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The t1verago yields of insulin and we i ghts of P:''1crec..s f r om 

Jew Zealand s hGep with age have boon deter mined to ascertain the 

economic possibility· of large--scal e production of insulin. Acid­

ulcohol extractions of the pancr eas [lands w:.::.s us ed t o extr act the 

insulin n..~d thre e methods of obtaD1ing insulin from the alcoholic 

extr act were investigat ed . Insulin yields using the ether counter-

current concentration of th--, extract or the a l g inic acid adsorption 

of insulin f r om tho extr.::..ct wore four to su times that obtained by 

v 2cuum concentration of the oxtr:1ct. 

A double n.nti body r 2.dioirrnunoassay ui t h human insulin antiser um 

was used to measure t he i nsulin activity of the rtlcoholic extr2cts . 

The yields of insulin f r om sheep p:.mcr ea.s ,.,,,,er e O. 2 to 2. 0 international 

units per gram of pancr eas, ~nd t ho yield t ended t o decr eas e ,4s t he 

s heep aged . other assay •rie thods investig;:-..ted were µ:i.pe r chro11ato­

grnphy, bioas say and r ac1 ioim.nunonssay of cr ude insulin, 

Crystalline s heep insulin of the r hombohodr ::,.l type wGre obtnined 

and s ho1,m t o have similar e l ectrophor etic pr operties to that of 

cr yst .lline b00f insulin. 

Pancreas we i ght increr.se3. ,;_s thL:: J.:.1i n::-:.l "'lc.tured . ii. Jecr eusc i n 

pwicr eas we i ght w.:i.s observed in five year old sheL:p. In t he :J.ge 

r ;::i_nge 42 days t o five ye:u-s, si.J< Jiffcr ent er owth ps..,r i ods wer e observoc... 

Tho yields of insulin extract abl e from c .. single pancreas are fifteen 

to fourty inter national units, the nverage yield bei ng twenty i nter­

national units per p~crens glands . 
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INTRODUCTION. 

In 1921 Banting and Best were the first workers to successfully 

obtain the active substance insulin from the pancreas . The dramatic 

clinical benefits of the hormone were i mmediately apparent and insulin 

has become the most important commercially produced protein in the 

medical field. It also has a unique place in protein chemistry investi­

gations as it was the first protein to be crystallised, the amino acid 

sequence determined and a biologically active molecule synthesized 

chemically. 

Methods fo r producing insulin were developed by Scott and Best at 

the Connaught Laboratories, Toronto, in the early 1920 1s. The Insulin 

Committee set up by the Connaught Laboratories selected Eli Lilly a~d 

Company as the first pharmaceutical company to manufacture msulin . 

Scott and Best daveloped methods for the preparation of insulin, includ­

ing large- scale production methods and these methods were sent to inter­

ested manufacturers throughout t he \.r:,rld at regular i nt erval~ (Best 1960). 

Active work on insulin has continued both at Connaught Laboratories 

and at the Banting and Best Institute in Toronto . The more recent work 

from these groups has been on the physiological effects of insulin, modes 

of insulm action, and factors aff ecting secretion of insulin by the 

pancreas . Hany other laboratories throughout the W.Jrld are also invest­

igating similar aspects of insulin. 

After preliminary work on insulin extraction in the 1920 1 s most of 

the work on insulin extraction has been done by pharmaceutical companies . 

i1any of the results on the extraction process, and factors affecting 

yields of insulin obtained have not been published. The ease of extra­

ction, high yields and the availability of large quantities of glands 

have led to the extensive use of pig and beef pancreas for commercial 

production of insulin . Whale and fish pancreas glands have also been 

used for insulin manufacture but pancreas from other animals such as 

buffalo, sheep, goats or horses have not been used for the commercial 

production of insulin due to the lower yields obtained, or to large 

quantities of glands not being r eadily avail able . 

The structure of insulin differs between species (Table I) . Devel­

opment of insulin ant ibodies by the human body varies with the s tructure 

of admini stered insulin. As pig msulin has a similar structure to 



that of human insulin, antibody development is minimized, making pig 

insulin preparations more desirable than beef insulin. Sheep insulin 

has a structure more like beef insulin th31l pig or human insulin. 

AL·~ OF THE PRESENT INVFSTIGATIOI:.J. 
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In New Zealand large nu.11bers of sheep and lambs are killed annuall;f 

(Tb.ble IV). Large quantities of pancreas gl'.llldG could easily be 

collected from the carcasses, and com11ercia l production of insulin from 

sheep pancre.:1s may be feasible if t he yield of insulin is sati$factory 

a.rid the price of the pancreas is suitable (Ferguson, 1970 ). Little 

work has been published on insulL'1 yields fro:n she ep pancreas. Report-

ed yields from sheep pancreas vary from 0 . 7 International Units (i.u.) 

per gramme (gm) of pancreas gland to 8.2 i.u./gm (Table II). Willes et 

a] (1969a, 1969b) investigated the cytological localisation of .insulin 

and the insulin concentration on the foetal sheep pancreas. The insulin 

concentration increased with age of the foetus to a peak average value 

of 5 i. u./ gm just prior to birth, but the insulin concentration in lamb 

and sheep pancreas glands studied in the sa:ne investigation decreased 

with age. 

Several factors are known to affec t the yield of insulin from 

pancreas glands . One of the :naj or factors, other t han the processing 

method, is the age of the ani mal. Insulin concentration changes with 

nge have been shm-m to occur in beef (Fisher and Scott, 1934), human 

(Jorpes and RastgeldiJ 1953) and mouse (Sne~,rd, 1964) pc.ncren.s . Insulin 

levels in sheep pc.r1creas glands, c.nd the variation of pancreas gland 

weight with age hl'.s not been investigated except in the limited study 

of Willes et al (1969b). 

The aims of the present study are to: 

1. Study analytical methods for extracting insulin and select 

a suitable method for investigating insulin levels in sheep 

pancreas . 

2. Ascertain the amount of extractable insulin in sheep _F.O.ncreas 

and obtain a relationship between the extractable insulin content 

in sheep pancreas glands and the age of the shee~. 
J. Relate the results obtained for insulin content to other 

analyses in other laboratories . 

4. Obtain a correlation between t he pancreas weight and the age 
of' sheep. 
5. Obtain crystalline sheep insulin. 
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CHAPTER I. 

THE PANCREAS , DB ULIN Al'ID DIABETES MELLITT..B • 

A, THE PANCREAS. 

a. §ituation: The pancreas is an .irregularly shaped pale-pink 

organ covered by a thin l ayer of connective tissue which does not form a 

definite fibrous capsule. It is attached to the liver and the diaphragm 

and lies between the stomach o..nd the duodenum. Because of its shape, 

the pancreas gland is usually described as having a head, body and tail. 

A duct through which the pancreatic juice is secreted leaves the post­

erior part of tbe r~ht border of the gland, and in the sheep this duct 

joins the alimentary tract at the bile duct . 

shovm in Figure 1. 

These relationships are 

b . Structure: The pancreas is a compound gland, having both 

exocrine and endocrine functions. 

1 . Exocrine cells: The Exocrine portion of the pancreas is com­

posed of pyramidal acina.r cells for~ing lobules, which are bound together 

by loose connective tissue rich in capillaries. The apices of several 

cells converge to a central lumen. 

The e.oinar cell has a large s pheric.?.l nucleus and the bo.sal two­

thirds of the cell is characterised by rough-surfaced endoplasmic 

reticulum. The apical third of the cell is occupied by a large Golgi 

complex and numerous z;ymogenie granules in various stages of maturation, 

When stimulated, the z;ymogen granules secrete their enz;ymic contents, 

usually in CU1 inactive form, into the lumen . The contents from the 

~any lumina drain to the pancreatic duct and are secreted into the 

digestive system. 

2. Endocrine cells . The endocrine portion of the pancreas is 

usually called the islets of langerhans . The islets are aggregations of 

irregular masses of pale cells scattered between the acinar cells, and 

separated from the acini by a thin layer of reticulum. The volume of 

islets in the pancreas can vary , but usually is about 1 % - 2% of the 

total gland volume. The islets ere twice as numerous in the tail as in 

the body and head of the gland in the human pancreas. (Netter, 1965). 

In cert ain species, e . g. fis h, the i slets and acini are spatially 

separate . 
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The islet cells contain many granules, and different t ypes of cells 

can be distinguished by the variation in density, shape and ultra­

structure of the granules . 

Alpha cells are r elatively l arge , and contain many spherical highly 

el ectron-density granules. 

thought to secrete glucagon. 

ance between species. 

The gr anules a.re alcohol insoluble and are 

Alpha cells do not differ much in appear-

Beta cells are s~aller and occur more frequently than the alpha 

cells. Beta cells cont ain many irregular sized granules of medium 

density. The granules are alcohol soluble ::.nd secrete insulin. 

Species difference in the structural appearance of the secretory 

granules is well docwnented (Boquist, 1970) . 

Delta cells have not been found in all species investigated. They 

a.re small cells, with pale cytoplasm and do not ap~ear to have any 

granules. 

c . Pancreatic Enzymes: The enzymes present in the pancreatic 

juice c.nd in the zymogen gr1111ules of the ac i ne.r cell include proteases , 

lipases, amylases and nucle1:..ses . The protolytic enzymes 2.re present as 

inactive precursers e. g . trypsinogen , chymotrypsinogen, procarboxypep-

tido.se. The relative concentrations of the enzymes differ in each 

species, being dependent on the diet of the tmime:.l . The enzymes 

pr esent in the pancreatic juice 3...Dd zymogen eranules of bovine (Keller 

et al, 1958 ; Keller .'.Uld Cohen, 1961 ) and hume.n (Preston and Kukrnl,1962; 

Keller and Allan, 1967; Allnn et al, 1970) pancreas have been investigated. 

The enzymic activity of pancreas gl c.nds from pigs (Avrameas, 1966), 

young pi gs (Lewis et al, 1957; Hudman et al , 1957), l ambs (Walker ,1 959 ); 

calves (Huber et al, 1961; Gorrill and Thomas , 1967) has been investi­

gated. Schingoethe et al, (1970) determined the size and proteolytic 

activity of the pancreas from cattle, sheep, chickens, rats and mice of 

different ages . 

d . Pancreatic Hormones : Two hormones are present in the pancreas­

insulin and glucagon. From indirect evidence it has been deduced the 

alpha cells produce glucagon and the beta cells produce insulin . 

The relationship of the alpha cells to glucogen production rests on 

fairly general evidenca. The distribution of extractable glucagon from 

various portions of the pancreas parallel the relative abundance of alpha 

cells, and these cells stain with fluorescent antibodies, specific to 
glucagon. 
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The beta cells are thought to be the site of insulin synthesis , 

storage and s ecretion because of:-

(i) the strict parallelism be t ween t he abundance of gr anules 

ru1d the content of insulin . 

(ii) the observation that beta granules are the only cellular 

structures of the islet to which the spec ific insulin 

antibod i es can be attached . 

( iii) the e ffect of alloxan, which produces diabe t es by injuring 

t he beta cells without visiblo ch:1,.'1ges in the alpha- cell 

s ystem. 

Zinc is present in the islet tissue in compar atively large amounts 

but may not be a necessary, integral part of molecule 's hor nonn.l acti or 

(Netter, 1965) . Zinc may be the complexing agent which mnintains the 

beta gr anule in aggregated forms . 

1 . Insulin . The hormonal etction of insulin includes lowering 

of the blood sugar level ru1d promotion of the synthesis of glucagon, 

fat and pr otein in spec i fic cells . If insulin is absent in the body 

or not present in on active form the blood sugetr level ris es, as t he 

sugn.r cannot be transported across specific cell walls ru1d membr anes . 

Insulin does not initio.te pr ocesses i n the body but influences t he 

r ato of some enzymic processes . 

Th0 m~chanism of insulin biosynthesis, s ecre tion und o.c t ion is only 

partic.lly understood and r ece nt evidence suggest that t he complexity of 

insulin action is gr eat er than pr eviously thought . From t he results o; 

several studies (Falkmer a.nd Wilson, 1~67; Wessells and Cohen, 1967) it 

appears that pancreatic cells o.r e present in spec i es o.t l oo.st as primi­

t ive as some tunicates, with immunologically insulin-like m2.terial 

being found in snails, starfish and the e a.rli8st vertebrates. Bet a 

cell development arrl insulin s ecr etion in the pancreas has been demon­

strated in the fetus of mice (Dixit et :.1 , 1964) , lambs (Willes et al , 

1969a ) and human (Grillo and Shima, 1966 ) . The insulins , as a group 

of proteins, se em t o be essential for the survival of most s pecies 

because of their unique r ole in controlling the storage or utilieution 

of food in the body. 

Many factors can affect the synthes is and secretion of insulin 

from the plncreas . Due to the uncertainty of insulin action and 

factors affecting insulin s ecretion there have been many recent pa:pers 
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on the biological control s ynt hesis, storage , and secretion of insulin 

( Buchanan et a l, 1969; Cr ockford et a.l, 196? ; :lilner o.ncl Hales, 1969; 

Steiner, 1969; Renold, 1970 ) . 

2. Glucae~n controls t he br .Jakdown of l i ver g 1 ycogen nnd foc-r eo.e s 

t ho blood s ug.n level . It is often pr es ent o.s un L'!lpurity i n co•,unerc io.l 

insulins . As the prir:io.ry struct ur8 of tl!.,a c:.nino :.::.c i ds i n g l ucagon 

d i f fe r f r or:1 t ho primary structure of i nsulin it is concluded th['.t glucagon 

is not n degr cdation product of i nsulin . '.t'ho hor"lom.l :,ction of glucagon 

has not been i !.W8stiga.ted ns full~" .:..s ins u::. i n but many fc..ctors uffe ct 

gluco.e on secr etion lllld the, r1et:lbolic p2.th\1;:1.ys D.ffected by gluco.gon ecr e 

not ful ly knowr ( Fr ohr1,m, 1969 ). 

The r e i s no definit e pr oof that other substonces such o.s lipoc 1:lic, 

vagoton:L.'1 and ko.llekre in ar o s ecreted f r om tho pa.ncr E::o.s or are pancreat-

ic hor :nones (;Ioussuy , 1958 ). l'Tew studios using co~1par3.tive histo-

physiologiccl t echniques on t he isle ts of k.nger hans :no.y show t hat a 

hor mone, Ct. t pr esent not i denti fied, 'J.2.y bo pr oduc ed by t he deltn cells 

of the pancr oc,.s (Epple , 196S1) . 

Chemical anC?.l ys is of i nsulin wus i n the pr elimfao.r_y s t o.e es i n l a t o 

1924. The protein nature o~ i nsulin w2.s not 1· ecogni sod i n ca.rly 

i nves tigc:-ctions ( Bes t and :·t·c::..eod , 1923 1 ? i per e t 21 , 1924) . This r!'lU,f 

h'.lvo been beco.use t he i nsulin ~:v::i l ablo o.t thc.t ti 'TIO w.::i.s not very pure , 

having n.n. :-wtivity of only 12 i. u. /::ig'TI (Best, 1960), or because the 

insul i n solutions were too d. iluJ.:,o fo:,, '). positive p:coT,oin re ,J.ction to be 

de t ected . A l ::r ge numbe r of diffc r e11t ·:iethods for extr -:i.c tion o.nd puri­

f ic&tion wer e inves tigo..tcJ to obt lit1 tho pure hor :.1one. Tho experiments 

of Abel ( 1926) l ed , in ti1:1e , to tho conclusion t:w.t insulin is o. compli­

c at ed pr otein, C0'11pos ed of amino r,c ids m1.d devoi d of any extr ,:me ous 

o.ctivo groups . 'l'hi s conce pt c ould not be r econciled with the contemp-

orary theories on protein structur e c.n-~ the scientific community wo.s 

ex tremely r e luctant to accept Abel ' s evidenc e o.nd believed that hi s 

insulin crysto.ls must cons i st of the true hormone of u.nknO\.m chemi cal 

nature adsorbed upon n protein car rier. Thus, the er.!rl y discussions on 

the chemistry of insulin pnrallel t he controversy t hd a ros e during the 

s wne period ove r the chemico.l identity or enzymes. The work of Abel in 

t he crysta llisation of insulin c a..n only b e appr ecia t ed i n r e trospect as 

t he importance of insulin i n the o.dvance:nent of the chemistry of 
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biological s ubstances was only gradllillly apparent. 

a . Molecular weight . After several investigations, the s mall est 

unit of insulin, a monomer, has been found to hc.ve a molecular weight of 

5700 (Kupke and Linderstrom- Lanc, 1954). Except under special condit­

ions , the stable unit in aqueous ac i d ic solutions is the di~er ( Low Qnd 

Einstein , 1960) . 

b . PrimCTy structur8 . In 1935 Jens en 1.rid Evans demonstrated t hat 

phenylalanine wa.s one of the ter.nino.l ::unino c.cids of insulin . This wr.s 

t he f irst time t he posi~ion of an amino ac i d in o. protein hn.d been 

demonstr o.ted. :Sy 191+3 the be.sic principles of protein chemistry wore 

fir mly es t ablished. The di fferences in both the physical and biologi -

ccl properties of proteins wc.s thought to bo due to 1.Uffor ence s in the 

o.rra.ngements of t he amino ac ids . Chibno.11 (1942) studied insulin i n 

consider abl e det t:il. :Ie f ound that insulin had a hi gh cont ent of f r ee 

alpha- amino QC i ds indica ting t ho.t the pr otein was composed of r elative l y 

short chains . 

In t ho ten yc or period 1 \)45 - 1955 Sanger and his colleagues devel­

oped the new r.1_,thods of dinitrophenyl .'J.mino acid nd- gr oup lo.belling, 

enzymic breakdO\m of prote ins, ':.nd acid hydr olys is to identify the 

positions of specific amino ~cids i n proteins . ?hey applied t hose 

methods to insulin and eluc i dc..ted the structure of the phenylalanine 

chnin (Sanger an--1 Tuppy, 1951 ) and the gl ycyl chai n (S::i.nger and Thor.i~on, 

1053) . Us ing d isulphi de interchungc r 00.ctions (Ryle end Sanger , 1;55) 

the position of the d isulphi de bonds w.:-ts found . Tho pririwry structure 

of beef (Ryle et al , 1955) , pig and s heep (Br own et nl , 1955) , hor se and 

whale (Harris et al , 1956) insulins were fou.'1d by tho snmc gr oup of 

worker s . ThE- D.Di no ac i d s equence of sheep insulin i s g i ven in Figure 3. 

Since t hen th(; primary s tructure of insulins of t he following 

species have been obtained: humo.n ( Nicol D.11d Smith, 1960 ); sper m and sei 

who.le ( Is ihe..ra e t a l , 19 58); cod ( Wilson and Dixon , 1961 ) ; fin whale 

(Haina et al , 1964); el ephant, goat, r abbit, guinea- pig and chicken 

(Smith, 1966 ). 

The A- or glycyl chain of insulin has t wenty- one amino a cids with 

an interal disulphide bridge in the : 7 - 1111 pos ition. Most of the 

amino acid sequence differ ences between s peci es occurs in the amino a cids 

within this disluphide bridge. Cattle , pig, shee p, horse and whale 

insulins have an i dentical amino acid s equence except in the positions 



A chain 

B Ch,in 

('----'' \,.) .. J ·-1 
I 

H-Gly- Ile- Val-Glu-Gln-Cys-Cys- h.l o.-Gly-Vc..l- Cys-Ser-Lcu- Try-Glc1- Leu-Glu- Asn- TyT 
1 J 6 I ,,, 12 1 5 1s / 

S HO-Asn-Cys 

I ~ k 
s I 
I s 

H- Phe-Val-Asn-Glu- H!is-Leu-C;ys--Gly-S ur-iris - Leu- Val-Glu-Ala-Le u-Tyr- Leu-Vnl--2ys-Gly 
1 J 6 S' 12 15 18 / 

I 
I 

E0- 1:.la- Lys - : r o- '.'.'hr-T;yr- l'ho- Phe-Gly-Arg-Glu 
JO 27 24 21 

Fr o~ : Sober, 1968 . 

Figure J . 
A1Il'JO J.,CID ::EQur;,.:c;-r, OF s !EE? r,B :JLL:. 
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• The B- or phenylalamine chain has thirty runino acids . 

Speci es differences i n the primo.ry structure of the B-chain can occur in 

mos t of the oositions . (T2.bJ_e I) . 

Except. for the notable except Lons of the guinea- pig str ucture, the 

insulins of the r'lZ=,mmalian species studied differ f r m'! ,J. coi1.:.1on insulin 

structure by only a few 2.,.1ino 3.cids in selected pos i ticns . The cho.nges 

in sequenc2 produce no 2.pparont chzrngc j_n biologicc,l _tctivity , although 

the more disto.,_'1t t he insulin structLw.'o of :1.dr:1inistered insulin f1•0 ,11 t.h8 

insulin of the r ecipient animal, the less tho biolor, ical act i vity 

(Falk.mer and Wilson, 1967) e . e, c guine,,· •pig insulin is only one quo.rter 

as effccti ve in cattle clG in the guL'1ea-~ir, . Chicken i nsulin is as 

active as crystalline be.af, poi"~: 2.l1c1 s heep insulins in an I L'1 vitro ' ro.t 

diaphrgl:l bio:issay, but is i1ore effec-'.;ive i;1 int:.1ct chickens tho.n equivo.--· 

le11t c..:1otmts (by ,might) o~ :1c:,•-:1t:12.lfr.n insulins (I-!a~cluood et. al; 1968), 

From the limited 11.unber of a:ninc acids involved in the species 

difference of insu.J.ins o. possibl e sequence of mutations fror:1 a central 

insulin structure hns b8en developed (Srtith, 1966). -~s the nlli":lbGr of 

insulin st.rn~tn:.res lrnoi,rn is smr.11, not :nuch 1'eli.cU1co can be placed on 

the pathway developed. 1i.ll ·,1c1,,,nalisn ,,eque:mces lmmn, except guinea--

pig insul5-..n, can be derived fror.1 th€ centrc.l struct1-1re by .'.:1. single;: ste:. 

1.1ut.:ition, Oj~ '3. s:nll nu·:-t"..Jer of ,nu-~[ttions. Th'° r 2.t is the only :no.rarml, 

to dato, fror-1 uh:i.ch :1or-c tho.i:. one ins ul in 11::s been ~solnteu, :~lthough 

·,mltiplo insuiins -; ,::,_n occ1x:· :c'..r1on;::; _;-jshes (S.':'.ith, 19(6) . 

The relationship of the phys.LoloricG.l ac t.ion o:, insulin to its 

che r.1 ical Gt:i:'uctuxe ho.s been i 'WG'.Jtigf'.teJ, :mt little is known as yet. 

Th-_; disulphide bondr ,:.ro neceosary for the bi ologicnJ activity of 

i nsrtlin, Degi' edo.tivc studies imvo shown that the ,'.arocxyl -~01·,nLc.o.l 

ulo.nine of the B- -cho.in , and the m.1ino groups of as paragine on -c.he 

carboxyl t er mind of tho A--chc.in are not :iJnpartant for determbing the 

b i ologicoJ. activity of insulin (Carpenter, 1966) . 

c . '.c['_E_?y_t_iary structure , Abel obtR.ined crystalline insulin l at e L'1 

1925. He used a series of isoelectric precipitations, brucine adsorp-

tion and solvent extr act.ions to obta.in the crystals (Abel, 1926) . Afte:,: 

his initial success Abel failed to obt~in insulin crystals from differ-

ent batches of pe.ncreatic extr acts. The rens ons for the failure, and 

t he difficulty of obtaining crystals was thought to be due to changes in 

the extr action ~ethod of crude insulin from pancreas , or to hydrolysis 



TABLE I. 

Species Differences in Insulin Amino Acid Sequence . 

A CHf,.IN B C1U~IH 

A4 A8 I 
~ A10 1..., 2 ll.13 ];_14 A18 B3 B4 B10 B14 :g17 B20 B21 322 :g27 B2S BJO 

r,fun t Glu Thr Ser Ile Ser Leu Tyr Asn Aon Gln His Ale. Leu Gly Glu Arg Thr Lys Thr 

Pig, Dogj 

Fin Whale Ala. 

Rabbit Ser 

Guinea Pig Ser Arg Asn Thr Ser Gln A.sp Lsp Ile Asp 

Cow Ala Val J,.la 

Sheep lila Gly Val i~la. 

Goat Lln Gly Val f,.la 

Horse Gly Ile JJ.a 

Elephant Gly \fal 

Rat 1 J.sp ii.la Gly Thr Thr 1.rg His Ser Lys Ser 

Rat 2 ii.Sp Lys .Met Ser 

Sper m Whale 11.sp J.,]_o. 

Sei Whale ii.la Tbr J.fo. 

Chicken His fl.Sn Thr JJ..a Ii.la Ser Ji.lo. 

Fr om : Sober, 1968 . ,o 



of the protein, but t hese r easons \.Jere later found to be wrong. 

10 
It has 

been fouI1d t hat zinc , or related heavy ,aet a ls such as nickel , cadium or 

cobaJ.t, is necess.::iry for crystallising ins ulin (Scott, 1934) . Polymer-

ization of i nsulin in aqueous solution only occurs -with difficulty if 

metal ions, especially zinc i oi1s, ar e not pres ent ( ;1arcker and Graae , 

1961 ) and crystals from which t :1e heavy ··1etal has been r e,:-ioved can not 

be success f ully r ecrystslli sed , l~ucleat ion and growth characteristics 

of insulin crystals have been studied (Schlichtkrull, 1956; 1960; 

Harcker, 1960; Jeffrey and Coat es, 1966 ) . 

Recent stud i es Ufarc l:er and Graae, 1962; :~dmns e t al, 1969) have 

confirmed that the l a ttice-like structure of the r,10st cor.irnon, or r hombo­

hedral f orr.1 of crystalline zinc-insulin depends upon t he bonds created 

by a variable number of zinc ions . The a•nount of zinc and t he stage at 

which it is added a f fect the ease of crystallisation. Orthorhombic, 

monoclinic, and rho~bo-dodec ahedral fo r ns of insulin crystals have a lso 

been observed (Schlichtkrull, 1956) . 

Al though insulin was crystClllised by Sbel in 1926 , data from t he 

electron density ::10.ps l eading to the s9condary and t ertiary structure of 

crys1:,ai.Lrne ins t.urn heve only r ecently been published (Il.da;as et o.l , 196,) . 

The insul.i.;1 hexaner is n co·np~ct , oblate s pheriod forr:ied by co·-ordination 

of three insulin d i ners 1:i.r o1.1J.1d two zinc ions . Two crystallographicu.lly 

independent mol ecules can be diffa:rentfatecl i n the el ectron clensity ,"'la.ps .. 

They each have a. sinilcJ.r i nter nal organiso.tion but are not quite i dent i .. 

cal to each other. L1 each r.1olec 'J.ls the A-chain is 1. cor:ipuct unit wit' 

the B-chain wrapped around it. 'J ne closest series of contacts between 

t he two i nsuli.11 r:1oleculcs occurs between the extended B-cktin r esidue s 

B23 - 328~ 
Some of the residues which are associated with t he bi ological 

activity m.~e found on the surface of the hexa•ne r. The unusually hi~h 

reactivity of the disulphide bonds in native insulin is thought to de­

pend on the integrity of the native mol ecule suggesting that the disul-· 

phide bonds are involved in t he hormonal action ('.1assaglia et al, 1968). 

Insulin will for m fibrils if a slightly acidic solution is heated 

(Blatherwick et al , 1927) . These fibrils will revert to crystalline 

insulin if treated with alkali , (Waugh, 1948) . The fibrils are thoug ht 

to be formed by endwise linking of the monomer units, perhap:, through 

the guinidinyl groups of arginine, (Philips and Mercer , 1953) . 



d. 

11 

Synthetic insulin. The total synthesis of biologically active 

sheep, beef a..'1d human i nsulin has been accomplished in several labora­

tories (Zahn and Zabel, 1962; Katsoyannis et al , 1963; I(ung et al , 1965). 

Beef insulin was obtained in crystalline form -with a biological activity 

identical to that of native beef insulin. The du Vigneaud method of 

of synthesis was used; Peptide frag ments were condensed, the t hiol 

gr oups being protected by benzyl groups. The benzyl gr oups were then 

removed by treatment with sodium. in liquid ammonia and the thiol groups 

oxidised by air . The yield in each of the r eaction steps is s mall and 

would not be suitable for the s ynthesis of insulin on a commercial scale . 

Overall yields are in the order of 0 .02 - 0. 7% of the initial r eactants . 

The most difficult step is the r ecombination of the !1 and B chains. 

Yields obtained f rom this r eaction are 1 - 10% of t he t heoretical yields 

although Katsoya.nnis and Tometsko (1966) obtained 60 - 80% yields in a 

modified process. Solid- phase synthesis of bovine insulin (Mnrglin and 

Merrifield , 1966) gave higher yields . 

A new method of synthesis could "!Je: 

1 . Synthesis of the peptide chains on a solid support. 

2. Replacenent of the benzyl groups by other pr otective groups 

that can be r emoved raor o gently t han the sodiwn/liquid 

a:n.".lonia reaction. 

3. Combining a pre- oxidized A- chain with c. sulphonated B-chain 

(Zahn, 1966) . 

The total synthesis of insulin by such a technique :nay allow the 

development of the total synthesis of proteins of gr eater molecular 

weight than insulin, and make possible the com,:i.ercial production of 

s ynthetic insulin. 

e . Proinsulin. The biosynthesis of insul:L.'1 through the larger 

molecule , proinsulin, was first demonstrated in human islet cell adenomata 

(Steiner et al, 1967). Subsequent experiments with normal islet tissue 

from other specie s have confirmed that proinsulin is the precurser of 

Lrisulin, and it has also been s eparated from commercial insulins. 

(Steiner et al, 1968). 

Proinsulin is a single polypeptide chain of molecular weight about 

9000, beginning at the a111ine ( N) - terminus at the B-chain sequence of 

insulin and ending with the A-chain sequence. The A- chain and B-chain 

are joined by an additional polypeptide (C-peptide) of 30 (bovine -
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St e iner et al, 1968) or 33 (porcine - Chance e t al, 1968 ) a;;iino acids. 

Two proinsulin struc tures have been is ol at ed f rom t he r o.t pancreas 

(Clark and St e i ner, 1969 ). Pr o insuli n is t hought to fac ilitate the 

fo r mati on of disulphi de l i nkages of t he i nsulin mol e cule , (St e i ner and 

Cl a r k , 1968 ) as proinsulin can s pont aneous l y r efor m its native struct­

ure f r om a r andom coil structure and i s converted. t o insuJ.in by l imited 

tryps i n a ction. 

Proinsulin i s produced on the ribos omes of t he beta ce l l s but is 

usually trans for :ned to i nsulin irithin t he isle t cell for storage ~d 

subs equent r el ea se . Under s ome circums t ances s mal l runounts of pr oi n-

s ulin can be secret ed from t he islet s . 

c:. DIABETES f!!ELLITIB . -~ 

One of t he hor mones r ec:uired by the ma.:,m1als f or r egulation of some 

metabolic cycles is i ns ulin . Insuffi c i ent i nsuli n, or des t r uction of 

the i nsulin pr oduc ing cells i n the body causes a was ting dis ease -

di abe t es mellitus. 

The dat e of the f irst descript ion of di abe t es i s ancient, but un­

known, although clni rns have been !:lade on iJehtlf of Chin1:'.. , Im.Ura and 

Egypt as home of the f irst dis cover er of the d i sease (You.:1g, 1960) . 

Brunner, i n. 1682 , and Cowley in 1788, descri bed conditions s ur.gestive 

of diabe t es ·11elli t us . 

In 1869 La~ge r hans descr ibed i slets of cells i n t he pancr eas whi ch 

were not connec t ed to the pancr eatic ducts . He di d not assign any 

spe c ific function t o them . !~bout the s.:::une period Heddon in physiolo-

g i co.l stud i e s of the pancreas , establi shed that the i s l ets wer e a 
11 sco.tt er ed 11 gland of inter nal secretion. 

Lageus se i n 1883 s uggested t l'.at tho isle ts of Langer hans 1:10.y 

s e cre t e a bypogl yceriic factor, but. t he definite r el ationshi p of the 

pancre as to diabe t es mel l itus was not established until 1889 when von 

Mehring a nd Minkowski s howed that di abet es c ould be Lriduced i n a dog by 

r emoving the pancreas. ( Netter, 1965) . 

Many rigorous stud i e s t o extract the active principle f rom the 

pancreas, with no apparent s uc cess wer e made in the 30 y~ars f ollowing 

Hinkowski I s r esults . The belief that t he pancreas s ecret ed a hormone, 

the deficiency of which caused di abet es, was so strone that t he early 

f ailures did not discourage the search f or the hormone . In 19Cf3 de 

Meyer suggested the name 11 insuJ.ine11 for this substance from the pancreas 
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and Banting and Best (1 922 ) used this name for t he a ctive principle t hey 

obt ained from calf and dog pancreas, which was succes sful i n treating 

diabetic dogs . 

,1any differ ent diabe t es melliturias and related melliturias have 

been classified (Bloodwort h , 1966 ) . Insulin deprivation can occur both 

experLnentally and clinicclly. Inherited di abe t es accou.~ts for a 

large pr oporti on of diabet es mellitus, nl t~ough pn.ncreatector:iy , endo­

cr ine disor der s , insulin i..n.hibitors 3.Dd antibod i e s in the body , and 

chemi co.l destruction of the beta cells or the pa.."lcr eas can cnuse q1elli-

tirias . In o.11 cases the i :isuli..l'J. s ensitive tissue ( skeletal , muscle , 

heart, aclipose and fibroblo.s ts ) are effectivel y deprived of insulin 

necessar y for t he transport of ;:1e t abolites across cell ;;ier.ibranes, and 

regulation of 1-'.letabolic processes . Glr cos e ac cunule.tion in the blood 

is tho most apparent r esult of ~n insulin deficienc;;: . When the t oler­

ance fGr glucose is r eached , the r eno.l threshhold for glucose is exceed­

ed causing glycosuria, polyuria and loss of ;:-iine rals f r om the body. 

Met abolic changes in insulin- sens itive tissues eventm:,lly affect non-

insulin sens i t i ve tissues such o.s the brc..in. Ke t osis, ac i dosis, 

weight loss , anJ a negative nitrogen balance clue to protein breakdown, 

occurs . If the insulin deficiency is not co :1pensatec_ di2..betic cona 

and death will eventually occur . 

The incidence of known Jiabo t es is J - 1% of the population. In 

co'."1:,1unity surveys a hi6her proportion of the population h~ts been found 

to be diabetic . :1 study by 3ir:ningho..,n medical pr uctitioners found 

that 1 m; of the r andomly s ,_, l ected group showed diabetic glucos e toler-

ance curves (Malins , 1961 ). Diabetics cc.11 be trsated with insulin 

(40% of known diabet i cs), oral hypoglycer1ic drugs (30%), or by careful 

r egulation of t he J.iet (30%) . Suggestions ho.ve been made tha t treat­

r:1ont should be : insulin 10%; tabl ets, 10%; die t, 80% ( I'Jabarro, 1960 ) . 

Two gr oups of insulin substitut es are usod for treating d i abe tics . 

Sulphonami de derivatives stimulate insulin secretion and may inhibit 

glucose secre tions f rom t he liver. Bj gunni des may cause inhibi tion of 

oxidative met abol ic paths, enhancing l actic a cid pr oduction , as well as 

r educing the r eaction of i nsulin with inhib itors pr es ent in the blood. 

Both classes of oral hypoglycemic drugs r equ.ire a source of insulin -

endogenous or exogenous . Thus , the ir use is limited to patients who 

can still secrete insulin, or exogenous insulin must be administered . 
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Insulin must be administered by injection as, due to its protein 

nnture , it is inactivated by enzjr:1es in the Jigestive tract. :Jew 

insulin products ~1:we ":)een Jeveloped to modify the short, rc.pid action 

of r egular ~~orphous, or zinc- insulin prepc.rations . The r ::.pid insuli:-

ac tion is due to tr·e quick solubilisdion of insulin of the body 

fluids . 

The basic protein, protx:iine, obtc.i:L'.bl"" from salmon sperm, w_i.11 

decroc..sc the solubilitJ of insuli.."1. l~ota.ni.l"·3 zinc i..r1sulin hns o.:r: 

evel'l longor nnd oore reproducible ~:ctivity tb.c:.Il prot1.rnil1e insulin. 

Careful control of prot~':".i..'1e -::.nd crystJ.line insulin ratios, so thnt no 

fr ·..08 insulin or protrn;'linc is present results in the co:n•1ercial ]eutro..l 

?rotc..7ine Hagedor ::i ( NP!1 ) bsulin. '.PH insulin has nn c..ctivity inter-

!:toclic..te betw-C,en protc..r'lin~ zinc insulin r:.nd r egular ins uJ.in. J. rela-

tively insolubl.., ir.sulin c,1.11 be prepl.lreJ if high concentrations of zinc 

ions ar e used 0 . g . ten ti:c.os the i.~:nou.'1t re-iuired for r egular crystalis-

[.tion tochniq·1es. Th1.- prol1uct c _:~ be crystnlli:10 n.nc.1 t~cr1.3forc 10116-

acting, ( ultraJ.ente) or in .·v1 :-.. 1 orphous or 1icro- crystrcllinc for:,1 

( se·.1ilente) . Different ·1..cti·vity profile s cc.n be obt::...b,,d by usil1€ 

different ratios oi' ultr.::. and se1i--lente (Sh2.r.gr-1.w c..r:-! 12,,y, 1')69) . 

L1sulil1 excess (l:yperi:1suliri) C"!:1 be c:J.usod by excessive Ttenu­

fn~tltrs:, r .:;; lens,., of er.lo[_;c,1ous :L.1sulin or '.3.d ::L"listro.tion of exor,enous 

iEs ulin. Th8 clccr(; -:sc i21 blood s U[,cr conccYJ.trc. tio:, sti·:1LD..c.tes d' 1ren-

nlinc production 1.>1•.1 deprives t"'~ brn.in colls of clucose, prc(1ucing 

convulsions, shock, a.'uricty 'ln-~ 1-Jol>.kness . Prolong'-d or ropo.'1.tej 

hypoelyco::1ic a.tt8.cks ,.,,ill proJucc nGuronal ur::Y1Ct£._es . '1':.e consequo11ces 

or insulin excess Gr"' du0 to tk, llypoglyce :i'! produced, :t•1c1 '1ot to t:1e 

direct actions of insulin excess . Insuli il .1osages, o.,"lcJ 11.d,1:i...nistrntion 

of oral hypoe,lycemic drugs ::tust , therefore , be c~~rcfully calculated to 

rab1inize the chMces of hypoglycer1in or hypoglyce 1ic attacks (Netter, 

1965 ). 
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CHAPTER II. 

BB ULPJ YIELIB AND EXTRACTION METHODS . 

A. Il'BULIN CONTENT OF THE PANCREAS. 

a . Representation of Insulin Content . 

The insulin content of the pancreas is dependent upon t he concen­

tration of insulin in the islets cell s and the total vol1.1I'.1e of the beta 

cells. Factors which change the insulin content of the pancreas may 

affect the beta cell 7ol ume in the pa.r:tcreas or the insulin content of 

the beta cell. Simultaneous measurement of beta cell volume and 

insulin content of the pancreas, although investigated in the ~ouse and 

mouse foetus (Dixit et al, 1964 ), is not easily done a.r:td other methods 

of expressing insulin content are used . 

Yields of insulin from pancreas have been expressed n.s units of 

insulin per kilogrn.m of body weight, 1mits of ins uli..>1 per unit weight of 

pancreas or units of insulin per ar1imal or group of animals. Insulin 

yields may also be expressed as weight of insulin e . g . mill i gro.ms 

inste.::..d of '-L.'1its, but t he activity of t he insulin inust oe kno1tm . .None 

of the me thods of presentine, the results are satisf::i.ctory under all 

circu.~stGnces . If the pancreas of u species is difftIBcly distributed 

in the body r:my expr ess ion on the basis of weicht of pancreas becomes of 
doubtful value because variable aJnou_11ts of fat and other materials are 

usually present in the glr:.nd . :Sxpressions of iJ1sulin content on the 

basis of body weight are useful but f re .-1uently there is no comment to 

indicate whether the reference is the initial or final weight of the 

te s t animal. The corn.parison of insulin content based on final bod.;,­

weight can be misleading as un-:i er varying conditions, e . g . diet, the 

insulin content of the pancreas need not bear any specific correlation 

to body weight (Best et al, 1939b) . 

b. Factor s Affectirw. Insulin Content. 

1. S_,P._ecies. The total insulin content of the pancreas varies 

greatly between species depending both on insulin concentration in the 

beta cells and pancreas size. The concentration of insulin in the gland, 

expressed as units of insulin per unit we i ght of pancreas, is more con-

stant. Normal insulin values have been reported for several fish and 

mrun.rr1alian species (Table II) . 



TABLE II . 

IN3 ULIN LEVEIS IN ANIMAl 

ANIMAL UNI'IS LGRAM WQ.~ER 
c)J.NCREAS 

BIRDS --
Chicken 0. 76 Redenbaugh e t al 

II o. 65 Jephcott 
II 0. 2- 0. 5 Kimmel e t al 

Duck 0. 53 Jephcott 

Wu'1MLIS. 

Mouse 1. 7 Mar ks & Young 

adult 2. 0 Renold et al 

adult 1. 8 . · Di.x i t et al 

young 6. o Dix.it e t aJ. 

2 months 5.4 Sneyd 

4 mont hs 5. 6 ti 

6- 11 mont hs 2. 8 II 

Rat 2 . 1 3est e t al 
ll o. 6 Soong 
II 1.3 Marks & Young 
11 1. 0 Gr iffiths 

Rabbit 7. 8 Mar ks & You.rig 
II 9. 5 II 

P.A. ;._JC REAS G LA NIB . 

DAT]. EXTRACTION .'1ETHOD . 

1926 Llcohol- H2S O 
4 

1931 b Alcohol- HCl 

1968 ii.lcohol- H?.S O 
4 

1931b !clcohol- HC l 

1940 -
1 )60 -
1962 Alcohol- acid 

1964 Alcohol-ac i d 

1964 1.lcohol- acid 
ti II 

II II 

1939a Llcohol- HCl 

1940 l.lcohol-HCl 

1 ')40 h.lc ohol- HCl 

1941 li.lcohol-HCl 

1940 Picrat e- ace t one 

1940 JJ.cohol- BCl 

JESAY METHOD . 

Bioassay 

Bioa.ssay 

Pa.per ~hronatograph;r 

Bioassay 

MOUSE:: 

Adipose Ti ssUe 

Ad i pose Tissue 

Ldipose Tissue 

Adipose Ti ssue 

and 

Di aphrag,n 

Mouse 

Bi oassay 

Mouse 

:'1ous e 

;.fouse 
II 

~ 

O' 



Rabbit 5. 2 Griffiths 1942 1-lcohol- HCl Mouse 

Dog 0 . 8-1. 5 Nothri.G"lr1 1)25 1·~1coho:- Hf J 
4 

R?..bbit 

II 2 . 1 Takeuchi 1')28 /.lcohol- H
2
s o 

4 
Rabbit 

II 2. 6 II II Picrnte- a.cotone II 

ll 3 . 8 Jephcott 1931 b i".lcohol- dCl Bioo.ssay 

II 5 . ~5 . 5 Murra;, & Water s 1932 ;·,lcohol- :iCl Bioassay 

II 3 . 4 Best et 1.l 1 ')39b lucohol-·HCl Mouse 

II 3 . 3 Murks & -:i.oung 1940 1,lcoho1- HC1 ?-1ousc 

Cat 2. 0 Biker et ~l 1')24 ?icro.te- ncotone R1.bbit 

11 0 . 7 Takeuchi 1 }2b Picrnte- ucetone fubl.iit 

II 2. 5 Jephcott 19J1b 1.lcohol- HCl Bio:.:i.sso.y 

II 1 . 7 Scott & Fisher 1938c.... :..icohol- HCl fouse 

11 2 . 2 1ar ks & Young 1 )40 ;,lcohol- i!Cl douse 
11 1. 0 Davoren 1162 alcohol- r!Cl Pu_pclr Chro:-,.:ltocraphy 

Guinea Pig o. 08 Har ks & Young 1 )40 Llcohol--dCl :foune 

11 o. 23 11 1S40 Pier _ te- '1C8tonc II 

Cattle o.6-o. 8 Fisher 1923 ;...icohol- ac id R-,buit 

adult 0. 1 II 11 II II 

young 1. 0 II II II u 

II o. 7-1. 2 Wer nickc 1 ~·?-4 f.lcohol- !Cl Jio~.ssay 

II 1 . 5- 2. 5 Sori.ogyi e t al 192/4 ;...ic ohol- lif0
4 

Rabbit 

11 0 . 25 Dodds & Dicker:s 1 -12.4n. .!: or 1ic acid R."1.bbit 

II 1 . 8 II 192.4b - Rabbit 
__,, 
--.:i 



Cattle 0. 9-1 . 5 Dudl ey & St;:.rling 1r,24 !.lcoho1-·rn·:co3 R1.bbit 

II 2.5 Fk ... '-rnr et '.~l 1<;;24 PicrJ.te- ·'l.cetone R::tbbit 

II 4.4 :1ol oney e: Findlo.y 1924 !:.lcol10l Bionssny 

:1 1.8 Fenger e:. Wilson 192/4 JJ_cohoJ ·- !{Cl futbbit 

II 2. 0 Lc.ngecker & 19?5 J.lcoho~. - acid Bio~? .. ssey· 
Hichowski 

11 1.8- 2 . 2 Scott&. Jest 1925 Ll...:oho::.- H7 0 
4 

Bio:--..sscy 

11 1.8-2. 5 Blc.t herwicl: ot a.l 1()?7 :.:.cohol··i;i J
4 

R;_._b'Jit 

II -r.3 TnJ;:euchi 1928 p_:_cr c.:. te- ::!.c e tonG R:-:obit 

11 1 .3 Ko.ulbersz 1930 . • 1 'T c-• f) . _cono - r.
2 

.... , 
4 

R:11)bit 

11 1.4 11 II l.l~ohol- ~.1.:1C0
3 

II 

l\ 1.4 II II H:'.-:-er-HCJ II 

II 1 . 4 n n ~ T .._ .-_,r ~-Tq j"'°' Q ii 
~ .v ...... - .L".\. .. • v 

3 
11 3 . 0-3 . 5 Jephcott 1931a. iJ.lcohol- k;Cl J i ons:-_:~.r 

6-8 weeks 11.4 Fi0her .:'.: Scutt 1 r;:3~ Llcohol- ' ·c1 ~fouse 

2- yrs. 4. 8 II II II II 

9=yrs. 1 . 8- 2. 2 II 1: II II 

II 3. 6 Hor1o.n 19~~ !~lcohol- r,c id/ ~b.CJ. Bioc..s3c.y 

\1 1. 3-1. 9 ?-h:xwcll & Hinkel 10:::) f,lcohol- !IJ PO 
4 

II 
/.., -

II o. 9-1. 5 II ,I f,lcohol- H...S O L II 

,:: ~ 

11 0 . 8- 1 . 0 11 ii.lcohol- ECl II 

II 1 . 8- 2. O II 1cI:I,, 
,; ..J-"t''-" i,lcohol- oxo.lic .-::.ciu iOUSC 

II 0. 99 It . I !:.lcohol- f'ormic ncid 11 

young 10 Li ght & Sinpson 1 <,, 56.::, j,J.cohol- HCl P~per ChromQtography 
~ 

0:, 



Pig 1. 6- 3 .1 Dodds & Dickem; 1924b W t er , for mic acid Rabbit 
for-aaldehyde 

II 5. 5 II 11 Picrate- acetone II 

II 3 . 0 Clough et al 1924 Wat er - HCl Rubqit 

II 3 . 0-4.3 Baker et al 1924 Picrut e--ucetone Rabbi t 

It 1 . 7-1.9 Fenger & Wilson 1924 /J.cohol- IICl Rabbit 

II 2 . 1 Takeuchi 1928 .r'.lcohol - Hf 0 
4 

Rabbit 

II 1.3 II II Pier at e- acet one II 

II 2. 0 J ephcott 1931b !.lcohol- IICl Bioassay 

II 1 . 6-3 .1 rfoxwell & Hinkel 1952 J>_lcohol- 11JP0 
4 

Bi oassay 

II 0. 9-1. 7 11 II f,l cohol- formic acid II 

II 2. 1 11 1954 IJ.cohol- oxnlic acid Mouse 

Sheep 1. 0 3nker et 111 1924 Pier ate- acetone Rabbit 

II 1.8 Fengor & Wilson 1924 fJ. cohol- HCl Rabbit 

II 0.7 Jephcott 1931b Alcohol- HCl Bi oassay 

II 0.3 K atkovs kii & S '. Y ~rrts 1 961 Llcohol- acid 

1 da.y 8. 2 Willes et nl 1969b lJ.cohol - HCl Radio immunoassay 

1 week 6. 2 II II II II 

2 weeks 5. 6 11 ll II II 

14 weeks 3. 0 11 II II II 

2-6 yrs. 1. 2 II II 11 II 

Horse 1. 5 B::tker et al 19 24 Pier ate- acetone Rabbit 

II 1. 4 Takeuchi 1928 11 Rabbit 

II 2. 0 Jephcott 1931b Alcohol- HCl I3ioassey -1. 

\.0 



Monkey 2. 5 Jephcott 19J1b .!,lcobol- ECl r3io:J.sso.y 

Chimpanzee ·i 1 . 2 ~-1o.r ks & Yom1g 19/40 LlcohG_- 1ICl '.-Iouse 

Man o. 24 Pollak 1')26 - Bioc.ssay 

II o. 84 110.keuchi 1928 - Rabbit 

11 1.7 Scott & Fisher 19J 8b J..lcohol-HC l '<fouse 

~6 months 8 . 1 J orpes & Rastgel di 1953 i.lcohol--HCl Rabbit 

> 40 yrs. J . 66 11 II l , II 

70-86 yrs . 4 
11 ti 11 II 

\L o. 8 Mirsky et nl 1963 f,.lcohol --EC J./N,:Cl :.a ipose Tissue & 
R2dioim~unoc.ssay 

n 2. 2 Ki mmel & Pollock 1967 

Whale Sper m 3 Jorpes 1950 

Blue 2.2 II II 

Finbnck 1. 6 \! ti 

Humpbo.ck 1 • 1 II 11 

11 0. 5 Shibnt,'.l 1953 11ef0- HC 1 Bioc.sso.y 

II 0. 8 Kimotsuki et 3.l 1 ')59 J .. lcohol-HCJ_ Bio:::.s sc.:y 

Sheep/ Beef 80:20 0 .7 Vas avado. et r,l 1964 Llcohol - H2s o
4 

Mouse 

65:35 o. 8 11 :1 11 II 

F:IBH 

V3.rious spp. 150-1 90 Toyo.ma et n.l 1?41 

vo.r i ous spp. 70- 22G No.go.s nwa 1;)68 Pi crc.te- c.cetone Rabbit 
l\.l 
0 
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Levels for i.11sulin content in fish are 11uch higher than in mammals 

as the acinar and islet cells are separate organs and fish insulin con­

tent, can be compared with ma,:1malian ins ulin l evels if the ratio of 

islet to acini tissue is known . For humans, 21 years old the r at io 

islet: acini is o. 0162 (Ogilvie, 193'i) and fo:c Wistc,r rats o. 011 

(Richardson and Young , 1937). The ratio for mice at different ages 

has also been obto.ined (Dixit e t al , 1964 ). 

2. :f;..£.Q, The ins ul in content of the pancx·eas is related to age, 

as the size of the p11ncreas, ratio of islet and acini, and the concen-

tration of insulin in the beta cells change with age. Increase in the 

insulin concentration, u.11.its of insulin per unit weight of tis sue , have 

been observed in foetcJ. pancreatic tissue from human (Grillo and Sh~na , 

1966), she ep (Willes et al , 1969b), rat and rabbit (Grillo, 1964), 

chicken (Grillo, 1961 ), mouse (Jixit et nl, 1964) arid beef (Fisher and 

Scott, 1934) dur ing gestation. At or near birth a peak in insulin 

concentration is usually reached, followPd by a decrease in insulin 

concentration with increase in age . This effect has been observed in 

beef (Fishw and Sc0tt: 1934), mouse (Di:x it et al, 1964), man (Jorpes 

and Rast£,eldi, 1953) ,.-ud sheep (1,Jilles et al , 1969b), although an in·-· 

crease in insulin content with age has been observed in Wistar rats 

(Griffiths, 194 1 ) • 

3 . §gz . The r e lationship of sex c1.nd .insulin content i n the 

pancreas hG.s not been reportGd in the literature, e:xcept for the guineP 

pig (Davidson and Haist, 19GL,) a.nd l1w.,:..i.n (Jo:r- pes and Rastgeldi, 1953, 

Wre nshall c.nd Bogoch, 1955) p,:rncreas r, lo.nds. 

4. Seasonal var i 2.tions . ?is her and Scott ( 1j34) observed t!1at 

better yields of i.rl.sulin were obtained f rom beef pancreas in the winter 

months. Ostli.rl.e, (1928) observed the s ame effect in pigs and young 

domestic anima ls. 

5. Diet . Diet has been found to af fec t insulin secretion and 

insulin content of the pancreas . Bes t et al, (1939b) showed that the _ 

insulin content of the rat pancreas is reduced by fasting, decrease in 

calorie intake of a balanced diet, and by feeding high fat levels . The 

reduction of insulin content appeared to be related to the deficiency of 

carbohydrate, or carbohydrate-forming substances in the diet, although 

diets r ich in carbohydrate did not appreciably increase the insulin 
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content of the pancreas above the normal level. 

6. Collection of glands . The enz~nes present in the pancreas can 

ina.ctivo.t e the insulin . For:nerly f r esh pancreas glands were used for 

insulin extr action, the glands be ing collected , trimmed of fat, and pro­

cessed as soon after k i lling the ani~hl as possible . A high pancr eatic 

fat l evel, as in pig pancreas , ;nakes extraction d iff icul t, and pancreas 

from t hin animo.ls have been r e comr:1ended (Sordelli, 1927) . 

Present-day collection me thods advocnt e freezing of the gl ands as 

soon as poss i ble and within half an hour after killing the animal . 

Glands can then be stored until needed for processing . Wrenshall et o.l, 

(1 9 57a) folLDd that extractable insulin l evels in beef pancreas incr eased 

to a peak value if aged for e i ght to t we lve days at 6°c or for e ighteen 

hours at 25°c . Insulin levels then decreased, most probably due to 

enzymic action. No i'.ncrease in extractable insulin was observed in 

gl.:lrlds f roz en i mmediately aft e r slaughter, thm1ed one hour later and 

aged (Wrenshall et al, 1957b). 

Other methods for pres ervation of pancr eas i f fre ezing is not avail­

able include picric ac i d or phenol solutions for fish islet preservation 

( Tarte no, 1948), dr ying ( K.1tkovs kii e t al, 1946), snl t pres ervation 

(Eingorn , 1946 ), ac i dified alcohol containine pr eservative, or acidif i ed 

salt solutions (Baroll i er, 1954), and nzeotropic defatting and dr ying of 

t he gl,:nds (Levin, 1970) . Drocessing cond itions ~nay need to be modified 

depending upon the preservation :nethod us ed . 

B, EXTRACTION HETHOIB . 

.Although mo.ny me t hods of extraction of insulin ex ist most procedures 

ar e still based on the acidified &lcohol ex traction used by Banting and 

Best . Mos t extraction methods use .Scott and Fisher's (1938a) modifi-

cations of Jephcot t's procedure (1931a) with sli ght modifications . 

The main extraction methods are: 

1. Acidified alcohol. Insulin is soluble in acidified ethanol 

and denatured ethanol ( e thand containing me thanol) aqueous solutions . 

Variations of r at ios of solvent to gl and tissue are used but usually the 

glands are extracted in two to three times t he ir weight of solvent . The 

glands are usually minced while frozen into t he solvent. Thawing of 

the glands is carefully avoided as the prote olytic enzymes will rapidly 

destroy the i nsulin. This acti on does not occur very rapidly in the 
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intact gland during the O - 20 hours after death when the insulin is 

separated from the enzymes of the acini by cellular structures. These 

histological structures are usually destroyed by the actions involved in 

freez ing and thawing (Jorpes and Rastgeldi, 1953). 

Organic or inorganic ac ids can be used to acidily the extract to 

pl 2- 4. In earlier methcxls sulphuric or hydrochloric ac id was used 

and the insulin yi e l d could be optimised by adjusting acid strength and 

type as well as the concentration of alcohol (Somogyi et al, 1924; 

Jephcott, 1931a; Romans , 1954). Recent methods advocate orthophos­

phoric acid as the extract is mor e easily handled due to some unstated 

property of the acid (Maxwell and Hinkel, 1954b). Organic acids which 

have been used for aci dification include oxalic, acetic, for~ic, 

propionic, butyric (Maxwell and Hinkel, 1954a) and lactic (Katkovskii 

et al, 1962). 

Addition of salts, such as sodium chloride, can improve yields by 

twenty percent (Romans, 1954) . 

2. Alkaline al cohol. Dudley and Starling ( 1924) claimed improved 

yields of i nsulin i f n.lcohol-sodium bicarbonate solutions wer e used for 

extractions, and although similar me thods wer e us ed in the early 1950's, 

(Indian Institute of Science, 1952; Pet erson, 1953) this method is rare­

ly used as the proteolytic activity of the pc~creas is not as easily 

s uppressed under alkal i ne conditions as ac i d conditions. 

3. Picrate. Picrate in acetone :, alcohol or wo.ter ca •:. be used to 

extract insulin directly from pancreatic tissue (Dudley , 1924). Picrate­

protein complex i s precipitated , and the insulin-picrate is easily ex­

tracted by differential dissoluti on from the pr ecipitate . 

other extraction systems used for insulin include perfusion with 

acidified water (Clough and Murlin, 1943), aqueous extraction of defatted, 

powdered glands (Santenoise, 1961) and acidified carbon tetrachloride 

( Domba and Tars ai C eg , 194 9 ) • 

The pancreas glands are usually extracted with more than one lot of 

clean solvent depending on the solid to liquid ratio. Fixed or moving 

bed counter-current extraction of the pancreatic glands has not been 

used commercially. After extraction the tissue and insulin-containing 

extract are sepnrated, usually by centrii'ugation, although filtration 

may be used. The solid is usually discarded, although it can be used 
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for an:i.mcJ. feeds or for extraction of the pa.ncr ea.tic enzymes(Federikscn , 

1051 ; Thompson , 1954; Jc..nholm ~.nd Holm, 1962). 
Vacuu.':l concentra.tion _.,._t tenpern.ture below 40°c (Rome.us e t o.l , 1940), 

e ther a.ddition (Pettinger, 1958 ) o:· cou..r1t ercurrent e+'1er extr nct ion 

(R:::.n<.b.11, 1764) :::.re :nethods uhic h h:1.vo bevn us8d to c onccntrc.te t he 

insulin extract, F·ct in tn,~ concentr .c.te ,n<1.y be r emov,:;d by fil tra.tion, 

centr ifug,1tion or sol vent e:xtr,~ct:i.on, 

The c:c;.:clc i1:.st1.lin is usudly s~.1 tod out us inf: sodi u:-: chloride or 

~r1moniwn sulpha.to, :::.lthoueh otll8r protein p::.·ccipit".tion °1othods mny be 

used s uch a.s iso- elcctr i c precipitation at pi! 5. 3 5, 7, or o.ce t ono 

::i.Jdition. Crude inculi.1 uit:1 ,'Jl c.ctivity of 1 - 2 i . u, /mgm c:..n be 

purified to i nsulin of 25 i. u . /,1gm using various protein purification 

m0thods such as isoeloctric preci pitation, c!iromatogrJ.phic ::md ion­

exchange t echniques~ c~nd r ec rystallizc.tion, (A:)ol , 1926; Rom.::..ns ot al , 

1940; Rendall, FJ64.) . 

4. Ion-cxchc.n~R0sins, The use of adsoTption techniques on tho 

7anuf 4cture and puriLic..,tion of i nsuli n f rom ulcoholic oxtr~1.cts '.lvoids 

'\·::c····-. ~: -.1. ·-~:1 -'· ·.::·., _:.;::c..rr::.tion -~n1 processing of tm lipids (involvine, 

potentio.lly explosive 17:i.:Yturas), nnd frnctiono.l s~l ting out , all of 

w~tich contribut0 to th_ Jecro:,sc ir: k0 Y3.r:ld of insulin. Severe;l 

worlrnrs have inw,stig.'.'-.t0d the uso of ion .. :;xch:::..ngos .i.!', insulin 'Ylc.nu­

fo.cture . 

solution c.t p:-I 2. 8 ·· 3 .4,. 

e:xtr-·ct nnd the etL2.ncl cc.n be, 1·ecovc.rrJd by Jistill:'..tio1: , 'I'l:E:; bsulin 

is 0lutcJ f r om tiJG c.lginic :~cid '·· it,h L:,rdrochloric acL1. 20 ·· 307.' 

incrensos in yie lds of insulin r.'.s cor:1p:-:i~cd with th._; convontional i.ttsulin 

process have been observed (Jor00s :mJ Rn.stgeldi , 1960) . DEAE-- collu--

lose can adsor b 75% of tho i nsulin from an '.llcoholic extr ac t at pH G, 

with 98~; r ecovery of insulin from the cellulose 1 • .;han eluted with hydro­

chloric acid (Volini and t1itz, 1962). Cc.rboxy-methyl cellulose hc;.s a l so 

been used for insulin production (vfollcome Foundation, 1966) . Kntkovskii 

et al , (1969a) observed~ 39% increase in y i eld over conventional me thods 

using SDV-3T ion-exchange r esin , .wd o. r eduction f r om 30% to 5% in the 

loss of insulin in the process in;; st3.ges , extr action to crysta.llis :::.tion. 

Sulphonated cation exchangers have been found to be superior t o cellulose 
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ion exchange r esins and naturcl cation exchange resins in the production 

of crystalline insulin (Kntkovskii et al , 1969b) . 

c. INDIBTRIAL PRODUCTION OF USULIN. 

H::i.ny factors can affect thG yields of insulin obt"ined in corn~1ercii::...L 

production. Beef , especially calf pancr eas , Qre preferred ns high 

yields (10,000 i.u. insulin/kilo of oMcr ens) cc.n be obtained, processing 

is not difficult 'nd boef und cc•lf pancr eas C(...n be collected froE1 

slaughter houses in large g_u.'.1.Iltitks . Pig p.:-.:ncrecs can also be collect-

ed in lnrge quantities f r om slaughter houses, esP3cic.lly in the united 

States of 1\merica , but due to th"' high fo.t content of the gl nnds they 

are not :1.s easily processed , 

Pancreas from sm['.11 animals e . g. shet.3p or goats :rre ro..rely used 

,110.inly because large quantities a.re not nvail.:1blG in the countries where 

lo..rge scale processing of insulin is undE-rt,urnn . Almost all insulin 

Tta.nuf:.~ctur ed in Japan wns obtained from fish and whale pc.ncron.s until the 

early 1)60 1s when production ceased ~s ~.:i.nufncturinL costs were grsater 

than for insulin obtained f r omc1o,estic Mi"1als (Nagc.sawn, 1960) . If an 

i:isul~~ c.,-:t1.~c~.i.oi1 plL.I1t is goinc to bi;., erected the pa.'1cre:1tic insulin 

content of animals rvadily :ivailo.ble '!lust be investigated. Va.savada et 

cl, (1964) investigated the insulj_11 content of buffalo, goo.ts 1.'1d sheep 

fror:i slaughter houses in Il".dia . 

b.ny factors in the proc0--s e . g . te!:1p0r atur..;, .0 .cidity, solvent, co.n 

affect the yields obtc.ined , ::e'w 'neti1ods usuc:.11,y include decreases in 

c;Xtr ucti on time and a. decrease ir. nco.t procGssinr,, e . b• the use of i on 

exchange resins, to help incroo.se insulin yields . As r.rny factors 

affect thb yields of insulin optimisation of :1 process is usually 

obtained by trial lli'1d error. (Jephco";t, 19310.; Romllls, 1954) , 
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CHAPTER III. 

./:JSSAY SYSTE:t1B FOR rm ULI)J 

A. UNIT OF IN3ULIN. 

A direct and specific chemical quantitative method for determining 

the potency of insulin is not ye t possible as the r elationship of insulin 

activity ( or effect) with insulin structure is not known. Insulin 

assays usually involve observation of one or more of the hormonal effects 

of insulin in animals, or an:unal tissues, Lrl comparison with a standard 

preparation. More precise but less specific chemical and immunological 

assay systems have been developed for insulin . Thus many differ ent 

assay systems for insulin a.re availabl e (Stewart, 1960; Smith, 1962) . 

The standard or r efer ence insulin used in the assays is the Fourth 

International Standard established by the World Health Organisation in 

1959 (Bangham and Muss ett , 1959) . The standard is defined as having a 

potency of 2/4 . 0 International uni ts per milli gr ill!l. The International 

unit of insulin is defined as the activity conta ined in 0. 04167 e1illi-

erams of the st~ndard prep~r~tions. 

B. BIOASS.AY SYSTE:VS , 

a . JID_bbit Assay. 

The blood sugar l evel of rabbits and other mammals will decrease 

(hypoglycemic reaction) if insulin is ndministered. In 1922 Banting and 

Best defined the Rabbit unit for insulin as be ing the smallest dc-se of 

insulin which would cause the blood sugar level in a r abbit to decrease 

to 0. 45 milligr~rns per millilitre within four hours of administering 

insulin. llS there is variation in the response to insulin between 

rabbits , and in the same rabbit, the cross- over test for the assay was 

developed (Marks, 1925 ). J. linear regression between the logarithm of 

the dose of insulin and decrease in blood sugar exists (Stewart, 1960). 
Lacy ( 1941 ) developed a cross-over t echni que in which the unknown could 

be assayed in rabbits in ter~s of one dose of standard solution. Re­

sults from the bioassay must be analysed statistically to eliminate bias 

and allow for variation between r abbits . 

b. Mouse Assa_y. 

Although mice are not sensitive t o l ar ge doses of insulin at 

normal environmental temperatures, they exhibit characteristic hypogly-
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cemic convulsions if kept at elevated te·nporatures (25° - J7°C). There 

is a, linear r olntionship between the number of a nimals convulsing and 

the loenrith·n of the; dose level. 

'l'emporo.turo of the 0,ssay (Jor ke e t al , 1960 ) 3 s+,or;:.ge temperature 

of the '1ice (Sellar n.nd Som·t, 1'1J'1J anc: die·c (Stew.::l.l··c., 1960 ) cnr. afl'ect 

the sens i tivity :-~nci th"" precision of t he css:.i.:,.·. Results must be a.'1dy­

s ed st~tisticnlly, folli' '1ice h~vin< t~e s~r.~ st11tistic:i contribution 

to the .:1sso.y 0,9 one rc.bbit (Sqith, 1 t)62 ) . The .::.dvcntc..ges of the '1ouso 

assay comp::i.:ced with tho rabbit ass?..y include tho sp0ed with which t he 

r esults nre obtni..'1ed, less la.bou::-, and thc.t the mice c:::.n be housed inuch 

~ore easily th211 rabbits . 

C . ]1l,_y_:tyo , . 8 SD.Y§_. 

?he sensitivity of 11nirnnls to insulin, in ~ssnys based on tho 

hypoglycenic 1·0.?.ction, is increased if endocrine gl -:i.nds are r emoved . 

Assays h'"!.ve been developed :.:sing 11.borator:,· c.r:i.'.1· · ls from which the 

hypo phys is and c..c.lreno.l::i have been r oi'.lovo·:, 1ric: the p~ncreatic insulin 

cells des troyed c.r..o'llic.:.lly e . g. -:.llo:xo.n- J i-:.b0tic, hypophysectomiscd, 

(':'t.:) "et1 f;\ric.~crv:;o" 3t, ·,l , 1-)//1 ), !.vii ~,clren··.:.ll~t t:ld (1.D~:I\) r..;.ts an-1 

"lice (1~r..ders on E:t nl , 195?), ".nd hy1,ophysecto;:1izod c.llozm:ed (l!..~) r~cts 

c:.r.d '"'lice ( Je i g '"'l:::c..:1, 1960 ) . For t li1:1ited r-3.ne,e of i nsulin dose there 

is <"c l i near re6ression 1:Joti..lc..en bloo6. sug::.r concor:tr::-ction and t he 

logcrithrn of -c,b: i.."lstuin dose . 

Insulin-lilrn uctivit.,r c.n ~ aetectcd at l ow levels using 

isolc.tod ti::-s:ie. The t•..,ri"': insulin-liko acti vity i s used ns unk-11mm 

f:ictors, pr esent :i.n pl.::;.snn, c:!n influence glucose u pk.k"' by tissues, 

and a discrepc:..ncy exists betueer: insulin-like :!.Ctivity and biologically 

11.ctive insulin det e cted in a mouse or r abbit assay. 

1 . Dfo.ppragm. 4£,sny. 

Insulin-like [?.Ctivi ty will nffect the uptake of glucose nnd 

the synthesis of glycogen by the diaphragm when placed in a suitable 

buffer solution. As the diaphragm is smc.11 it c an only be divided 

into two parts without losing its sens i tivity to insulin o.nd it is 

necessary to obtain standard curves using different pieces of tissue . 

Both r a t and mouse diaphr&gms hc..ve been used in the assay. L 

gr eater number of tissues can be obtai ned more ec..sily from mice than 
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rats . 1~ differential uptake of glucose between the left and right 

hemidiaphragms have been observed (Bingle, 1963). The osmolarity of 

the med ium with r espec t to the diuphrag:-:i, nnd inadequat e oxygen-ltion 

can affect the assay (Davidson et al, 1968 ). Measur ement of glycogcr 

synthesis, instead of glucose uptcl(8 lL~its the influence by factors 

which give insulin-like 3.ffects. 

Other muscles e . g . ~inced pigeon breast muscles (Krebs and 

Eggleston, 1938) can be used. 

2. Adipose Tissue 1,ssav. 

Insulin enht:.mces glucose uptake , oxidation of glucose and 

lipid synthesis in isolated epididym:::.l f:::.t tissue. The .:::.dvantn.ge of 

using ad ipos e tissue is that the standard solution, and the unknown 

solution can be assayed on the same tissue. The metabolic effec ts 

usually measured ar e the production of radioactive carbon dioxide after 

incubation of the tissue with radioactive glucose, upte.kl;.) of glucose, 

synthesis of radioactive lipid and the respiratory quotient of the 

tissue (Renold, 1965). 

C, .1.t!ill.Lv- ,._h'lu_:1.1t,U..1:iCAL HETHOIS ·--

All radio-i~nunologic.cJ. me thods used for ~es.surement of protein 

hor mones are derived froi':l that first desc r ibed for insulin by Yalow and 

Berson in 1957 (Ye.low and Berson, 1968). The principle of the a.ssay 

system is modification of the horrnon1..; by tht; addition of t1 suitable 

r adioactive riolecule so that the rrotein gains sufficient intrinsic 

ra.dioc.ctivity for very s ~nall qu,rnti"t,ies of hormone to be detected . 

Radioac t ive 1131 
or 1125 is used to label insulin. 

Specific antibodies e og. mti-insulin serum can bind the labelled 

hormone forming a labelled antie.in-antibody complex. An equilibriu~ 

will exist between the ability of the unlabelled hormone to compete with 

the labelled hormone for binding sites on the antibody. 

The essential requirements for the radio.immunoassay include avail~ 

ability of the individual reactnnts (labelled antigen end specific 

antibody) and a technique for separating bound an.d unbound hormone . 

Several different separation techniques have been developed: electro­

phores i s with solvent flow (Yalow and Berson, 1960), fractional preci­

pitation with salt s (Grodskey o.nd Forshrun, 1960) or alcohol (Heding, 

1965) , doubl e - anti body precipitation (Mor gan and Lazarow, 1962; Hales 
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and Randle , 1963), coated charcoal ( Herbert\ e t al , 1965), ion exchange 

resin (Lazarus and Young, 1966), eel filtration (Horiuchi et al, 1966), 

t~lc and sili ca (Rosselin et 21, 1966) . The solid- phase radioi ~:nun-

ossr,y method developed by Catt and Tregar ( 1967) h8.s cUSO been used to 

assay insulin (Geske et al, 1970) . 

Sensitivity and precision of t h~ r ndioim~unonssay do not depend on 

the sa.rne factors, nnd :in ass8.y system mus t be optimised by investigation . 

The specificity of the basic reaction is ir:1r:1unoche;1ic1.l ,.!.nd 'llost 

probably w.related to the biolocic properties of the hor mone, as the 

immuno-reactive and bioloe,ic.::lly-r.ctive sites are un.likely to be in the 

sa'lle positions (Berson ,'.l!ld Ye.low, 1968). 

Radioimmunological methods are considered superior to bioassay, for 

small concentrations of insulin, because of the creat er specificity, 

reproducibility of r esults, sensitivity, accuracy, r apidity and small­

ness of the sample size (5:.les, 1965) . Stu 1 ies on r eproducibility of 

results between labor atories ~ave been undertPJ:en (Ashford et al, 1969; 

Cotes et al, 1969). 

For the investigation of insulin levels in sheep pancreas Willes 

et al (196<jb) useJ. -Lhe ir.u,nl.rioassay syster.1 of Grodsireyand rorshr..:n (1960) 

to deter:nine the insulin concentrations iu the: alcoholic extracts 

obtained.fro~ pancreas glands . 

D. C!IR0:-1ATCCRA?EIC >1ETE0I6 . 

Several chro~atographic 11ethods have been developed for insulin 

assay. Grodskey a.'1d Tarver (1"'56), an,1 Light a..r1d .:iimpson ( 1956a) 

developed ascending and descending paper chror:latographic ·'lethods . The 

insulin content was measureu coloric1ctrically after eluting t he insulin 

fro'."'.! the paper . Crude insulin samples can be assayed but should be 

salt free and not contain too !'"'luch crude protein. RQ.dial paper chroma­

tography g ives sharper separation of insulin from other proteins (Bouman 

and Homan , 1958 ) , 

The r esults mus t be analysed statistically, and the standard and 

test samples r un at the same time, on the sa~e paper, to reduce errors 

and variations in results (Fenton , 1959; 1961 ) . 

E. FIBRIL FORMATION. 

The preci pitate formed when a slightly ac i dic solution of insulin is 

heated (Blatherwick e t al, 1927) is composed of radially oriented fibrils 
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(Waugh , 1948) . An assay has be en developed in which an insulin 

solution, (of at least one i . u./rnl) is seeded with fibrils . The 

fibrils formed after mechanical reaction are weighed . Cross-seeding 

with insulins of different species may not give reproducible results 

( Grodskey, 1958) . The method can be applied to sa:,1ples containing 

less than 11 i. u . /man or a solution of globulin zinc insulin. Close 

agreement with bioassays can be obtained (Krylova and Bazar ova, 1960; 

1962). 

F. OTHER .'1ETHODS. 

Polarographic measurements have been used to assay insulin (Puscura 

et al, 1958; Marha , 1960; Girad, 1964), as well as paper electropheres is 

(Voluiskaya, 1963) and starch-gel electrophoresis (Gaudino. and Polizzi-

Sciaronne, 1963). Disc-gel electrophoresis has been used for an investi-

gation of the heterogeneity of crystalline i nsulin (?-1irsky and Kawamura, 

1966) but has not been applied to insulin assay. 

G. C 0:1PARIS ON OF Tl-JE ASSAY "'IETHOIB • 

The sensitivity, precision , quantity of insulin required and sample 

si~e differ for the different assays syste~s (Table III). 

In cornrnercial pre po.ration of insulin there are two generally accept­

ed uethods of assay of the product - the rabbi t f.ssay :rnd the muse 

ac.:;ay , us ing the ::::.,_'1ternational fosulin Stnndard or the United States 

Parnacopeia Standard. Both .nethods hGve li,,1itc:itions ,_.,h ich r estrict 

widespread general application . Since 1 9 25 , when t he First Internet t-

ionul Standard for insulin -was adopt ed bused on t he rabbit assay, all 

preparations hnvo been assayed, :Erectly or indirectly, in terms of it 

(Steuart, 1960 ) . Lo.rce a.:iount of relatively l1 i 6h concentration of 

insulin are r equired e . g . 50 - 100 i . u. of at l eas t one i . u . /ol for 

rabbit assay and f ive i. u. of 0.1 i. u . /ml for the nouse assay. Neither 

of these methods is suit:1ble for deter mining insulin in plasma or in 

extracts produced from very s mall samples of tissue . M)reover if many 

samples .::ire to be assayed t he expend iture in ani mals and time becomes 

considerable . 

In vitro and in vivo techniques require smaller runounts of insulin 

for assay, as do r adioirnmunoassay t echni ques, with the latter technique 

most probably giving the most r elevant results (Renold, 1965), although 

in an investigation of blood insulin levels in sheep no correlation 
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between insulin-like activity as measured by the rat· cpididymal fat pad 

nssay, and the radioimmunoassny results was obtained (Dash and Lindsay, 

1967) . The insulin-like activity deter~ined by the epididymal fat pad 

as say may be divided into two parts; one rneasuring i·011mmologically active 

insulin A.nd the other an u..11.known factol' (Renold , 1965). In vitro 

•'.'lethods tend to give much h i gher vclues for insulin-like '.l.ctivity in 

blood than rndioirnrnunoo.s say 1:1ethods . 

Chemico.l methods ar e less sensitive, probably less sp8cific but 

more precise am1 less costly thnn biologico.l ;;-iethods . In choosing an 

3.sso.y proceedure for insulin considoration ,nust be r;iade of the accuracy 

required, purpose for which the t est is ,m1.de , the time and cost of the 

assay used, lllld the arnoW1t and qw.:.lit.:r of t he insulin to be assayed . 
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CHA?TER IV . 

PAI-iCREAS COMPCB ITION AND INSULIN co:,ITENT 

OF :NEW ZEALAND SHEEP . 

SHEEP PAIKJREAS IN NEW ZE!:.:U.lID . 

Introduction: 

Ther e is littl e infor ~ation on t he cor:1position a~d weieht s of 

sheep pancr eas with a{?_e . Wi lles et a l (1}69b) o...'1d Wallace ( 1948) 
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r eport ed t he pancr eatic wei2.ht s i n foetal l ar:ibs . 1t-Iallace ( 1948) and 

Schingoe t he e t al (1970 ) r eported t he pa.ncr eo.tic weights of l ambs and 

r:1ature s heep (Tabl e VI) . The insuli n cont ent of the pancr eas has been 

fm.md to be r e l ated t o age , nnd ;"')_:i_y be r elated to otl-ur f::i.c t or s such a s 

pancreat i c pr otein or soli ds content . Fur ther information on t he 

amount of lamb and s heep avail:1blcJ in i-Jew Zealand and its appr oximc,te 

composition , c..nd insulin content was required . 

Detail s of the mr:tber of sheep and lo. 1bs s laughter ed i n :i.Jew Zealand 

a r e nvGilable f r om the Department of l,criculture and the Gover nr.ient 

Statisti c/J.,.'1 (o. lu.r-ib being · 2!1eep ::_sed loss thc..n one yenr . ). The numbers 

of 1-:unbs and sheep sl2.ughtero,J in Ifow Zeal•111d yewly 1-L,ve been stec.dily 

incrensin[ ('h.blc IVa) . During the ye:.rr t'.iere a.re large vo.rio.t i ons in 

t he nUJnber of sheep n...'1d l c,11bs killed ( Table IVb) . The lo.rge number of 

lambs killer] i n Ncvwnber and December represent yo1.1:1g Lr:ibs, 1 2- 16 weeks 

old , with c.. light cnrc:..:.ss weight (30- 36 lb) . The !1U.---'.lb8rs of l,t.:1bs 

slaughter ed grnduall y decr eases in t:1e Januari1 to >Ir:.rcli period , wit h c. 

peak in Lpr il whGn t he he[~vier· c-::.rc:::.::;s v,eir:.ht (40--60 lb) ln,:ibs, 9-1 0 

months ol d , are killed befor e the winter . The nu:·1ber of' laf'.lb killed 

in t he wint er mont hs are a s mn.11 pr oportion of t he c.nnual t ot al. 

Sheep s l aught er numbers r.l so s how t wo peak periods ; De cember t o 

January when many hoggets (one t o t wo year old ani mal s) rmd we t her s are 

killed for t he export ment ;-,iarket, and m rch t o _'\.pr il when mc.ny culled 

ewes and surplus animals are killed before t he wi nt er . Throughout t he 

r est of t he year , May t o November, t he numbe r of s heep killed i s fair l y 

constant and r epr esents cull ed and surplus animals . In t his s tudy t he 

weights , a pproximate compos i t ion of pancr eas and ins ulin content f rom 

animals t ypical of t he s heep and l ambs killed in New Ze&l and freez i ng 

works wer e deter mined . 
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TA3LE rJ. 

:,rent Slnuchterings in New Ze.:.tland Export Works and AL1. tto irs • 

(a) i:..nmml Total Kill. 

He·-·.d of Stock ! 000 

Year ended: Cattle c-~lves Sheep La.. lt)S Pigs 

30th.Sept. 1966 1,153 1 ,a;8 5, 9'?./4 22,219 852 

1°)6'/ 1,201 1, 217 7,699 24 , 049 770 

1968 1,482 1,233 9 ,381 26,315 800 

1969 1,679 1 ,354 8 , 826 26, 750 770 

1970 1,833 11307 9 ,072 27,432 808 

(b) ;\fonthly Kill of Sheep a.nd Lambs . 

:iead of Stock % of J..nnual Kill 

'.tiont h Sheep t oo~c'..!1bs Sheep La._~bs 

1969 Sept. 332 79 

Oct. 474 733 5. 2 2. 7 

Nov. 665 3,905 7 . 3 14 . 2 

Dec . 1 , 185 4,055 13 . 1 14 . 8 

1970 Jon. 1 , '2:04 3,418 14. 3 12. 5 

Feb. c.D3 2 , 854 9 . 2 10. 4 

\,b,r . 1,054 2,911 11 . 6 1 o. 6 

i,pril 1 ,35c.1 3,539 14.9 12. 8 

1r.y 844 3 ,?08 9 . 3 11 • 7 

Juno 536 1)943 5°9 7. 9 

July 291 5 ') 1 ..,,, ' 3 . 2 1 j 

;.U[. 218 233 2.4 0. 9 

Se Ft. 328 102 3 . 6 0.4 

Fr om N.Z . Department of Statistics ~1onthl y Abstracts, December 
1970. 
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b . Source of Glands . 

The sheep and lc.rnb pancreas were triken from ani mals of different 

age groups, killed at the RUDkuro. .• nimul Research Centre , i n the course 

of various experiments . To cove::.~ mor e compl e tely tl1e age r a.nge , 42 

days to 7 years, pcJ1creas f rom sheep 1½, 4, 5, o.nd 7 years were obtained 

fro,n a "'leat works . Sever c..l br eeds wer e included i n -i;he investigati on : 

?1erino, Romney , Bor der Leicester x Ro!'lney, Sout hdown, SouthdO\·ID x 

Romney, Per endale, Corridale, but full details wer e not availabl e . 

1,11 pancreas glands , except those collected f ror.1 t he meat works, 

were we i ghed aft er being carefully d issect ed from t he digestive tract . 

The p::ncreas gl nnds f rom sheep killed c.t the Ruakura Animal Research 

Centr e wer e r emoved with 1 0 .ninutes of slaughter of the ~mi mnl , wei£_hod 

and frozen indiv i dually on slabs of ice in a forced- circulation 

freezer (- 18°c) . Freezing of the glc..nds was begun wit hin 20 ni.'1.utes 

of slaughter. The pancr eas collected at the 111eat works wer e collect ed 

fror:i the '--:ii mal s >J.nd frozen wi thi n 30 ·ninut es of slaughter in a blast 

freezer. 

Poncreo..s rln.n.Js collected at tho Rue.kur:-i. ,·..ni n·_l Research Cer..tr e 

were air freighted to '1assoy TJnivcrsity p;-,cked ir. dr y ice . All glo.nds , 

on arrival at 1-1assoy '.1.,r e stored in c. f r e'.)zcr at -18°c until procl;ssed. 

c . ~nalysis . 

1 . Prepa;;rt::.tion fo1· illc..ly~~. ;,fkr SD."lples had oe0n taven for 

insulin extraction (Section D) tl--.t:: pc..ncreas cb.nds wer e r eminced t wice 

throurh a 1 0 ;L'll cuttine plat1;., . Cure w;:.s t.l..ker: to prevent loss or gain 

of .i10isture cl.urine , ,i.r1c i ng m1l1 s::i.::1pling . The sa ,plu was kept in a 

s ealed plastic bo..g inc. cold-room (7°C) until c..nnlysed , If t ho so.-,ple 

was not to be o.nalysed within 24 hours it wns f rozen. 

compl e t ed in triplicate . 

Analyses wer e 

2. >Ioisture . The ·riinced pancreas sample was mixed with wa.shed 

sand and dried for 1 5- 18 hours in an 2.ir oven at 1 oo0c . No decompos-

ition of t he pancr eas was observed during this dr yiP~ per iod . 

3. Protein . The pr otein was deter mined by estimating the total 

nitrogen content; the value obtained being multiplied by 6 . 25 to give 

the per centage protein. The non- protein nitrogen cont ent wns also 

analysed by precipit ation of the protein with trichlorucetic acid i.~ the 

first seven age gr ouµ; investigat ed , but as it did not affect the total 
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nitrogen content significm1tly (Protein N = Totcl N - Non-protein N) it 

wo.s not det er mi ned in the further gr oups i nvesti gated . 

The totr.l nitrogen was det er mi ned by the Kj el dahl diges tion me t hod 

using 2 gm s amples of minc.,Jd pancr eas. A 1 0 ml sampl e of the digest 

wo.s distilled in a micro- kjeldahl dis t i llation apparatus . 

4. Fat. The fat content was de t er mined by Soxhlet extraction, 

wit h petrolewn et her, of a sample of minced pruicreas whi ch had been 

mixed with washed s an.d and dried. 

5. Ash . Ash was calculated by the difference of water , protein 

and fat content fror:i 1 00 per cent. 

The full me t hods for protein, moisture and fat de t er mi nation are 

given in ~ppendix 2. 

d , Results . 

The results are divided into two parts : 

1 • 

2. 

1 • 

Weights of ind ividual pancreas gla.."lds . 

Composition of groups of pancreas glands . 

We ights of Pancr eas Glands . 

The detailed weights are given in Appendix I, Table .A.1 . I. 

The ind i vidual p,rncr eas weight s were obt'rined f r om the data for each 

gr oup of pancreas glands o.nd arranged in chronological order. 

From Figure 4, which gr aphi cally s:1ows pancr eas gl arid weight with 

age, six differ ent gr owth periods can be observed : 

4 2- 1 !.,JJ days 

1 00-1 40 days 

197- 319 days 

425-490 days 

2-3 years 

5 years 

incr eas e in pancr eas with age during 

the s pr ing . 

r apid i ncrease in pancreas weight with age 

duri ng t he l a t e sprine, and early summer period . 

no significant change in pancr eas weight 

during t he winter period . 

r api d increase of pancreas weight during 

t he spr ing and early s ummer . 

gr adual increase of pancr eas weight as the 

animal matures. 

decreas e in pancreas .weight after maturity 

of t he animal. 
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Equations for the r egr ession of pancreatic wei ght with age were 

formed by the least squares r e,::,r ession method (Snedecor & Cochran 1967) . 

The dat a is tabulated in lppendix I , Tabl e A1 . I, and shown graphically 

in Figure 4. The r egr essi on data is sum.~o.ris ed in T1.ble V o.nd further 

det o.ils cnn be seen in Appendix. 3 , Table 1.3 . L 

Tf.:JLE V. 

Regression Equations : Sheep Pancreo.s e Weight with .·.ge . 
Probability V.:,lue (p) for t he Regr ession Coefficient is 

c..l so included. 

Period Equo.tion p X y 
r 

42- 140 d,3.ys y = o. 292X + 10. 63 ,- o. 001 days gm. 
,._ 

100-140 days y = 0. 383X 0. 48 < o. 001 ti II 

,-.. 

425- 490 dc.ys y = o. 375x - 105 • .32 < o. 025 l1 II 

2- 3 years y = 19 . 1X + 29 . 2 <0. 005 yeG.rS 

i. Co:!l12arison of Pancr eatic We ight I!lcrec.st;s during t he S12ring. 

The :i.ge per iods 100- 140 days and 425-490 days :i.r e one ye1.r 

apart , n.nd both occur in 'l simil o.r Spring - ee.rly Sw:uer period when 

feed is "!.bundant. A comparison of the r egression fat a (li.ppondix 3 , 

Table A3 . II) showed that cl though the r es i du~l variances and el evations 

of the two groups were si~·nific ..... ntly d i ffer ent t her e wo.s no s i gnificant 

di fference in the r egr ess io'1 co\jff icicnts . This i ndice.tes tho.t the 

r ate of prrncr eas weight increas 8 for the two age cr oups is not signifi­

cantly differ ent f r o.:i. eac h oth0r. 

ii. P:rncn.as Wc.. ight Juring ·,;intcJr . 

The dnt n for tho pancreas weights of :::-,ni mals killed c~urinr t he 

April to July period ( 1 ; 7-31 9 dayn old) w:ts classified within ten-dc.y 

age periods . The average p:ll'lcrens we i ght and variability of each class 

was not significnntly d iffer ent f r om the over all aver age we i ght of 

45. 2 .t 9. 3 gm (Appendix 3, Table A3 . III), indicating t h.?.t ther e is no 

significant pancr eas we i ght change with age of sheep during the winter. 

This lack of significance in pancr eas weight change is pr obably due to a 

r educed growth r at e of the o.nimcl ove r the winte r period . 

iii. Qomparis on of Pancr eas weights with r e ported values . 

Schingoethe e t a l (1970) r eported pancreatic ~e i ghts of 10 . 8 g 

and 44.4 gm for sheep 42 and 365 days old r espectively. These weights 

are not predicted by the equations obtained for the corresponding age 
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groups in this survey although the average weight ir': the winter gr oups 

(45 . 2 + 9.3) would include the published figure for the 365 day old 

sheep. There was not a close agreement between values reported by 

Wallace (1943) in a study of the growth of Suffolk X Border Leicester­

Cheviot Sheep in New Zealand, with values obtained in the present 

study (Table VI) . 

TABLE VI. 

Comparison of Reported and Calculated 

Reported Weights 

Pancr eatic Wei ghts. 

Calculated Weights 

Age 
(days) 

42 

365 

62 .:t 11 

112 

200 .:.t 27 

332 .:t 14 

Number 
in Gr oup 

5 

12 

4 

8 

6 

2 

Weight 
(gm) 

1 o. 78 

34 

47 

55 

59 

Source 

Schingoethe 
et al, 1970 

II 

Wnllace , 
1948 

11 

II 

II 

Basis 

A 

Y=0. 292X + 10.63 
/\ 

Y=0.244X + 7. 54 
Average of 42 
days old ag0 

group 

/\ 

Y(gm) 

23 .::_ 1 

17.8 ,::_ 2 

22 + 3 

~=0.375X - 105 .32 32 + 52 
Av. of 197-31 9 
days age group 45.2 + 9.3 
~=0. 292:X + 10.63 28.7 + 1.4 
1=0.2.44X + 7. 54 22.7 + 2.7 
Av. of 63 day 
old age gr oup 29 . 5 + 4.6 
I\ 

Y=0. 292X + 10. 63 43 .3 .:.t 2.3 
f=o . 2.44X + 7. 54 34 .9 .:: 4.6 
1=0.383X - 0. 48 42.4 ! 10.7 
112 day old 

animal 

Av. of 197-219 
age group 

Av . of 310-319 
age group 

36. 0 

46. 3 .:t 1 o.o 

45. 2 .:.t 9.3 
Earle (unpublished) obtain pancreatic weights from sheep of various 

ages in a study of the organ weights of Romney, Southdown and Southdown 

X Romney breeds in New Zealand. The data was obtained from ewes and 

rams, and each gr oup contained 4-6 animals (Appendix I , Table Ai.II). 

The regression equations obtained from the dat a of Appendix I , 
Table A1. II, are summarised in Table VII. Further details are 

included in Appendix 3, Table 3. r . 



TABLE VII. 

Regr ession Equations : Sheep Pancr eas We i ght with Age . 
The probabili t y value ( p ) for t he r egr ession coefficient 

is a lso included . 

Period 

42-11 2 days 

42- 175 u 

Equation 
~ 

Y = 0. 244 X + 7. 54 
,,.._ 

Y * 0. 136 X + 14.98 

p 

< o. 001 

<O. 001 

X 

days 
II 

y 

gm 
It 
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1~ c omparison of t he r egr ession equation obt a ined from the data of 

Ear l e , and data f or t he 42- 120 day age pancr eatic we i ght s obtai ned in 

t his study s how t hat t he r e is no s ignificant differ ence in t he r esidual 

var i ances, or t he r egr es si on coeffi ci ents for t he two di ffer ent s amples 

(1.ppendix 3, Table AJ . IV ) alt hough t he el evations of t he equations 

obt ained ar e significantly diffe r ent . Thus , fr om t wo di f f er ent studi es 

s i milar r esults wer e obtai ned for t he po.ncreas we i ght increase for New 

Zealand lambs 40-120 days ol d . 

2. Compositi on of Pancr e~s Gl ands . 

The aver a.ge co11pos ition of the s heep pancr eas gl o.nds in each age 

gr oup r ecor ded i n thi s study er e gi ven in Tabl e VIII . The anal ys es 

hc.ve been expr essed on both a wet and dr y b:is i s . i,s t he pMcr eas was 

f r ozen on s l abs of i ce , pi eces of i ce adher ecd to t he gl 811ds and wer e 

incl uded in th\:.; moi sture content . Re3ults on a dr y bas i s will gi ve n 

mor e accurate compari son of solid content . 

Ao i sture was t he l m'.'gest component of the pcmcr eas , being 75 - 79% 
during t he gr eo..t er part of the life of t he sheep. Protein was appr ox­

imat el y 16%, and the mos t important constituent of the dr y s oli ds . Fat 

content was very variabl e (3 7 10%) and could r efl ect t he nutritional 

plane of t he gr oup of o.n i rnals . 

Ther e appears t o be no s et patt er n of pancreas compos ition with 

~ge (Fi gure 5) and no simple r el ationship bet ween fat, protein and as h 

cont ent (Figure 6). It should be noted t hat fat forms 20 - 3Cf/o of t he 

solids in the pancreas . No comparative values f or gl and composition 

a.re availabl e , although Schingoet he et al (1 970) stat ed a solids cont ent 

of 20. 9% for 42 day old l ambs, which is similar to t he value obt ained in 

t his study. 
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TABLE VIII. 

Analysis of Pn.ncreQS Composition( %). 

Age Wet Bo.sis Dr y Basis 

Av. S .D. Water Protein Fat Protein Fa.t Ash 
~ . 

42 79 . 5 13 . 5 6. o 65 . 7 29.4 4-9 
63 66. o 22 .8 1 o. 2 67 .3 Jo. a 2. 7 

84 81. O 1 J . 7 5. 1 72.3 26 . 9 0. 8 

100 . 4 4.9 76 . J 16 .9 5.9 71.4 25 .1 J . 5 
117. 1 o.8 ... 75 . 0 15.9 7. 0 63 .8 27 .9 8. J 
121 . 8 1. 8 76. 8 1 5. 8 4. 6 68. 2 20 .1 11.7 

131. 2 2.3 76 .1 15. 6 7. 1 65 . 6 29.9 4-~ 
21 8.4 9.9 78. 6 15, 8 4. 1 74. 0 19. 0 5. 0 
231 . 8 2.8 77.3 16.9 4. 0 74 . 5 17.8 7. 7 

243 . O 4.4. 77. 9 15. 3 5. 2 69 . 4 23 .4 9. 2 
253 . 7 5.9 · 77. 8 14.9 5. 3 66. 8 24 . O 8. 5 

264.3 4.2 79 . 0 15 . 3 3.9 73. O 18 . 5 8. 5 
264.9 4.0 78 . o 14. 0 5. 3 63 .6 24.3 12 .1 
276 .6 5.4 78 . 0 1Lf .4 5. 2 65 . 5 23 .8 1 o. 7 

2?,4. 7 5. 6 72. 6 17. 6 7. 2 64.1 26 . 2 9. 7 
302. 2 1. 4 74 .• 8 15. 9 7. 5 63.2 Z;t . 6 7. 2 
308. 9 1. 9 72. 6 12 .4 6. 5 67 . 2 23 . 8 9. 0 
315. 6 3.3 72.4 18.4 7. 5 67.4 27 .3 5. J 
4/43 . 0 8.9 73 .6 17. 8 7. 4 67. 4 28. 0 4. 6 

456 .6 2. 2 74. 2 15. 7 9 . 2 60. 8 35 .4 3. 8 
464. 7 1 .4 74.4 15. 9 8.1 62. 3 J1. 7 6. o 
472. 7 5.9 73 . 8 16 .1 7. 4 61 .6 28. 2 1 o. 2 

Years 

1. 5 77. 0 15 . 8 J .9 68 .8 16.9 14.3 
2. 2 0. 3 79 .4 15 . 5 3. 2 75. 2 15. 7 9. 1 

3 79. 5 15. 4 3 .1 75 .1 15 . 2 9. 7 

4 71.,6 17.3 10.4 61 . O 36.7 J .3 
5 76 .6 17.9 3 .1 76 . 7 13. 3 1 o. o 
5 80.3 15. 6 2. 9 79.6 14. 6 5. 8 

7 75 .9 18. 8 3. 8 77.7 15. 8 6. 5 
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e. Discussion. 

Pn.ncreas glands of New Zeal and sheep showed weight increases dur­

ing the spring and early surrrner months, in the first two years of age 

in the s heep, During winter there is no real chanse i.11 the pancr eas 

weight. Pancr eas glands increased in weizht until a t least the age 

of three years, the age at which the sheep has reached maturity, but 

there is a decrease in p211cr eas weight for five-year-old sheep. 

Good agr eement of pancreas weight as reported in the literc:cture, 

and the pancr eas weights obtained in this study was not obtRineu , even 

for a study of New Zeo.lc.nd o.nimals (Wallace, 1948) , However, a good 

agreement of pancreas weight with age was obtained in o. nore r ecent 

study (Earle, unpublished) of :New Zealand s heep organ weights . 

For calculating the yiel ds of insulin or enzymes f r om sheep 

slaughtered at New Zealand meat works , the following pancreas weight 

could be used : 

Lambs 44 €,':" 

Hogget 64 gm 

Sheep 80 gm 

Old Sheep 50 gm 

No trends for the r.homi cal compusition vf p::i.ncroa.c; glnnds v ~ro 

obtained, nor was t here e..ny simple rolo.tionship between the fo.t, ash 

1:;21d protein content . 

B. C rn-IPLRIS ON OF EX TRAC 'I'I Oi'J ME'~ HOIB 

a . Introduction 

A suito.bl o r;1e thoc' of insulin extraction was required for the 

investigation of the insulin content of New Zealand s heep pancreas . 

Several differ ent methods are available both for 12.r ge and small scale 

extraction. The study was only ove r a li~ited time period of t en 

months , so de t ailed L~vestigation of t he met hods used for insulin 

extraction could not be carried out, and as the qunntity of glands 

obtained f or each age group investigated was small, small scale me thods 

had to be used . 

In the evaluation of t he me t hods the following points were 

considered : 

i . The a.mount of pancr eas r equired for the extra ction. As each 

age group contained 7 - 21+ animals representing JOO - 800 gm of glands, 
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if the ins ulin ext r actions were to be in duplica t e , mid chemical t ests 

wer e a lso to be carried out on each group ~ he method ~ust be suitable 

for small quo.ntitie s of tissue . 

ii. Quantity and cost of mc.t erials, chemicals a...~c1 equiP'nent. 

S orne chemi cetls are diff icult ·i:,o oL,t~~in in i.Jew Zeal nrn .. : c.t short notice , 

or unavailable , 

iii. S i ze ,:md type of equipment . If pos s i ble , equi pment already 

pr es ent in the l abor ator y had t o b':; utili:: eel or mod ified for us e o 

Di ff iculties in obtaininr, suifo.ble equi pnent i n 3. short tir.1e was 

experiGnce-:1 . 

iv. Tim8 r equired for t he 1:;xtraction met hod o Tho tirne r equi.recl 

for t he me t hod mus t be a s short ns possibl 0 , ns twenty nine d i ffe r ent 

age gr oups had to be investigo.ted . The extr.::wt ion met hod !'.lust not be 

t oo complico.t ed , but stil l g i ve r epr esentative r esults . 

b . Methods Investigcted . 

;-.fost insulin extr action r'le thods use a cidified etkmol, as the 

gr eat est y i e l d c :m be obt ain_d , followec1 by v2cul.l.'.n Jisti..11 'l.t-inn r> .C' Lh"' 

o.l coholic P-xtr c1.ct . Severn.l investigators lnve not ed th£1 .. t the pII of 

the extr act cl'fects tiie yield o::· iYJ.su.lin . Jephcott (1931c.) obtniJ1cd 

gr eat er insulin y i e l ds using 0 . /4;J · sulphuric ,:--,..cic1 t~1c.n 1,,-;hen us i ng 0. 1 £; 

or 0 . 2N sulphuric ac i d . Usinr, liyr1r ochJ.oric n.cid the gr e::i.test yield 

of insulin was obtained us inc_ :m ::..cid str en8th of 0 . 1 E, other factor s 

or· tim-, , o.lcohol ~oncP,ntrati o•. n.n:i tR1np--~ro.t;11r.:, of" 0.:;;tra.<.;t:i on ueing con--

s b.nt , Durinr: the pr e s ent il,v;=-,s t;if.~.ti.on m .. ·thophos Jhoric ac i d was 

used fo r ncidifico.tion of the extrc.ct, t ~1is bei n6 the ['.C i d used in the 

•nor e r ecent r,ethods . Ko.tkovsl:ii e t n.l (1969a) obtc.inod n 107; incrcr,se 

il1 insulin yield when usil1g orthophos phoTic c,cid i11steacl of sulphuric 

o.cid. Oxalic o.c i d and s ulphuric o..c i d 1,,rns c..lso used in two of t h0 

batche s of pancreas extrc..cted in t he pr e liminary investigations but the 

effec t on y i e l d wa.s not noted . If t he pH of t he d coholic extr act from 

sheep pancreas was l ess than pH 3.0 a decrease in t he insulin produced 

occurred as seen in TE.ble 1X, wher e the y i el ds of insuli n f r om batches 

of pancr eas for which the pH was accidently l es s thM 3 . 0, are compn.red 

with the corresponding duplica t e extr o.ctions for which the pH of t he 

extract w::i.s gr eater than J . O. All s ampl e s wer e extracted by t ho s o.me 

me thod (ether concentration of the extract, Section b,3) and orthophos­

phoric acid used for ac i d ificati on of the e t hanol. 



Sample No . 

1 

2 

3 

4 

5 

6 

T1.J3LE IX. 

Effect of Extrc.c t pH on Insulin Yield . 

Age Group 
days .::_ S .D . 

264. 9 .: 4 . O 
II 

11 

276 . 6 + 5. 4 -
II 

11 

Extra.ct pH 

2. 6 

3.2 

3.3 
2. 7 
3 . 2 

3 . 2 

Crude 
Insulin Yi el d 
rngm/kgm pancreas 

1190 

1380 

1390 

1080 

1530 

151 0 
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In large-sea.le insulin pr oduc t ion t he macerate is usually stirred 

wit h a. pa.ddl e, or a.llowed t o st2.11d, for t he required time while t he 

in:Julin is extract ed f r om the tissue . In s mal l scal e pr oduct ion t he 

f r ozen pnncr eas ( 50 gm - 1 kilo) is oft en homogenized in o. blender for 

a short time . (SrJith , 1964; RMdall, 1964; llimmel et o.l, 1968) . 

Mirsky e t a.l (1963) observed no apparent d i ffer ence in the yields of 

insulin obt a ined by homogenization of the ;riacerate for 30 - 60 seconds 

compnrc...1 ·with slow stirring for .:.bout six hours. 

In this study lerge qu.intities of gland s ( 1-5 kilo ) ',1ere extrn.ct­

ed in a.c idified a.lc ohol in o. stainless steel vessel, £!.nd s. Voss stirrer 

(Model S30/CB) used to :nu the e:xtr 2.ct . S 'li:'..11 quentities ( 50 gin) were 

macerated in a Wn.ring bl onder ( Type Lristocrat, Model 2057- 701 ) with a 

high speed of 13, 000 rpm, c.nd o. low speed of 2 .i OOO r pn when unl oaded . 

The three :nethods investigated were 

1 . Conventional :netl1od of insulin extr act ion using o.c idified 

alcohol i c extra.ction, followed by v2cuu.'!l dis t illation of the extrac t 

( Maxwell and Hinkel , 19 540.) . 

2. Alginic a cid method (Jorpes, 1960) as o.n exampl e of an insulin 

extract ion pr ocess using i on excho.nge resins . Sever al methods have 

been developed using ion- exchange r esins. Thes e met hods have t he 

advant age of increased insulin yields , and savings in equi pment, power 

consumption and labour costs . Jorpes (1 960 ) estimated that using 

alginic acid t o obtain t he insulin from t he alcoholic extr act t here 

has a 20 - 30% increase in yield, a.nd Katkovskii et al (1 969b ) 

obtained a 40% increas e in yield using SDV-3T ion exchange resin. 

3 . Small scale extraction method , using a two-phase s ys t em to 

concentrate th~ alcoholic extract. Randall (1 964) used diethyl 
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ether- water- ethanol system to concent r ate the alcoholic extr act and 

remove the f a t . 

1 . Vacuum Concentration Method . 

i. Extraction. 

One kgm of f rozen po.ncreo.s H.3.8 minced through 1.1 3 mr _,lntc into 

two litres 85% v/v ethc..nol cont:::.ininc acid to five pE3 . The ;na.tGrial 

w..:.s stirred n.t roor:1 temper::turc for four hours on1 the solid removed 

by centrifugation. 'I'he solid w-:s 1:1ixed with a further 1 . 5 litres 

75% v/v eth'1J1ol nt pH3 for two ~1ours, and the solid removec'. fro1:i. the 

extract by centrifugation. Centrifugntion wo.s carried out by pl3.cin3, 

the materiel in a cotton bag e.nd spinning in c. Hoovcr r1c.tic spin-<!ryer. 

ii. Removal of Inert Protein. 

The combined extr ncts were clc.r ified in an J.lf ~ Lavcl crecw:1 

separator, and the pn changed to 8 . 5 with amr:10niu'l1 hydroxide (1 O?-I) . 

The precipitate was re:noved by centrifugation n...rKl 1 OH sulphuric aciJ 

used to bring t he pH to J . 

iii. Concentrc.tion of ethc.nol ~11..1 procipitc.tion of crude insulin. 

Thu 0:xtro.c·c w:....s conc,mtr-.toc: to onl.;- fifth the origin,.l volune by 

three p~sses through :::.n ·.1rn L.::..v-tl Ccl1tritherm cvapor c:.tor . Th0 te:1p-

er:turo in the stcw:i j :::.eke t ;r".cs 6o0 c, but th,:, ter;ipor2.ture of the 

ox tract coul,:i not be :aeasure. ,. 

precipitate t!1c cr ude insulin . 

SoJiu.1 c~uoride (25%) wa.s used to 

2 . 7 • • ' • _, '1 ti .J • ,c.1.g1n1c .. ci:... , c ,!Ou . 

i. Extrnction as for Icthoc.1 1 . 

ii. Re::i.ovr-J.. of Inert Protein. The co:-ibincC. cxtr c.cts wore cl:Lri-

ficd in 1.n JJ.fn La.va.l crcc..i:i sop~:ctor c.n.~ the pH ch~~ncer" to 8 . 5 with 

c.m.wnium hydroxide ( 1 03) . The precipit::te wns re'1oved by vacuwn 

filtration and the pH of the filtrate changed to 3 . 0 ,2: 2 using Dowex 

50- X8. The Dowex 50- X8 was then removed by f il tro.tion and r echarged 

by stirring in 0. 3 N hydr ochloric o.cid. 

iii. Heat Treo.tment . The teMperature of the extr act was r a ised 

t o 70-75°C within 5- 10 minutes , kept at 70-75°C for 5- 10 minut es, und 

then lowered to 30°c within 15 minutes . For small sc.mples (50 gm 

pancreas) this was most easily achieved by running hot water (8o-85°c) 

over the outside of a stirred glass flask contcining the extract. 

Cooling wo.s achieved by runnine cold wo.ter over the flask. For larger 
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quantitie s of gl o.nds t he extract was hent ed in n cove r ed sta inles s -

s teel ves sel in o.n nutoclDv e . 

t h ':.T :nocoupl e i n bot h met hods. 

The t emperature was measured us i ng a 

iv. Prepnrntion of Crude I nsulin. Wet a l ginic r..cid was pr epare,~ 

by was hi ng with 0 • .3 N hydr oc.hl oric acid , D..:.'1J t hen with wat er . It was 

stor ed slightly r.1o istenecl c.t -18°c . New algini c ac i d wo.s used for 

e2..ch extraction nltllough t he c2.pacit y of new lots of ::i.lgini c :-i.cid t o 

c.Jsorb insul i n. i s l ow, and increnses aft er regoner 2.tion (Jor pes, 1960) . 

New algin i c l:.c i d wus used for ench extr action s o t ho.t the ads or btion 

capacity for i nsul i n would be) a constCJ1t factor . Wet algini c ac i d was 

added t o t he cool ed extr act ( 25 gm wet alg i n i c acid/ kg pnncr eu.s ) m1d 

s t irred fo r s ix hours at r oo:n t emper a t ure, or sixt een hours a t 5°c . 

The n.l g i nic ac i d was r emoved by fi l tr:1tion on n Buchner funne l n.nu a 

s e cond equnl £tI'.1ount of wet algi ni c '.:c i d nc1dec:. to t he extract. The 

s econd batch of a l ginic ac i J wns r emoved f r om t he extract by f ilt r a t ion 

aft er stirring for one hour r..t r oom t emper a ture . The insulin was 

r emoved f r om t he combined batches of nl ginic 2.cid by elution wit h 0 . 3N 

hydr ochloric ncid (50 ml/kg p211cr eas ) . Sodi um chl or ide (25%) was 

used to precipitate the i ns ulin . 

3 . Ether Concentra t ion ·,-rethod . 

i. Extr ::::.ction. A Si.;.mple of pancr eas was mi nced through a 1 0 1:rn 

pb.te , n.nd 50 gm of !:-ic.ter i::1.1 we i ghoJ into 175 111 of 76% v/v otk .. nol 

c ont o.i nine 1. 7 ml 48N or thophos phor ic ac i d , befor e the :,10.t eria l t ho.wed . 

The mu.t erio.l was mn.cor nt od i n ::, bottom- dr ive W.n i ng bl ender a t hi gh 

Gpoed fo r one mi nute , and o.t low s peed for t wo minutes . The sol i d 

wns r emoved by centrifuge.t ion (2 , 000 x g for 5 minut es ) . The s olid 

wns r e- extra cted in 50 ml of 67% v/v ethnnol cont ni ning 0 . 2 r.il 48N 

orthophos phoric ac id , c.nd centrifuged for the s ame time as t he first 

extraction. 

ii. Removal of Inert Protein . 5N am~oniwn hydr oxide was added 

to t he combined extracts until the final pH was 6 . 0.:: o • .3 . The sus-

pension was filter ed using a t h in l ayer (2-3 mm ) of Celite on a double 

t hickness of filter paper (Wha t man No . 1 ) in n Buchner funnel. The 

pre cipitat e was was he d with 25 ml of 67% v/v e thanol and t ho combine d 

filtrate and wash adjusted to pH 4 .:!:. 0. 4 with 5N sulphuric acid . 

iii. Removal of ethanol. Three- stage countercurrent extraction 

with d i e thyl e ther was used to r emove the e thanol from the extract • . 
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Three s eparator y funnels were used . The alcoholic extract was s haken 

with an equal volume of ethe r . A s mall amou.,_'1t of water was added if 

two phases did not appear . The bottom phase was washed with two 

further 100 ml portions of ether and collect ed after filtration using 

c. thin layer of Celite on a doubl e thickness of filter paper (Whatman 

No . 1 ) , The three ether pho.ses were then washed sequentially with two 

25 ml portions of water. The ::-.. queous phases were combined and aerated 

for .30 minutes to re 1nove the r es i dual ether . The ethanol concentration 

of the extract decreased from 42% w/w t o less than 20% w/w (Appendix 7). 

The ether was distilled for reuse. 

iv. Preparation of Crude Insulin . An equal volW:te of saturated 

solution of picric acid was added to the filtrate and left overnight. 

The precipitate was collected by contrifugation (1,600 x g for 10 

minutes) and transferred to a 50 ml centrifuge tube using 25 ml satur­

ated picric acid solution, and again separated by centrifug&tion. 

The moist sed~nent was extracted with 5 ml acetone- water (4;1 v/v) 

ancl centrifuged . The sediment was extracted with 5 ml 7Cf/o acetone 

containing 1 % sodium chloride. The crude i nsulin hydrochloride was 

precipitated from the combined acetone extracts by the addition of 60-

80 ml of dry acetone and O. 1 ml 1 2N hydr ochloric ac id . The crude 

hydrochloride was collected by centrifugation i n a tared tube, w-a.shed 

with acetone , fol lowed by ether ancl dried i n a vacuwn dess icator. 

c . Materi als . 

For the investigation of t he different method s u. 120 lb. (47 kgm ) 

b1..uk lot of sheep pancreas was obtained from the meat works. The age 

of the s hgep was es timated to be 14-1 6 months. The pancreas glands 

had been collected from the carcass as soon after the slaughter of the 

animal as possible, frozen in individual moulds, a ir freighted to 

Massey Universit y and stored at -18°c until required. 

Reagent grade chemicals were used if availabl e, otherwise technical 

grade chemicals were used . 

d. Discussion. 

The alginic acid method had been used successfully to obtain 

insulin from beef a..~d calf by a previous worker in the laboratory, 

Yi elds of 2000-6000 i.u./kg· pancreas had been obtained from one to two 

kilogram batchos of glands . The f irst few attempts to use this method 



for s heep pancreas extraction were unsuccessful. Reasons for the 

failures may have included 

i. Not enough skill in using the snethod for sheep pancreas , 

although insulin had been obtained from beef pancreas 

( 1200 i. u. /kg gland) using the s c.me process. 

ii . Low l evels of insulin present in the sheep pancreas, and 

i n usin;; small quant;_ties of glands the insulin present 
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:nay have been 'lost' e . g. on gl asE surfaces and in transfers 

of the solutions . 

iii. Heat treatment too severe , although the heat treatment is 

less than the heat treatment for vacuum distillation. 

iv. Sheep i nsulin not bound by alginic acid . 

v. Insulin not eluted from the alginic acid . 

vi . Acid, alcohol or time for extraction not sufficient. 

vii. The method no t suitable for extraction of sheep pancreas . 

Vasavada et al (1964) found extreme difficulty in obtaining 

crystalline insulin from sheep pancr eas, and used mixtures 

of beef m1d sheep pa.ncreas to obtain insulin. Katkovskii 

and Schwartz (1961) also reported tha t the production of 

sheep i nsulin by the so.r:1e method us for beef (alcohol­

sulphuric acid extraction) was not successful. 

The successful extr3.ction of sheep pancr e/3.S by t his met hod gave o. 

yield of 620 i. u. /kG pancreas . ( House ass a~-) . 

Using the conventional me t hod with vacuun concentration of the 

extract low yields of 100- 200 i. u. /kg gl ands was obtained using the 

same batch of pancreas as for the 3,lginic [:.Cid investigation. Further 

i nvestigations of the method were not carried out because of this low 

yield . Katkovskii and Schwartz (1 961) reported yields of 300 i . u. /kg· 

pancreas usi.JJe alcohol- sulphuric acid extraction. 

The ether concentration method was found to be successful for 50 gm 

pancreas , with yields of 1. 5-2. 5 rngm crystalline insulin , or appr oxim­

ately 800 i . u./kg glnnd. As the yi elds of crystals were small , and 

difficult to assay , the crude precipitate was used for ass ay. Eleven of 

the age gr oups were investigated in this manner , but when the results of 

the assays were obtained it was evident that the ac t ivity of the crude 

insulin was much less than the activity detected in t he alcoholic extr act . 

Qlly one- third to one- quarter of the activity present in the alcoholic 



extr act was found in the cr ude insulin ( Table X). 

Three different methods have been used to investigate insulin 

losses throughout the extraction process : 

i . Addition of crystalline insulin at various stages throughout 

the process . Randall (1964) obtained a good recovery (80-98%) of the 

added crystalline insulin in cll stages of the extr action process except 

in the maceration atage, where only~ 50- 55% recover y was obtained . 

ii. Addition of crude insulin at various stages throughout the 

process . Jephcott (1931 a) showed that higher r ecovery rates were 

obtained if an aqueous extract of crude insulin w~s used instead of 

crystalline insulin. 

iii. Radimim~unoassay of insulin in sa~ples taken at various stages 

in the process . The radioir:1.'llUt1onssay cr;.11 be used on snall samples taken 

at uif.:",..,rent steps . Fewer extractions are needed as the mass balance of 

irsulin need only be done on one extraction, cor.ipared with the several 

extractions needed if the 1Tiass bal&nce 1 for :L~sulin throughout the 

process is investigated as in the first two ~ethods outlined. B~u~ et 

al (1964) used t he radioi-:-":iunoassay tec!mique for quality control of an 

insulin extraction process, ex pres sine t:1e results E!.s a percentage of 

insulin present in the alcoholic extract. 97 .J% of the orir,inal insulin 

activity 1.-ns present in the salt precipitate of insulin . 

An investigation of insulin content rJuring thE- processing by two 

methods was c:-:.rried out - the ale,inic ncid and the ether concentr ation 

,;iethod - using raJioirn.nunoass'.:.y of sa;:1p1Ds taken nt 2iffer cnt stages . 

To compare the two methods on the same po.ncrea.s ;naterial the f ollowine 

·1ethod was used : 

100 gm of pancreas wc..s extracted as for the ether concentration 

~ethod (Section b.3 . i) . The inert protein was removed a.sin the nlginic 

c.cid method (Section b. 2. ii) . The alcoholic extract was s ampled , t hen 

divided into two equal volumes . One volur'le was processed using the 

alginic ac id method , the other volume br oueht to pH 4 .!. o. 4 n.nd processed 

using t he ether concentration method. The investig~tion was done in 

tripli cate on three different days using pancreas taken from the same 

batch . The s~mples wer e diluted in isotonic sali ne to a insulin concen-

t r ation of 30- 200 ;uU/ml for r adioimmunoassay. The results were pooled 

and expressed as a percentage of the initial insulin activity in the 

alcoholic extract. The r esults and methods are presented in Figure 7. 
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Nearly a ll the insulin detected in t~e alcoholic extract was 

dE<:.e cted i n the fincl tccet one- wo.t er ext rnct in the ether concentration 

mothod , but only one third of the 2ctivity is pr esent in the crude 

insulin aft e r a.cet one pr ecipit utio,. 1',G only c. s:-:ia1 l amount of insuli• 

activity is ir. the c.cotone supern~tent the cr ude insulin has been de­

rn::.tureJ i.'1 some ,my, or insulin-like- f c.ctors D.re present in the extr acts, 

which .:1r e not detected when tho crude insuli!'l is recissolvod for assay. 

Only Sa% of the i niti<:tl insulin o..ctivity is prese;.yt, in the final 

s olution us ing the nleL"li c nc i d 1ethod. ~t.ost of the .:.ctivity appears 

t o be still associated with the D.lgi!:ic a.cic. a.!1d a seconc extrc.ction of 

t he c.lg i r.. i c acid :iu.y have eluted some :-iore of the insulin. 

The other concentr ation ~e t hod, ulthough takinc Q longer peri od 

then the :i.lgini c acid "1'\ethod invol ved les:=: .nan- hours. An extraction 

from a group of pa"lcreas glo.nJs could be completed in triplicate in 

two dc.ys, wher eas only one a.lginic ucid extraction could be done per 

de.y , using t he fo.c ili ties c.vailable . 

C. ASSAY .,JETI~ODS. 

The ?:-ietl-'.ods for i nsulin ~:ss.:i.y are outlined ir, Chapter III . In 

obk.ining rtn insulin o.ssa? in the present study the following points 

were consilered . 

i. A l::.ll'ge nu,-:1'oor of insulin s .:: .1plGs would be ohtai nec in the 

study. Twenty- nine di fferent age gr oups of sheep were investigo.te<l, 

an:1 as extr ,.cti ons ,_.;ere in Jupl_;_cc.to or triplic~,t8 , t:.i s represented 

sixtj· t o nineti insuli n sunples . Assays were 8.lso to be done on 

insuli n so .. 1ples obtc..ined i n the prelininnry studies, representine o. 

further fourty to fifty so.mples . 

ii. S ize and purity of insulin ne8ded for t he assay . I mpurities 

ccn affect assay r esults , and un assay suitabl e for the small qu.'.illtities 

of crude insulin obt~ined in the invest i gation was r equired. 

parison of assay methods is found in Table III. 

A com-

iii. Techniques involved for the assay s:,-sten. Most assay systems 

require a high level of skill, and time is needed t o acquire thi s skill. 

iv. I1ssay Time . its mony insulin s amples had to be assayed within 

the shor t time of the investigations (ten months) the time for each assay 

must be as shor t as possible . 



v. Phterials and F,quipment r equired . 

50 
Resources e.vail c:.bl e for 

insulin assay were very limited . F.1cilities were not available for 

housine, of a nimals r equired fo r bioassc.y systems , li nitinr. the assc..y 

syste~s investigated to those not requiring ani~als . 

vi. Hul tiplicity of insulins, pr o- insulins, e..nJ insulin- like-

1,w.terials . i.ny ass;::.y syster\, ot her th,m bio:.1.ssay, for i nsulin 'l'lS.Y be 

affected by othe r fac tors ond not accurately ".leasure the biologicclly 

active insulin. 

Insulin ass.:i.:,rs can be done on the crystallbe or crude r:w.tcrial , 

or on alcoholic extreccts fro11 the p,:1.ncr eo.s g l ands . J or pes o.n<l Rast-

gel d i (1 953) assayed t ~ extracts from hu!i1a.n p:1.r1creas t.:.sin;__, the r e.bbi t 

nss.::ty. Willes et c~l ( 1969b) i n an investigation of the insulin content 

of sheep pancreas use.J r udioi:rv mnoassa.y of the 2.lcoholk extracts . 

In [.. comparison of .'3. few of the non- bioassay systems for insuli:1, 

Light and Si:npson (195Gb) notci thc.t the fibril 3.ssay :r.ethod gc.vo 

erratic quantitative results if crude insulin was used, and other 

:!lat crials such as glucaeon were a lso cc::.rr i ed do\m. The two- phase 

partition chronatogruphy ;>1ethod wo.s a11 Uc.suiktble ':lethod for r un.ni ne 

"'lultiple Sw.mples as i t w:.:ls a t edious ~__.,thod for oven ?. sine,lc s n:npl e 

because purification was ncedeL1 to r e ,10·1G p0ptiJc -:d pr otei11 cont, .. :'lin­

ants . The pltp8 r chro"'lc.togr · ,1)ilic nothod ,1ovelopcd by Li ght o.rul S i "Ipson 

(1956a) was suit, .. blo :'or sc1all (20 gr-1) lots of c,_lf pu•1cre2s, but :1s 

c :~lf p~cre'ls ll.'.ls a high insulin content ( 10 i.u. /g".l), co'1pnred wit h 

pancreas gl:-U1c1s of 1uny othor dor1E:s tic c.nbv .. ls t i1e qt,antity used for tr ;., 

cllr omc.togr3.1n was r.JUch larger than tha t \:hich could be obtnined from ru1 

equivalent o..nount of beef o~ s heep glands . 

b . >Iethods Investigo.t ed. 

1 • Paper chror:w.tography. Prelimin::iry irod: was carried out on 

t he assci.y of insulin samples by pc.per chromatogr aphy using t he method of 

Bouman and Homn.n (1 958 ). I t was f ound that t he insulin s ampl e s wer 0 t oo 

impure to be assayed chromatogr aphically, and the t i m0 required to purify 

t he insulin s o.mples would be too long ,,ith poss ible loss of insulin 

acti-.rity during purification s :· paper chromatogr aphy was not i nvestigat ed 

further . 

2. :1ouse Bioo.ssa.y. l'.l though facilities wer e not available for 

t he bioasso.y in the laboratorie s, Tasman Va ccine laboratories carried 
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out mice bioassays on the preliminary insulin samples obtained . ,~s 

only o. s r.m.11 nunber of nnintls Her e available only ~ few assays could 

be Jone . The r esults for the assay wor e usoolly obtained in 1-2 weeks . 

J.s the crude insulin samples fron the J.ee gr oups were S'!lall ( 50 11gm) 

the bioasso.y could not bo used , cmc.! th~ impurities J:1a_r hc.ve influenced 

the results obto.ined . 

3. Rudioimrnmo:issa;0 • Thi s system cc:tn be used for small 'I.1ounts 

of insulin, ttnd the purity of th\;; sra:,plc is not iraporta.nt . Dcvelop-

:nent of the o..ntiseru"l to...~es a _perioc.l of two - t~1ree "'lonths . l,s cry-

stalline sheep insulin was not ~v~ilablo beef ~nti- L~sulin seru11 WQS 

produced by i='r ofessor Flux, fas3oy l.,niv.-irsity. 

The equipment needed for the :i.ssl'.y is not co~11plex but was not 

r eadily :J.vailn.ble o.nd s pecb.l arr211ps ·1e!1ts to obtain r.-::i.dioactive iodine 

or i odated-insulin wre necessary. Dr . forrnson ( pcrsom.l co::irmnicc.tion) 

aJviscd thrtt the tir:ie of the L'1Vestifation ,r.s too short to 2cquire the 

necessary skill for th"' teci.iniquo . 

TLc Radiother'.lpy Jepo.rt·10•1t, fl:tl•'1e:rston '·:ortl· 1ospit::tl; agreed to 

ass·w the sheE:.p i.>1sulin S°'.."":plcs . s:.l p rnd lm,"'\2_1 i:1s 1.ui:1s beh::icvvd in 

a si:-:iilJ.r ·nunner ovc...r t~1(; co:::.centrntion rcn2,e 0-100 1uu/ 11 (,~ppendi.Jc 4, 
!"ic,ure fJ+ , 1 ). Tho ruJiob ;;u.11or,ss.2:r- me tho(: U£Jed by t!lc... I"w.o ioth"'rc.py 

Depcrt'lcnt is [ ivo!l in L;:,penlix L,. . !,lthouc)1 .::. oull: lot 01· cruJc 

insulin W".S ;1r·epn.rc~~, :.:. bio:!.ssay to cor:w1r0 t.hc r·,dici"l!'1.moasso.y results 

with ti.e biolo2,ic~,l :cctivity coul:1 eot b l ona 1ue to <} ifficul ... y in 

o:)t'1inin0 consistent results in ti1e b"i.o:::.::--:::: ·.,'y using the mice J.vail:1ble . 

Crude insulin sc:nplcs wore prcpa.reJ for 2.ssa~· by dilution in 

isotonic saline, pE ( 5. 0, to w esti.':later1 concontrc,t.i.on of 30- 200 

;uU/ ml. Sn.mpl os of the alcoholic p&ncrcatic extr2.ct S[Clplos were 

diluted in the sane "1.:::.nner . ·~Jilles e t o.l (1969b) in tho study of 

s heep pancreatic insulin assayed the i ,1r,mnor eactivo insulin present in 

pancr eatic extracts using the :nethod of Grodsky arrl Forshrun ( 1960) . 

4. Disc Electr ophor es i s . Disc electrophoresis was used to 

investigate the qualitative properties of the insulL~ obt ained but not 

us ed for assay of insulin . 



D. YIELffi OF IN3 OLIN FROH HEW ZEALAND SHEEP PANCREAS • 

a . _' 1Ict hod. 

1 . Crucle Insulin Sa.-:iol_gi..§.. The ;".lethod used for the first e l even 

age c r oups investi[,ated was 

Eight t o twelve f r ozen pc .. ncrec::.s gl '-~11ds f r om each ace group \!ere 

r;-i j_11ced t h1·cufh r.. 10 1:.·. pl 1.te e:.nd t hr ee 50 g 'l samples taken r andor:u.y 

frorrt the r,1inc'°'d ~.1at eria.l hd'or c thr'.wing accurrcd. Eoch 50 g:.1 sa::iple 

was placed L'1 175 r.11 76~ v/v 0th<1..noL The s a.r:1pl e s \Jer e stored 11t 

-1 2°c until processed , tl1c :,12.x i 'lUt1 storage time bej_116 three hours . 

The :-ainccd pancreC1.s l ands re:;1c::.inin[, c.fter to.kin{:' the three sar.1.ples 

1.-Jere re"linccc.1 t\!ico and store.' in 2. seo.lcd plo.stic b1l£ at -1 s0 c '\.L"ltil 

r equireu for chei".licv.l ·,.nalyses (S ..... ction A, c . ) . 

The t hr ee 50 g::~ 'I1i::cerl p;:mcree.s s r.. "',pl es ,:er e extracted by t he 

e t her concentrs.tion '.'lethod (3ection BJ ·o , 3 ). The acet one pr ecipita.te 

o!: cr ude insulin \Jas collect,ed a.nd J r iel1 unJer vctc,.tuiri in o. tared 5- '!11 

centrifuge t u.be . ;,.ft8r wcir~inG, ti-1,:) c: .. ·ude extn.,ct was trai1sferred 

to a numbered tu:)e nn·i stored at -1 c°C 1..mtil 2-.sso.:0ed . 

,.._ :) +,c t:.r"'e ,.: i :'...2.:..gr::c.:1S cS: the cru·le i nsulin s a;npl e 

wore dis solvec i n isotonic sLlir.e c.n•:i :~ iluter'! to an esti nrit ec L"lsulin 

concentrat ion oi' JC -- 2c J ;u.D/ "'!.l. T!1e so. ,,plon wer e tLc:r.. assa.·cd by 

t!11... -.0 tr10d Jescri.'oed in : .. ppemlix 4 , a:-:d t:10 results presented "s 

i nsulin y i elu per g:.1 tissue, ocr c11 solid- :1ot- c,s:1 , per ri,·, sclid , r.£r 

e:--: protein o_,l'J irnnJ.in content ~r po...L1cr c2.s ( c.veraGc pc:.ncr e,ts Heie, 11t X 

insulin yield), for c::.cr: t:.:...·- c ::: .. •q 

d urin[; the -.,int_,r months . ~;o signiflc:1:.it t r ends i.n. thn h1sulin yields 

wi tl. ::i.,~,e uere observed , ::::1 thou,c ,h !1 s lir htl y lo;,.;er insulin y i e ld was 

obt~ined f r o~ tho ol der age croups in the s e ries . 

2. Alcoholic Extrc..cts . Radioii:rnunoassa.>' of the alcoholic 

extract f r om the age pr oup 315.6 l 1 . 9 lays gave un insulin y i el d six 

tir:ies a s gr eat as the y i eld obtai ned bJr assay of t he crude insulin • 

. Aft er investigc.tion of t he method wd cons ider o.tion of the r es ults 

(Section B, d) it was decided that it would be better to wor k f r om the 

alcoholic extract r ather thQll t he crude insulin for the assays . 

Consequently subsequent irnmunoe.ssays were therefor e carried out on 

samples f r om the alcoholic extr acts. Thus the max:i.mllr.l y i e l d of 



TABLE X. 

Insulin Yields f r om New Zu.1l&nu Sheep Pancreas . 
( assayed from crude insulin sc~mples ) 

Each r esult is expr essed as an aver age fr q n r adioimmunoasso..y of 
three d i ffe r ent crude insulin s arnples f rom ea.ch nge group. 

Sheep Age Group( days ) Pancreas Weight (gm) Insulin yield i . u . per 
No.in gm gm solid- gm gm 

Av. S.D . Range Group. Av. S .D. Range . gland not - ash s olid protein pancr eas 

21 8.4 9.9 197-226 12 45 • .3 9 .6 31. 2-64. 0 0. 19 0. 98 0.9.3 1. 29 8. 62 

2.31 . 8 2.8 227- 2.36 21 47.1 804 29 . 2-62. 5 0. 18 o. 88 0. 88 1. CB 8.4.6 

2,4.3 . 0 4.4 237-252 24 48. 2 8. 2 .35 . 0-64. 2 0. 18 0. 72 o. 67 0.96 8. 68 

253 . 7 5. 9 241-260 14 38. 8 7. 8 27 • .3- 51.9 0.1 .3 o. 66 o.67 0. 94 5. 05 

264 • .3 4. 2 260-27.3 15 .38 .9 7. 9 29 . 8- 57 . 1 o. 16 0.81 0. 74 1. 00 6. 38 

264. 9 4. 0 254-270 14 46 . 3 6 .3 37.7-60.3 0. 23 1. 19 1. 05 1.64 1 o. 63 

276. 6 5.4 270-285 14 43. 3 5. 5 37. 8- 54-5 0. 22 1. 14 0.98 1 .49 9. 52 

294. 7 5. 6 278-300 17 43 .1 9 .1 29 . 0-61 . 0 0.1 9 0. 77 o.69 1. 08 8. 19 
.302. 2 1.4 300-304 14 45 .1 11. 5 28 . 5-62. 9 o. 16 0. 77 o. 65 1. OJ 7. 22 

.3o8.9 1.9 3())-.312 14 49-O 11.4 25 . 5-66.9 o. 17 o. 67 o. 61 0 . <)0 8. 33 
315. 6 1 .9 312-319 14 50.1 9 . 8 37. 2-70. 0 0. 13 0. 52 0. 49 0. 70 6. 51 
315.6 1.9 312-319 assay of alcoholic extr act 0. 88 3 • .36 3. 19 

\.J'1 

4. 7.3 44 .1 \,J 
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insulin obtainable for the extraction method used would be known, and 

this max~nu~ y i el d of i nsulin from the extract could be obtained by 

further investigation of the factors affecting t he pr eci pitation of the 

insulin from the extract. Willes e t a l ( 1969b) used r adioi:nmunoassay 

of the alcoholic extract to investigate the i ns uJ_in concentration in 

lamb and s heep pancr eas . 

For the investigation of the conc entration of extract able insulin 

in l amb and sheep p!lncr eas using r ad i ofo1nunoassay of a sa:;-iplc from t he 

alcoholic extr ac t, the method was 

Duplicate 50 gm s~unples wer e obt~1ined f r om e i £ht to t welve pancr eas 

glands which had been minced , while f r oz en, thr ough a l OO r;un plate . 

The samples were e2.ch placed in 175 ml of 76% v/v ethanol anJ stor ed a t 

-1 8°c fo r a rnaximui;1 time of one hour u.ntil pr ocessed . The r:1inced 

pancreo..s e,l o.n<.ls r e:naining after ta"kil:g t he two s ai:!ples wer e re ::iinced 

twice anc! stored in "" sealed plastic b::i.g a t - 18°c for chemical analysis . 

Each of t liG dupl icate son ples we.s extr act ed using the ether con­

centration met hod (Section B, b, 3) and a s a11pl0 ior rc.dioi;:lfTI.unoassay 

was t1.ken from the alcoholic extract at pH 4. 0 _::: O. 4 aft e r the inert 

protein had been removed f r oT, the extra.ct. Th.:: satJple was diluted 

1-1ith isotonic s aline to on esti1:1ated insulin concentrc.tio:n of 30 - 200 

;uU/n1l and stor eJ 11.t -1 S0c for :--.. :1D.Y..i::m.1 of seven days U...'1til sent to 

:?al'.nerston Horth Hospital for 2.ss2.:l • 

Tho results obt.:1ined f r or:1 the ro.dioir:r:rnnoass1:1.ys wc:: r e aver aged for 

the two cluplic.'.lte s amples fro,:i c~ch ,12e cr oup. 

wer e expressed in t he followinc wo..ys : 

i. internatiom:.l units per g:n tissue 

ii. i . u . per gm nsh- f r ee s olid 

iii . i. u. per gm soli d 

iv. i.u. per gr:1 pr ot ein 

v . i . u. pe r puncr eas 

The yielus of insulin 

Met hods ii to iv were obtained by calculation using t he ex per i­

ment ally det er mined composition of t he pancr eas gla.i~ds (Tabl e VIII) 

and me t hod v by using the yield per gm of tissue with t he average 

pancreas gl and weight for each age gr oup. 

b . Discussion. 

For the reasons g iven t he r esults based on direct assay of t he 
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alcoholic extract were considered to give the most accurate indication 

of insulin yields . Thes e yields from :!ew Zetland shec.:p pancreas glands 

are presented in Tnble XI an.l Fii• 8 . i..nD.lysis of the insulin ~rields 

indicates tlrnt there is u decre:,.sc in insulin yield uith increasing age -

This decr ease is very rapid in tht ... 40 - 1 20 da,y age period and m.'.ly be 

due ~o thG chn.n{; inL of the 1~:...1:1bs I cJ i et frol"l nilk to inereasing o.r:1mmts 

of gro..ss , The insulin content of rQt p;:ncre:~s tl-:.1."l<ls :~2.0 oeen found 

i:,o 'ecreo.so if there was c;. Jecr ei::.sc in cffi"bo.wJ.rate- fc,rr..ing subst~vi.cos 

in the diet ( Best e t al, 1939b) and so the decrease in insulin obtained 

fror:i the lar:ib pancreas .:-ia:r :uso bE. duE:. to th~ chang8s in -1iet . 

Tho yield of insuJ.in fro1:1 winter- killed sheep (215 - 393 days old) 

was constant n.t 0. 45 .2: O. 2 i. u . / gr:i tissue c,ni slightl:;T gre,'lter thun the 

yields obtQ.ir.ed fror:: spring-killeJ nni'l1.'.lls ( 12G - 140 bys 81J 440 -

460 days) . I.. si..':lilar effect of higher yielr1s i.'1 winter-killed ani r.mls 

has be..;n observe 1 in pigs n.n:1 ot::er yotu:g dor:iestic an:.r1n.ls ( 0stli..'1[, 

1926) n.nd beef (Fisher 1.nd Scott, 1934) . 

An incr.,,,tse in insuli:.'l ;,rield \,O.S observ\;;d ir. the /44C - 480 ,1[.~ a.Ge 

groups tut .::1s only ~~ s:-'.:.:.:.11 ti:.te period is cov0re:1 t!:.is i.\ppnront trvnd 

E1c:.y not 1J0 r cLl.::... insulin yfolds fr0,·1 , 1e.turc s:10cp (3 - 7 /-.;v.rs) 

TL· insulin : 0blJs obtc.incd in t:~is str?:tr ' ·Ic::r e lower t}rn those 

obto.inod by WilL.,c et al ( 1 l)fr)b) w· ir h :~re rrosentoJ in T<.J.ble XII. 

1,e,e 

1 .:lay 

1 week 

7 w eks 

14 weeks 

2-o yea.rs 

Ti1.?IB x:::r. 
P~ .. 11crec-.s hsulin Co!lccntr:ltio::: ±_ st.".<Uc.rJ error 

of Younc L,.l!'ibs £>.nJ A.c
1 ult SL~ep. 

:fo. of .:1J1ii:1c.ls Insulin Concentration 
i. u , /g:n, 

8 8 . 2 .2: 1, 2 

8 6.2 ±. 0. 9 

9 5. 6 .2: o.6 
9 3 . 0_:t 0. 4 

10 1 . 2 .:t 0. 1 

From Willes et al, 1969b. 

The low yields obtained in the present stu<ly could have been due 

to several factors : 

i. The freezing method .my not ha.ve been suitable and storage of 



T1.3LE XI . 

Insulin Yields P'rom T'Jew Zee.land S hsup P~;ncrcas. 
( assayed f r om o.lcohol i c e:>:tr,~cts) 

Each r esult is expr essed o.s t he o.ver,.:.ge of r 11dioi:n.nuno:1.sS(.cJS obtained 
for two separate au.'1pl os of p:..:.ncructs gl :uds. 

Sheep J.ge Groups Pancreas Weight L~sulin yi el d i. u. per 

No . in em gm gr1 solid gm 

Av . S. D. Range Gr oup. J.v • S .D. Range gl :1nd soli d not - ci.sh protein po.ncreas 

dqy§_ . 

42 12 22. 0 .3 . 0 1 s . 0- 28 . 2 1. 76 8. 6 9. 0 1 .3 . 1 _38 . 8 

63 10 29 . 5 4. 6 23 .6- _36 • .3 1.65 4. 9 .3 . 8 7. 2 48. 6 

84 12 .36 . 5 7. 5 25 .6-48. 8 1. 58 8 . .3 8. 4 11. 5 57 .6 

109 .4 4.9 100-11 6 17 46 . 5 7.4 _36 . o-62. 0 0.76 2. 2 .3 . 5 .3 . 4 35 • .3 

11 7. 1 o. 8 116-118 18 44 .9 5 • .3 JG . 5- 53 . 2 0. 45 1 .8 2. 0 2. 8 20. 2 

121 .8 1.8 11 9-126 18 44.4 4-5 .3 5. 0- 52. 0 0 • .31 L .3 1. 5 2. 0 1_3 . 8 

131 . 2 2.3 128-1 35 17 46 .9 7. 7 .36 . o-6:i . o 0. 36 1.5 1. 6 2. 3 16.9 

218.4 9.9 197- 226 12 45 . 3 9. 6 31. ?-G4 . 0 0.45 2. 1 2. J 2.8 20. 4 

231 .4 2.8 227-236 21 47.1 8.4 2r) . 2-62. 5 0. 42 1. 6 2. 0 2. 5 19 . 8 

243 . 0 4.4 237-252 ?.,4 48. 2 8. 2 J '.j . 0-()4. 2 o. 4.9 2. 2 2.4 3. 2 23 . 6 

253 . 7 5. 9 241-260 14 38 . 8 7. 8 27. J - 51. 9 0 • .39 1 • 7 1. 9 2.6 1 5. 1 

264. 3 4.0 254-270 14 46 . J 6. J 37. 7-61) .J 0.34 1 .6 1 .8 2. J 15 . 7 

264 .9 4.2 260- 273 15 38.9 7. 9 2~. 8- 57 .1 0. 57 2.6 2 0 . / 4 .1 22. J 

276.6 5. 4 270- 285 14 43.3 5. 5 .37. 8- 54 . 5 0. 55 2. 5 2. 8 3. 8 23 . 8 

294.7 5. 6 278-.300 17 4.3 . 1 9. 1 29 . 0- 61. 0 0.63 2,3 2. 5 J .6 27 . 6 * 



Sheep Age Gr oups Pc . .ncr e·ts \-1cirbt Insulin yield i. u. p0r 
No.in gm gin p,m solid em 

Av. S .D. Range Group Av. S.IJ . rt::ne,e gla..."1d solid not ash pr otein po.ncrens 

days . 

302. 2 1. 4 300-304 14 45 . 1 11. 5 28 . 5-62. 9 0. 56 2. 2 2.6 3. 5 25. 3 

308.9 1.9 306-312 14 49. O 11 .4 25 . 5-66 .9 0. 45 1. 6 1.8 2. 2 22 .1 

31 5.6 1 .9 312-319 14 50 . 0 9.8 37. 2- 70. 0 0.41 1 • 5 1.6 2. 2 20. 5 

443.0 8.9 426- 453 14 63 . 5 12. 2 48 • 0--') 0. 2 o. 21 n ,, 
..J o O 1 • 0 1. 2 13 . 3 

456.6 2. 2 452-460 17 62.1 14.6 411 . 5-1 07. 1 0. 33 1. 3 1.3 2. 0 20.5 

464.7 1.4 462-467 15 70. 0 1 5. 7 46. 0-97 . o 0.46 1 ,, . o 1 . 9 2. C) 32. 2 

472.7 5.9 468-491 17 72.6 1 2. 8 44 . 5-94 . 5 0. 53 2. 0 2.3 1. 7 38 .4 

years . 

1. 5 7 0. 50 0.9 1. 0 1. J 

2.3 0 • .3 2-2. 5 7 72. 5 5. 2 63 . J- 83 . 0 <0. 01 <0. 1 <0.1 < o. 1 < 0.7 

3 6 87. 2 9. 2 78. 8- 102. 5 0. 35 1.7 1. 9 2. 3 30. 6 

4 - 0. c;5 3. 0 3 .1 4.9 

5 - 1. 03 4.4 4. 7 5.7 

5 15 47. 8 11 • 1 3 0. 9- 70 . 3 0.72 3 . 7 3 . 9 4,. 6 34.4 
7 - 0.69 2. 9 3. 1 3.7 

\JI 
-.:z 



14 

10 • i 
! 

10 

10 

~ 

1 
! 5 

' ' '-
' ' ' '-

'-

' >< 

' ' ' ' -.... 
---

' ' ' -.... 
'-

~ --- -.. 

-.... 
-.... 

'-., 

-.. ~ 

-.. ---

--- ---

,-.. 
""-...11-_ 

-~-'<'.-_ 

-- ...___ -.1ir.._ 
~ 

'---,c ---, 
-.... 

' ' 

40 80 
(DAYS) 

\ 

' )... 
l?- ~ -

120 

______ T" 

---..,__---,. 

--,,---~-- ----~-;---

-"C" --..c....- ... _ ... __ .,.,._-,:__ _ _._ 
"' ... .. - ... 

--..,.. 

220 

' . 
260 

IOAVS) 

---, 1' 

JOO 

_,_ 

----=-

__,-

,_ --

__..­--

_,. -
- ,r .-

440 480 
(DAYSI 

ANIMAL AGE 

Figure 8: INSULIN YIELDS FROM SHEEP PANCREAS WITH ANIMAL AGE . 

YIELDS EXPRESSED PER GM TISSUE . PER GM SCUD, PER GM ASH FREE SOLID ANO PER GM PROTEIN 

14 

10 

-...... 

10 

-- --r-------;,( 
'""' 

10 

----_,-

--- ·-_-. 
_; 

__..-----
---., 

tVEARSI 



58 

the glands t oo long to obtain maximum insulin y i elds . Some of the 

glands had been stored a t - 18°C for up t o eieht mont hs . Willes e t al 

( 1969b) used fresh pancr ec~ clu.11ds . 

ii. New Zealc.nd sheep are cr ass- fed throuenout the whole ye.'.lr 

with supplementary feeds of hay , silage , r oot crops and chou moullier 

in t he winter . The l e vels of digcstable carbohydrates in this diet 

are nuch lower t hen the.: di e t of ,:iill: for .::t co.lf, t he pn.ncr eas of which 

has a hi gh concentration of extrc.ctable insulin ( up to 1 O i . u . / gm) . 

iii. The possibility that tho a.s s a.y method used gave only a partial 

ind ication of the insulin levels present in the samples taken. 

iv. Losses during t he extraction procedure nnd tim0 of storage 

of the s runpl c for assay. 

v . The poss ibility that the extraction method is unsuitabl e for 

t he extraction of insulin from s heep pc.ncrec.s . Ths;; method of Gr ods ky 

and Peng (1959) used by Will es et al (1969b) includes alcohol- HC l 

extraction of the protein obtcined by ho~ogenisation of a 350 t o 400 

rnilligr run wet weight of po.ncreas with chilled saline - 1 0% trichloro­

acetic ac i d s ol ution. 

The insulin y i elds obtained in this study, :::.lthough lower t han 

those of Willes et c.l ( 196)b) , are co .. 1p:..rablc to yi elc.:s obtained in 

other invest i gations (To.ble II) . Insulin ~·iclds per p:!ncr eas die: 

not s how 'L.'1Y pa.rticul'U' trend uith r,cc (Table XI) , the a.ver1J.ce yield 

per pancreas being 20 i. u. The tot?..l insulin co!1tent per pencreas 

was hi gher in adult sheep, ninl;y because of the cr G:1t er pancreas 

weight in these c..ge gr oups . 

The yields of i nsulin which cnn be extre1.cted f r ou :Jew Zeu.l ancl 

s heep pancreas ho.ve beon found to be 300 - 700 i . u . /ke glands f r oCT 

l umbs , 500 i. u. / kg hocret p::i.ncreas a.11.cl up to 1000 i . u. /ke pnncr eas in 

adult s heep. These values nre much l ower than t he r eported commercic.l 

yields obtained f r om pig , beef , o.nd calf pancreas of 1 , 500 - 1 O, 000 

i . u . /kg pancreas ( Tabl e II ) . Thus t he New Zealand sheep pancreas 

uppears to be relatively unpromising as the r aw mc.t erial for t he 

com~ercial extraction of insulin, unless a different process can be 

developed with which higher yields can be obtained . Ther a peutic 

importance could arise if crystalli.rle sheep insul hes properties, such 

as proloneed action time or reduced n.ntibody build-up which make it 

advantageous in the treatment of diabetics . 
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E . CRYSTALLI:JE SHEEP DSULI!T. 

Cryst[l}line or non- crystalline insulin can be used for the trent­

r1ent of di:~betes mellitus , but t he prolonged action time of crystc..lline 

insulin g ives it 2.n ndvantage in the therapy of diabetics . Hc.ny pro-

cesses have been published describinc 1he production of crystalline 

insulin since Abel ( 1926) published a suitable "!othod. Bi ologically 

active insulin crystals i n which none of the r.1e tQJ. i ons zinc, n ickel, 

cobalt or cndmiurn are present have not yot been pre pc.red , and the 

cryst~ls n.re r1or e correctly described by t er ms such as ~inc- insulin 

crysta ls . 

The shape of the crystcls de pends on tho s pecies of insulin. 

S in:::, l e , s hcrp ~,nr. perfect rhombohedrc.l bodies ca...r1 be obtained f r om r e­

crystallized pig :.;.nd insulin u::iing citr~to , phosphate , c..:Tu11onium and 

acetate buffer s, but the: crystc.ls from s heep o.nd cattle insulin D.re 

often twinned with curveJ face s (Schlichtlr.rull , 1<;56 ). If urea or a 

hn.logeni de was present in the r1other liquor during recrystn.llisG.tion 

porfectly shaped r hor:ibohedrnl c rysk .ls were obtai!'led fro :1 [;.11 thr ee 

s pecies . 

The Jii'1iculty of obtaining cr ystclline sheep insulin has beeE 

noted in the liter o.ture . Vc.sav-:do. e t o.l (1 964 ) coul-1 onl,y obtnin 

crystalline insulin f rom ~lcoholic extract s ry~ :nb·tures of s heep :--.nJ 

bc,:,f pnncrer:s, and coul.:. not obt o.i n crys to.ls f r o11 she0p pu.ncree.s ex-

tracts. Kntkovskii 2.nd S cllv:rrtz (1961 ) obto.ineJ crysta.lline insulin 

from pie and s heop pD.ncrec,_,s extre .. cts usine phosphQk end citrate 

buffers , but only l ow yielL: s were obt::i.inod i f acetate bu.fi'ers were 

us e,: . 

Three d ifferent ·11ethods wer e used to obtain crystalline sheep 

insulin (Appendix 5) . The precipittl.te \·Jtlich hc.d formed in t he bulked 

alcoholic extracts from the investigati on of the insulin yields from 

s heep pancreas, stored at 5°c for 15 to 25 duys was colle cted by centri-

fugc.tion. The r eMaini ng alcoholic extr ~ct was concentr ated to one-

fifth the orig inal volume and the crude insulin precipitated with sodiwn 

chloride . Each precipitate wo.s processed sop;.1.rutely but only n few 

crystals, with Dllperfect faces, were obtained using the method of Romans 

et al ( 1940 ). The poor yields muy be because s heep insulin will not 

crystallise r eadily in the acetate buffers which were used . Yields 

from the method of Baker (personal communication) were also low. This 
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met hod hns been us ed successfully for crystallisation of pig insulin. 

One t o t wo millegr am yi elds of crysta lline she e p insulin from 

50 gm of pancreas wer e obt ained using t he method of Randall (1 964). 

The citro.t e- boro.te- c..cetone solution used for the cryst.21lis c..tion has 

c.. uni que ~'.lld useful property of chc.ng i ng pH with time . The a cet one fo 

not essenti:cl fo r the r enc t ion and s od.ium hydr oxi de or r:mmoni urn hydr o­

xi de can be used to make t he i nitia l pH o.d justment (Ro.ndc:.11 , 1964). 

The crude insulin obt c.ined by t he ether concentr n..ction 'Ylethod wns 

impure . A disc pol yc.crylani de gel e l e ctrophor etogr ::-,1:1 of the cr ude 

insulin ( Pl c.t e 1, No . 5) inc1ico.tes t hc.t lc..rge amounts of glucngon o.nd 

pr oinsulins ore pr es ent . The dos age r at e was o. 5 mgr:i pe r tube o.nd t he 

electrophoretogr nr.-is wer e perfor med o.t Nor d isk Ins uli nlctbora tori um , 

Denrmrk. From t he crude insulin t he crystdl ine insulin wns obt ained . 

The cr ystals were s mall ( 5 - 1 O;u) but r ho:nbohedr o.l s h.J.ped bod i es wer e 

obfoined ( Pl a t es 3 and 4) . The crysttlls "1er e not r ecrysto.lliseu be­

cause of the s mo.11 quantity ~vc.U o.hl e . 

In o. disc pol yacrylc..mi de gel el ectr ophor etogrc1.m of crude s heep 

insulin, cr yskclline sheep insulin , and crystnll i ne beef insulin 

( Cdbioche,:1 bovi ne insulin, Lot 901700) , the crysfo.lline sheep and beef 

i nsuli ns moved o.t the s c.::1e r c:.tc unch.r the conditions used ( Pl.'.lte 2) . 

Three bn..ri:ls nppenred in the crude sheep insulin but t here was not much 

novci~cnt from th0 origi n . ··1ultiplicity of b.'.1.11ds wc.s not obs erved i n 

t he crystlllline insulins investic,:-tt e,} but tl- is rriny h::ve boen due to t he 

low dos e applied or t he system us ed (.ii.ppenJix 6) . Severo.l r:-1:::. j or c.nd 

1!1inor b.:i..nds ho.v8 oecm obt ained in c. ,Use ul ectrophor ctic study of t he 

he t orogeno ity of cryst:1lli.ne insulins (i,firsky :-..nd Knwv.nur :1 , 1966) , but 

the s ystem used was ver y di ffor ent to t ho.t us ed in t his investigo.t i on . 

The r esults of t he disc e l ectrophor e t ogr 01m ( Pl ate 2) t oget her with 

t he evidence of r hombohedrnl cr ystals (Pla t e s 2 o.nd 3) indicat e t hat 

crystalline s heep insulin wns obtnined o..lthough, bec3.use of the s mall 

quantities, the biological activity could not be t ested . 



-
·;;. 1,- 5 6 7 

P l a te 1 

Disc - ge l-electrophoresis of Insulin , Pro­
Insulin and Glucagon . 

No . 
1 

2 & 8 
3 & 7 

4 
5 
6 

Description 
Partly refined pig i nsulin 
Partly refined sheep insulin, Denmark . 
Partly refined sheep insulin, New Zealand . 
Glucagon (LILLY). 
Crude sheep insulin f r om present study . 
Proinsulin and des:-1mido insuli n. 

Plate 2 

Disc - gel- electr ophores i s 
of Insulin. 

Left Crystalline sheep insulin 
from present study . 

Middle Crystalline bovine 
insulin (CALBIOCHEM). 

Right Crude sheep insulin 
from present s tudy . 



Pl ate 3 

Crystalline Sheep Insulin . (X 1000) 

• 

• 

Plate 4 

Crystalline Sheep Insulin . (X 1500) · 
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C Ol'C LUS IOI£ • 

Yi elds of insulin from alcoholic extr action of pancreas gl ands 

fr om New Zealcnd s heep varied between 0. 2 o.nd 2 . 0 international units 

per gm pancreas, and were dependent on the age of t he animal. Higher 

yields were obtained from young l:1.rnbs and mature sheep t han f r om 

hoggets or older lambs . These yields wer e l ow whe n compared with t he 

extractable insulin l evels f r JD beef, calf and pig pancreas, used in 

corn.rnercial production of insulin, c .. nd lm,JCr than the values reported 

in ruiother r ecent study of insulin yi elds from ,\;nericrui ln..11b and s heep 

pa.r.creas . 

The low yields 1112-y be due t o diet , br eed :md cl:im2.tic effects on 

'Jew Zealand s heep, or because the extraction methods used ere not 

optir.w.1 for extraction of she op pancreas . If t he l ow yields obtained 

truely ind icat e the totcl avRil abl e i nsulin extractabl e from s heep 

po.ncreas , it o.ppears t hrd s heep pc.ncreas is unlikely t o be a s uitabl e 

r aw mat erial for co111.17lercial extraction o.f insulin unless s heep insulin 

is f ound t o have pm-ticular properties \-;11ich make it desirabl e for 

treatrnent of dio.oe tics. 

Crysta.llisrti.on of sheep insulin was uifficult, but small , 

r ho:'.lbohedr al crystals were obtained anJ t h-:: cryst:illino sheep insulin 

had sirlilar electr opher e tic pr operties to crystalline beef i nsulin. 

In the three differ ent nethods investi2ated , cot'"1par~ble y i elds 

were obtained f r o.1 t he two methods ; the r~lginic n.cid :llethod and the 

·.1et hod using two- phese concentration of the alcoholic extract. The 

yields obtained using either of t nes e nethods were '1mch higher than 

that obtained using vacuum concentration of the alcoholic extract. 

The short hea.t treatr:ient , or absence of any heo.t treatment in these 

two methods, compared with v ::i.cuum concentration, r.w.y have accounted 

for the higher yi e lds . 

The pancr e as weight of Hew Zetland sheep s howed definite trends 

with the age of the anir.ml. ;'in incr8a.se in the aver age weight with 

age was observed, f rom young lambs to mature sheep three years old . 

A decrease in the pancreas of five- year old animals was observed. 

The growth rate of pancreas glnnds during the spring-early s ummer was 

similar for lrunbs und one yea:r old sheep in the first two yea.rs . No 

significant change of pancreas weight with age was observed in aJUlilal.S 

killed during the winter . 
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PCBSIBILITIES FOR FURTHER INVESTIGATION3 . 

1. Investigations of different methods of insulin extraction, 

and optimisation of the yields which can be obtained from sheep pancreas 

from New Zealand meat works . Temperature, extraction time, solvent 

effects, and pH effects should be investigated . 

2. Optimisation of the collection and storage methods including 

the determination of the time for which sheep pancreas can be stored 

before yields of insulin are affected. Work on fresh pancreas gl ands 

may indicate the maximum yields of insulin which cun be obtained . 

J. Development ofquantitative and qualita tive methods of insulin 

as say so that the loss of yields of insulin at different steps in the 

process can be investigated. i, comparison of the different methods 

such as radioirnmunoassay d isc gel electrophoresis, bioassay and chrom-, 
atogro.j3hy may indicate the relation between biologicJ.lly active 

insulin and insulin-like-activity measured Lri each me thod . 

4. Investigations on the differQnt factors which .influence the 

crystallisation of sheep insulin. 

5. Exploration of the therapeutic properties of sheep insulin 

t o determine any particular advru1tages or disadvantages it may have 

over the available insulins . 
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APPENDIX I . 

Pj.NCREJS WEIGHTS 

TABLE A1. I . 

Sheep Pancreas Weight with N;,,e. 

AGE WEIGHT I.GE WEIGHT 1i.GE WEIGHT 
( Dii.Y8 ) ( ~6) • ( Di:cY-S ) (gm) (DAY8) (gm) 

42 18. 8, 22. 2, 18. 0 123 42.1, 35 . 0, 43. 0 135 29 .9, 37. 7 
13, 5, 19 .8, 22. J 46 . 5 36 55 . 6, 44. 5 21 . 7, 28 . 2, 24. O 
25 . J, 23 . 8, 20 .8 24 43 , 0 .37 55 . 3, 49 . O 

63 26 .4, 23 .6, 3 2.1 26 45 . 6 38 58.8, 43 . 7 
30. 9 , 26. 4, 31 . 8 28 43.0, 53 . 0, 45 , 5 60. 0 
36 . J, 35 . 8, 23 .9 29 44 , 5, 38 . 1 39 52. 2, 35 . 0 27 . 9 

130 38 .J 52. 5 
84 .33 . 2, 40,3, 30. 0 2/41 55 , 0, 47. 6 40. 3 , 47 .8, 35 . 9 31 50. 0, 51 . 9, 39 . 0 

48.8, 25 . 6, 42,4 40. 0 33 . 0 
31. 5, 34 . 2, 28. 1 32 J6.o, 50 .9 42 4 7. 9 , 54. O 

100 52. 6, 48. 2 33 44.5 /43 37. 8 

5 44. 0 34 65 . o, 55 . 0, 48 . 0 44 36 . 2, 51 . 8 

6 49 . o, 42. O 35 54 . O 45 3-4 . 0, 45oJ 

7 43 . O 197 38. 2 46 64 , 2, 27 .3 
8 43 . 9 20.3 55 . 1 47 3 5. 9, 50. 8 
9 45 . 0, 45 . 0 49 . 0, 53 . O 

211 58 . J 
111 42. 1 Li9 47. 8 

217 43.7 250 41 . O 1 2 36.o 21S 36.: 52 L,5 . 0, 34 . 6 13 57. 0 222 42. 0 54 47.1, 40. 3 14 62. o, 58 . 5, 37 . 0 24 64 .• 0 31.9, 33 . 0 
1 5 38 . 0 25 43. 5, 31. 2 47. 0 
16 46 . o, 41 . 9 , 48. o 26 46 . o, 39. o, 46. o 57 36. o 

53. 2, 39. 8 
27 48 . 0 58 50. 5 

17 51. o, 39.5, 48 . 5 
40. 0, 45. 0, 44 -5 28 39.2, 50. o, 51. 8 59 51 . 9 , 43 .3 

29 . 8 40.5, 52 . 5 29 48 . 0, 57 . 0 260 39. 0, 36. 2 18 41 . 5, 50.5, 52. 2 230 52. 2 46 . 5, 35 . 7 40.4, 38. 5, 39 . 9 36 . 5 
19 50. 1, 48. O 31 44. 2 

61 29. 8, 30.9 
120 35. 5, 43.1 , 51 . 0 32 39 . 5, 47 . 2, 35 . 2 

46. 0 33 50. 2, 52 .5, 39 . 5 
62 47. 8 

22 44 ,1, 44. 0, 41 .1 62. 5 63 40. 0, 44. 0 

52.0, 43 ,5 , 46 . 0 34 45 , 5, 59. 2 40.0, 37. 8 
48 . 2 
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AGE WEIGHT AGE WEIGET AG~ ·&-r~r ·;~-:'f 

(DAYS) (gm) (DAYS) (gm) (DAYS) (gm) 

264 50. 2 308 46 . 9 I 466 65 . 5, 80.0 I 

I 
65 45 . 5, 49 . 8, 40 . 2 9 41. 8, 65.0 I 67 78 .1, 72. 5 
66 50. 2, 37. 7, 38. 9 31 O 55 . 5, .35 .9 I 68 62. o, 78.1 

I 
I 

67 60. 3 11 25 . 5, 44. 2, 49. 0 I 69 66 . o, 73. O 

68 31 • 1 , 30. 7, 57 .1 35 . 0 470 90.0, 85 .2 

69 52. 7, 39. 1 
12 61 • 8, 66. 9 , 46. 5 69. 5 

270 48. 8, 44.2, 41 . 9 14 45 .5, 49. 0, 40. 9 71 94. 5, 69 . 1 

38 . 7, 46. 3 37 . 2 62. 1 , 85 . 5 

71 44-3 15 45 . o, 40.3, 41 . 1 72 78. 5, 44.5 
57. ?., 54. 2 79.0 

73 34.8, 52. 2 1(, 50.9 480 55. 0 
75 54. 5 17 70. 0 81 70.1 
76 38 . 5 18 47 . 2, 66. 5 491 72. 0 
77 47. 0 19 55.2, 38. 2 
78 47. 8, 38. 0 426 58. 0 2 yrs. 67.3, 68.8 
79 39 . 0 431 48.0 69.6 

280 37 . 8 33 43 . 0 l 72. 6, 72.7 2 yrs . 
83 37 .8 34 73 . 0 73 .3" 83 . O 
85 38.9, 42. 0 440 52.2, 72. 1 3 yrs . 78.8, 84 . 1 
87 48 . 0 6 63 . 0 80. 0, 83 . 8 

93. 7, 102. 5 
291 48 . 5 7 65.1 
92 45 . 0 450 62. 5, 71 • 5, 52. 0 5 yrs . 47. 0, 47.4 

46 .3, 54.0 
93 3 2. o, 61 • 0 51 ~4-2, 74.0 36.o, 40. 0 
94 2 • 0 52 49.1 42 .8, 34 .1 

50. 7, 43 . 2 
96 40. 0, 39. 0 53 90. 2 30. 9, 66 .8 
98 41 .1, 35 . 8, 43 .9 54 44. 5, 58.1 70.J, 55 . 5 

46. 0 53 . 2 
55 57 . 0, 67.0 

99 49.9, 29 . 5 56 57 . 5, 67. 9, 44.9 
300 58 • 8 , /4£ • 9 , 28 . 5 57 78. 5, 65. o, 58 . 0 38. 0, 59 . 0 63. O 

2 JO. 5, 62.9 , 51 . 9 58 54. 5, 51. 2 45. 0 
3 49 .9, 39 . 5, 57. 8 460 107. 1 , 66. 1, 66. o 

39 . 0, 57. 0 62 50 . 0 
4 43. o, 30. O 63 70. 3, 93 . 2 
6 63 . 0 64 75 . o, 64. 8, 56. o 
7 50. 5, 59. 2, 49.9 97. 0 

38. 0 65 85. o, 70. o, 46. O 
47. 0 
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TABLE A1. IL 

Average P~ncreatic Weights of Sheep with :,ce . 

Aver2.ce Pancreas Weit:;ht ( gm~ 

Romney(R) Southdo-wn(S ) S X R 
Lge . 

weeks R.·un Ewe Ram Ewe Rum Ewe 

6 15. 0 18. 7 13. 6 14.0 19,2 14. 3 

11 32. 3 36 .9 23. 1 25 .9 31 . 1 32. 9 

1 t) 34. 5 34 . 8 30. 9 25 . 7 36 ,9 34. 5 

25 40. 0 37.5 33 . 8 31.5 37.7 36 . o 

4 1 45 -5 44 . 0 Y) .4 32. 0 47 , 1 40 .4 

80 56 ,7 55 . 1 42, 0 45 -4 51 . 7 47. 1 

no.tu.re 79 67 89 56 60 

From En..rle, Unpubl ished . 
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A 0 PENDIX 2. 

_{E.1HOI;S OF lllJi .. LYS IS. 

Ar.~lys es wer e co~ploted in triplic~t e . 

fl.pprox i'r1at ely 1 O p!:i of washe 1 so.n: and c· short stirril1g r od w.:.s 
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pl aced in n.n .:i.luminiu"l rnoisture dish 2. 511 di .. 1rriet cr and 1 11 high. 'fh0 

dis h was dried ill a.n a ir oven o.t 1 oo0 c for ::;,_ :ninbu11 of two hours 

Appr oximntely 1 O gn of prcµ::rred po.ncrens was weighed i..'1to t he 

cool ed , tar ed ~1oisture dish , plus lid. 

into the p~ncrens . 

The Sfu'l<l i..:as carcfull:,' "'.li..··wd 

The sa;nple was dr ied for 16--18 hours i!1 :in ~ir 
0 oven nt 100 c, t hen 

tr~ns ferr eJ t o a Jessicator . When cool the d ish was r eweighed . 

2 . TOTAL NITROGEI: . 

Approximately 2 gm of jX>.ncreas wo.s weighoJ. accurately on Whc.t1:1u.11 

:·io . 1 filter po.per . The so.:nplc 1,,:r:s .1it;esteJ ,::Lth 0 . 7 r~ of nitrogen-

free 'nercuri c oxic.le , 5 g .1 _Jot-.Gsiu'TI sulph~te Yl ., 
- ... l ~ 25 ,11 nitrot en- f r ee 

sulphuric :.:..c .i.2. 

further one hour . 

_.,i\,cr l,h\; solution b:;, . .. 1 cl.enred it ·.-1as boiled fQr r, 

The cooleu Jigost uns Jlle.ted to 2uG :;U with c'!is-Lillod water . 

Duplic[:fo tt..n ;ll sc:1plos , ,Gr8 distillocl in :.. '."li cro--i<.:jold.'J.hl distillation 

3.ppar,itus into five •nl 2% ooric ncid solution. l,fter distillation the 

c1istill;-,te was titrated with 0. 05:\J hydr ochloric rwid . 

.:l blank Jetermination wns cc..rriecl out, ..... nd tlK, tot :tl nitragon 

content c,,lculo.ted f r orn the titre . 

3. FAT . 

Appr oximat ely 5 gm of p..".ncr eas was we i ghed into u. t ared soxhlet 

t himble contaillillg washed sand. The pn.ncr e:::i.s was :ni xed i nt o the s :md 

n.nct dried in an o.ir oven o.t 1 oo0c for four hours . The sample was 

extr acted with petr oleum ether, boiling poillt 40--6o0c, for 20-24 hours . 

After evapor ating the excess ot her the e ther extract was dried for 30 

·ninutes ill an oven c.t 1 oo0c, cooled and we i ghed . 

4, ]JON-PROTEIN NITROOEN. 

Approximately 2. 5 gm of pancr eas was accurately weighed into o. 

glass vessel. Ten ml of distilled water was added and mixed a t 7, 000 

I 

I 
I 
I 

I 

I 
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r p:n for one minute. The contents wer e tr[:.Ilsferred to n 50 ml centri-

fuge tube with 20 ml of distilleJ wat er . 

Five ·tl of 5~; trichlorncetic ~c i J was c.dded G.,.'1d th-1 solu:.i on 

centr ifuged at 1, 000 £ for five r-li.nutes . Fi ve ,tl of t he supernatcmt 

wer e dist.Uled :1s in tho tot J. nitroGon .1eth~x1. 
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STATISTICJ.L JUi,Ll'SIS OF SHEE P Pl.".CREJS WEic:ns. 

Tf!.EI.E 1,3. I. 

Regr ession Datu Shet.:p 1)oncr eati c We i [ht with •16e . 

P,.,riod b 
2 

Equ •tion Sb p r 

Present Study 

4 2- 140 d-'.ys o. 2')2 o. 021 < 0. 001 0 . 64 
.. 
Y = o . 2)2X + 1 o . 63 
,. 

100-1 L,.O days 0. 383 0.1 C ( 0. 001 - 0 . 18 Y = 0 . 338X - 0. 48 
/' 

425-490 Jays 0.375 0 .14 <.O. 025 0. 10 Y = o. 375X - 105 . 3 

2-3 years 19 . 1 4. 75 <.0. 005 " 0. 60 Y =1 9 .1 X + 

Earle, Unpublished. 

4 2-1 12 days 

42-175 dt.1ys 

,.. 
0. 244 0. 04 < 0 . 001 0 . 70 y = 0. 244X + 

,,.... 
o. 136 0. 02 ( o. 001 0. 62 Y = 0. 36X + 

b S,~·npl e rc.pr0ssion coeffi ci1.:;1ct 

sb S .. ~::i_ple Sta.'1d<'..I'd ·:levi .,_tion of b 

p Probabilit y t:1nt b -p 0 

2 r Squ:.re corrcl,tion coefficient, indic~ting the 

a. nount of variation ox plained by b in t he 

r e lationship bctwe~n Y :md X. 

Y Weight of p:mcr cas 

X Age of animal 

29 . 2 

7. 54 

14 . 98 



TAGLE AJ . II . 

Co~pnrison of Regression Coefficients for Pancr eatic Weights 

of Lambs 100-140 days old and Sheep 425-490 clays old . 

Within (W) 

Pooled 

Reg . Coef. 

0 , 375 

0. 383 

0.378 

Differences be tween 
slopes 

AJ.justed between 
::ieans 

Deviations f r om Regr ession 

a. f . 

61 

68 

129 

130 

1 

1 

183 

114 

113 

0 

1357 

Di fferences inrcsiull'..!.l variances F= 188=3 . 9 p <o. 05 
48 

Comparison of slopes F = 0 = 0 IJ S 
114 

Comparison of el evati ons F' = 1357 = 12 . 0 p <:. o . 001 
113 

69 



n 

5 

13 

23 

17 

13 

26 

14 

5 

13 

24 

24 

Tot o.ls 177 

TABLE A3. III . 

J;..nulysis of Variance of P~ncr eas Wei£_hts 

from Sheep durine the Wint0r Period . 

Rc..ng a ( Days ) 

197- 219 

220- 221 

230- 239 

240- 249 

250- 259 

260-269 

270-279 

280-269 

210- 29) 

300-30) 

31 0-319 

197- 319 

Vario.tion 

Within 

Total 

d . f . 

10 

166 

176 

Av. 

46. 3 

46 . 6 

47. 9 

45 . 3 

40. 9 

42. 2 

44.r 

40.9 

41.6 

48.0 

43 . J 

45 . 2 

S .D. 

1 o. 0 

8 . J 

8. 9 

9 .8 

7. 3 

3. 2 

5. 8 

4 . 3 

9 . (' 

1 o. 9 

11 • 1 

9.3 

139 

84 

70 



TABLE AJ . N . 

Comparison of Regression Coefficient for P~ncreas 

Weights of Sheep 42- 140 days old from Efil'le 

and this study. 

Deviations from Regression 

Reg . Coeff. 

Within (W) 0.201 

o. 2/44 

d . f . 

102 

16 

J1 S 

41 

23 .3 

118 38 . 6 

Pooled 0. 284 11 9 

Differences iJG tween 1 
slopes 

Ldj us t ecl between 
means 

Comparison of r es i dual v:.rriances 

Comparison of slopes 

Comparison of el evations 

1 

F 

F 

F 

38 . 6 

29 

677 

= 41 = 1. 8 
-23 

=-22.._= 0. 7 
38.6 

= 677 = 17.5 
38. 6 

NS 

NS 

p < o. 001 



APFELlDJX 4, 

RADI0L1MUN0ASSI,.y : IBTH0D USED BY PJ.L:'-IER.S'.rOl'J 

N0RTII HCBPITAL . 

72 

The Insulin Lnrnunoassa.y kit pr oduced by The Rad i ochemic,;l]_ Centre , 

Amers ham , EnglQnd , is us ed for t he r o.dioir'1,nunoassa:,' of hunnn insulin. 

The I nsulin Irnmunoassc.y kit i s intended fo r use in t he Doubl e Antibody 

method which closel y r es embl es that described by Ho.les o.nd Randle 

( 196.3) . 

Met hod Outline: 

0 . 1 ml insulin s olution, st:mdarc.1 or u..rikn '.)vJTI is mixed wit h 0 . 1 ml 

of ci.ntis er um and left a t 2° ~ 4°c for six hours. 250 picogr c.:;1s of 

r ~d i oactive insulin (125- I) is added t o all tubes and i..~cuba t ed a t 

2° - 4°c for 18 hours. 

ThG pr ecipitate from each s a;nple i s collecfod by mi crofiltration. 

Th;:; filtvr J .:.se; is ·,,irapped i n a lu:1iniun foil and the.; radioactivity 

count ed in a well-type rrs tal scintillation counter. 

det Gr mi..nations are also carr i ed out. 

i3l anJ< and zt:cro 

The r esults are ex prossc:J as countn/ ;i i n aJ12 t he insulin activity 

of the unknown sol utions obtained f r o·"! a sta:.1dard graph (Figure A4, 1 ) . 

For assay of the crude insulin s anples two to t hro e milligr ams werr· 

d issolved i n isotonic saline an-2 dilutoJ to :.m estimated i ns ulin concen-

t r ation of .30- 200;uU/ml. The alcoholic extracts for assay wer e also 

diluted i n isotonic saline to an es timat ed i nsulin concentration of 

3 0-200 /uU/ ml . 
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Figure A4.1 : STANDARD CURVES FOR RADIOACTIVITY (counts/min) 

WITH CONCENTRATION y.iU/ml) '.)F SHEEP AND HUMAN INSULINS FOR 

RADIOIMMUNOASSAV OF INSULIN USING HUMAN INSULIN ANTISERUM. 

From Radiotherapy Department, Palmerston North Hospital. 



73 

_METHODS_ I NVESTIGATED_ ?OR T:JE CRYS TALLISATION 

OF S~EP DB tJLil". 

1 • RG.ndall 1 1964. 

The dr y solid obtai ned by J.ce t onc precipitation i s diss olved in 

2 ml ,.10.t e r. 

0 . 25N Na0H . 

The s oluti on i s J.::'lj u.s-~ed t o about pH 5 by t he add ition of 

The pr ecipi tate i s collect ed by centrifugation a t 1600 g 

for 1 O mi nutes ancl the super natant t es t ed for compl e t enes s of pr ecipi-

tat ion by t he cauti ous addition of furthe r :-JaO.I-1 or O. 251'1 HCl. Any 

further precipi tate 1:11:lich fo:c~.1s at a pH bl ovi 6 i s collecfod and. added 

t o the main prec i pitat e . 

The i s oel ectri c pr ec i pitate i s suspended i n 2 ml wat er and d i s -

solved by the addition of O. 25N :JaOH to pH 7 . 4::_0 . 2. 1 % ZnC12 s ol ut ion 

i s n.dded dr opwi se until pr ecipi tation is complet e . The zinc- co'nplex 

i s collect ed by centrifugat ion (1600 X g fo r 10 ·nin ) and d i ssolved in 

2 :'.11 citrate-bor ate- 8.cetone solution (2 . 5grn cit r ic a cid 1 1. 0gm 1'Ja 2B
4

o7' 

1 c~:;:/ ~·-~ '. 2 .. ::.. -~_,,, ~011e per 100 •ru solution , allm,ed to r eact for a t 

leas t 1 hour) fresl::l• aujustod to pf 7 . 4."!:_0 . 2 1-i i th 5E &(:!. ~1\0H. The 

i nsoluble r esidue is itn: ,edia.tel y Te noved by centr if'ugation a t 1600 X g 

for 2 '.Ili.nutes .:mc1 washed by resuspension in 0, 5 ml of the citr t1.te-bor at8-

c::.cetono solution (again freshly adjusted to p:_ 7. 1+) &nd centr ifugation. 

The super natants are t r ansfer red to e. t ared 5- ml centrifuee tube 

;:-,.._rll1 sl:ak<::n until cr ysto.11:i.sa~_;_or., o,,clJ.rs . '.2h0 tube L; set 2side for 2 

hours, or overni ght 5 at 2--3°C anc1 th::.\ insuli n cr ystals collect ed by 

centrifugation, washed twice with 1 ml water J then acet one and finally 

ether . The cr ystal s are dr i ed in a desiccat or over Cac1 2 • 

2. Romans e t al , 1940. 

The pr ecipita t e which had for med in t he bulked alcoholic extracts 

aft er storage a t 5°c for 15--25 d3.ys was collected by centrifugation 

(1 600 X g for 10 min ) . The precipitate is dis s olved in wat er and the 

solution adj usted to about pI-i 5 with 5N NaOH. The pr ecipita t e f or med 

aft e r 2 days storage of t he s olution at 5°c is collected by filtr ationc 

The pre cipitate is diss nlved in 1% aq . acetic a cid and made to the 

r equired volume with ace tone . The pH is ad justed to 5. 9-6 . 0 with 2% 

NH
4 

OH. The flocculent precipitat e for med after about 2 hours at room 



temperature is removed by filtr ation . 

7L~ 

The acetone filtrate is d iluted 

with ammoni ll'n o.cetatc buffe r a t pH 5. 9-·6 . 0 (1 0 ml gl a cial a ce tic a.cic.1 , 

11 ~.'11 , 83 l'it\ OH , m3.de to 100 ml with water) . 2.5% z inc a ce t a t e 

soluticn i;3 adced ~md the s olution kept for 24 hours at room t empe1"a tur· P., 

f ollowed by 24 hom0 si1:,, ,., rofrig01 J.·:.:, ~,-"·, ':::'L.: p.c,:ci pi t , .. t e is collected 

a.~d dis solved i n "i . 75~:, nq , .1.ce tic acid , After f iltrati on th:coug h ha:tt1 ·· 

ened fil+,e r p:J.pCj:', 2 . 5;S ,-;inc ace t a t n s olution is added . The a cidity 

i s .cidjus t ed to pE 6.'1"·6 . 6 and di11 1.tod tc the r oquired vol une with 
., • 7 L ,., • o·• 

c.1.l~U"L,e WiLf · h . 

g,cot ic c.cid . 

Thl:! :i.cicH c-y fr: tl11c.;n ~dj u::,ted t0 pH 5. 9 wi th g l o.c i c~l 

Tho c:.7si~nlr; for m i.n :tbont 2 hom's a:13 settl e to the 

bottom. Afte r l" O'Tloving the supor n.:1t ant liquor t ho prec i pit2.t e is 

waslied with dist :;.llec·t i..:TGG:r nnd co l lected by c entrifugation. 

') 

.) . Baker, pcr son::i1 communi co.tion" 

50 :ngm of insuHn is dis s olve d in 5 •n}. 0 . 02.M HCl. Then Oo5 ml of 

0 . 07 2M zinc sul phate; 2,5 :d of 0 .2H sodium citrc,tc , :.5 ml nce tone an:-, 

0 . 5 ml WC1t er 3.:ro af(dod , I:f th,::: so l ution i s not c l eRr the pH is l'a i se 1 

to 7 us i ng 'i M Iii OH. 1 M ECl is 2.ddec'c d1·op1.,;ise until l, slight r_:ie r manent 

clou::l in(;ss is s een ( pE 6. 2~-6 , J ) , Tho test-<:,uco i s tJlacecl in n Dewc1.J~ 

t h,, solution allm-ic,e; tc cool slowly 

Tlm crystals £1r e co:2_J.ectea. oy centrifugation , 



DLSC POLYACRYLAi,UDE GEL EIBCTROPHORES JS , 

The t e chnique of Davis (1 964) was used with t he ge l and buffer 

system of Thomi:e on et al (1964) which employs Trisborat e buffer a t 

pH 8 . 8 , with e t hyl enediamine t etr ::i.- ace tic acid in t he ge l and buffe r 

and 4. 6M urea in the ge l . The spacer gel (large pore) contained 

5% polyEwrylamide and t he s mall por e gel 7%. 

Electrophoretic conditions: 2mA pe r tube for t he first t en minutes, 

i ncr eas ed t o JmA per t ube for the next 

fifty minutes . 

St a ining: 

Destaining: 

2% ami do bl ack/7% acetic acid. 

Washi ng with 7% a cetic acid. 

75 

Dosage: C~Jstalline beef ins Ulin 0. 44 i . u . per tube 

Cr ystalline s heep insulin 0. 2 i . u . per t ube 

Crude s heep insulin 0. 5 mgm p:; r t ube 
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APPEI'!DIX 7. 

TWO-PWSE COUI!TERC U.:~HEHT BXTRLCTION OF THE li.1.COHOLIC EXTFJ;.CT. 

Dat<'.1. for t he phas e dingra:n of e t hanol-ether-w11t e r combinations from 
11 lnternational Critical Taol es 11

, Vol 3, p405, ':'.' 1ble 6 • 

.Q..lock Diagram of Process ; 

Q 0 M 

2 wc..ter 
washes 

Calculo.tions of clcoho1ic content fo e xtn:..ct oot c:ined f r om 50gm p:.rncr oas . 

1 . Extractions of alcoholic extrc.ct 
with e t her . 

1st cxtrci.ction. 
I nput 

Output 

2nd extraction. 
Input 

Out put 

3rd extr2ction 
Input 

Output 

2 , 1st wat e r wash. 

1st extraction. 
Input 

Output 

extr ac t 
e t l-1e r 

J> 
B 

B 
.) t ile r 

C 
D 

D 
ot hor 

E 
F 

water 
E 

G 
H 

1 

2 

3 

190ern 
150g;n 

21 Ogm 
130gm 

130gm 
75g:n 

1 l15gm 
1 OOgm 

1 OOgm 
75gm 

90gm 
8 5gi:i 

25gm 
90gm 

84gm 
31 gm 

Composition % w/w 
e t he r wat e r e t hru1ol 

100 

67 
12 

12 
100 

82 
9 

9 
100 

89 
8 

89 

9 2 
6 

58 

12 
64 

64 

6 
73 

73 

4 
79 

100 
4 

3 
84 

42 

21 
24 

24 

12 
18 

18 

7 
13 

6 
7 

5 
10 
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2nd extraction. 
Input H 31 g1.1 6 84 1 0 

C 105gm 82 6 12 

Output I 102gn 86 5 9 
J 34g,n 8 76 16 

3rd extr action 
Input J 34gm 8 76 16 

A 210gm 67 12 21 

Output K 204gm 69 11 20 
L 40gm 12 66 22 

3 . 2nd wat er wash. 

1st extraction . 
Input wat er 25g:::: 100 

G 8/+gm 92 3 5 

Output H 79g'.ll 95 2 3 
N 30gm 6 26 8 

2nd extraction 
Input N 30g;;1 6 86 8 

I 1 02[;'11 86 5 9 

Output 0 101 gm 89 5 6 
p J1 gEl 7 79 14 

3rd l:)xtrl!.ction. 
Input p 31 g~n 7 79 14 

K 204gm 69 11 20 

Out put Q 101 gm 72 9 19 
R 44gm 11 67 22 

Alcoholic extract containing insulin= F + L + R 

F 85gm 8 79 13 
L 40gin 12 66 22 
R 44gm 11 67 22 

Total= 169gm containing 17. 5% w/w ethanol 
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