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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) . 
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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 ). 




