxrgotian and sample 119 for éﬁ aays at
refrigarator temperature.  It, therefore, seems plauaible
to aesume that the loss af insulin in Sample. 115 is the
effect of the 1ong period of storage (54 days) |
| The resulte a8 shown in Tah1e324 and 29, therefore.
indxcate that the wellnmixed and eufficiently piarated maes,
should the ciraumstancae demand it, can be stored at either
refrigerator or room’temperatufa’fbr a pééiod of at ieaat
',ao to 30 days, befora baing worked uﬁlwithéut-aeriaus lose
;of insulin, Tho 1mportance of this fact, a# ‘far as the -
" golleection of pancreas from iaoiated arean for either

/commercia1
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commereial production ni-rébeareh purposss is concerned,
48 8o obvious thatvit nae¢ds no further comment,
However, pfolongeﬁ exposiure of the piakate to

higher‘tempexature rasﬁlté in serious loss of activity.
This is shawn'by'sampie'137 {Table 25) which had been
~ incubated in an oven at.&ﬂbs for 6_&ays.l This sample
hadvbeéﬂ‘extracteﬁ_ﬁith 65 per eont ncetons, the yield
- baing 0.595‘nghy&rochloride,which cambnrea favduxably
with the yields ottained frnm"other camplés extracted
with thia'concentéatioﬁ {c.f. sampples 121, 125 and 13¢ - Table
.2?). However, the activity of the'hyd:nchloride in
 Bam§1e 137 wan nﬁly 0;44 unitﬂ.per,miiligiam'ae cdmp&red'
to 1.21, 1,38, 1.00 units per milligram in samples 191,
125 and 134 respectively,

in contrast-tc this is the result of aamﬁle 142,
This-eampie wae placed in an embeddiné 6ven at ﬁﬂoé for .
 two days {in an open jar, the jar in semple 137 having
bean ?ept cloaed) During thi* time g1l the water evapors
ated la;ving the picrateﬁ masa hard and dry. This was
: piacad 4in a dark cupboard for a further period of 10 days
before being tested and ﬂtill gave a yield well within
- the normal range (2466 unita per kilo of wet pancreas)..
In Qrder to ancaunt for the loss of activity in sample
lav:ae comﬁargd to samylé 142, it +i1l te necassary to look
~ further afield than the effect of temparaﬁurﬁ over a longer
period.. Goaaidering_that thé'hiéher‘temperaturé of 609¢C
for a period of two days had,ho‘or'litile éffect on the
'in‘au!,in aontent of the sawple, it is difficult to visualise
that the lower tempéﬁature-ofi40°a over a poriod of six |
days eould result in g0 much 1086 of activity. It seems
" probable that‘bthqf £a0toT0 as the 1engthvof.time, and
éspecially ﬁnreoogniﬂed fantors‘of the fluid medium {as
in sample 137), sontributed more to loss of activity than
higher temperéeﬁre'alone.x - | |

v_KBut
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But.aampla'lav does indicate that'if thé picrated
mase is atored at roon temperature, thia ahnu&d be in a
cool place away from the aun.v Similarly, if the materw
ial is to be tranaparted, the eontainéiﬁ with the picrated
maes plus separatéd'water should ﬁe kept in as cool a place
a8 poséible, a8 expoaﬁﬁe'to\néat'(inva'ﬁanwihﬁulated truek
'.cf a,trninvaf instance) would result in serious loss of
gctive-materiél; - | |

The ebservatinn on sample i42 can be af graat practi-
'cal 1mportanee. Behydration of the piorated maaa resulls
in a 70 per cent loss of waight of the eriginal material
(tha uater content of a 200 gm. Gample of minoced pterated
pancmeau has been found to average 140 mils). Thisfnot
anly rendere tranafar easier but also cheaper. |

Working on a amall sc¢ale, separatian of the minced
material from the extracting m@éium'haé &een‘affected by
filtration, Thie process was often'féund to be very élow
"and tedibu# and,‘in'iaoiated casea,'almast impessibi&.
~ An additional advantnae of the dried pmcrate is that the
added extraqting fluid is sepurated from the snlid material
without the least difficulty by fiitrations on a amall
.ﬁaéle dehyﬂrgﬁian}ia}aacompliahed within a few hours by
gaaeing the materﬁal in‘&n'epeng flat-bottomed dish in an
embedding oveh‘&tféaﬁc. On‘a'xarger scale this koula
probably ﬁe'doné'in an easiey and more effective-maﬁnér.>
.as regardes the effect of‘anetbne;on the pieraté,
'Vihblé 26'ﬁhoﬁﬁ that'pvernexpaaurg results in almost total
destruction of the insuiin. A similar effect of asetone
on crystalline inaulzn has been peatulated by 8Beott ana
Fisher (94). ‘this is enhanoed by the presence of |
amaii nmounta of hydrauhlorie acid.  To a maximum of'44
hours only ﬂlight effect ia xndncated. but exposure af the
piérate to the gQueous acetone for 96 hours (sample 133)

Jaaused
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caused almasfvcomplate daﬂtruétion-of the insﬁlin.'

In the eer&es 130-133 there is, first @ gradual and

than a sudden decllne of insulin content or tho ﬂamples.

Tha dzfreﬁences bétueen tha inaulin yi»lé in.smmnlea '

130, 131 anﬂ_lﬁz,_are cbmpsrativaly amall and insuffi«

cient tO'warrant a aireet conﬁluéion. - However, it'would

seem aﬁvisable, when extracting the picruted maaa with

: aqueous acetane. to mnke this precadure an shart aa

pcssible. A8 aample 130 inﬂientes._a total ertraotion

period of lf‘heurs is sufficient ~ ¢ hour for each of

thres eiﬁrastibné. ' Fvupdrafian af th@ acetohe from the
filtered extracting 11uiﬁ a6 soon af passible is atrongiyv
suggeated. As aiready 1ndana+ed th@ extrantinr riuvid

»ia separated from .hevminoed material by f£iltration,
It was ébnntant1y found"thqt the clear filtrate deposited

. on ataﬂding. a fine inactive pracinitate inereasing in

amount thh time,

The olaim of Dickens and Dodds that the solﬂbility
bf'inwul;n picrata,invmixturga of acetona and water is
(1) sharply defined and (ii) at an optimum of Vé,pgr cent

acetone (83) has not been substantiated,  The authors

- stated thatv"the.bptimumfcaneentratigﬁ of acetone for

the solubility of.iﬂsulin‘piorate WA fauha te be 70 per
cent, Abbve_and below thir concentration the solubility
decreased markedly.® | |

Tables 2? aﬁd 28 present the results obtained when

Samples ware axtracted with acetone caneentratiana
ranging from 20 to 90 per cent. In oll these ocases tne

 water ccntent of each batch of gsamples was détermined

as pravzously deser;bed ang calcula*lans based thereon, .

'Bickenu and Dodds give no sccount of their determination
'df the water content but gfate.that'therwater which

aeparated during the mincing process wns pressed out and

Ja
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2 volume or’éfy'acetanevaquai in weight to the residue
gﬁaedvto'theklattar; ”Suqh-a procedune where'{1) the
,émaunt of water'sepérating during the minoing*vaiies'
(with frazen‘paheréas‘very 1itt1e water ﬁepargtes) an@
{41) tha.amouﬁt of water pressed out iavunééntrallea;

ie naturally’opea‘ta fnaccurncies as far as the first
extraction is concerned. This woidld, ﬁaturaily, affeat
ﬁhe ultimate result, notiithstanding the fact that the
sécond and third extractions are performed with the re=
'qu‘i red concentrations of "meftone. 'wixerem Dickens éﬁd
Dodds had poatulated an~aptihnm acetone cencentration of
70 per cent, the féuuits of Tables 27 aﬁd'aa cieériy
indicate that, with acaﬁraﬁeinculoulated'Valuea, the
'optimum>scetone'éaheentratlan_iﬁ much closer to 8O0 than
.io‘va’per:cﬁnt, 1& the first series {Table 27) sample
151 (vd.ger cent} yielded 3174 unita_aé ccmpared to 3619
unitsxdf pample 152 (eb per &ént). Vin’thé se¢ond series
thevrespéctive_valuee are 5144 and 4088 units far‘sémpiep
121(a) and 122{a).  In this series additional informae
tion io pmﬁdea by sample 122 {715 ‘pei‘ gent ) in which the
yield almost equalled that. of éampi&viazlaii'vrhe-differ‘
ance invyield hetﬁagn the 70 per cent ana?sa‘per;eent
‘extractions in the firct series is 648 units and in the
‘second ﬂefies 944i']A1th¢ugh not very appreciable, these
differences are auffiﬁient‘t:a be of practical importance.
Unfortunately, no extractions were made with 75 and 85
-per cent acetone aaneentrationﬂ in the first sériéa but
sample 123'1n the'eecénd series unmistakably indinata§ a
. marked decrease in yield with an 85 per dent acetone
eomaentratiaﬁ, | This is furthér avidenced by the com@araa
tively low yield‘ofvﬁample 109 (1720 unite) which had also
beén_exiraeted-wﬁth 85 per cent aeeﬁ@ne, _AB far as_beef
péncreal.ia'emneerﬁe&; the optimum acetone nogpen%rétion

undoubtedly lies between 75 and 80 per cent.
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In denling with whale pancraaa (Tﬁble 28) similarl
‘ecncluaions are arrived at, with the exception that tha
»uptimum value has ahifted to the 80 to 88 per cent 1eve1.,
In both series {Table 28) the mnximum yxeld was given by
8% per cent extrsotions, H@wﬁver. the differences between
80 aﬁa,éﬁ-per ceﬁe éxtraetians ig'thasa two eefiea are'but ,
slignt, In the firet ceries the difference between the
70 per cent extragtion and maximum yield {samples 8(iv)
 'and B{v:i) ig 614 units and the corresponding figure in the

second series (sampieavslv) and»é{viii),ﬁﬁﬁ unita., In all
these (Tables 27 and aé) extrauﬁzonrﬁitﬁ\aﬁ’per cent

‘acetone for beef pancreaa and aoqto‘ss per cent for whale
. pancreas iﬁ@icatga an incrgased yiel& of.approximately éo
»tavgs per éanh over a 70 per cent &xtrﬁotibn."ﬁar whale
pancréas 90 per cent extraction (samgle 8{viii) shows a
oimilar marked decrease, és was found for B5 per éant'in
beef., '_ | | o " |

The possibility of slight variations in uptiﬁnm
eaneentratinn'fbr_@anaréas from differgnt sauraes'ﬁé inéiﬁ
cated by a’-cm;:ariaon of begf’ and whale panoreas., = The.
optimum concantration waa not determined for pig and sheep
but it.wauid seam ndvisabae to detarmine this‘fér pancreas
from a pmrticular source prinr to extraction of the maeer-
ial on larger seale, ' '

As regaras the ﬂaharpay dafined" moiubilzby of |
_plorate and ita "marked decroase” above or below the stated
70 per gent level, the evidence is not very aoneiuﬁi@a; |
Tablew 27'and 28 indieaté fh@t the piaraté'ié soluble to
'giea#er of lesgcer extent in conoentra£iona of acetone vary-
ing from S0 to GG_pef egent, In‘the first seriss {Tables 28)
the total yiéldvebtaiﬁe@‘frumxﬁo and 90 per cent extractions
oaﬁatitute mbaut 30 tb.sﬁ'per eent reﬁﬁectively of the»‘
maximal yield. A similar propgrtion iv indicated for the

second ﬂaries 0i‘Tab1327. The difference in salubilzty ta

/even
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even less marked wheﬁlganaidéring thé'resﬁlﬁa‘of Table
28, Howe‘vér, it is .ei.m from these results that the
solubility incrcases with increasing canaentrafione uniil
the optimum iévei ;a'readhed_ and then'deareaﬁea less
gradually or more markedly, Thie ie also reflected by
the aeuuai‘yikld of‘hyarachiariﬁa which, in the'aeeéna
series (Table 27) rises gradually from 0,265 gn. for a
50 per'écnt extraction to a maximum of 0,693 gm,for the

- BO per cent;.then decreasing again to 6,281 gm,.for the

90 per aent." Thia_indﬂqétea that the solubility of the
pisrates ie’mara bf a'qpantitativa than of a gualitative
_ﬁatum. The potency of the eonvertad hydroohleride
remains unaffeeted to a large extent throughout the range
of concentrations varying omly within narrow limits {1.12
to i.ﬁﬁ'unitﬁ per miiligram.in_the second Beries of Yable

© 27). Added to this is the fact that in none of the

‘.aériee iz the most potant‘mateiial extracted bylthe
"aﬁtimum concentration, In the four series of Tables 27
and 28 the poténey of the h&drachléridﬁ ﬁbtainéa from
VOptimam concantration ezﬁraction is 114; 1.18, 1.06,1Qf@4
units per milligram ﬁévbompared to 1.16, 1.68, 1,60, 1.30
units per milligram raapeetiveiy;représan&ihg‘tha‘mest
potent final produets of thé ﬂiffereﬁt series. . In most
oases exxtaetion‘with 60 or $¢ per cenﬁvqf agetorie,
although giving a smaller yield, gives a purer product
than extra¢t16n~with.thg optimum ¢oncentration, If ﬁhe
jsalubility of acetone for inaulin picrate ‘had baen
selective and Bpeeific. it would be expected that the
optimum concentration would yleld n‘pr@dubt ﬁurpaéaing
in potency those products obtained by extractions with
eoncentfatiena other than the optimum.
Additional support for this atatement 1s Purni shed

by the fallawing oboervation: fThe picrate obtained by

- o /Bxtraction
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- exzraatian_with 50 or 90 per cent a&atane-i& of small ,
gquantity and when traated'ﬁith acid aloochol for conversion :
ta the hydrauhloride, dissclvcs completely or almost 8o in
the alcuhol 80 that very 11ttle unﬂinaﬁlvad pierate remaina.
AB the ncetone goncentration g ineraaseé to 55, 60 86, etc.
per cent,so the quantity of pmcrnﬁe 1ncreanaa and likewise _
 the amount of picrate undisnalved after traatment with acid .
alcohol inorﬁnaes. watn,ao per cent acetone extraction,
the weight of dried picrate obta1ned gftgr eVapnration of
the aeetoﬂe'hnﬁ-oanaidtaﬁﬁlyvbeen found to Vary from O, 4
to 0.6 gm. When treated with aai¢’glcoholvthiaaithér
dissolves qamglétexy or & nagligible'resiﬁue is left,
'withuaerper‘oent acetone extrﬁotion'the dried‘picrate
weighs in the ﬁeighbburhabd of frﬁm:§ to 4:@@.. af“whiéh
not, morg.than 0.95 to 1 gm. goes intg’solation'in”the acid
aleoohol, leaving the bulk of protein picrates (2 to 3 gm.)'
undi#soiva&. It eeéms as if seleative aolution efviﬁaulin:
picrate is more o featuee of the acid alochol than of the
acetone, ‘ o v .
| Thie raises the interésting question whether acid
aloohol {or aleohol only) nannot subst itute acetone ih the '
extraction procass. This being_moré 6f theoretical than
practiaai'impartaﬁse,'the matter was not]furthﬂ?,inveatiga*
tod as (gr#ﬁtad_it ia the vase) it would not sdd to the
effectiveness or practicability of the method in genér&l.
'Judging from the above obseyvations, there seenms no iaaaan
why aioanal should not effeétifely'diépiace aagtuné in the
‘extraction. | o |
The'picfa%e,whiéh'aeparatea wﬁenﬂtha AcétonaAis
evaporated, &?p@rently consiots of a minor fraction of
insulin piorate acaémﬁaniéd.by.a major frautian'of |
hyaialogicaliy inactive protein picratea. fThe specificity
of aolubility of aeatone ia prnha%ly related more to the |
entire acmplax thnn to inaulin pierate in particular, thence
: /ﬁhé
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thedisproportionate increase of plerate to hydrochloride

with increasing concentrations of acetcne; As this con=-

centration isg inameased,_mcrg of théventire'camplcx goes

~inte solution, carrying with it also insulin pierate,

As far ns specificity is adneernaé, it can safely be state’

 ed that the very low and very nigh acetone concentrations

are duet an_specific,vif”not mara, for insulin picfate

than the @ytimum_udnaentration{ ‘Thia is obviously due‘ta‘

the partial exclusion of much inert material by the low
and high concentrations of acetons. This would also
'aaeaunt-fof ﬁhé greatﬁr potency of the hydrochloride obe |

- ﬁainﬂd frum IGVelﬂ above and below the uptimum. The fast

that 80 much piarate that had dissolved in theaqueoua ae»toné

at the eptimum 1evel is innoluble 1n the acid alcehnl when

treated with this,alearly proves that the alcohel has a
greater aaleativity and apeeifiaity for insuzin pierate
than aaetone. ' .

| Howﬁver, nptwithstandzng this apparent ineffective»
ness of aqueous acatone in saleetively diasolving inoulin
pzcrate, there can be no ‘doubt that 1t completely removas

the active pxinnipla from the piorated mass. ' This is

.praveﬁ-by‘the high yields of insulin obtained by this

method as compared to others. A direct comparison in terms
of;_say. eryatalline inﬁulin'between tha‘twﬁ mathcds‘makeﬂ
it obvious that the yield obtained by the pieric-acid

aaetoneﬂmethad surpagses that of the acid aloonol method

{pee 1atér).

The obsexvation of Dickend and Dodds (83) that the

_aeetane oan be diatii&ed off from the aqueous mixturv at

ardinamy pressure from a water bath has been confimed,

Haweve:.vthis is of more theeretieal than practical inter-

'est-as'diatiilétian at'prﬁinary pressure in:a-much slower
« giﬁgeséjthan_at reduced pressure. This fact consequently

hns no_ﬁraetiqal édvantagea in inoreasing the effectivencse

"/bf
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 of the method, It does, however, emphasize again the
| atability of tho picrata to higher temperaturos,

conaerning the aonversion of the pierate to the

_hydrochlﬁride. the variable factors are (i) the concentra=
tion of alcohol and (ii)'tne acidity of the mixture, As
~ has been pointed out in the prebeding paragraphe, the action

- 0f the aqueous acetone is the solutiﬁn-af the complex of

proteiﬁ'yior&taﬁ-whiﬁh acuompany'inauiih picrate.

_aaleetxve aolutian of inswlin picrate from the acc0mpany1ng

pzcratea is more a reature of the geid aleohol. The ultimate

hydrochluride in gtilm 3 very crude produat and the reéultav'

of Tébléa 28 andg 20 represent attempts at increasing the

specifioc solubility of acid alcohol for insulin picrate by
varying the aleohol concentration and acidity.

. o @ : '

- Sample 141 {Table 28) shows that 65 per cent alcohol

{in 0,75 FHol) ie as effective in dissolving the picrates

. and oonverting them to the hydrochlorides as 756 per cent

aicdhﬁl}(as advised by Dudley (80); 'Tha total yield of
nyérochloride (3856 units per kilo} and its activity (1.20

unite per mg).does not differ in any respect from the yield

and'aetivity“aﬂ abtained by the use of 75 per cent‘aicohol.
That solution of the active principle is quantitative with
thia conuentration of aleohpl is evidenced by the further

reault of the spame aampla where-subsequent treatument of the

| residue with 75 per cent alcohol yields no”rurther'hydro-

chloride - either active or inaative' Whaere the picratas

were ‘treated,first with 90 per cent alcohol {(in 0.75MHel

sample 140, Tnbie-28),the_resulting;yield_of_hydrachloride-
* (Fraction A) ic eomewhat lese (0.336 gm.) and ito a&bivity

alightzy inereaaed (1 8b'un1ta per mg;)» Hawevér,

subsequant extraotian of the residue with 7% par cent

: aﬁeohol {in ©.75 NHel) had given a furthar hydroehloride

(Fractionaa) of slightly'lesser'acti71ty. Thia proves that -

@ 90 per cent conoentration of alcohol does not completely

S/remove
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femove»tha»insuiin frém'the mixturelaf picrates,

Similariy, further fractidmmion (samplé 143 Table 2§3 is
'ohtained by traaﬁment of the mixture of picrates first with
$5, then 85, 75 an@_ﬁslper sent of alcohol {in Q. 7% Hﬂclj
The 1ast of these, &ieiﬂin@ no further hydrochloride (there
ié no Fractieg D) indioates that a ooncentration of 75 per'
gent s effective_f@r:the.eomﬁlegé removal of insulin |
picrate. From this it_isito_be concluded that concentrae
tiona of alachol (in G,Vﬁxﬂol)-ranging from 65 to 75 per
gent,(eonéentrationa lower than 65 not having been tected)

are effective in quantitatively removing insulin pioiate

. from the mixture. Use of higher concentrations of alcohol

‘yesults in bnly the yartiai removal of the aciive’priaeipla'v
from.the mixtu&e (Fraetiaﬁ A, samﬁle 140 and Fra@tibﬁs A
ana'B Sample 143), Moreover. it is evident that no incrsase
in aetivity or purifiaat&on oan be aaeompliahed by Varying
the concentration of aleochol uaed for conversion of the
picrate to the hydrochlorida,

| This bhen@mencn'of_fraotionation of insulin wae
encountered elsewhere in this work. In an attempt to ob~
tain a-purer and more potent hydroéhiériee. the plerate .
w5 washed first with {i) 96 por gent aloohol (wifhgut
aoiﬁ)ané secondl - with (ii} 96 per cent aZebone (wmthout
acid) and finally with (;ii) 756 per cent slcohol in 0.75
NHel fbr conversion to the hyﬁrcahlori&e; Th@_yiel&’
 after (iii):waa so small with@uﬁ a carreapnnding inereane
in activity that the washings of (1) and (i) wega.ih»
‘vestiggted,‘ﬁhinh ievéaleﬁ that amounts of picrate

.aarrying sctive prinuiﬁléfhad diaaa1ved in -the high
aoncantrafions of aloohbi'and ‘ether. Théae wera precipia
tated and converted to the aarreapanding hydroahlmridea.
'I’hus three fractions of hydroehlaride were obtaineﬁ‘

(1) E:actian\ﬁ - thevpgcrate soluble in 96 per cent

aleohol;

/(i1)
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(44) Fraction B ~ the picrate incoluble in 96 per

gent aloochol but aoluble'1n 96 per cent acetone;
{444) Praction ¢ = the picrate insoluble in either 96

per éent aleohol or acétone but soluble in 76

per cent alcohol. | 7
Theoe three fraetians,'@ﬁ testing, showed the following
activity: | - |

Fraction A - 2,25 units per mé.

Fraction B m.1.84 a LA I

Fraotioﬁ ¢ =31.20 = ¢ w _ _
Thia.fractibnaﬁion‘af'thé insulin 1a.prabab1y'the result
of the‘3§eoifi§ solubility properties of the protein
fisbion produsts in thEMVGficusAsolvénts.

Turning tp the variation of the acidity of the
~aleoholio hydféahlaéic aoid, the recuite of Table 290
indicate that, within the limits tested (75 per cent
aleohol.in 0.2 = 1.5 NHel) acidity does not affaot the
 conversion ef the picrate to the hydroahlaiide; neither
does it increase or decrease the solubility of insulin
pierate. The yields in'aampl@é 144-147, and the
potency of the hydroahinride_are not affected by varia~
- tions of the aﬁidity. 1ncreaﬁed seleativity oah,
.thérefare. not bve obtained by-vgriatian of the aleohold
-cénaénﬁration oy acidity@

- Dudisy {79) extracting inéniin'fram\fiﬁh islet
tissue olaimed an aetiwity of 1 milligram = 1 rabbit
unit for the orude hydrachioride,,wha?easlnickena'aﬁa
Dodda (B2) found an activity va:ying from 1 to 9.35 |
milligrams ®* 1 rabbit unit, »'

In the seriea.mf extractidns'fer‘this investiga=
Atiﬁn the first claim has‘beehxamply_canfirmad. Except -
_4n ex@reme_Variatinna56f §rocedure, tha*ﬁﬁﬁeﬁcy‘ﬁf‘the
liydroahiors.ﬁe has remained remarkably constant, varying

' | /from



137,

' frqm 1,10 t6 1,20 zntérnational uni t8 per miliigram,
- dower and higher Values obtained with certain samples
.heing'ﬁhe resu1t of &uéh'varihti@nﬁi ﬁoﬁever,\fhe claim
far‘a‘arnﬁe hyérochloride assaying at 4 to Gtinternational
units per milligram has,-withla series of 144 extractions
according to this mﬁthad; not been aphﬁtaﬂtiatad; In none
of these, oven with piélimihary purification of the
_'pisrate,hqﬁ it been @apaible:ta abtﬁin;a hydréomleride
shawing an;activity.ﬂf m@ie than 2.6 internatiﬂnai‘unita
'per milligram, - With all these extractions it has been
the akperiénae_thaﬁ. with aimilaf procedure, the yield of
hy@raehlarﬁaé and it potency agroe within very narrow
1imité.' The results efFBi@kanﬁ and Dodds, where a specific
yield of hy&rcchloﬁiqé has an activity of 1 ﬁniﬁ por
‘milligram and a‘aeacnd‘yiald, obtained through'idaatiaai
prééedura. an aétivity of 4.t6 6 units pefvmiiiigram,are.
therefors, the more difficult to explain. Fotwithstending
ali p@ésible vafiatians of the method that had been $riedv
out, the exact procedure whereby a c¢rude hydrochloride
'aﬁﬁaying at 4 to 6 units per milligram ean;be obtained, has
uot been mtruck, As-ﬁar.aa the reﬂultﬁ from 144 extract«~
dons are concerned, it has been gﬁuh@ impaéaiﬁle with
standaré procedure (auﬁhvas deserihe& by Dickens end
'('Doﬁdﬁ3'ta obtain a ¢rude hydrochloride with a pﬁtenéy
..exceading E;SQ to 2.00 units gér milligram, the average

.VAlue.lying puch closer to 1 than to 2.

‘That the hydrochloride is not very stable under
vardiﬁary conditions of storage is shown by the resulte
quaied in Tabtle 30, In all thres samﬁles 143B, 145 and
xé?glfﬁéfeiis3a gradual decreass in the potency of the
ﬁyﬂracalbride,with inbreasing storage period. BSamples
14&Bfnﬁﬁ.1év'indicate thﬁt,um&er'conditions a% des~
' @ribeﬁ,ﬁt ;af@%ab&e for about 1 week, after which ﬁeriﬁd

Jit
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it gruduall& loaeb potency, -In sample 145~st¢ragevfar
17 days ﬂaused a decreaned activity of 0.20 units per

'mxlligram, and 0.44 units in 25 dayn;‘ Samples 1438 and

149 1ixewiae,ahow n decreaﬁed activity of 0.40 and 0.26

units per milligram when stored for 24 and 31 days
-”reapectiﬁelya Furthermore, it wasg rePeatedly}qxgerienééd.

that hydrochloride that had been afcrea'far periods of

2 to & monthso had invariably loat all or*maat af 4ite

Aa¢t1vity.-

Theee reaulta indic.ate that the hydrnohloride should

- be teated for aotivity ag s00n abk possible after ite

preparation. in any case not later than 1 week afters

"warde. Alsc. it ahpuld be purified &5 S0On AS posaible

after having been~prepared., If it has to stand over for

pexriods exceedzng 1 week or where it hag to be transported

from an initial axzracting plant elmewhere for . purifi-

catiou, it would ‘be advisable to stors it under condztians'

| enauring greater etability sueh an complate drying,

-_bsaaling over nitrogen and 1ower temparature.

. From the rasult of Bample 154 it ia evidant that :
purificatian of the picrate by this methad oould not 1ead

t0 mnch success and it was realized that the only practical

_alternmtive methpdeus'iso~electrie preaipztation-
‘Initially, however, much daffiaulty wae exparienaed with
© this. In the first attemptm the hydrochloride was nbtain-'

ed by pooling pravioualy extractgd,aamples whi ch haﬂ been
atured'fox_varying periods. This was done before the |
instability of the erude.h&dfochlorﬁde ﬁndet the Hﬁeeitic
éondifions nad been dgfiﬁitely,ihnwn,and_faiiure.to obtain

. igo-electric prﬂcipit&tion,must‘have'béen due to the

inactivity of the original material.
ina 1ater attampt {oee (iv) page 1zﬂ hwﬂr0¢h10ride
was fresnly prupared, Failure to obtain iso-eiestrio

pracipitation in this 1nstance wap prohabiy due to two
/faoct ors
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factorn: {i)-iﬂitial pyﬁbipitaﬁiﬂn.ﬁﬁ‘Pﬂa;l and (i13
‘abaenve of a huffered solution during thn procesa ar ino-
eiectria precipitation,

The initianl precipitation ét pHB.i—brbughﬁAdmﬁnka'
Mass of'matefiuIIWhiuh, ha‘a reﬁulﬁ of atmi1ar prbaédure
in the aczd aloohol extractian method was considersd inw
‘active and discarded withbut huving been tested for
activity, ‘.Ia view of the fact that at & later staege an
: astivity-cbntainiﬂgrrrnction was precipitated at piB.8 «
9, it can be aaauméd that the first precipitaﬁe ot pﬂﬁ;l
éarrie6160wn ﬁith”it én'appreﬁiabla nmount of aativity,
‘ﬁhich céﬁaéquentmy was lost, Subpequent failure to obtain
iscdeleetric'preeigitation eaﬁ posaibly be éseribeé‘%e’the'
absence of a'auitable.buffer sdiution.  -Ag pointed out by
Boivin anéd Guillemet (93) inﬂﬁiin is imﬁurified by'cther
proteins which behave 6o ‘mach like 1t that 1t 1sﬁmpaaaibla
to aeparate these by precipitaﬁiun with sodium chloride. ‘
ammonium sulphate, pioric acid or alaahals’ The ‘presence of
large quantities of these inaetive.inaulin-like proteins,
| a correcponding smaliar’amaunt of active material and the
abéeﬂce 0f'a bufferéd solutian were prabaﬁlythe caaaative
factcrﬁ'reﬁpbnﬁible for the failﬁrg to odbtain isengieatrie
preﬂipitation. | -

¥ith a feilowing ei‘fort {sae (v} page 123) these causes
' were'remedied<and tpe active aubatanae was'preeipitatea at
: iia igo~glentric point without aiffigulty_ ‘The process of
. purificatian~was‘con$inuéd furthey and érygtailine insulin
_pféﬁaréd.” From the original & 22.0oa_unita almost 12,000
had been recovered in cryatalline form, Werking on é |
small scala,aqiive material in loat atIVariaus gtages; on
a laxrge scaie'thaae cén ve recovered and worked up 6o that
 %he total yiel& will dYe increased As it'ia,a°yield ﬁf
2.370 wiits per. kilo of wet pancreaa WAL abtained. AP a

/aontrnl
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control {see later) beef panareaa was extracted with
- aoid alcehol and crystalline inau&in prepared aec@rﬂing
| © the method of Romans, geott and Fisher (loc.cit. ).
~ The miemd tbtained with this praccdnxc was 1892 units

- per kilo of wet panareas.’

- Ehé ﬁethe¢‘then, ap 1t wag finally a&Opted and
a8 it is advised, can be sumna ri zed as followsi=

- {4) Obtain the materiai ag fresh as passibie, remave '
-exaess fat gonneative tiSBue, glandular structuxea. eta,
aﬁa miace, addiag piarie aaid aryatals while this is in
‘progress. gThe amount of pleric aaid should not be 1953
than BO gm. per kilo 6r-materia1.‘ After mineingi the |
entire maes should be re~minced a sacand and & third %ime N
to ensure QVen mixing.

(11) The piorated mans should be stored prefarably &n
glass oy esartherfiware containers, the affeet of other
:%ypea such as metal, not having 5eéﬁ tested out. If-ponsible,
-‘atorage eould take place at refrigeratof temperature. | |
atherwice room temperatura will suffica pwevz&ed thymol or
© trieresol ie added to the mixture in aﬁder to prevent
mould growth. In tha latter éané'éamplea.may_be_stézﬁﬂ,
4n either light or darkuess, taking care to kéey the maters-
“4al ﬁﬁ eool as'paaaibieg»; Undef any of'théae conditions
storage can take pince»fer'a period of3frﬁm.2n £o,§0:daya'
without serious loss of activity. o |

(iii} Immeﬁiataly before eztraetian. datprmine the water
 aantent of the mixturs from a amall gample as previously
‘desoribed. &da to the mixture suffieient absolume acetone
}te"mnke the ooncentration 75 to 80 per qenti 1f pancreas,
other than beef ic extracted, it would be well advised to |
determine the opt imum acetong concentration for the

| o - | /epecific
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source as previoualy descridbed, Resextract the:rsaidud
a seobnd and a third time with 7% to 80 per cent neetqﬁe-
and pool the filtrates. Avoid proianged eentaét of the
acetone with the dimsolved picrate; the sooner the |
vaoetone is e#apoxnted tha.battér. Extroction of tﬁev
A piargtaﬂ maéﬂ for i'hour is aufficien@} 'undar no éifsj
‘oumstances must the acetone be left in cbnt&etiwith fhe_
picrate for longer tham 24 or at the utmost 36 hours,

(v) EBvaporation of the acetone can ﬁe»effeated either
in wvasuo or ht ordinary prescure from a wator béthg :
in view, hewdver; of the shorter time neééaaary'far in
 vacuo distillation, this is regommended. o

{v) Prelimlnnry purificaticn of the pierate 18 unnec-
asnary as fractional pracipitgtian with alcohol or treat=
ment with éodium caxbangxe doaes notfyieid'an'aﬁprmdiably‘
purér aubatanci;i»fhé p&@rate ia ocnverted tb-thevhydrb~~
ehlnridc by ﬁrantment with 65 to 75 per aent aloohol in
hydroohloric noid whioh.may vnry from 1.6 = 0.2 .
| (vi) The hydroahloride is ptecipitatad by adding to the
~ alconelie hydrochlorio acid solution 10 to 20 timae ite
 volume of 4vy acetone, '
(vii) It is advisable to teat ‘the hydraahlorﬁde or to
| ‘yurify it as soon as pcsaible after ita preparation,
'unleaa 8§eeia1>pteeautinnﬁ‘are being token with regard to
its storage. . |

{viti) Purification of tho hormone can be eftacted by
diasblving the hydrouhlorida in water, salting out first
with 05 snd then with 15 per cent sodium chlurida,:and |
finally precipitating the insulln at its iso-eleatric
- point pHE.4. - R
| Other possible methods of purirication have not
f been nxploitod. Indiocations were obtained that aiiic;
| ' | | /and
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(and prababiy.a;her piézza»éientri&al.suﬁstancaa) may
1 aAVQntageausly'bé used féf'inﬁﬁlin ﬁurification'by ad~
sorption and it ‘4o proposed to sontinue with further
investigatians in this direation. |

(f} cénclunions-

- Reviewing the method as a whmle. the follawing eon»,

clusions are arrived at S o

(i) The yield af'erude-h&droéhlaride'ohtained'with this
method i nearly?daabie that ot @ure insulin, whichlia_'
obtained with‘the aeid aleohol method'(ésca - 4000 uhits,
ﬁer‘kiio'pf wat yéncreas}. With purification of the hydvo=
~ " ohloride on arsmail5aa31e'an ab@rééiable#amaunt-af astivity

e 10#%;  it eouié'be"axpegted.that,iang&r gcale purifie
cation would result in less loss., A compariéan'af the
two mesthodse éﬁrrie& throﬁgh'to the czystalline product,
' ahnwed a yield of 1892 unite per kiia of wet beef pancreas
';for the acld aleohol methaﬁ aa compared te a yield of |
2370 units per kilo for the picric acid acetone method,

in a labbiatory;the_prépartien,'yiei& arude |

 '  hydrochicride:yieid arysfallihe inculin, can be deters~

mined in a saries of experiments ©o that subsequent '
extractions, for research purpmaes. nﬁed be carried
through only to the crude hydrochloride ataga, £rom which
':vnlue the amcunﬁ of arystalline 1nsu11n obtainable can be
aalculatad. | | |

(ii} The solubility of aqn&oue acetcne far insulin
picrate 18 not specific; it i» probably moyre specifie
for the entire anmpiéx,of picrates behaving like insulin,
In this respect aleﬁhol. or probably other emgahie
golvents, aéuid be substituted fbf acetone. ﬂnwever,_it_
i cértéin_that 411 inéulin.activity is guanti%atiﬁaiy
removed rrbm the picrated mags by this solvent.

/(531)
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| ‘(1111  Perhaps tha'moat butatanding feature and merit
af the method $e the stability of the picrate to varying
'temperature. The advantagas of this and 1ta,praotica1
npplxoatzan are numerous. It allows the collection of
material frcm distant sauzuoa {(1.e., the ocean, unc;vilized
count ry, ‘thinly~populatad areaa. ete, ) where freezing
facilities are not available. In addition to this, it
allowa the étarage éf such material for fairly long periods
withouﬁ rafrigeratian until such time ﬁhat extraatien can |
be undertaken. » ‘
An intereatang absarvaticn that may lead to important
develnpmenta is tne-stability of the picr&te under cons=
éitianaref déhy&ratinn of the minced picrated mass,
The aEVahtageB are abviaus: the bulk of material ia very
mmeh‘teaueeﬁ; this will require an equally muahare&uced i
voxumevof-extractant; traneportation is simplified in )
many'wayﬁ;' the possibility of extraction of the dried,
piarated mass with water, instead of an organic solvent
looms in the fareground* the pessibility of some other
- affaotive fixative repz.acing picrie acid followed by

dehydratian and subseguent aqueous extraation aannnt be

B

'ignored. The prospect of further research in this éire

ection ig being held out. '

{iv) For experimental work and exmraetian en stall
soale tha method is to be recommended, As camgare& té
ather metheds it gives a maximum yield with a minimum of
© precautions and 1imitatxnns. It works easily and rapidly.
|  (v) A serious disadvantage of the method is the
v'ataSning and fiziug prépertiaa of the picrle acid and ita
explosz#engssiwhen dry. Probably the grahtesa objeation
to it is its staining'property; all objects in contact 1_
with it = appératus; hande, eto, - beooms intehaely stained,
so that, on the whole, it i%® & messy method as compared

/Jto
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to the mcid aloohol. A possible injurious effect of it
on human eontaocts (c.f. asction of tannic acid) has aa‘ye%v
-not beﬂn postulated. For this regeaxroch 1tvwas handled for
& period of Qvér two yéara; ap yet no aﬁtQWﬂrd7affee%_hms
been observed, | . |

(vi) It is daubﬁful ﬁhetﬁer; iﬁ iﬁé presént form, it
can replace the acid aloohel zethod for igrae sca1a ax-
traﬁtion,"ﬁpart from the etabiiity_éf the picrate, it has
ﬁgthiﬁg eé mffer a%ave:ﬁha'aéid alcohol method; aﬂﬁéé to
this io tha-serious disadvéﬁﬁaga mentianeéjin {v) aﬂ@#e,
AS pancreases nre at present collected only from large
-cén%res whafe"there are ample refrigaiﬁtibn.f&gilities,
this_aﬁvantége is-naﬁ of much practical cancern._ if,
however, 4t ﬁﬁmé future atage thé neceaaiﬁy shauld'ariéé
for the éonéat ton of materinl from other sagfnas, - the N
meth&é sould aasume‘greateé im@oétanca. Added to this is |
the faet that fuii details regarding bamméreﬁaz extraction |
methaﬁs-are not ﬁuﬁliahe&; there mayl'tharefore, be
unpubliéhed data which give the acid alﬂonei'mathad &

decided advantage over the pioric acid agetone method.
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111, PXTRACTION OF _INSULIN FROK

 VARIL oua, BOURCES.

Introduction,

Since tﬁeffirst successful axtraatipn of ihsuiin by

_ Banting'and Bestvand:the subgeguenf imﬁravanénts in the
"nﬁthoda"or extrnétiohfénd pnrificatioﬁ, the homone has
v_beén ieéiated from mény'aﬁ&‘Varied sources, However, lack
of an accurnte method of aesay and uniformity in expressing

- activity during the first. years, when most of the work wnﬁ

. .- done, makes a ﬂirent ucmpariﬁm of the yields obtained . by

~various authora from different mources a d;ffzcult matter.
‘In_adﬁition, the end‘prcducts;obtainea by different workers
fepresentéd.the hormone in varyﬁng degreestf purity, de- '
pend ing on ﬁhe methed of ext:aatibn_and purification, which
factor further oomplicates matters beﬁnuae. as has been
‘shown, inoreased purifimtion is'qécompénied by increased
" loss of active material. B |
In past,yeérs thé»panereaa_from@béQVea:and éigs haa‘
| probably,ﬁeen the most bémmbnlyAGrawanrﬁm source for
raaearoh ana experimental purpoaes.’ Aﬁart from the e@wliar
work of Banting and Best, the Toronto workers have almost
'exclusive;y used beef yancxeas for tngir work-nn,extractiom
and purification'meth@da'(43). Sihilégiy; many other
. workers have.faundvﬁhis adnrte‘uéeful Q%@ convenient. -
| Best and Scott (43) reviewed'the inéreésing yieids of
insulin obtained by them w;th ;mpraged methods. From a
mexs 15 units (modified Toronto) per kilo of beef pancreas
in‘April, 1922, they auocessivglygincreaaed the yield to
40, 90, 400 and 900 units per kile in June, 1923, and
conolude that "the increape in aéﬁdity of thevextfaetive
~has been the groantest singie factor ingimprovinQ*tﬁg
vyielas"; _This yield was obtéimed with ggid'(acét;¢;gcid)
| | ’ L /alcchol
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alcohei'exﬁraction, preaipitation with ammonium
sulphata and iso~eleatric precipitatiﬁn. In the same

~ year uuriin and ccnwerkere (119) claimed yields ef ine

’sniin_amountingvto 4,000 Toronto units per kilo of
_ _ﬁateriai;» Thete were obtaipad hy'gQuepua extraction with
_ﬁ/ﬁ hydroehibricjacid st-?ﬁoc.'for‘one'hour, followed by
nalting out with sodium chloride and xso-elaetrio pre-
 ¢1pitat1on.' | o

in 1924 Somogyi Doisy anﬂ Shaffer (63), using their

mathod of exzraction with acid (sulphuric} nlcohol
-preﬁipitation with ammunium aulphate ané isoﬂelecﬁric praw
cipitation (1oc.cit.3 obtnined yields varying from 1 500
to 2,500 Toronte units per kilo ur beef pancreas. Iin the
Bame year Fenger and w1laon (120}, uning the above methoa;
determined the ineulin content of the pancreas £I0nm: :
cattle. hoge and shsep and ebtainad a yield of 1,800
 r;§b1t unite per kilofof beef‘pancreas. S8imilarly,
H@lbney,and Findlay (s0), by'pﬁrifiéation of crude ine-
sulin thraﬁgh adab:ption_bn chércogl, obtained 2,000
 Toronte units'per kilo'df beef pdncrééa.' Dickéna and
‘Dodde applying the picric acid aceton« methnd (aa) to the.
'extraction of 1nsu11n rrom vnrious anuroes (va). obtained
2, 500 rabbit units per kilo from ox panoreas. N |
‘ In 1927 Blatherwick and his ansociaxes (54), uszng
| their‘method (1oc cit.), obtained from 1,800 to 2,500
clinical units per kilo of bsef (assayaa against
-Lilly‘s "iletin® as standard). After the third iso= -
electric precipitatiun, this was decreaaed to 1 000 to
:1 400 olinical units per kilo. Jephcutt{ﬁ?),1nvestigating
the method of-the Tbronto workeru.wMth reference to the

_Optimum alcohol and aclid ¢oncentratxﬁn for the extraetant,

~ obtained a yield of 3,000 internatioﬂal units for’ beef

panereaa. Scott and Parkar {55) obtained 2.000 intérnat—
ional units_from the.aame»aourge. Starting with the\graah
- | /mate rial
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| materinl and carrying the process thvough ta the cryataz.line
vstage, Romans, Scott and Fieher (7?) obtained yields |
'vurying tram 1,800 to 2,090 units per kilo for beef pancreas.
Pisher and Sabtt (121),_ipvastiggtihg the insulin contenf

of the §anaraaw.in 6gtt1e of vﬁr;oua ages.’fbuﬁd the f0110w~‘
}ing values: | S

Foetal calves (under 5 montna) s.. 33,200 international
- units per kilo,

o " (5.7 montha) 1;.. 23,100 aitto
Calves (6-8 weeks on milk diet) voe 11, 400 ditta.
Cattle (z‘yearg) , ‘ -4, 800 ditto
Cows (7 years and.older. pregnant) 2.2907. - ditto
Cowe (9 years and older) _ R 800 ditto

Hotwithatanding the lack of uni form expreasion of
‘aativity'amongnt earlier workers (c.f.rabbit unit, orig~
inal Toronto unit, modified Toronto unit, cliniocal unit,
international unit), 1t is clear that beef pancreas has

been exxenaively utuﬁied and has yielded amOunta of inaulin
varying from B.OGQ to 3, QOD international unite per kilo¥
~ Best and Scott (43) 8tate that 9pork uanorean has
eansistenmiy given us somewhat 1arger yields in experis
mental lots than has beef pancreas. . In their studies on
the pxcric acid acetone method (83), chkens and Dodds
haVe largely made. use of pig'e poncreas and have found
- values varying from;a,OGO £o~4,280 rabbit ﬁnitﬁ_per kilo-
gram. Forger and Wilsoen (120) obtained 1,800 rabbit
units pef kila‘pf~pigis‘pﬁhcreaa; Scﬁttv(122)>haﬂ pres=
"pared.crynialline inaﬁlin‘fram p;g'a pancreas ih'ameunta.
 #lightly exceeding the values oh&ainedﬂfor beefrpﬁncregs._
v - Apart fro_ni these amounts of imnlin extm’ated fxom
beef and pig's pancress, the following yields have been
R . o S /bbtuined |

_—y
el

*‘Tarunto unit¢ in the above p?wagrapha refers to
modified Toronto unit, ie.,, */3 of the ariginal
Toronto unit or rabbit unit.
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obtained from‘gther'mammals~~

Sheep ~ = =~ 1,000 rabbit unita/kg {78)
e R BGG .. s a (120)
Horea . = 1,600 " “ v (78)

Cat’ . - 2000 *  «o® (v&)

' Redenbaugh et al. (128) have determined the insulin
gantent of the 3h1cken pancreas., The pancreases frem-one
}hundrad ehicsens {330 gm,) were reﬁbvéd ané 1naulin'pre»
pared bJ Eiaher 5 modificaticn of the Doiay-ﬁhaffer methnd.
They ohtained n yield of ?GOOrabbxt un;ts per kilo of.
;panrrens and Qonaluded that the chikken pancreas. by weight,

containe ae muah insnlin a8 calves’ panaraaﬂ. Ralatively
large amountn of inaulin were also !ound in thﬁ kidney'and
kiver, | | |

' The fish pancreas as a sourae of 1nsu11n hat been
studied extensiv@ly. Aa early aa 1869 Diamare recegnised

that eertain struatures in the ab&aminal cavity of some of
. the Teleostix are identical with those of thg islands of
Langerhans of higher vertebrntée.: In 1903 Rennie note&
in each species of Teleustii at loast one 1arge 1slet | |
- which is often encupaulated and thereby geparataed from fhe
zymogenoua tisaue. Jackeon (123) and YcCormick (124)
' undertook a thorough invéstigﬁtion uf the iéleta'iu fiéhee. |
fxn oxder t@»deterﬁine'whether tha islets of Langerhans or
the_zymagénoﬁs tiadue‘are”thg real source of insulin in
_tﬁe-panefeasg anlaad'{lasl prepared alcaholio extrﬁ9fB
.from‘the priﬁcipal 1sletar§f'a number of bony tishﬁa,‘ ’
inalddiﬁg thé'aéﬁlpin’aﬁd angier fien. ﬂbtwithﬁtanding
.the poor yielde he obtained due to the method of ex~
traction he shcwad that very potent ext racts cou.ld be pres
pared from thevprinsipal,ialeta, He conﬁequent;y augggateﬁ
~that the islefs might furniahJA eonVanient pfaetical‘sauxce
of 1nsu11n, whi gh aSpect was subsequently 1nvestigate& ny

. /MeCormick
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»ﬁcﬂonmick and Kobla'(la) in Amerieca, aﬁd“Ludley (79] in
England. The ﬁarmar»io:&era, empluyingvan acid algohol
method 6£‘extraqtion.lobtainedvlargé ¥ields of insulin at
Telatively emall ocoot from large quantities of fieh.
From the ood}(Gadus callafiua)»tﬁby obtained avqragevyielde
of 6,000 rabbit unitﬂ pcr1k11a of principdl.ialeta, and @
aimilar-yiaid from thd‘ha&ibut_(ﬂ&pﬁbgloaaua hippogloaaua).

'_From'pollqck and haﬁdoekryialdsvas high as 12,600 and
9,000 rabbit_unité“reﬁpegtively ﬁere obtainad in_isolated
cases, Dudley;(loc.cit}, m@king uge ofaqueous pioric
acid rof fixation, obtained 15;120_rn5bif uniis ver kilo
from the cod and concludadithat'"the'gallection of fish
islets Ey the abbva'mgthad_will be fouhq tovha§a advant-

v agés wherever the circﬁmataﬁoea.make this aouice of inf
.aulin worth exploitntton.' (loc.ait 8 similaf invegti~
gatiopa were conducted by Vinoent, Dodda and‘nickens {126)
on Lophius piscatorius and Eyoxouephalua butdlis, whc
confirmed the_enrliar*worx of kacleodtand showed that the
islet tiaaué'yiglﬁs 6'£¢'? t;&en as much insulin as the
gymogenous tiéeue. Their results were in general agree-
ment with those of chbrmick and ﬂdblé and Ludley, R
Jensen et ai;-(lzé).,mgking uae‘of_acid slcanol ex-
traction, prepared crystalline fish insulin (using Abel's
method ) fiom thé ielei'tiaaue of the cod and pollock.
Unfortunately, they did not repert on the yielde per

" weight that they obtained. ' o

- Praatically’all cammercial inaulin 15 at preaent pze-

: t;;

-

X@gred from the pancream of either beeves or plgs.
Recent;y (87) fish pancreas has been put to use for this
purpose invﬁgrway., Islats from the eod aaithe and
halibut are now being colleoted on the trawlers and
.}_preaervad for working up ashora by tha acid alcohol |
and picrata m#thd&* T Ituhas been.fOund that the &nﬁulip ib
content is much highnr (0ftan 10 to 20 timenf«@ﬁﬁh in~
 foniifes

‘&1Y
R}
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_ mammalian‘panoreas, but the disadvantage is thét thé
ind;yiﬁual organs in the fish are disprOportionately small.

+ In 1924 Fenger and'Wilaon (120) supplied the fallewu
‘ingfinfofmAtion:. *The- numbar-of domestic animals sldughtera
ad yearly in the United States under federal government
innpection«spprqximatee 84 million cattlei.4 million calves,
11 n&llion aheep ﬁnd 1£mbs énd 43 million hoga. These
anirals furni ch about 5& willion kilos of freeh panereaa
glands. They cancluded that “the available supply of raw
material is, tharefore, far in excees of any posaible des
‘mand for insulin. . |

Since then the poeitian as regarde supply and demand

. has changed eonsiderably for reasons to be furnished

prosently. 1In 1947 the Interim Commiseion of the \%rld
Healtn Organisation (131) sent a guastionnaire to govern=
ments asking fof informatiqn}on their.conaﬁmgtion and
" prcductie§ of inoulin, and for an estimate of their pros-
pecte in regard io insulin bnp§liéaifbr the hext-ten yearé.
By Ajrrii, lgéﬁ. reﬁlieg ﬁgd ﬁéen receiVG& frbm'44 aountriés
aﬁd the folléwihg figurea givé only a'bfoad indiaation of
insulin neede and productionie o B

Excluding the United St&tea and Canada, for whi ch
'_!igurea were not avnilable, the amual ecnsumgtian af
insulin amounted to 3,901 000,000 intarnational units,
It hal beon aatimated that ineulin comsumntion for the
felzowing ten years, with ths exoeptian of those conntriea
nlready mentianeﬁ will total apprnxhnately 46,425,000.090
units. Thié howeVer, does pot 1nelude the requizements
.of the‘United States, which has cne million diabetics and
whieh can export only a relatively small quantity of
insulin (leo.cit } _

The preseut yearly produatian of insdlin in 43
" sountries 1s 11,087, 300,000 units, of whioh mcst is pro-
duced by the United SBtates, followad by the united Kingdom

/and
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Kingdom and the Notherlande, It ie estimated that the
-tbtai production for tha-next ten years méy réaeh
115,250,000, 000 unita, | R

- Of the 44 countriea that had replied to the queationﬁ
‘ na;re, 34 were not eelf-suffaazent am regardﬁ tbeir in-
_ sulin aunpizes. Their zmnart raquiremants have been

‘as*imated at 1,854,000, 000 whilo the exportable surplus :

- of the produaing count rias is ﬁnly i, 430,009.960 unita,

“which ﬁhﬂﬁﬁ a yenrly daficit of 4"4 000.600 units {loe.
eit.). In ozder ta balance thia, many countries have
taken ateps to zncrease production* obligatory colleetidn
of pansreas Trom elaughterad animals, granting of aubsid»
ies to ancourage collqctian, inatallation of suitable
refrigeration-appargiﬁﬁ at alaughfarhadséé, £raining'cf
féatary‘personnel for this ﬁurpose, atn,   1£ is to be
noped that, partly ‘through these measures, and partly by
the incraaaed yield of inuulin expected as a reﬁult of
}impravad methods of qxtrsetzon the exportable suppzy
?will meat the damand. Neverthelasa, a shortage of insulin
at gome futume stnge is not bayond tha realms of paasz-
bility. | | N o

| ?rnbably the chief causative faator of this atnte of
nffairs is the d&apropnrtionate 1nereaaa of praduction
_and ecnsumption. Praduction ia firstly hampwrea by present
currency restrictions; secondly, muoh TaW material goes
wﬁste»iﬁ_thé non~§roduéiﬁg countria&;'thirdly, thé worﬁd’sv
cattle st ock hss‘ﬁqclihed ebnsidefably'during the:wa?=ﬁndv
post~wér yeara. Consumption has in;ﬁeaeeﬂ through mare |
affidiént methoda 6f diaghosia:éf'diab-teé. increaaing
‘numbers or aurvivzng diabeticn and chiefly a8 a result of
-the develapmcnt af welicnzanisea medicnl services and
ukilled'meaical profession in hitherto leqs-@evalopeﬁ
countries, L |

/Zn '
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In‘face>6f a'tnfeatening énoztége,itvhag beeﬁ
though;a&viaable:to investigate some potential aoﬁfces_of
ihaulin*aupply'whiah could be utilised should the nece
esaity arise, An addiﬁional conqideraiion hasvbcdﬁ the

'theoraticﬁlinteresfattaehed'to_thé'datermination of the-

'.inauiin'cbnteni;cf the pancreas in hither£b}qnaxp19red

| sourcks; ¥or these reasoné thé‘inaulin yield fpum the
_)falmpwing aourcéa.has béén~determinmliixthisiinvesgigaﬁ

tioni=

(1) whale, (ii) shark, = (i11) South African demeatio

animals - cattle; piges and sheep,

- /(1) WHALE INSULIN,
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4 (1)“'gggzgm;§§png.‘

' That the wnalr nn nerens cauld be an important potential
source of 1nsulin,is indiemted by the fo¢lawing figurGS-
rapreﬁeﬁting the tOtdl antarctic oatch, xncluding Eaﬂﬂ
"atatiana for the yaara 194?~19a¢ (132)

Total antaretic catch inoludiqgflénd,qtaﬁianﬁ.

Season Biue ?iﬁ ﬂumgback Sed JfSpexm' Jotal,
1947/1948 ﬁécé'-21141 26 621 2622 31318
1048/1948 7625 19124 31 . 577 3503 31280
1949/1950 ) 6182 20060 éias" 1284 2727 32396

'f\_If t&e’ava:&géwwﬁightvﬁf thé_ﬁh&le pghcreaa is cone=
'sidegediaé 120 péunﬂs and, if it wbré aaeume&-ﬁﬁat'whéle-'
’ pancreas would yiald per weight the same unitage of insulin
ag. beaf pancress (1 e., 2,000 units par kila) then the |
total amount of 1neu11n tﬂ-be»derived from this aouice _
wouid amount to 3,456,000, ooo units annually. vThié‘améunt B

--almcat equala the annual consumption, excludzng tha United
a ?states, and ie more’thah double the tmport rsquiremgntﬁ of
3”£34 cdnntriéé {sae preaeding pdr@granﬁs).;,ﬂhe'iﬁpreséi#eneas

»Or thooe figureg.ppéjpt§d the brégén& 1nvéstigatipn. Hows

| ever, before dinéuaaﬁhg}tha'dif@ctly*reIGVant éépeﬁts, it
‘is}felt thatffor'd'praper appreciationief‘lataf atatementa,
'certain 1nformation regarding whalea in general and whaling

- methoda ahnuld bp furnisnsd

/Buborﬁex



Beddara (202) gives the Iolxowzng c;ass;rxeat;on 154,

of vhalea* (not completa)

_CRTACHA,

Balaeﬂegteri~ Balaenoptera
: (rorquals}

~dae.

'_RhachianeétiQ

dae

* odontocats _Phyaeteridae
{toothed (anerm
‘whales) whalea)

. physeter -

Ziphiidae.
{veaked -
~ whales)

Delphihidaé'

{Dolphins & -
porpazaes)

"-&egaytera
j(humpback)

- Kogia .

(pigmy
eperm .
‘whales)}

- Kesoplodon -
Hyperocdon

ziphius,

OHDER :
Suborder Famiiiea, _Genera Species.
Lystatoceti Balaenidae ' Balaena  Balaenn mysteticus
- {Baleen _ {right v(Grcenland whale]
‘-whales) whnles) | - |
| | Balsena australia
(Southemn right
" whale},
Balaena glaciaiia "
Neobalaens -

Halaenaptera sibbaldh'

1us

o Balaenaptera muaeulus

(blue whale)

Baiaenoptera physalus
{fin whale)

‘Balaenoptera borealis

(Sei whale)

»Balaenoptera romtrdts

"Megaptera nodoaa

(humnback whale)

. Physeter catodon
~{eporm whale}
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Voomaer {203) describes mystatoeeti aS'posaassion of
whalebone. therefora 7o teeth, charactera marﬁ like mammalﬂ.'
twa nostrile; and odontaoeti as.' Jo whalebone but teeth,

one nostril, cranium anymmatrical‘ Regaryding odontoceti,

Beddard writes: "It contrasts markedly with mystatcoeti,

the differences being 50 great that more than one'nathra1-4

 ist is disposed to give to the two & different line of

'deacent L

Whalabone whaiee reed exclueively on plankton, include
ing fishes, They obtain food.by.meane of a whalebone sieve
and‘aa nmuch ae two tons uf plaﬁkteh_have been:taﬁen from the
5£omabh ef:a blue'whalﬁ (215} ‘ Speim ﬁhalésiafe méiniy |
ﬂependant on cuttle fish usme of which must be abtained 8t
canezderable deptha (loc.cit Je

The blubber in the enerm whale may be ae thiak as 14

inchas and up to 20 inches in the baiaenidag. In thavaperm

4 toms of blubber yield 3 toms of oil; in addition to thie

the sperm contains a large amount of olear oil in the hesd,

‘Tb.praserve ihié,ﬁperm Whélés are in?ati&biy*shnt 1n'the"

baqy.
| The most fraquantxy hunted whales in thn nntarotie
are the an (Balnenoptora physalus), Blue (Balaennptera

musculua). Sei (Baluenoptﬁra boraalis) Humpbaak {Hegaptera

" nodosa) and_hperm~(?hyaeter'catodon), Fromthe classifi-

'¢atian it_ia ﬁeted‘that_the first three belong to the same .

. ‘genﬁsrnnd with‘the_ﬂumpﬁack td'thefsame family, viz:

_'Baiaenaptaridaa._ The gperm, on the other hanq, belongs to -

the suborder odontoceti., Vith a view to later findings, it

‘is of interest to bear_this'telatiqnahip in mind,

Having arrived in thé.whnling grounde, the catchex

Vesséia (T 300 tbné) Operate nf varying radius from thé'
vfactory ahip. to which dead whales are brought ln daily.

_The harpoon weighe 78 kilos and it carrias a war head of

cast iron; meigbing 9 kilose, which iu filled with hlack
‘ /powﬂer.
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powder, It 1a»suppiigd with & tiﬁevfuse {3 to 4 aeeénds).
causing explcoion of the powﬂer a® 800n ag the weapon has
struek ite object. The harpoon is Tired off by 210 gm.
powder consisting chiefly of nitro-cellulose (133).

“"The animals arevshét at #n aVefage distance cf éﬁ
to 30 fafhoma: They appear above the water, head firut;
desoribing a semicircle and are meen’ébnve'thc ﬂurfaee for

vno longer than 3 to 4 eeconds, during which short apace of
time the harpoan ie firad There ia no time for accurate
aiwing, frequently a harpoon misnes 1ta goal exploding in
tha water. Wherp o hit 13 registered it invariably strikes
-the body, the harpOon penetratca an average distance of
4 feet (in moat casea into the abdominal organs) before the
"charge,goea off,'causing a cavity of about 18 inchea
diameter. ifvthe first harpbon does not kill, the cnimal
is pulled‘in ﬁith the nttachsd harpoon rOpe_aﬁd loosge,
ieaé charged haipodns fiiedvat shoyt ronge, As a ruie, 1
_to 3 of theee are neaéasary in orer to ¥ill the animal,
Bepenﬂing‘on‘the site wheia it has becn gtruck, it nmay
die imhediate1y or an hour'or'more may elapse before it
finally éeaées iia struggles. ‘ﬁowever; & hcur can be
considered a good uveiégc timg fdr-killing‘the animal
1oe, cﬁt.); As the explosivé head of the'haipoon_moﬁt
frequénflyvburuts in the intéatineﬁ,‘it spreads putrefactivé
‘crganzams throughcut the oircunation during the time taken
~for the sreature to die., Only in the oomnaratively few
| cases when the whale 16 speedily and humanely killed by &
harpoon atriking a vitol apot altqgether'awgy ftom the
intestinéa‘can Batiafédtory_meat be p:ﬂéﬂced from it (134).

' The dead wﬁale is inflated with oom?ressed air,
>5 000~6 003 1itrea being used per animal and left thus
floating on the water, bally upwarda. In thia condition
they are iaft for perinds varying from 4 to 18 hours,

| /with
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with an sverage of 8 to 12 hours, bafore being towed to
the factory 2hip. lHere they ars speedily worked up at
the rate of 1 Biue ﬁhale‘per hour, 2 in whales per hour
and 34 Humpbacks (133), |

Dﬁring the past season the more hunane method of
- killing by alectrocuiion way ézparimenteﬁ with, The |
‘harpoon ig of the sanc weight; to it is attached a highly
churged; insulated electric éable.  Howaver, as this cable
is wuch lighter than the conventloml harpoon rope, it
" snaps, the dead whsale sinks and is lost. On account of
thié, the new method haos, as yet, not met with much |
success {loc, cit,).

The advantages of whale pancreas as a possible
source of insulin ére mény. The size of the organ is such
that it is accessible and easily handled (170 - 200
pounds in the Blue whale, 110 =~ léo.pounda'in‘ths Fin and
50 = 60 pounds in the dperm) {(lop. oit.). That this is
of great importance as far ase commercial production is
sonnerned, 1s evidenced by the fact tha£, n1th0ugh fish
pancréaa is often 10 to 20 times richer in insulin than
beef, it is not usad rdr this purpose to any appreciable
extent. The reasons for this 18 that the comparatively
emall oizans in the fish require more time, skill angd
labbur to remove, which,’in its turn, increases production
costs, According to the W HO repoft aiready referred to
(131), production coet for fieh ineulin may exceed that
for beef insulin mary times. Secondly, thé large number of
whalen killeﬁ'anmually coulq, undei optimal conditions,
furnish a 1argg portion of the world's insulin demand
and thﬁs contribﬁte ruch to ward off an insﬁlinlahortage.
The figures presented in Table 31 and susceeding pafa-

- graphs fully bear this claim out, Thizﬂly; the whale
pancreas at the mowenf is waste material; its ocolleotion

on board the féctary‘-hip will not involwve much extra

/oont
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coat, so that it can be diapuaed of at oamparatively low
‘_price. o | |
Yajor aisgdvantaggakof this poténtiax éouroe upon
‘,which attention is immadiatalyvfccusaéd are the following:
‘ The~methdd:o£ kiliiﬂg'ié Such as to enhance the action
of putrefacfivé Onganisms" Added to this is the high
temperaturs which is naintained within the body of the
dead animal. The thiok 1ayer of blubber inculates it #o
-'effecfively that, for as longvas:24vhaur§ after death, .the
ihner taﬁ§eratura remains almobtvaqnstant. notwithﬂianding
- the iciness éf the water in wﬁich it floats {133},
Thirﬂly, the 1ong'pari§ds.£hat the'animala are left float~
ing wéuid in cowbznation with the previoualy m#nticned
two factors, oertainly affect thp insuiin content '
‘advarsely._ » : _
This field of research is practically *virgin soil",
~ In all the available l;teratura only one reference,
'_Ss regards whalc insulin, wna}fnund (135}, Jacobsen B
{loc.cit. ) coilecfed_ovarias, testes, thyrnid; adrenals
and pancr@aé from the Blue whale and'subae@uéntlylex—
:tracted these with d view to'deﬁérmining theiy hormonal.
yvields, In many respects thoip:eapnt inveatigntion;
therefore, saems to have been fhs-firat of its kihd'(aﬁ
- far as can be. judged from current published wnrk)
Pointa of majnr interast. whzeh preaented themaelves
~ and were dealt with in this-investzgation ure the follow~
ingte | . -
(1) The ingulin cuntsnt cf the whale pancreas
| expreased as interna*ional unlte per weight
»ct’ material, | | o |
(ii) Species variatiené,iniiﬁsuiinjconten&, if
such axist; | ) o _' -
‘(1111  Sex variations in,insuiin ebntenm. if suoch exiaté

/liv)
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(iv] The effeoct of post norten time and relhted

"factors on thﬂ_inaulin content..

(1) 'Hate?iai‘gndrﬂgthodﬁ.

The material for thia inveatigation waa kindly
':éupplie& by ¥Mosore United Whaling Ltd. of London.
it was colleateé in the Antarctic during the 194881949
"_nhaling seanon and dclivared at CapeTown on - the raturn
' Journey of the-mhaling fleet.. Altogether 36 Bnmplas were
reoeived representing 12 Blue whalan. 17 Fin, 6 Spexm und
3 Bumpbaok whnlea, the post ‘mortem time for thene varying
from 2 to 10 hours. Bamplea were r&ueived~§uring Earch,
. 1949, and extraction continued during the subsequant months,
 Accompanying gnch'agmpie was the necepsary informstion as
. r§gsrdh the apeoien.ofvﬁhﬁlé,}daté:of-kiliihg,'size, 88X
';and'ﬁinct post mortem peéiod. i.a., the lopse of time frém
the firing of the first harpoon untii"the whale wao brought
aboard, the pancreas removed and treated, f B '
All samples had'r@ceivcd thw'followihg treatment:
'me pannraaa was removed and the enum oman f&nely minced;
‘the reqpisito amount of pieric acid being added ﬁuring the
mincing prncess. Tne;raascpa for’reverting ;o the piorie
acid method were twofoldie Firati&;'tha disfribueion of
islet tissue in the whaie pancreas (1.5., hoad, body ang
f taii) has as yet nat been atudied The ongan ia too 1arga
to extract the entlre bulk 1n 8 aeriea of samplas,; removing
only part of it might involve- the ri 8k of obtaining more or
1eas denaely islet populated areae, reeulting ina posaible
misrepresentntion of facets., The piuric aaid metnod allowed
, the mincing of the whole ozgan tbaroughrmixing of the
picrated mass and aubagquent removal of a apeaimen_uampla;

/extraction
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extraction of which would yield insulin representative of
the whole organ, Yecondly, the mathod wag,'at.the time,
being investigated and had been shown to work efficiently,
iaaily and rapidly with smmall Quantities of material,
in view of the extrhmely'ﬁigh oil content of the pancreas,
1t'wan'fésred that an alterngtive method.might:hgvo proved
giffioult or unsuccesaful,

¥rom the pierated mavs of each ﬁancreéo 1.6 ~ 2 kilos
of materiel ware removed. Thie was immediately déep |
frozen into slaﬁa of about 12 x 8 x 1% inches and kept in
cold atorage~for the remain&ef'of the whnling_ﬁeasoﬁ arnd
returh qurnéy to Capetown. -dn-arrival'here,tha slabs were
transferred and kept in cold storage by Messrs Imperial |
Cola Storaée‘Ltd. Erom thia dentral depot_thc frozen'
aiabs ware redeed singly as rgquiréd and extractod. |
On Aocount of the number of sampies. it is clear that some
samples had been left in cold storage for periods of six
monthnior'longer. |

Extraotion wae done acoording to the method deseribe-

ed in Part II of this work. llowevor, as whale inculin

‘wap 8till largely an unknown entity, it was decided to

subdivide the material of each 2lab into émaller samnles
of 200 gm.each, These were then éxtraotéd under varying
experimental oonditions, the results of this havingvbeen.
partly quoted inAT;bie 28, page n1lb. . Further results of
this nature #re not relativg to the ;ubjecf under invepti-
gation, a0 thét those given in the foliowing Table 32 _
represent only the maximum‘yield of insulin obtained from
the specific original sample. |

Thé final procuct obtainel iun each instance was
the orude insulin hydrochloride; none of the yieldso
having bgen purified beyond this stage. The hydrochloride
was tested for activity AB POON as §aesib1e after ite

/preparation



161,

_ ﬁreparation accor&ing t0 the method deuciibed in Part
'I.v Altogather 87, eoo_gm.samplesvwere §xtrauted. these
having been teéted-in 115 aaﬁays. In order to check
these, 10 full assays aooorﬁing to the mouse metnod were
 earried out. '_ _

" At the end of  the 1949/19b0 aeasan 5 iurther
aamples of pancreaﬂ were obtalned from the saue scurce.
' These wera much 1arger than the previoua ones (20 -
26 kilos each) were frazen pnly,(with no pieric acid
aﬁdad)‘and werﬁ_to_be‘used for alcohol extr&étiqn and
preparatién of qrystalliﬁe insulin; The method follow-

gd was that of Romans,vaqott'and Fisher (77).

- (2) Resulte:

TADLE 32.

Yields of Insulin from-whale_nancreai.
“Fost  Yield — Activity insulin
| - ‘mortem dinsulin crude -  Content
terial  time hydrochlore hydro- iV per

Number Species bex {(hours) ide gm/200 chloride kg. of
o . gm.sample I.U/mg, pancreas

1 Spers fmalazf; 3% 0.488 . 0.6z 1510
s s+ 7 3 ~ o.572 -~ 0.84 2002
6 . “ 3 0,63¢ 112 . 3540
8 LI 2 0.538  {1.16 (3108
, . - - {1.10 {2948+
9 . . 9% - 0.617 20.95 {3023
I | . (o.80 {2776+
| o B . , {0. 42 (1080
11 Pin male 2 0.514  (0.48 (12841
13 % s 3 0,362 0.46 . 832
16 . ® . Temele 63 0,487 o.22 535
1 % ¥ale 4 0,463 0,14 . 324
21 = Fexanle 24  0.860 0.8 622

/22,
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Serial

ﬂwmber speaiec

Sex

Post

T ¥ieid .

‘mortenm inouwlin
hydrochlor~ hydro-

time
(nours) ide gm/200 chlpride

crude

1.Y/ma,

S CIVITy IReuIIR
- Content

1.U perxr’
kg, of

22
20
32
33
54
.
Y
28
39
- 40
a
4&"
45
fié*
15
16
24
'25'
26

27

¥Fins :

. -]
o

L

Blue

B

!

(]

 Male

L

: Female

. Male

Pemalo
H
 ¥ale'

anglet

¥ole

'Eemala

. kale’

. Fermnls.

ﬂhie ‘

B

B

~ Femmle -

-
¥ale

w

Female

Male

8
5
.

'y

23

-
.

0,643

gm‘ﬁample 7

0, 280
0,435
0.337
6.202
0,252
0,860
0, 244

0. 618
0,709
'_0;342'
0,356

0, 300

0,384
0. 653
0. 710

C0.8646

0, 420
0. 522
0;458,-

| : 0.540

C 0,640

- 1{251

0-674

0,792

0.19
io.&ﬁ'
0. 44
0.16
0. 04
0,06

012

{0, 40

0.10
0- 22

. ' Qi;1 ot

6_31'

0.29

6.3
{ 0.48

0. 8%
0. 44
0.83

0,38

T (0.44
0,23

| ,gﬁ;asf_

0.7

(brae

 (0.30

{0.26

.18

. ilsis

poncreas.
266
1144
KRR
261
44
75

516

440
488+

oy

206
760
188
3'7'.4
565
548
1698+
1562
1330

735
ilﬁgﬁ

(12481

526
620
B4a4

(835
(964 +

(1788

(26001
516
614

- Hump B
- back

|  §§1&

,Fem51é ’

B/ IR

e
. 0.384

0. 34
{0.862

{0.65

_0.85

708
(1190
(12481

0,314

'7'.71‘aa'déterminEQ;by’mugse aﬁsgyf“

1020
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Two unﬁuéaessful'httempto wera made to preﬁara'
orystalline insulin from_khaie panareas.'fhe @xtrémaiy
 high oil content of tne‘a"z-gux': msde the initisl oxtraction
| with acid aleohol and subszequent 6iatiilation.véry‘diffi;
cult. The materia] obtaxnnd after thn L1 rat Balting out
 wa$ rather gelatinous and not altogether soluble in
acidulated water. ‘Nevertheless, a‘ddpioua ien4e1ectrio'
precipitate waa obtained but a*tem@ta to oryﬁtalliae this
matorial were not successful, | |

In g.third attemptvgﬂ kiloé of Blue whalepénér6357
wera uaed. ,The ahiﬁal had a bbst.mortem time of 5 houre
cand a c&nllyaample'bf material_eitractedby.tné picrtb
acid¥acetone @ethpd,'héd inéieﬁted an insulin aontent
of 1,280 unite per kilo, ﬂuxing'thc-mincing'bf the _
'ﬁaterial ﬁﬁall amounts of 3N hydrcch;oric vere added, the
minced‘maSs wellAstifrgavand as ﬁuch'oil.sﬂ'ﬁoaéible
 §eparatéd_'by gentle-preeauré tnfbugh & layer of cheese
cloth., The rosidue wne added to the alcohol mixture.

a8 sobn aé pOSBibIG.'TDiBfillationvOf the'alcohoi
tvas done qui ckiy with slightly raised temperature.
An attundant 1uowe]ectria praoipitate was obtained, but
the final produot appeared amorphous, After twice
rﬁpea+ing the process of radiesolvins the finanl product
in vater pluu aoetin acid, eaxrying_the procﬁs; through
the different steps of the method (77), a omall yield
of very tiny cryaialn wus'ohtainad {shown in Figure 11).-

The yield from 60 xilos wag 0;27?-gm and the |
activity, aasnyed by tha mouse metunod, 19 8 unzte wer

rilligram (1 e, 275 unita per kilo)

/Pigure 7.
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As o detailed.study of thé histological atructﬁre of the
pancreas was not included in this investization, no fuy-
ther sgotions were prepared from any of the other apecieé._
Feithor was a differentiation of the different types of
islet cells ﬁndertéken,‘ Hevertheless, frbm thc.ébovevand
similar sections it was establiahodvthgt, genefally,»and
with régard to its islet tissue, the whale pancreas 4oes
not seem to differ from that of other mammals, In the
different seotions studied, the aboence of 1slet§ from
large nreas, or their very scanty aiatribution, wan.
eovecially marked. <+hother this is characterivtioc of the
entire organ is impoaaible to oay. |

The overall impresﬁion gained from tho results

shown in Table 32 is fhat the whale panoreas is, gener-
ally ipeaking,’ycoriin insulin."(Thiststatement rofers :&
to ihe‘pancreaé as obtainable under optimum conditions of
whaling procedure, i.e., immediate killing of the animel,
gpaedy removal to the faotary‘ah#p.and_tfoatment bf the 5
pancreas for extradtion purposen, which, under most favour- .
able conditions, cannot bg achieved in ieae thaﬂ 2 hours).
Exceptihg the sperm yandreaa, the mnximuﬁ yieldsottained
froﬁ the other three speciebvvary‘from"lzao.- 1800 unita\

per kg,of material (this represmnting the activity con-
| tained in the crude hydroch;oride a® prepared by the picric
aoid-acetone method} As compared to the amount of
insulin contained in beef and pig pancreas, which by this
method of cztraotion, had-been shown to-be o the ordey
of 3000 « 4000 uniti per kilo, it ésn be stated that whale
panereni has per weight only 4 - ?/3 of this value, It.?
therefore. shows ©logor corréspbndenod with the sheep.
pancreat, whiﬁh has been shown to contain appreciably laes
1nsu11n4thén either the pig or beef (120). To explnnatfgn
¢an ba offered for this law_inguliﬁ content of the whale  §
panoreas., ’ B | S -

./hn
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An 1nt¢reatin§ obgservation is the vary ﬁarked _
speciea difference shown by the Fin, Hlue and Humpback
on the one hand;'snd the Cperm on the otﬁer. Evan‘the_
former three shot siight differences_among.théﬁaelveﬂ,

. The ¥in pancreaGIGOntains-tne least inoulin und-the'ﬁﬁiia
mum yield ohtainad from it was. 1, 000 -1, 200 units per ‘
xilo, Altage*her 18 samples of ¥in pancreaa wore extraet-
&d and the possibility ‘that none of the reﬁultm refiect
the aatuaL pogition, althbu&h slight canmnot be altogether
1gnored A poesible mqaking effect of fnotora such as
partiouia*ly quick dﬁstructien of ineulin in the Fin is
diecupsed in a 1ater paragraph. That thiso should he 80

is unfortunata, because these wha:es are xilled in largeat
nunbers {20, OCO durirg the 1949/1956 aeaaan - Table 31),

| and their pancress in of conaicurable siza - 110 ~ 1320
:paunﬁa,_ Apart £rom other-factors to be pr@sently c o1
aideicd,'the ¥in pdﬂureaﬁ. notwithstandxng the 1arge
“amount available, could not assume muoh.importanne as a |
potvntaal BouTce nr insulin. _ -

Of the Humpbacks only samplmé wére.éxtra¢ted,u
Fhethsyr the valugs obtainaed xepresent the maﬁiﬁal ones,iso
difficult to judge, as ﬁeveial factbra‘céuld have been
responaibie for a deéreame'of 1ﬁsﬁlin content. .HOWEVEf‘_
taking the results at facn va;ue, it wouzd seen ag ir
tlie ineulin content (I, 000 = 1,200 units per kilo) in
this spéciﬂé cloéely approximates that of the Blue,(aee later).
E Kumpbaoha have for several yaare been protactea (c.f Table 31),
bui, apart from thi» are killed in comparatively smaller
numbers.  ;i B | o ‘{

The Blue whaln panorvaa im enpecinli; 1arge (170—260
peunda) and, with 10 samplen that wore extracted a mmfimum
yield of 1,500-1,700 units pér Xilo was obtained. . This
figure is,mlighmly hl@her than that reported by Jacabéeﬁ\

Y

A
/hhale,}_

.,l

(135) who had found 1,000 units per kile for tne Bluc P
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whale, but could probably be acéoﬁnted for by the differ-
et method of extraction without further purification,
by difforent dﬁgreaa of frenhnesu of the material or by
individual variatione. o

Standing in‘sharp contrast to the above in the high
"1nuulin content of the upenn pancreasn, In six samples |
that were ertractod a maximum yield of‘ts 000 unxte per
kilo was obtained, which_xs only 1little lsses than that
extracted froﬁ beel, This difference is not 8o Burprising
if it is borne 1n.miné that the pperm is a distinct
aubordex, differing in many respects from the other
species. Again, this is. unfortunately. ﬂo,‘becausa not
| only iu the sperm panereas of smaller size (50 - 60
pounds) but thene ammals are killed in wmuhh lesser
 numbars. o _

From the gquoted resulto 1£ ie impossible tp'disw
tinguish any difference in insulin content that could dbe
ascr;bad tc nexval variations, both males and temales
having givon good yxoldn. It ig intereating to note.
though that the sperms were allvmglee - thﬁ Antarctiqi
hns ne eperm females béaausa fhese 1nha$it\th@ warﬁer
v Wnters; ‘It ic bolinvod that the old spomm whales leave
thé hord ané migmte to thﬁ‘Aﬂtarctic to die there,
thence their deserip:ioh by whalarmen‘aa‘"the bl@
genilemen of the Antorotic”, . No samples of female
upérﬁfﬁanoreaa we 19 aupplied and a c¢onparison is, there~
fore, imponsiblao. ln'§iaﬁ of thé fact thot the eperms
were all old guimals aﬁ& that the insulin gontent of the
panéreai-décreaéeﬂ with;age (o;f.wofk,of Fisher and Leots
(121), on the inoulin oont tont in cattle of various agec),
it oould be asoumed that in ypunge; anima;a the amount
éf 1nau11n'would ba,appfeciably mora. V |

/Viewing
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Viewing the results of Tatle 32, a striking feature
is the variations in yield shown by semples from the
same source, From the Fin variatbons from 50 = 1,100
unite per kilo weré encountored; Blue 500-1,8b0 and
Sperm 700-3,000, Simultenecusly with this are noticed
the Variations.in'paaﬁ martem pgricd,'extéﬁding'frOm 2 -
ld hburs. This leads to s conelideration of the cauaative
factora - ie it the post mortem period per se whioh is
rosponeible for these variatxona or other idantifie& and
unidentifiad factors ? '

Pegardinp the poat mortem neriod, it will be noticed
that there is. nothing indicmting a graded dcﬂreaae in
insulin oontent with increaeing tima. ¥ Jhia were the
cage, 1t would be sxpeoted that, in genernl, ihose aamplea
with the ahorter post mortem perioda,.wdulé bte the onaa
.giving the hirn#“ ylalds. Thqt thisvia no%t the cade i»
clear, On the uontrarj, same of the highest yields eb-
tained were from gsamples with long poat mortem perzods
{c.T. enmple 9 - 9& hours = 2,800 units, Bample 29 -8
hours - 1,000 unite, sample 28 - B heura - 1 000 unitsy
On tho other hund samples with nhorter poat mortem per;
iods truquently gave oxtremely low vields {e.f. sanple 3& %
gi nours = 75 unite, samvle 19 = 4 hours ~ 324 units,
panvle 31 - 2¢ houfs - 516 units, #ample 35 = 2% .

hourg - 514'unita.g it angeérs,:thereforé,'that the posﬁ

mortem periocd as such is not the chief factor in causing
insulin ﬁcstrﬁcﬁion. Asjcriterian for determining the -
arount of 1ﬁau11n deetruétien,vhaa bean taken the mafoum
yields obteined frem the particular source, That it A
urdoubtedly hag an sdverce effect will not he denied, bﬁt_
it geems mare'probablc that the disappesrance of insulin
‘from the nancreas, due tb a timé fnétor chiofly, ieo a
murh more gradun) nrocess. Other f&ﬂtOtﬂ excluded, it

goems &o if leaving the doad whales floating unt i1 tcuaa

/to
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to the fastory shin could within 11mits (matimum period
| teated =~ 10> houra, c.f.snmple 9). not result in great
'deatruction of inaulin.

An ac00mpanying phenumonon whieh is frequentlv :
sonsidered causutive of insuiin deatruct;on is temper~
ature; thence the generally practised precaution of
desp freozing maiefial“tmube used for extraction,

The effeot of.inéreased.témparature is ohiefly that of
anhancin# uutrefac?ive ﬁfucéaéea in th@ dend organiem,
Again, the fame argument can be used that high temperatute
{which is maintuanad in the 6aad whale) alone or tempar*
ature plus post nortem period cannot be_reayonaible for
the degree of inpulin destruction observed in this series
of extractions. i ‘ e ', |

It was impcsaiblé-io'obtain information ae regards
the numbér'of’hatpoans uned for esach gnimal;hor the exaat
spot whe re the different wheles were struck,: It sgeﬁ%,'
however, that the varyinp degrae of ineulin deatrudtioﬁ

4g closely related to the site of explosion of the har~l

» poon-head, In thoae samplee giving high.yields of '
| insulin (e.g., Nos 6, 8, 9, 11, 12, 22, 2¢ and 30) the \\
whal#a nad probably been struck 1n eome vital spat auog‘aﬂ
the brain or neart, sc that they.hadvdieo ‘almoet \'\
instantaneously. It iv wéllkann.thqt; with a head dr\ X
fhoraéic wound; putrefactian is iese'likely to start ahd
'mpread than Qath an ebdominal ﬁouﬁa Thie would then
explain why some samnles, notwithstnnﬂing a long poat
mortem time.'still yieldad amounts of 1nsu11n sgual tc
 thcse obtained from the troahemt ‘pospible camples.

On the othor hand, the extremaly low vielﬁq wouid pwobwa
ably be the result of abd ominal wounds, where tha'
inteactines and related o ygans had.béen.deatroyed.

-Dsmnge to the intestines raﬂulfs in the quivk spreaﬁ ana
~action of putrefactive organinma. Lillie (134) atates
/tzmz
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that this occurs alﬁoét iﬁmediately and thut the regpon~
. eible ozganisma are apread via the bloodstream during
the time the animal takes to die, The low yielde of
samples 25, 34, 36, 238, 40_must then be ascfibgd»to dea_
tfuction of the 1nsulin'through putféfdctibn Thia pro—
ceas is ahvioualy enhanced by the hign internal tempera-
~ture of the dead whalc. _Putrefacpion,_cauned by the methﬁdr
of killing the wmea,. is ‘pr-obably the great_est single
'factor in the destruction of the hormone. In ohn'vasé
aeotionn of the pancruas (Blua whale, post martem % hours)
revealed the tisgus to have autolyaed beyond recognltian.
It was pointed out that the Blue whale pancreaa
contains alightly more ineulin than the Fin {(es detere
mined from maximal valueé'obtain;d). It ie interesting
to édmpara the yields obtained as affacted'by post mortem
time and/or putrefactiéh, xﬁ the_Bin‘é'of the 18 sampleé
had yielded virtually no ihéulin (laaé than 300:unita_per ‘
' kxilo) whereac in the Blue not a aingie nampie (from 12)
had yieldgd lecs thah'BQO-units;;_The pve rage post mortem
fimé in the farméf wae 4,8 hours and in the latter 4.3 |
A'hours; This suggests that either the 1nzﬁ11n eontent in
~ the BluéuwhdleAia, in the intact organ, much”higher than
was revealed by any of the aampleg,-Or'the Fin harbours
in ita»intestinés'iargef massen'qt those OIZAnisms Caus-
1ngrputrefaction, It uppeafevprobabla_that the latter or
‘some related faactor is the ossa.lratﬁer than the former,
1%, in oniy.ﬁ asmpléa of Sperm pﬁnéreaa (avéxage post
>mbrtem period d.a_hou:s) as many g 50 per cent had shown .
}'maximum‘yieldé; it could be expected that;in-lz aamﬁles
" of Dlue whale at least one or twévyiolds would be repre-
s&ntative.of the insulin gontent, ﬂo?# only is the
aotivity of the hydrochloride from the Pin lese than that
from the Blue (n?eragé'b.zé units per mg. &8 compared

/to
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to 0,30}, but a;aa>fh& aeiual amoﬁnt af.hydroch;ofiqé

 1§ lessg (averagelﬁ.dos»gm.aa-oomparad'tp[0.596 sﬁ.)’

This secems to indicate thai, not only doéé'the Fin con~
tein less insulin, bdut also ito déétiﬁctien ie mc?e rapid,
'v(The7§aryiﬁg artivity of the hyﬁrcchloride obtained from
different sourcen has 11rvady baen ﬂcmmenred on inARart
11. of this wbrk) " The highest aotivity of the hydroe
ohlpride obtained for Fin iax0;§8»ﬁnitvper mg, Tor Blue
 0.52¢ f@i Humpback 0.@5 ﬁné for Soem 1.16. This latﬁer
figura.a@nrnxhﬁatéé the average activity obtained for
'.baef hydr@chlexider.‘Jﬁdged from these results, ii appears
thnt whale nnncr@ae’aéntaigs'amountu of 1nmuiiﬁ in the

. following decreasing orda§~»' B | |

(i) anerm approximating beef pancreaa.

1

(ii} Hnmpbaek o 0
(111)3310.6 " _.: 1/3-*-'* L]
(iv} Fin e 1/3 B

1t 1ﬁ’interesting to note tnat'thé;inaulin,cantent.
- as ineicated here,ayefiecta'fairly acéﬁ:ately the classi-
fication of whales., The sperm, with~ita nigh yield,
bolongs to a dirferent'auﬁorder,‘vizF”oﬁon?oaeti
It would be intereating Lo ﬁetermine whgther the pancreaa
in the othpr famxliaa of thaa ﬂuborder (i e., beaked
whales, dolphins and pcrpozaes) containﬂ similar
relatively large amounts. On the other hend, the
myétntbceﬁi are pbof,in-insﬁiin; The Blue and tnetFin
5elong to the éame_gehu:, Ealuanoptera@ and yield approx~
imately the same amounté, Baged on this daéumption,_thg
'Sei (from which no samples were roceived) would probably
' _uhow'un.equally lbw insulin content., In the Humpback
belomring to the genug megaptem, tha ingul in content
could te slightly higner than the values found frum three
gamples only. ‘ |
The question arises whether the recults obtained
/(waximim)
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(maximum),réprgaent~ the true iusulin contant of the
whnle pauorens. Under even the mout favourabic condite
v iona of whaling,it var& rarely happéns that & sample
fresher than two houre poot mortem is obtainable and the
remdval of s perfectly fresh pancress (i.e., from 1O -
7?0 minutes after the aniial had.died) is virturlly ime-
possihle."Aé all‘the'extraoted samples were of 2 hours
or more post mortem, the pcaaibiliiy is not exoluded
t&af gonsidarable inauliq loso nad oceurred during that
ngrind, so that the actunl insulin eontent is much higher
thnan that raflected by‘the recul ta. Granted that such a
loss does oucdr; it wodld,he expected that this process
-~ would gnntiﬁue a8t increased rate, arriving at a Btage,
soonaYr or later; vhere the insuliln coutent iarhil.
How a 9~hour sampla under such conditionu éould afill
give & 3,000 unit yield would be diffioult to explain.
It apnears mofevfeasible to upsuce that the rate of in-
gulin deetruction during the first two hours is not of
such a degres as to greatly affect the insulin content
(except where extensive puﬁref&qtion is th¢ caugative ~\
factor), | | |
It eould_bb arguea that iusulin long had o¢§urred .
due tn the méthod of »nreservation of the material over a
neriod pt geveral month;. That freezing preserven the
hormone for at least oix months has been amply confirmed;
that piexic acid likewise preserves it has baen shown;
that the two methods cnmbinedeogldrhave any other effects
than these is highly improbable. The first samplés were
extrasted two weeks after collection and the last ones 6
montha. If thess had been & progressive loss during this
time this would have been refleotediby decreasing yieida.-

™is wag not observed.

The picric acid-acetone method has beecn used for

inaulin extraction from sources ae varied as mawmals,

/fieh
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~ fish aﬁd‘birda. It is highly 1mprnhab1e that this
‘ ‘wethoﬁ with all the modificatious tricd out would fhil

t0 extract all tha_ineu;in from the whale panoreas, .

4. ‘_Ccnclusi ong,

The panereaa in the Fin whnle, ﬁlue anﬁ ﬁumpbacx,
v‘ia naturally poar in insulin. whereas that of the Sperm

- approximatas bea?f pancreas. It oan, therefore,vnat be
 gonsidered a promz 1ng source for the coumercial extraction
of ihnulin.-vndded to this is tha axten$ive insulin des-~ .
truction that ogeurs in the organ prior to it ramoval

and prooesaing._ The antiquated method of whalzng is
solely reaponnibla-for thia‘ Putreraction,voauaed by the
’aﬁplosionhbf'the ﬁarpoon nead in the7énimgl body, and
énhancmd by the hiah temperatura, i the greatestfsingle
,factor’onusing irgulin loss, 'uore humahe méthods'af
-killinp, ae eleotrocution. would result in leaa damage to :
the tiaauea and anger yields of inaulin, a® the post

' mqrtem pericd and temperature alone do not 1nvolve con=-
ﬂiderahlé 1osa, Undar pre vailing cnnditaona, hDWQVer,_
there is no prospect of whale insulin contributing to

" meet the inoreasing world demand for insulin.
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{2} SHAKRS IXSULLI,

(1) Introduction,
The histologicﬁl étructure of tne maﬁmalian pancrean

ana the cytology of the islet ﬂallr ware extannlvely
stucied by laguecsse, 1906~1911 (204) Hennie, 1909 (205),
lane, 19067 (206), gensley, 1911 (207), Otani; l929 (z08),
snd Thomas, 1038 (“00) | Thrbuoh”these and ofhartstudiea it
was established that the islets may be located (i)'in the
interlobular conneotzve fisaue, but connected with the duct
syetem uy_sclid cords; (ii) in fhe 1obﬁ1ea, uneonnected '
with the acini but conuaéted ﬁith'the inhnalabular-duét '
gystem; (iii) in tge'lobuléa and in comnection with either
acini or ducts {thece inﬁludé,the.great majorify); (iv) in
the interstitial tiﬁsﬁe or intralobﬁlarly, but not connected
.vw;th elther acini or ducts. Due to.thé chatraoter and
chemni ¢al propertiea of their cyfoplasmio granules, three
gfanul;: call,typés haée bcen'diatingﬁiehed;VViz:, A,B,and
D. . In the dog Hunt found these to constitﬁte 20, 75 and
5 per cent respectively. ﬁﬁéther the D~cells are a eénar—
ate type or whether they repraneﬁt o ntage in the developwent
~of tﬁe A-or deélls, remaina to be determined. In addition
to these three, ﬁensley has described é fourth oell type in
the guinea pig pancfeas-~ tha non-grnnuiar chell,‘which
‘*haﬂ bean suggested represents the progen;tor of the A&oella.
The use of alloxan has definztely eatablished the B*cells
as responsible for insulin secration, - _ o ?ij\

Bmgardina the A-cella the. posaibility has been auggeat-
-ed that thay may te concernad with the prnduetion ﬁf the A
hyperg;ycaamLc-glycogenolytic (H~G) factor {n10), thﬁ “\°§
- prasencs of which has been revealed in the pqqcrena'oflallii
spocies tested (211), As-a renuit_of the readinosg witﬁ\
 which h-cells stain with eilvér (212}, fhey ha#e been re-\
gnrded as related to endodermal argentophil 0611& 1n the

/kaatrointeetinal
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gaatrqiﬁteaﬁiﬂai-tiact,'where Tehver (215) noted
relatively lerge hﬁmbersnpiasent inzthe upper two-thirds
of tha“mucoaa;uf}dOg utbmaéh, from which considerable
- amdunts,bfvthe H~G factor haﬁe_alréady been éxtxacted‘
(224). o | o
aerafence has élr@aﬁy been,mﬁda {page“148} to
the atudipa nf HcCQnmlck and Loble,_aaclead rudley; Doéds
and‘Dickena, atc. on the extraction of 1nsu1in from fisnh
'panoraés. In the Teleostii it variea wxdely struocturally
~and topegraphically. Pzther it lies in the mesentery,
When it‘is divided into fhree partn (eranial 1ntermedial
and eaudal mesentaric) (ﬁlﬁ), or in the liver fcrming the
"soucniled infrahepamic pancreaa, or 1t may ogcur next to
the portal vains, Apart fxom this, there geeur in ‘bony
_fishéa cartain glandular struotureﬂ found hy_Rennie
(1903} to be hpmo;dgous to the mammalian isléts of
 Langexhana, and the largest of them termedvﬂprinoipal’
islsts® by him. The extraction of lurge mnounts of
inﬁuliﬁ from~£ha i#olatéd-and generally ehcapaﬁiutad
principal 1alpta and of *maller auounts of insuldin from
the panﬁreatig aymogenoua tis»ue has nlready been referred
to (p&gal49) | ‘
In the- Elasmobranchix the pancreas i® lnrge ana com=
pact and situsted near the ﬁucdenum,ap a dorsgl-an& a
#entral portion. Thé isiands'are'lﬁrga&anﬂ numetous and
.ratain-their brimitivc reldtionshipvto the ﬁueté. -
'Although they show a marked resemblaﬂce to the hzgher ‘
) vertcbrates ap far ne ahnpo anﬁ distribution are aoncernw
ed, they represent the mest p“im1+ivo typu of 1nlet N
structure in vertebrates (41?) | o |
A welléknown elagsmobranch species dfhthe cape'
wa*ars is the “vaalhauiﬂ or Gal&erhlnua ﬁmpenais.
».Durins the war yearb,'nnd immediately afterWnrde. thﬁﬁe
shurka_were enught in large numbers forthe_axtracgﬁon Qf
o - | | /vitamin
0
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vitamin A oil from the 1ive§. As mary e 13.060 of

these fish were caught per month by a singls concern

(218}, It waa, tnorefaze, thought fit to iﬂvestigate the
struﬁture and znaulin-ccntent‘pi the panereéas in this
species;  The study of the hietqiogical structuyre of ﬁhe
'pancraas was undertékan in acilaboration.with‘D.'B. dae
Villiers, formerly of this department, and made the aube

| " jeet of a thesisvby the'latter author (219},:vwhe resuitﬁ
will, theféfore,-noﬁ bs rec#pituiatea iﬁ détail; but only
brief reference made to thenm. since thene animais'were
saught invauch 1arg§>numbers (tnese have lately been |
reduceﬁ‘eonéiderably due.to the synthesie of Vit.A.}, éinaa‘
their pancreas is a fairly large, compact organ (30 - 60
QM.;.shcwing seasonnl variatiqns in weight {220) and since
the fish pancre@s gaﬂerally has heen Shéwn te give good \
yields of ingulin, -the extraction ﬁf the harméne fiﬁm this

SOUXCe WOs fullyiinvéstigated. '

{2) Yaterisl and Methods,

In order to obtain the matérial suffioienﬁly fresh
for microscopic examination and insulin extraction, the
writer, on several occasions, accompanied ths t:awlers
of wesBTB ﬂariﬁe Preoducte, Cape Town, on their é&ark

fiahinz-triﬁa. The fi&h wers oaﬁght byﬁnandline and

| weighad from :4@»3:70 ﬁounds. ‘Once on board, theiﬂba

dominal wall was opened and, on spreading out thé ﬁisaera.v;
the pancraeas could be seen as a distinet, solid, yéll@w}ah f
organ adjacent to the aiimentﬁry'canal‘at’the 3unetion Sf f
'stamadh and duodenum. sSmali pcrtxons were removed f@om \ ‘%
“different parts of the organ and these aropped 1nto tne \\$
specific fixatives, seven of these containxng,merourzal '
chioride and six bichromate as potacsium bichromate inm |
splution, having been used. B
| O |
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As the trawinrs were not fitted with freeying éﬁpar--
_ atua and, on uccasiona, stayed at sen for five to aix _
days, the picric asid-ncetone method was reverted to for |
the eﬁtrﬁction of insulin, Thefpahcreabes ware removesd
immediateiy the fishvwere'broughtvaboard and cut up with
scissorﬁ into-sﬁecimen_jara aoritaining a aatunated Aqueaua
salution of vieric abi&.' In nﬁe 1nstanee-the naterial wat
minced, with picric acid cryatalﬁ andea to it, duri s the
process. Fxtractions were made as soon as_peasible after
return to the laboratory; in no ocase did.;ha period of
fixatian-excéed aight days. |

The method of extraetion-wéa that'outliﬁed in Part
11 of this work. In each 1nﬁ£ance'thé'eruﬁa.hy&rcchlara
ide was prepared, no attempts having been made at further
purifigatieﬁ. Neithervwas»the hdrmcne gragared in its
erys¢¢11159 Tur@av Thé h&dvcnhloride wae tested for
: activity by the. method desrribed in Part I oi this work.‘
in aﬂdition one samnle was tésted by thﬁ twin crose-aver

N

rabbit method,

(3) Results and I‘?‘ifs‘cursgmm S ;\__’ : 'v'l
. TN

Regarﬁing.ita miera&c@piclappeéranbe.'tha ob= ‘ N
aervaticné of earlier investigators were confirmed, \
The striking "helle ¥elder® of Oppal are ahownrin :7 :&,
Figure 9, These light fiélds,irragular'in shape, Size \%
and distribution, are ﬁharply:demafcated from the 2
aurrdunding ZYMOL ONOUS tiasue. ﬁith.apecific ataining
methods it is seen that *hgy aonsiat of felet cells,

shiefly. arran&ed around the epithelium of the smaller

e T

du Ot B ’ '_ ) ' -

_;/Fig.g.‘
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of apacial in*erest are the lnz-{:e rumbers af A-

cells pmaent in the emrk panureas. m ezplsmtinn ean»

\he of‘rnred for “hv phytsiologiaal signiﬂmance of *hm. o .

Extraction of the pancrean yieldad amounf.a oz‘

j inaulin e ahovm in Table 35:- -

h.ggszg‘ss.,,

Jo

‘Yialoe ﬂf 1mu3.in from shark pancmas.

- ) xnwlin - - Ac‘bivity of Yé.em xnsulm .7
- flerial hydrochloride - hydmchlﬁride My s per
N0, . Egm/200 gm.sample  I.U/mg, kilo matsrial. .
12 0.742 - 2,46 12,836
13 ’[".o 658 .- ®15 10, 364
: ” . 3.4 11, B9s
3 o. 572 o rras 10, 516+
15 ‘ 0,675: 2.9 9,70
17 0.476 o Uzesy 9, 068
o0 0,608 2 7 SRR 21, 068,

+ A9 dntemme b*,r “u‘x‘l mbbit zw'm-y

- The resul 8 amply cﬁnfim the hiph hwulin sament
of the panoreas in this elaumobraneh spw&ac. Kot only _
do the yields of orude mrdrochiorida equal or excsed thoge

ebtained from moat ‘other soumoa (8: 440 8w, /200 gm. - |
mterial). tmt mlaa thn antmity of the emde matarial io

munh nigher than that fnund for a.ny nther eourae in this-
i.nvestigation. r'rhia aga.in confirme what. waa stated pra=
vioualy, vig: t‘nat uaﬁ.ng the pieric aeiﬁ-acamm methoﬁ
of txtraot:.op, the actit;w af thc‘ orude hydr_nemcnde |

/reraing
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ftmainukeonptant’for Y particulhr asource (avaiﬁge 3.42
unitn/mg.for the shark), but it varieo considerably fram
sourge to souroce (c.f. 0.40 unit/mg;for the Fin whale,
0.80 unit/hg. for_the ehaép,.l.éo unit/mg, for heef,"
1.40 unit/hg; for pig, efc.}. The pbteﬂcy of ths.hy¢r0~
chloride nbiained from & particular source, therofore,
furnishes a fairly aceuxételindicatipn'of the insulin
"gontent of that course. -
Calculated on the basis.df 10,00d,uniia pér kilo
of pancreaé aud a mean wéight of 40 5m.per;pancreas; the
totnl «mount of insulin to bte derived :iOm-thia source |
per moath {i.a;; 13,&90) amounts to 5,200,060'un1ta.
This amount of insulin is obtained from appraximately
'- s,ooohead of cattle. Although tho shark pancreas is
not a paitiéuiariy large organ, it io so fimm And'eaaily
nqcéssiblé, fhat it can be removed_aithin'a few seoconds
by even an unakilleé.wurker. it 15._therefore; c1eér
that, vherever theae.fish are caught in'iaige ﬂumbers
‘(for othér Qur§§ses_auch\aa oil, fértilizer,‘etc{),}
ﬂxtractibn of insulir !rom the panoress-aould‘form a
very profitable hy product ‘
- The large amnunﬁa of ialnt tinsue it aontains can
readily e seen frOm the uentiona on the preoeuing pagea.
The high pronortion of A-celle has alrenay teen come
mented on, "Ha attempt was made to determine the pro-
~ portion of thcao to the B*Oﬁlls. but it is evident that
the pﬁrcnntage 18 much higher than that quoted for the
dog {i.e., 25 per cant). The high insulin content of
the shark pancreas is, ihérefnra; difficult to raeoncile 
with the elaborat;cn of a blood suga“ razsing ‘aotor hy v

& large part of §to constituent cells,

/8
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{4)  Conclusions. .

The extremely pzxmxtiVe relat;onship of ielat tinauﬁ
to the duct myntem.ia well illustratad in this elasmo-
branch species. Histalagical exmination of thi: relation»
ehip furnishes evidence for the theory of islet tissue
formation from the duct epithelium, In thié(pracass'it
appears that clear cells aré'rirnt formed an&.these, in
turn, give rise to'the_granulér elemnnta;- Ho convineing
evidence was nbféinéd‘as regar&a the A=B call rvelation, but
‘4t oceems prbbablétthat the A«~cslls afs.tha Tirst to be féna-
.ed from the clear cella and that thasn, in their turn, may
give rise to Bncella. Ltufficient evidence was obtained to
econstitute a dofinite acinowislet relationship, but whethaxr
thig leads to0 & formation of islet tissue from aciner or
vice versa is not clesr, Available ovidence fgvauis.thé
formef procoess, in which oﬁae the A-cnllp vere always ob=
served to oceoupy & position in butw‘an;auinnrcxnd Bécella.

On extrgétlon,;the-pahorﬁas yisids frowm 106,000 to
12,000 units of 1néu11n pexr kilo. This Boﬁraé-ia,‘fhere* ,

fore, worth exploitation wherever oircumatances peimit.

(3). LLSULIY WO OUTH A#NICAN DOMZBTIC ANIIS
{4) Introdustion.

Puring 1049 the following numbers of arimals wera
slaughterad ié all Union aha;toifn nhdar the Union Keat
dontrbl goard ; 1172,504»catt16,.2.822;580 sheep,and
790, 870 pﬁgé {222}. Tane Union_of'south Africa is one of
the 3¢ co#ﬁtrias whigh, &s regards hgr ingulin éupply.'ia
not self-sufficient but entirely dopendent on import,

From the larger bontxoa a# Uape Town, Johannesburg, Durbtan,
etc. ticten,panarean is at rreaent‘exﬁorted £o Britain,

/oug
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bﬁt 110 material'from thé cmaller centras iz utilized
for the purpose of inculin QZtraotlcn. |

Thim invzatigation was under taken primarily with
a view to obtnining a oriterion {with the methcd of
extraction nued)hy whi oh the insulin yielde from unknown
sources (e,g., whale, ahark} could be campareﬁ and, sec-
sndarzly, to establich tha znsulin content of the pan-
craeas in South Africen domestic animalu, thus obtaining
aﬁ'esﬁiﬁate of tae annual insulin‘ouﬁput tc be expected
if nll materisl were to be utiii¢ad fox eztraction pure=
paees. | |

All pancreﬁsea used tn thisa investigatioﬁ wore
obtained fram ths Capetown abattoir. Tney were xtmuved
as soon a® the animals werz killed and inmediately rushed
to thelaboratory ror ¢xtraction. Lmall samples of 200 gm.
cach were woxked up aéaording_ﬁpithe pioric ncid-acetone
- method, in addition to :hiéh ane large sample {lﬁ-zo,kz.)
of each of beef, pig and sheep was ext.r;cted' with acid
- aloohol and cryatalline‘1nﬂu1invprepared'acaerding to the
zetnod of Romans, Bcott and ?igner'(?7). 'ﬁowavér,
employing this mothbd with fairly laige aaﬁpleé in a
latoratory which is not specially equipﬁeﬁ for the pure
| pose (i.e., with‘a surficientiy 1arge‘baeket centrifuge.
predsure f£ilters, vaocuum still, etc,), i® a difficult
taak, In order to effect distillation of the fairly large
amounts of aloochol ‘sufficiently quickly, dietilling appars
atus from commercial and other research laboratories was
used. Apart fram'npt being eagecially,éuitable foxr the
pUrpose, much time,waé‘lﬁst eonvey ing paterials from labs
~oratory to laborétofw,\and the pio@eaﬁfurther;hampareé by
the fizad'workiqg hours of private institutions.
The overall effget.éf_thia.ias.that, especlally as far as
tho initial annarafionvaf the albohﬁl from the winced nmes,

/the
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‘ths.aépamatsdﬁof ﬁh§.1q3ctivevprecipitnﬁé ot pH3 ané .
‘ .the"*&iatilmté.oﬁ of the aleohol. wexe &zmérﬂe&,‘ thets
nrn@euaes ﬁoulﬁ not bv aanmmplishad witn the rﬂqui?aé  .
"vafreﬁtivenema and . apneda h&?ﬁrthglﬂ&ﬁ. azyagﬁlline;.

,.*i.ng_t_xun wio sucnes:;fully pfepai‘eé in each 'iﬂsttjinﬁé;‘

"{113 'neaul£e an¢ aiapugazonl"

Tha amounta of inaulaﬁ extracted fram beaf, pig'
and aheeﬁ paucreaa b;;r mcams af' the pwna aaid«-rmeten

5_matnnd are shown in Table 33"

Tab‘le :53,

ﬁaxirmm Yzelﬂa inpsulin hydrorhlmr‘ r’!s'» ¥
' obtained, ‘

“¥ieid offansulin Fatpnvy xneuﬁixaﬁﬁbme'
" hydrochloride of hydro= {I,U.} per
o Sample (erude) ingm/200 chloride kilo of :
Soures No, . gm, Sawple 1.4, /mge wel Eancraaa.

. mer 152 0.670. i34 319
o aze . o.e7 . nav o 3960

1,18 S aese -

148 | o822 - 317 36sat

T o8 Ures 3360

Cpig. 0 B 0.094  :, ;';_;i;éz» O 4e80
o ~_\éa‘_j'_p;§§0' | "__}‘ 1.8 . 4785
ga  o.oo6 141 460
SRR T lege - 4062
. . 86 . o.866 . 1,30 - 4330t
féneép'ﬂ'”,;vi‘ :@,6&6‘> B .ciez' 2000 : .
owa o o.sBE 083 "-3425 "
__és; 0.6z S 0.5 - 1860
S ez 0.66 - 2020

1t as determined by mouse assay.










. ' : - isl.

mentioned that the acid »lcohol extr&ction Lad nmtvtaken
place under aptimum eonditioha ina wéll¢equippgd {far |
the specific purpose) 1aborut§ny. dad this been the
casge, the values of.Table 34 would probably have heen
ﬁarkedly higher.' On the whole, howevex, the clains of
earliex investigators for the insulin coutent of the
panoreas have been confirmed alge for South African
domestic animals, That,tha sheep panoreae is not as
vrofitmble = sourve for commercial extraction purposes
iz fully borne but by the resulte,
| If the average welght of the ox pancreas isg Gons
sidexred as 300 gn. anu thﬁt oY tne pilg =28 120 gm., then ‘
the total smount of ingulin to be derivec from these two
aoufcea. if all nmaterial wers utilized, would be
900,000, 000 ang 288,000,000 units respectively, totallimg
1;;83;xnsﬁﬁatmvannuaily {valouluted at 2, 300 units per
Xilo of beef vanoreas and 3,000 per kilo for the pig).
¥o sxmct fnfomation was avaliladle on.thé Union's import
demands for insulin, but it s élear_that the akove fig-
ure exceeads by far the gountiy's Cenand, From these
sources, together with that obtaivable from the fishing
‘industry snd the stute- controlled meal industry, amounts
of insulin wufficient fox tke country's own use plug an
oxportsble surplus could be produdad {no information is
at present available on the~innulin‘c0ntent of the seal
pancreas, investigation of this source being held in
prospect ). | |
From Figures 19, 20 and 21, it is evident tha?
the zino insulin orystals prepared from pig_and‘shaep
are simllar in'apgeérance (i.é, wedge~shaped) mnd of the
game 8ize. Those frOm'bécf, on the dther'hsnd, are micros
eryotals and rhombohedral, Oa two successive occasiong
this same tyﬁe of orystals was obtained from thic sourcge.

b/rﬁ‘ta



192,

' 'Iet, the pracedure fonowad wae mctly the same in-
veaen.inatanag. It seeum, thorefore, that other faatarﬂ
veside the pi st which orystallisation is effected are

goncernsd with the ultiméxe ghape and size of the’éryatals."
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SUMEARY .

1. The effeeﬁ'gf graded doses of ihsu&inx(ﬂiéﬁQﬁ»Sﬁ'uni%/
2 ke., vary;ng wi?h O.QB unxt} on the hload augar of
faatinp xabh;t; has been studiesd,
2s | ,vzﬁence was obtained Thnt nmali‘dqﬁeéiof.inauiin show
a wellggradea-hloac sugar-r3399§gn.v- o
S;Thh‘dbsageQreanaﬁae rurﬁés and thp dbbage-réanunbe 1ineé
were drawn by nzottxng regponse mgminat dasaoe and agaznat

the 1agargthm of the aase re&unativazy.

4, Tna 6ahagaur9snonoe chrVGm shn% nharmrteriatzc flattmning

at the higher and: iawcr dnaage lnvq;s,f bhaso haV@'heeﬁ

arruea to be due to t@ﬂ 1ang a weriod svev ﬁhi0h nfxeot is

maasure& anﬁ too short = ﬁoriaa rewaaot1v01ya Addustmenﬁ
of the pcriod ef t?ﬁtxnp and’ th; blceding hchedule _
fnllﬁwcd to thp dosa would regsult in nraperiloﬂalxty of

| Gose-reunbnae over a muvn wxéar range. ‘ ‘

8, Tna effest of tkeae docoes. can be dctﬂlﬂéﬂGQ bJ meauurlnﬁ
{i) the average ab»olute full aver a- pericd of threﬁ”'
haurs, ar (ia) tne awezagﬂ'@baalvtg fmil at thc Gﬂ& of
the_sacandAhaur, o: (;Li) the averape &bsoluta blmod sugar -

'-1eve1_a$'thé end of the second hour,

G.Calculation of the standurd Jeviution and the. vooffzczent

of var&ﬁéiéﬁfiﬁ.each instance 1ndiaates that of the
.'thrﬁe:prﬂcnéureé, the 1wat givaﬂ Thw moat rplaahle roe .
sulisi In. & aimzlazzy traateé group of rpbbits, thﬁ
‘dnitial shvar value can ha diﬁcavdad and calﬁulataons
baﬂna on L%a uneolutp bieod au?ar 1£val twe hours after
inje etiaﬁ, anly.- ‘ , |
9. It i uggested ﬁhat in fhe aGany ﬁfllﬁéulin, tha biaoé
sugar iavel iz a mnre aﬂnuratr m@asUIEma - of etfent
than the fa¢3 Gf thp tlood sugar (exnressed alther a8

/ﬁbuolute o
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B abosiute. or peééentagp).
. - A eaarae mmthoﬁ of aasay ta be uaeu whare 1arge numbera .
| .of unknown Sanples are coﬂcprned is prapoaeﬂ and dis~v
eusséﬁ.‘ Thevhasis for thlu-ﬂﬁthﬂd 15 a yredecermxnna
 { iﬁg'doee ~'ré§pén59 eurvé’ nlottiag the abaoluza biooﬂ
| gugar level twa hpure after iﬂgpctinn againat the
logarithm of the dose. g | ‘
9 Th? picric aeaé«acetanﬁ mpthad af inuulan extractxﬁn
1  has heen fulJy invpstigated o
"&Gw&eat@ne‘ngs no specific niurility for iﬂ sulin vicrata
]aa éuch, but rathér for the entire @@np?ex of acaampanyh-f
'; ing prote in piarntpé.’ Toe natimum emnaenf ation of .
' » : aue%ame ior this purpaae waa foun@ to be about Sﬁgggf
‘ aént@'; ‘ - _ _ | va | : |
izl;The anbulin hydraahlmrxﬁe O obtazned ig a erude
| praduot thp ao?zvify of which varies mifh thn source
from which it is derived. The zctzvzty of tne h:srdrn~'
nhloride furﬁishé&‘é~fairly acourate estsmate of thp
inﬁuiin content of the gource, = 1 |
Ig.The prfeot or dmffarent tactors ﬂuvh as tlme 01 ﬁzxaw .
tien,_acatane, eonvaraion of ?h@ w;crate to the '  |
‘hydﬁdehlariée, stability mf the hyﬂraahlmrxﬁa ptagf,u
ﬁas inVoﬁtipafﬂé ~ The mos it nutstaﬂding f@nture at“‘-
'_"tirm 'method is tms M"abil.tty ﬁf uhr—‘ ‘p?l‘rﬂte.
:5k13¢§hs yi@lﬁ of insulin by this ret}cd pxeeeaa}théﬁ of
the seid wlrdhal mpthod‘ - ¥orx. axnaralertﬁi wark anﬁ<
extraatzom on ﬁmall eﬂalv it is ta be recwmmended.
lxlé.The uee of pmuxie aﬁid a8 quch, wﬁah its htainmng and
other apavific quazitiws, is tnﬂ ﬂhiof ﬂis&dvantage nf
| %he ﬁmtauﬁ.,‘ | ' | |
.15  The innulin nontﬂnt af thp pannreas 1ﬂﬂtn@ whalﬁ,
.‘"vaaihﬁa;" anﬁ Seuth,ﬁfrznnn cat%le, piga ana sheep
haa bpen iﬂveﬁtigatwd o v -
/16,



16, The pancreas in &hexﬂlue whale, ¥in and Humpback
Léinatuxally pbor ih inéulin, yialdihg'froﬁ.l'GGQE
1, 500 unxta ppr Lzlo qf materinl. 1ha1 of the
bnennA on tnn other hand ;6 murk higher, apprnximaw 
tlng beaf paner@qu.‘ on thc anTQ, commereial ex-
tracflon of insulin from *hms LORIC& xnnet be :
| prafitably andertaken. Adﬂﬂa to this ig ﬁhe rapmd
L.loss,éf in ul in which ocrvra ehiefly 55 Q. resuit of
the method of i lliirg Lhe animaﬁﬂ. ”"}
17 A a*udy of oh@ hz'tﬁlarzcad 9tructuve of the pancraas
: ih thb "Vaalhawi" Was undertaken. - This ﬁlmnmabranch~.
J speéie fvrnlrhea muppurﬂing'aviﬂpnom for tha furma~
fionA01 acinar anﬁ _nlﬂt t;srue fram the tubular )
' epitﬁéliﬂm, |
.~18,Thé Shari. mancrqus ha;'% hiﬂh inamliﬁ_éuntent';
10, 600»12,000 uni’{:"i per mle. mwr;pfhp?sa 'fiéh afe»
‘,caught 1n‘1arge numbera 1nsu11n ﬂouﬁd conﬂtltute a
valuablc byaptoduct.,""
_ 19 Thc clahns af uzrlier inveutigators regardxm ‘the
- 1nau1¢n content mf ‘the pwﬂcrﬂas in cattle pLgm nnd
aheen have been »onfirred 4
gb Poal;ng of 31l raw mntcrza‘ 1n South Africa cmuld
| reault in thg production af Auiiiuient ;maunts-af
-insu&;ﬁ xaz',ha country's conﬂmnptlan pi&é éﬁ

. exportable surplus.
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