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SUMARY .

The average yields of insulin and welghts of psacreas from
New Zealand shecep with age have been determined to ascertain the
economic possibility of large-scale production of insulin.  Acid-
alcohol extractions of the pancreas glands was used to extract the
insulin and three methods of obtaining insulin from the alcoholic
extract were investigated. Insulin yields using the ether counter-~
current concentration of the extract or the alginic acid adsorption
of insulin from the extract were four to six times that obtained by
vacuun concentration of the extract.

A double antibody radioimwuncassay with humen insulin antiserum
was used to measure the insulin activity of the alcoholic extracts.
The yields of insulin from sheep pancreas were 0.2 to 2.0 international
units per gram of pancreas, and the yield tended to decrease us the
sheep aged. Other assay methods investigated were paper chromato-
graphy, biocassay and radioimmunoassay of crude insulin.

Crystalline sheep insulin of the rhombohedral type were obtained
and shown to have similar electrophoretic properties to that of
crystalline beef insulin.

Panecreas weight increased as the animal metuwred., 4 decrease in
poncreas weight was observed in five year old sheep. In the age
range 42 days to five years, six different growth pcriods were observed.
The yields of insulin extractable from z single pancreas are fifteen
to fourty international units, the average yicld being twenty inter-

national units per pancreas glands.
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INTRODUCTTION,

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 immediately apparent and insulin
has become the most important commercially produced protein in the
medical field. It alsc 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 for producing insulin were developed by Scott and Best at
the Connaught Laboratories, Toronto, in the early 1920's. The Insulin
Committee set up by the Connaught Laboratories selected Eli Lilly and
Company as the first pharmaceutical company to manufacture insulin.

Scott and Best developed methods for the preparation of insulin, includ-
ing large-scale production methods and these methods were sent to inter-
ested manufacturers throughout the world at regular intervals (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 physioclogical effects of insulin, modes
of insulin action, and factors affecting secretion of insulin by the
pancreas. Many other laboratories throughout the world are also invest-
igating similar aspects of insulin.

After preliminary work on insulin extraction in the 1920's most of
the work on insulin extraction has been done by pharmaceutical companies,
Many 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 readily available.

The structure of insulin differs between species (Table I). Devel-
opment of insulin antibodies by the human body varies with the structure
of administered insulin. As pig insulin 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 than pig or human insulin,

AT OF THE PRESENT TINESTIGATION.

In New Zealand large numbers of sheep and lambs are killed annually

(Table IV). Large quantities of pancreas glands could easily be
collected from the carcasses, and commercial production of insulin from
sheep pancreas may be feasible if the yield of insulin is satigfactory
and the price of the pancreas is suitable (Ferguson, 1970). Little
work has been published on insulin yields from sheep pancreés. Report-
ed yields from sheep pancreas vary from 0.7 International Units (ieu.)
per gramme (gm) of pancreas gland to 8,2 i.u./gm (Table II). Willes et
al (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 same investigation decreased
with age.

Several factors are known to affect the yield of insulin from
pancreas glands, One of the major factors, other than the processing
method, is the age of the animal, Insulin concentration changes with
age have been shown to occur in beef (Fisher and Scott, 1934 ), human
(Jorpes and Rastgeldi, 1953) and mouse (Sneyd, 1964) pancreas. Insulin
levels in sheep pancreas glands, and the variation of pancreas gland
weight with age has not been investigated except in the limjted 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 levela in sheep
pancreas,

2, Ascertain the amount of extractable insulin in sheep pancreas
and obtain a relationship between the extractable insulin content

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

analyses in other laboratories.

s Obtain a correlation between the pancreas weight and the age

of sheep.
5. Obtain erystalline sheep insulin,



CHAPTER I.
THE PANCREAS . TINSULIN AND DIABETES MELLITGS.

¥ THE PANCREAS.

a. Situation: The pancreas is an irregularly shaped pale=pink
organ covered by a thin layer 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 and 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 right border of the gland, and in the sheep this duct
joins the alimentary tract at the bile duct., These relationships are
shown in Figure 1.

b. Structure: The pancreas is a compound gland, having both
exocrine and endocrine functions.

ks Exocrine cells: The Exocrine portion of the pancreas is com-

posed of pyramidal acinar cells forming lobules, which are bound together
by loose connective tissue rich in capillaries., The apices of several
cells converge to a central lumen.

The azginar cell has a large spherical nucleus and the basal two-
thirds of the cell is characterised by rough-surfaced endoplasmic
reticulum. The apical third of the cell is occupied by z large Golgi
complex and numerous zymogenié granules in various stages of maturation.
When stimulated, the zymogen granules secrete their enzymic contents,
usually in an inactive form, into the lumen. The contents from the
many lunina 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
igslets in the pancreas can vary, but usually is about 1% - 2% of the
total gland volume., The islets are twice as numerous in the tail as in
the body and head of the gland in the human pancreas. (Netter, 1965).

In certain species, e.g. fish, the islets and acini are spatially
separate,
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The islet cells contain many granules, and different types of cells
can be distinguished by the variation in density, shape and ultra=-
structure of the granules,

Alpha cells are relatively large, and contain many spherical highly
electron-density granules. The granules are alcohol insoluble and are
thought to secrete glucagon. Alpha cells do not differ much in appear-—
ance between species.

Beta cells are smaller and occur more frequently than the alpha
cells, Beta cells contain many irregular sized granules of medium
density. The granules are alcohol soluble and secrete insulin.

Species difference in the structural appearance of the secretory
granules is well documented (Boguist, 1970).

Delta cells have not been found in all species investigated. They
are small cells, with pale cytoplasm and do not appear to have any
granules.

Ce Pancreatic Enzymes: The enzymes present in the pancreatic

juice and in the zymogen granules of the acinar cell include proteases,
lipases, amylases and nucleages, The protolytic enzymes cre present as
inactive precursers e.g. trypsinogen, chymotrypsinogen, procarboxypep—
tidase. The relative concentrations of the enzymes differ in each
species, being dependent on the diet of the animeal. The enzymes
present in the pancreatic juice and zymogen granules of bovine (Keller
et al, 1958; Keller and Cohen, 1961) and human (Preston and Kukral,1962;
Keller and Allan, 1967; Allan et al, 1970) pancreas have been investigated.

The enzymic activity of pancreas glands from pigs (Avrameas, 1966),
young pigs (Lewis et al, 1957; Hudman et al, 1957), lambs (Walker,1959);
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.

de 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 evidence, 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.



The beta cells are thought to be the site of insulin synthesis,
storage and secretion because of:-

(i) the strict parallelism between the abundance of granules

and the content of insulin.

(ii) the observation that beta granules are the only cellular
structures of the islet to which the specific insulin
antibodies can be attached.

(iii) the effect of alloxan, which produces diabetes by injuring
the beta cells without visible changes in the alpha=-cell
system,

Zinc is present in the islet tissue in comparatively large amounts
but may not be a necessary, integral part of molecule's hormonal actior
(Netter, 1965). Zinc may be the complexing agent which maintains the
beta granule in aggregated forms.

Ts Insulin, The hormonal action of insulin includes lowering
of the blood sugar level and promotion of the synthesis of glucagon,
fat and protein in specific cells. If insulin is absent in the body
or not present in an active form the blood sugar level rises, as the
sugar cannot be transported across specific cell walls and membranes.
Insulin does not initiate processes in the body but influcnces the
ratc of some enzymic processes.

The mechanism of insulin biosynthesis, sccretion and action is only
partially understocd amd recent evidence suggest that the complexity of
insulin action is greater than previously thought. From the results of
several studies (Falkmer and Wilson, 1967; Wessells and Cohen, 1967) it
appears that pancreatic cells are present in species at least as primi-
tive as some tunicates, with immunologically insulin-like material
being found in snails, starfish and the earliecst vertebrates. Beta
cell development and insulin secretion 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, seem to be essential for the survival of most species
because of their unique role in controlling the storage or utilieation
of food in the body.

Many factors can affect the synthesis and secretion of insulin

from the pancreas. Due to the uncertainty of insulin action and
factors affecting insulin secretion there have been many recent papers
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on the biological control synthesis, storage, and secretion of insulin
(Buchanan et al, 1969; Crockford et al, 1963; Milner and Hales, 1969;
Steiner, 1969; Renold, 1970).

‘ 2, Glucagon controls the brzakdown of liver glycogen and inecreas S
the blood sugar level. It is often present as an impurity in commercia
insulins. As the primary structure of the aminoc =zcids in glucagon

differ from the primary structure of insulin it is concluded that glucagon
is not & degredation product of insulin, The hormonal zction of glucagon
has not been investigated as fully as insulin but many factors affect
glucagon secretion and the metabolic pathways affected by glucagon are

not fully knowr  (Frohman, 1969).

There is no definite proof that other substances such as lipocaic,
vagotonin and kallekrein are secreted from the pancreas or are pancreat-
ic hormones (ioussay, 1958). New studies using comparative histo-
physiological techniques on the islets of Lengerhans may show that a
hormone, at present not identified, may be produced by the delta cells

of the pancreas (Epple, 1969).

B. IMNSULIN.

Chemical analysis of insulin was in the preliminary stages in late
1924, The protein nature of insulin was not recognised in early
investigations (Best and Mncleod, 1923; Piper et al, 1924). This may
have been because the insulin available at that time was not very pure,
having an activity of only 12 i,u./mgm (Best, 1960), or because the
insulin solutions were too dilute for o positive protein reaction to be
detected. A large number of different methods for extraction and puri-
fication were investigated to obtain the pure hormone. The experiments
of Abel (1926) led, in time, to the conclusion that insulin is a compli-
cated protein, composed of amino acids and devoid of any extraneous
active groups. This concept could not be reconciled with the contemp-
orary theories on protein structure and the scientific community was
extremely reluctant to accept Abel's evidence and believed that his
insulin crystals must consist of the true hormone of unknown chemical
nature adsorbed upon a protein carrier, Thus, the early discussions on
the chemistry of insulin parallel the controversy thot arose during the
same period over the chemical identity ol enzymes. The work of Abel in
the crystallisation of insulin can only be appreciated in retrospect as
the importance of insulin in the advancement of the chemistry of



biological substances was only gradually apparent.

a. Molecular weight. After several investigations, the smallest

unit of insulin, a monomer, has been found to have a molscular weight of
5700 (Kupke and Linderstrom=Lang, 1954). Except under special condit~
ions, the stable unit in aqueous acidic soluticns is the dimer (Low and
Einstein, 1960).

B Primery structure. In 1935 Jensen and Evans demonstrated that

phenylalanine was one of the terminal amino acids of insulin., This was
the first time the position of an amino acid in a protein had been
demonstrated. By 1943 the basic principles of protein chemistry were
firmly established. The differences in both the physical and biologi-
cal properties of proteins was thought to be due to differences in the
arrangements of the amino acids, Chibnall (1942) studied insulin in
considerable detail. IHe found that insulin had a high content of free
alpha=amino acids indicating that the protein was composed of relatively
short chains,

In the ten yecar period 1945 - 1955 Sanger and his colleagues devel-
oped the new methods of dinitrophenyl amino acid «nd-group labelling,
enzymic breakdown of proteins, and acid hydrolysis to identify the
positions of specific amino acids in proteins. They applied these
methods to insulin and elucidated the structure of the phenylalanine
chain (Sanger and Tuppy, 1951) and the glycyl chain (Sanger and Thompson,
1953).  Using disulphide interchange reactions (Ryle and Sanger, 1255)
the position of the disulphide bonds was found., The primary structure
of beef (Ryle et al, 1955), pig and sheep (Brown et al, 1955), horse and
whale (Harris et al, 1956) insulins were found by the same group of
workers., The amino acid sequence of sheep insulin is given in Figure 3.

Since then the primary structure of insulins of the following
species have been obtained: human (licol and Smith, 1960); sperm and sei
whale (Isihera et al, 1958); cod (Wilson and Dixon, 1961); fin whale
(Hama et al, 1964); elephant, goat, rabbit, guinea-pig and chicken
(Smith, 1966).

The A~ or glycyl chain of insulin has twenty=-one amino acids with
an interal disulphide bridge in the im = kqq position, Most of the
amino acid sequence differences between species occurs in the amino acids

within this disluphide bridge. Cattle, pig, sheep, horse and whale
insulins have an identical amino acid sequence except in the positions
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Figure 3.
AMINO ACID GEQUENCE OF SHEEP INSULIN.



AS’ Ag, A1O. The B~ or phenylalamine chain has thirty amino acids,

v structure of the B~chain can occur in

v

Species differences in the primar
most of the positions. (Teble I).

Except for the notable exceptions of the guinea-pig structure, the
insulins of the mammalian species studied differ from a common insulin
structure by only a few anino acids in selected positicns. The changes

in sequence produce no apparent change in biological activity, although

Hh

the more distant the insulin structure of administered insulin from the

insulin of the recipient animal; the less the biological activity
(Falkmer and Wilson, 1967) e.g. guinea-pig insulin is only one quarter
as effective in cattle as in the guinea-pig. Chicken insulin is as
active as crystalline beef, porl: and sheep insulins in an 'in vitro! rat
diaphrgm bioassay, but is more effective in intact chickens than equiva--
lent amounte (by weight) of mammalian insulins (Hazelwood et al, 1968).

From the limited number of aminc acids involved in the species
difference of insulins a possible sequence of mutations from a central
insulin structure has been developed (Smith, 1966). Ls the number of
insulin structures known is small, not much reliance can be placed on
the pathway developed. A1l mamaalian sequences known, except guinea-
pig insulin, can be derived from the central structure by a single stex
mutation, or & small number of mutations. The rat is the only mammal,
to date, from which more than one insulin hos been isolated, although
multiple insulins can ocecur among fishes (Smith, 1966).

The relationship of the phys.ological action o:r insulin to its
chemical structure has been investigated, but little is known as yet.
The disulphide bonde ere necessary for the biological activity of

insulin, Degredative studies have shown that the carboxyl termina

O,

alanine of the B-chain, and the amino groups of asparagine on the
carboxyl terminal of the A-chain are not important for determining the
biclogical activity of insulin (Carpenter, 1966).

c¢. Tertiary structure. Abel obtained crystalline insulin late in

1925. He used a series of isoelectric precipitations, brucine adsorp-
tion and solvent extractions to obtain the crystals (Abel, 1926)., After
his initial success Abel failed to obtain insulin crystals from differ-
ent batches of pancreatic extracts. The reasons for the failure, and

the difficulty of obtaining crystals was thought to be due to changes in

the extraction method of crude insulin from pancreas, or to hydrolysis
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of the protein, but these reasons were later found to be wrong. It has
been found that zinc, or related heavy wetals such as nickel, cadium or
cobalt, is necessary for crystallising insulin (Scott, 1934).  Polymer-
ization of insulin in agueous solution only occurs with difficulty if
metal ions, especially zinc iong, are not present (Marcker and Graae,
1961) and crystals from which the heavy metal has been removed can not
be successfully recrystallised. Nucleation and growth characteristics
of insulin crystals have been studied (Schlichtkrull, 1956; 1960;
Marcker, 1960; Jeffrey and Coates, 1966).

Recent studies (Marclker and Graze, 1962; /Adams et al, 1969) have
confirmed that the lattice-like structure of the most common, or rhombo-
hedral form of crystalline zinc-insulin depends upon the bonds created
by a variable number of zinc ions. The amount of zinc and the stage at
which it is added affect the ease of crystallisation.  Orthorhombic,
monoclinic, and rhombo-dodecahedral forms of insulin crystals have also
been observed (Schlichtkrull, 1956).

Although insulin was crystallised by /bel in 1926, data from the
electron density maps leading to the secondary and tertisry structure of
crystalline ansulin have only recently been published (Adams et al, 1962).
The insulin hexamer is a compact, oblate spheriod formed by co-ordination
of three insulin dimers around two zinc ions. Two crystallographically
independent molecules can be differentiated in the electron density maps.
They each have a similar internal organisation but are not quite identi-
cal to each other. In each molecule the A-chain is a compact unit wit!
the B-~chain wrapped around it. The closest series of contacts between
the two insulin molecules occurs between the extended B-chain residues
Bay =~ Foge

Some of the residues which are associated with the biological
activity are found on the surface of the hexamer. The unusually high
reactivity of the disulphide bonds in native insulin is thought to de-
pend on the integrity of the native molecule suggesting that the disul-
phide bonds are involved in the hormonal action (lMassaglia et al, 1968).

Insulin will form 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 thought
to be formed by endwise linking of the monomer units, perhaps through
the guinidinyl groups of arginine. (Philips and Mercer, 1953).
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d. Synthetic insulin. The total synthesis of biologically active

sheep, beef and human insulin has been accomplished in several labora-
tories (Zahn and Zabel, 1962; Katsoyannis et al, 1963; Kung 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 fragments were condensed, the thiol
groups being protected by benzyl groups. The benzyl groups were then
removed by treatment with scdium in liquid ammonia and the thiocl groups
oxidised by air, The yield in each of the reaction steps is small and
would not be suitable for the synthesis of insulin on a commercial scale.
Overall yields are in the order of 0.02 - 0,7% of the initial reactants.
The most difficult step is the recombination of the A and B chains.
Yields obtained from this reaction are 1 —'10% of the theoretical yields
although Katsoyannis and Tometsko (1966) obtained 60 - 80% yieclds in a
modified process. Solid-phase synthesis of bovine insulin (Marglin and
Merrifield, 1966) gave higher yields.

A new method of synthesis could be:

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

2, Replacement of the btenzyl groups by other protective groups

that can be removed more gently than the sodium/liquid
ammonia reaction.

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

(Zehn, 1966).

The total synthesis of insulin by such a technique may allow the
development of the total synthesis of proteins of greater molecular
weight than insulin, and make possible the commercial production of
synthetic insulin. '

€ Proinsulin. The biosynthesis of insulin 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 species have confirmed that proinsulin is the precurser of
insulin, and it has also been separated from commercial insulins.
(Steiner et al, 1968). A

Proinsulin is a single polypeptide chain of molecular weight about
9000, beginning at the amine (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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Steiner et al, 1968) or 33 (porcine = Chance et al, 1968) amino acids.
Two proinsulin structures have been isolated from the rat pancreeas
(Clerk and Steiner, 1969). Proinsulin is thought to facilitate the
formation of disulphide linkages of the insulin molecule, (Steiner and
Clark, 1968) as proinsulin can spontaneously reform its native struct-
ure from a random coil structure and is converted to insulin by limited
trypsin action.
Proinsulin is produced on the ribosomes of the beta cells but is
usually transformed to insulin within the islet cell for storage and

subsequent release. Under some circumstances small amounts of proin-
sulin can be secreted from the islets.

G DIABETES MELLITUS, &

One of the hormones required by the mammals for regulation of some

metabolic cycles is insulin. Insufficient insulin, or destruction of
the insulin producing cells in the body causes a wasting disease -
diabetes mellitus,

The date of the first description of diabetes is ancient, but un-
known, although claims have been made on behalf of Chine, India and
Egypt as home of the first discoverer of the disease (Young, 1960).
Brunner, in 1682, and Cowley in 1788, described conditions suggestive
of diabetes mellitus,

In 1869 Langerhans described islets of cells in the pancreas which
were not connected to the pancreatic ducts. He did not assign any
specific function to them. About the same period Heddon in physiolo-
gical studies of the pancreas, established that the islets were a
Uscattered" gland of internal secretion.

Lageusse in 1883 suggested that the islets of Langerhans may
secrete a hypoglycemic factor, but the definite relationship of the
pancreas to diabetes mellitus was not established until 1889 when von
Mehring and Minkowski showed that diabetes could be induced in a dog by
removing the pancreas. (lletter, 1965).

Many rigorous studies to extract the active principle from the
pancreas, with no apparent success were made in the 30 years following
Minkowski's results. The belief that the pancreas secreted & hormone,
the deficiency of which caused diabetes, wes so strong that the early
failures did not discourage the search for the hormone. In 1909 de
Meyer suggested the name "insuline" for this substance from the pancreas
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and Banting and Best (1922) used this name for the active principle they
obtained from calf and dog pancreas, which was successful in treating
diabetic dogs.

Many different diabetes melliturias and related melliturias have
been classified (Bloodworth, 1968). Insulin deprivation can occur both
experimentally and clinicelly, Inhkerited diabetes accounts for a
large proportion of diabetes mellitus, although pancreatectomy, endo-
crine disorders, insulin inhibitors and antibodies in the body, and
chemical destruction of the beta cells or the pancreas can cause melli-
tirias. In all cases the insulin sensitive tissue (skeletal, muscle,
heart, adipose and fibroblasts) are effectively deprived of insulin
necessary for the transport of metabolites across cell membranes, and
regulation of metabolic processes. Glucose accumulation in the blood
is the most apparent result of an insulin deficiency. When the toler-
ance for glucose is reached, the renal threshhold for glucose is exceed-
ed causing glycosuria, polyuria and loss of minerals from the body.
Metabolic changes in insulin-sensitive tissues eventually affect non-
insulin sensitive tissues such as the brain, Ketosis, acidosis,
weight loss, and a negative nitrogen balance due 1o protein breakdown,
occurs. If the insulin deficiency is not compensated diabetic coma
and death will eventually occur.

The incidence of known diebetes is 4 =~ 1% of the population. In
comnunity surveys a higher proportion of the population has been found
to be diabetic. L study by 3Birmingham medical practitioners found
that 10% of the randomly sclected group showed diabetic glucose toler-
ance curves (Maline, 1961), Diabetics can be treated with insulin
(40% of known diabetics), oral hypoglycemic drugs (30%), or by careful
regulation of the diet (30%). Suggestions have been made that treat-
ment should be: insulin 10%; tablets, 10%; diet, 80% (liabarro, 1960).

Two groups of insulin substitutes are used for treating diabetics.
Sulphonamide derivatives stimulate insulin secretion and may inhibit
glucose secretions from the liver. Biguanides may cause inhibition of
oxidative metabolic paths, enhancing lactic acid production, as well as
reducing the reaction of insulin with inhibitors bresent in the blood.
Both classes of oral hypoglycemic drugs require a source of insulin -
endogenous or exogenous, Thus, their 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
nature, it is inactivated by enzymes in the digestive tract. [Hew
insulin producte have been developed to modify the short, repid action
of regular amorphoﬁs, or zinec-insulin preparations. The rzpid insulir
action is due to the quick solubilisation of insulin of the body
fluids.

The basic protein, protamine, obtainable from salmon sperm, will
decrease the solubility of insulin. Protamine zinc insulin has an
even longer and more reproducible activity then protamine insulin.
Careful control of protamine and crystaline insulin ratios, so that no
frze insulin or protamine is present results in the commercial Neutral
Protamine Hagedorm (¥NPH) insulin, NPH insulin has an activity interw
mediate between protamine zine insulin and regular insulin, A rela-—
tively insoluble insulin can be prepered if high concentrations of zine
ions are used e.g. ten times the azmount required for regular crystalis-
cbion techniques. The product con be crystalline and therefore long-
acting, (ultralente) or in an anorphous or micro-crystalline form
(semilente). Different activity profiles can be cbtained by using
different ratics of ultra and semi=lente (Shangraw and Lamy, 1963 ).

Insulin execess (hyperinsulin) can be caused by excessive manu=
facture, release of endogenous insulin or administration of exogenous
insulin, The decrense in blood sugar concentration stimuletes adren-
aline production and deprives the brain cells of glucose, produeing
convulsions, shock, anxiety and weskness. Prolonged or repeated
hypoglycemic attacks will produce neuronal damaces. The consequences
of insulin excess are due to the hypoglycemia produced, and not to the
direct aoctions of insulin excess, Insulin dosages, and administration
of oral hypoglycemic drugs must, therefore, be carefully calculated to
minimize the chances of hypoglycemia or hypoglycenic attacks(Netter,
1965).
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CHAPTER IT.

INSULIN YTELDS AND EXTRACTICN METHODS.

78 IISULIN CONTENT OF THE PANCREAS .

a. Representstion of Insulin Content.

The insulin content of the pancreas is dependent upon the concen-
tration of insulin in the islets cells and the total volume of the beta
cells. Factors which change the insulin content of the pancreas may
affect the beta cell wrolume in the pancreas or the insulin content of
the beta cell. Simultaneous measurement of beta cell volume and
insulin content of the pancreas, although investigated in the mouse and
mouse foetus (Dixit et al, 1964), is not easily done and other methods
of expressing insulin content are used.

Yields of insulin from pancreas have been expressed as units of
insulin per kilogram of body weight, units of insulin per unit weight of
pancreas or units of insulin per animal or group of animals., Insulin
yields may also be expressed as weight of insulin e.g. milligrams
instead of units, but the activity of the insulin must be known. None
of the methods of presenting the results are satisfactory under all
circumstances. If the pancreas of a species is diffusely distributed
in the body any expression on the basis of weight of pancreas becomes of
doubtful value because varisble amounts of fat and other materials are
usually present in the gland. Exprescsions of insulin content on the
basis of body weight are useful but frequently there is no comment to
indicate whether the reference is the initial or final weight of the
test animal. The comparison of insulin content based on final body
weight can be misleading as under 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, Factors Affectinc Insulin Content.

1. Species. 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 weight of pancreas, is more con-
stant. Normal insulin values have been reported for several fish and

mammalian species (Table II),
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levels for insulin content in fish are much higher than in mammals
as the acinar and islet cells are separate organs and fish insulin con-
tent, can be compared with mammalian insulin levels if the ratio of
islet to acini tissue is known. For humans, 21 years old the ratio
937,

) and for Wistar rats 0.011
he ratio for mice at different ages

isletsacini is 0.0162 (Ogilvie, 1
(Richardson and Young, 1937). T

has also been obtained (Dixit et al, 1964).

26 Age, The insulin content of the pancreas is related to age,
as the size of the pancreas, ratio of islet and acini, and the concen-
tration of insulin in the beta cells change with age. Increase in the
insulin concentration, units of insulin per unit weight of tissue, have
been observed in foetal pancreatic tissue from human (Grillo and Shima,
1966), sheep (Willes et al, 1969b), rat and rabbit (Grillo, 1964),
chicken (Grillo, 1961), mouse (Dixit et al, 1964) and beef (Fisher and
Scott, 1934) during gestation. At or near birth a peak in insulin
concentration is usually reached, followed by a decrease in insulin
concentration with increase in age. This effect has been observed in
beef (Fisher and Scott. 1934), mouse (Dixit et al, 1964), man (Jorpes
and Rastgeldi, 1953) and sheep (Willes et al, 1969b), although an in-
crease in insulin coantent with age has been observed in Wistar rats

(Griffiths, 1941).

3. Sex. The relationship of sex and insulin content in the

pancreas has not been reported in the literature, except for the guines

pig (Davidson and Haist, 1964) and humun (Jorpes and Rastgeldi, 1953;

b g

Wrenshall and Bogoch, 1955) pancreas glands,

% easonal variations. @Fisher and Scot S observed tha
4 Seas i iations sl g S t (1934 bs d that

better yields of insulin were obtained from beef pancreas in the winter
months. Ostling (1928) observed the same effect in pigs and young

domestic animals,

5. Diet. Diet has been found to affect insulin secretion and
insulin content of the pancreas. Best et al, (1939h) 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 rich 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 enzymes present in the pancreas can

inactivate the insulin, Formerly fresh pancreas glands were used for
insulin extraction, the glands being collected, trimmed of fat, and pro=-
cessed as soon after killing the animsl as possible. A high pancreatic
fat level, as in pig pancreas, makes extraction difficult, and pancreas
from thin animals have been recommended (Sordelli, 1927).

Present-day collection methods advocate freezing of the glands as
soon as possible and within half an hour after killing the animal.

Glands can then be stored until needed for processing. Wrenshall et al,
(1957a) found that extractable insulin levels in beef pancreas increased
to a peak value if aged for eight to twelve days at 6°C or for eighteen
hours at 25°C. Insulin levels then decreased, most probably due to
enzymic action. DNo #mcrease in extractable insulin was observed in
glands frozen immediately after slaughter, thawed one hour later and
aged (Wrenshall et al, 1957b).

Other methods for preservation of pancreas if freezing is not avail=-
able include picric acid or phenol solutions for fish islet preservation
(Tarteno, 1948), drying (Katkovskii et al, 1946), salt preservation
(Eingorn, 1946), acidified =icohol containing preservative, or acidified
salt solutions (Barollier, 1954), and azeotropic defatting and drying of
the glands (Levin, 1970). Processing conditions may need to be modified

depending upon the preservation method used.

B, EXTRACTION METHODS.

Although many methods of extraction of insulin exist most procedures
are still based on the acidified alcohol extraction used by Banting and
Best. Most extraction methods use Scott and Fisher's (1938a) modifi-
cations of Jephcott's procedure (1931a) with slight modifications.

The main extraction methods are:

e Acidified alcohol. Insulin is soluble in acidified ethanol

and denatured ethanol (ethand containing methanol) aqueous solutions.
Variations of ratios of solvent to gland tissue are used but usually the
glands are extracted in two to three times their weight of solvent. The
glands are usually minced while frozen into the solvent. Thawing of
the glands is carefully avoided as the proteolytic enzymes will rapidly

destroy the insulin, This action 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
freezing and thawing (Jorpes and Rastgeldi, 1953).

Organic or inorganic acids can be used to acidify the extract to
pk 2= 4. In earlier methods sulphuric or hydrochloric acid was used
and the insulin yield 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 more easily handled due to some unstated
property of the acid (Maxwell and Hinkel, 1954b). Organic acids which
have been used for acidification include oxalic, acetic, formic,
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 alcohol. Dudley and Starling (1924) claimed improved

yields of insulin if alcohol=sodium bicarbonate solutions were used for

extractions, and although similar methods were used in the early 1950's,
(Indian Institute of Science, 1952; Peterson, 1953) this method is rare-
ly used as the proteolytic activity of the pencreas is not as easily

suppressed under alkaline conditions as acid conditions,

5 Picrate. Picrate in acetone, alcohol or water can be used to
extract insulin directly from pancreatic tissue (Dudley, 1924). Picrate-
protein complex is precipitated, and the insulin-picrate is easily ex-
tracted by differential dissolution from the precipitate.

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 Tarsai Ceg, 1949).

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 separated, usually by centrifugation, although filtration
may be used. The solid is usually discarded, although it can be used
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for animal feeds or for extraction of the pancreatic enzymes (Federiksen,
1951; Thompson, 1954; Janholm and Holm, 1962).

Vacuun concentration at temperature bslow 40°C (Romans et al, 1940),
ether addition (Pettinger, 1958) o countercurrent ether extraction
(Randall, 1964) are methods which have been used to concentrate the
insulin extract. Fat in the concentrate may be removed by filtration,
centrifugation or solvent extraction,

The crude insulin is usually salted out using sodiun chloride or
%mmﬂwnsﬂpmﬁe,aimm%hommTEEMmhlm@d@ﬁmtmnmmmaknmybe
used such as iso-electric precipitation at pi 5.3 - 5.7, or acetone
addition. Crude insulin with an activity of 1 = 2 i.u./mgm can be
purified to insulin of 25 i.u./mgm using various protein purification
methods such as isoelectric precipitation, chromatographic and ion-
exchange techniques, and recrystallization. (Abel, 1926; Romans et al,
1940; Randall, 1964).

4o Ton-exchange Resinz. The use of adsorption techniques on the

manufacture and purification of insulin from alcoholic extracts avoids
vacren At~k an  csoapstion and processing of the lipids (involving
potentially explosive miwtures), and fractional salting out, all of
which contribute to the decrease in the yinld of insulin, Saveral
workers have investignted the use of ion-exzchanges in insulin manu-
facture,

Alginic acid can quantitatively take up insulin from = 65% ethanolie

i

solution at pH 2.8 -+ 3.4. The Wullk of the fats remain in the alcoholie
extract and the ethancl can be recovered by distillation. The insulin
is eluted from the clginic acid with hydrochloric acid. R0 - 30%
increases in yields of insulin 28 compared with the conventional ingulin
process have been observed (Jorpes and Rastgeldi, 1960).  DEAE- cellu-
lose can adsorb 75% of the insulin from an alcoholic extract at pH 6,
with 98% recovery of insulin from the cellulose when eluted with hydro-
chloric acid (Volini and Mitz, 1962). Carboxy-methyl cellulose has also
been used for insulin production (Wellcome Foundation, 1966). Katkovskii
et al, (1969a) observed a 39% increase in yield over conventional methods
using SDV-3T ion-exchange resin, and a reduction from 30% to 5% in the
loss of insulin in the processin; stages, extraction to crystallisation,

Sulphonated cation exchangers have been found to be superior to cellulose
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ion exchange resins and natural cation exchange resins in the production
of crystalline insulin (Katkovskii et al, 1969b).

178 INDUSTRIAL PRCDUCTION OF INSULIN.

Many factors can affect the yields of insulin obtcined in commercics

production., Beef, especially calf pancreas, are preferred as high
yields (10,000 i.u. insulin/kilo of pancreas) can be obtained, processing
is not difficult and beef and calf pancreas can be collected from
slaughter houses in large quantities. Pig pancress can also be collect-
ed in large quantities from slaughter houses, especially in the United
States of America, but due to the high fat content of the glands they

are not as easily processed.

Pancreas from small animals e.g. sheep or goats are rarely used
mainly because large quantities are not available in the countries where
large scale processing of insulin is undertaken. Almost 21l insulin
manufactured in Japan was obtained from fish and whale pancreas until the
carly 1960's when production ceased as manufacturing costs were greater
than for insulin obtained from doiestic animals (Nagasawa, 1968). If an
insulin exteaction plant is going to be erected the pancreatic insulin
content of animals readily available must be investigated. Vasavada et
al, (1964) investigated the insulin content of buffalo, goats and sheep
from slaughter houses in India,

Many factors in the process es.g. temperature, acidity, solvent, can
affect the yields obtained. New methods usually include decreases in
extraction time and a decrease in heat processing, e.g. the use of ion
exchange resins, to help increase insulin yields. As mnny factors
affeet the yields of insulin optimisation of a process is usually

obtained by trial and error. (Jephcoit, 1931a; Romans, 1954).
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CHAPTER III.

ASSAY SYSTEMS FOR INSULIN.

A, UNIT OF INSULIN.

A direct and specific chemical quantitative method for determining
the potency of insulin is not yet possible as the relationship 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 animal tissues, in compariscn with a standard
preparation. More precise but less specific chemical and immunological
assay systems have been developed for insulin. Thus many different
assay systems for insulin are availeble (Stewart, 1960; Smith, 1962).

The standard or reference insulin used in the assays 1s the Fourth
International Standard established by the World Health Organisation in
1959 (Bangham and Mussett, 1959). The standard is defined as having a
potency of 24.C International units per milligram, The International
unit of insulin is defined as the activity contained in 0.04167 milli-

grams of the standard preparativas.

B. BIOASSAY SYSTEMS,

a. Rabbit Assay.
The blood sugar level of rabbits and other mammals will decrease

(hypoglycemic reaction) if insulin is administered, In 1922 Banting and
Best defined the Rabbit unit for insulin as being the smallest dcge of
insulin which would cause the blood sugar level in a rabbit to decrease
to 0.45 milligrams per millilitre within four hours of administering
insulin,  As 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)., A linear regression betwsen the logarithm of
the dose of insulin and decrease in blood sugar exists (Stewart, 1960).
Lacy (1941) developed a cross-over technigue in which the unknown could
be assayed in rabbits in terms of one dose of standard solution. Re-
sults from the biocassay must be analysed statistically to eliminate bias
and allow for variation between rabbits.
b. Mouse Assay.

Although mice are not sensitive to large doses of insulin at

normal environmental temperatures, they exhibit characteristic hypogly-
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cemic convulsions if kept at elevated temperatures (25° - 37°C). There
a linear relationship between the number of animals convulsing and

the logarithm of the dose level.

Temperature of the assay (Jerke et al, 1965), storage temperature
of the mice (Sellar and Smart, 1959) and diet (Stewart, 1960) can affect
the sensitivity and the precision of the asssay. Results must be analy-
sed statistically, four mice having the same statistical contribution
to the assay as one rebbit (Smith, 1962). The adventages of the mouse
assay compared with the rabbit assay include the speed with which the
results are obtained, less labour, and that the mice can be housed much

more easily than rabbits.

T In vivo iLssays.

The sensitivily of animals tc insulin, in assays based on the
hypoglycemic reaction, is increased if endocrine glands are removed.
Assays hove been developed using laboratory anim:ls from which the
hypophysis and adrenals have been removed, and the panereatic insulin
cells destroyed chemicually e.g. =zlloxan~diabetic, hypomhvsectOmlsed,
(APE) vets (Anéecivon ot al, 1947), £DH adrensllated (ADHA) r
mice (fArderson et al, 1957), ond hypophysectomized alloxane (}&;) rats
and mice (Beige lﬂ*ﬂ, 1960}, For 2 limited range of insulin dose there
is a linear regression betwesen blood sugar concentration and the

U

logarithm of the insulin dose.

d. In vitro .ssays.

Insulin~-like activity can be detected at low levels using
isolated tissue, The herm insulin-like activity is used as unknown
factors, present in plasma, can influence glucose uptazke by tissues,
and a discrepancy exists between insulin-like =zctivity and biclogically

active insulin detected in o mouse or rabbit assay.

1. Diaphrapgm Assay.
Insulin-like activity will affect the uptake of glucose and
the synthesis of glycogen by the diaphragm when placed in a suitable

buffer solution. 4As the diaphragm is small it can only be divided
into two parts without losing its sensitivity to insulin and it is
necessary to obtain standard curves using different pieces of tissue.
Both rat and mouse diaphragms have been used in the assay. L
greater number of tissues can be ohtained more easily from mice than
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rats. A differentinl uptake of glucose between the left and right
hemidiaphragms have been observed (Bingle, 1963). The osmolarity of
the medium with respect to the diaphragm, and inadequate oxygenation
can affect the assay (Davidson et al, 1968). Measurement of glycoger
synthesis, instead of glucose uptoke limits the influence by factors
which give insulin-like effects.,

Other muscles e.g. minced pigeon breast muscles (Krebs and

Eggleston, 1938) can be used.

=8 Adipose Tissue fssay.

Insulin enhances glucose uptake, oxidation of glucose and
lipid synthesis in isolated epididymal fat tissue. The advantage of
using adipose tissue is that the standard solution, and the unknown
solution can be assayed on the same tissue, The metabolic effects
usually measured are the production of radioactive carbon dioxide after
incubation of the tissue with radiocactive glucose, uptake of glucose,
synthesis of radiocasctive lipid and the respiratory quotient of the
tissue (Renold, 1965).

G.  WDi0=ynunutiGICAL METHODS . _

411 radio-immunological metheds used for measurement of protein
hormones are derived from that first described for insulin by Yalow and
Berson in 1957 {Yalow and Berson, 1968), The principle of the assay
system is modification of the hormone by the addition of a suitable
radicactive molecule so that the rrotein gains sufficient intrinsic
radioactivity for very small quantities of hormone to be detected.

Bdfoacidse T8

or 1125 is used to label insulin,

Specific antibodies e.g. anti-insulin serum can bind the labelled
hormone forming a labelled antigin-antibody complex. An eguilibrium
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 radioimmunocassay include avail-
ability of the individual reactants (labelled antigen and specific
antibody) and a technique for separating bound and unbound hormone.
Several different separation techniques have been developed: electro-
phoresis with solvent flow (Yalow and Berson, 1960), fractional preci-
pitation with salts (Grodskey and Forsham, 1960) or alcohol (Heding,
1965), double-antibody precipitation (Morgan and Lazarow, 1962; Hales
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and Randle, 1963), coated charcoal (Herbert.et al, 1965), ion exchange
resin (Lazarus and Young, 1966), gel filtration (Horiuchi et al, 1966),
tale and silica (Rosselin et al, 1966).  The solid-phase radioimmun-
ossay method developed by Catt and Tregar (1967) has elso been used to
assay insulin (Ceske et al, 1970).

Sensitivity and precision of the radloimmunocassay do not depend on
the same factors, and an assay system must be optimised by investigation.
The specificity of the basic reaction is immunochemical and most
probably unrelated to the biologic properties of the hormone, as the
immuno=reactive and biologicslly-sctive sites are unlikely to be in the
same positions (Berson and Yalow, 1968).

Radioimmunological methods sre considered superior to bioassay, for
small concentrations of insulin, because of the preater specificity,
reproducibility of results, sensitivity, accuracy, rapidity and small-
ness of the sample size (Hales, 1965). Stulies on reproducibility of
results between lsboratories have been undertaken (Ashford et al, 1769;
Cotes et al, 1969).

For the investigation of insulin levels in sheep pancreas Willes
et al (1969b) used the immunoassay system of Grodskeyand Forsham (1960)
to determine the insulin concentrations in the aleoholic extracts

obtained. from pancreas glands.

D. CHROMATOGRAPHIC METHODS.

Several chromatographic methods have been developed for insulin

assay. Grodskey and Tarver (1256), and Light and Simpson (1956a)
developed ascending and descending paper chromatographic methods, The
insulin content was measured colorimetrically after eluting the insulin
from the paper. Crude insulin samples can be assayed but should be
salt free and not contain too much crude protein., Radial paper chroma-
tography gives sharper separation of insulin from other proteins (Bouman
and Homan, 1958).

The results must be analysed statistically, and the standard and
test samples run at the same time, on the same paper, to reduce errors
and variations in results (Fenton, 1959; 1961).

E. FIBRIL FORMATION.
The precipitate formed when a slightly acidic solution of insulin is
heated (Blatherwick et a1,1927) is composed of radially oriented fibrils
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(Waugh, 1948). An assay has been developed in which an insulin
solution, (of at least one i.u./ml) 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 samples containing
less than 11 i.u./mgaor a solution of globulin zinc insulin., Close
agreement with bioassays can be obtained (Krylova and Bazarova, 19603

1962).

F. OTHER METHODS.
Polarographic measurements have been used to assay insulin (Puscura
et al, 1958; Marha, 1960; Girad, 1964), as well as paper electropheresis

(Voluiskaya, 1963) and starch-gel electrophoresis (Gaudina and Polizzi-

Sciaronne, 1963). Disc-gel electrophoresis has been used for an investi-
gation of the heterogeneity of crystalline insulin (Mirsky and Kawamura,

1966) but has not been applied to insulin assay.

G. COMPARISON OF THE ASSAY METHODS.

The sensitivity, precision, guantity of insulin required and sample

size differ for the different assays systems (Table III).

In commercial preparation of insulin there are two generally accept-—
ed methods of assay of the product - the rabbit assay and the mouse
assay, using the International Insulin Standard or the United States
Parmacopeia Standard. Both methods have limitations which restrict
widespread general azpplication. Since 1925, when the First Internat-
ional Standard for insulin was adopted based on the rabbit assay, all
preparations have been assayed, directly or indirectly, in terms of it
(Stewart, 1960). Large amount of relatively high concentration of
insulin are required e.g. 50 - 100 i.u. of at least one i.u./ml for
rabbit assay and five i.u, of 0.1 i,u./ml for the mouse assay. Neither
of these methods is suitable for determining insulin in plasma or in
extracts produced from very small samples of tissuec, Moreover if many
samples are to be assayed the expenditure in animals and time becomes
considerable.

In vitro and in vivo techniques require smaller amounts of insulin
for assay, as do radioimmunoassay techniques, with the latter technique
most probably giving the most relevant results (Renold, 1965), although

in an investigation of blood insulin levels in sheep no correlation



T4LELE IIT.

COMPLRISON OF LiSSLY SYSTEMS.

ASSAY SEISITIVITY *  ASSLY RANCE INDEX OF UNITS REQ!D QUALITY OF
O TNE T h TRV T
5 o 1T PRTO TS TOANR3# TOR ASSAY _J.lBL‘LI-ur __J.‘ER.EJ.\'CE -
METHOD (gm x 107) (mU/ml)  PRECISION FOR iSSAY ey i
Rabbit 40,000 1000-3000 0.1-0.3 50~100 *5 Young & Romans, 1948
Mouse 10,000 100-300 D2 5-10 *5 Stewart, 1960
LDHA rat 2 0. 05=5 0.2 0.1 low cone. Bornstein, 1950
5 0.13=5 - (2P i i inderson et al, 1947
100 2.5=10 - 0.2 u Beigelman et al, 1956
HA mouse 10 Oa 254 0. 4~0.8 0.2 L linderson et al, 1957
Rat Diaphragm 5 0.1-1000 0.18=0,74 042 & = Randle, 1956
Minced pigeon 400 10 =1000 - 05 17 Krebs & Eggleston,1938
breast
Memmary gland 400 10 =5000 0.18=0. 28 0s5 low conc. Belmain et al, 1954
Fat Ped 1000 0.031-0.5 - 0.5 " % Mertin et al, 1938
Fibril 10,000 - - 50 >11 Grodslky, 1958
Paper 3
chromatography 10,000 (10-40)x10 - 200 >15 Fenton, 1959
Radioimmunoassay 0.01 (0. 25-12)x107- 1074 impure Ceske et al, 1970
insulin
or low
conc.
* Based on crystalline insulin 25 i.u./mgm %% Stendard Devintion

aradient,
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between insulin-like activity as measured by the rat cpididymal fat pad
assay, and the radioimmunoassay results was obtained (Dash and Lindsay,
1567). The insulin-like activity determined by the epididymal fat pad
assay may be divided into two parts; one measuring immunologically active
insulin and the other an unknown factor (Renold, 1965). In vitro
methods tend to give much higher velues for insulin-like activity in
blood than radioimmunoassay methods.

Chemicol methods are less sensitive, probably less specific but
more precise and less costly than biological methods, In choosing an
assay proceedure for insulin consideration must be made of the accuracy
required, purpose for which the test is made, the time and cost of the

assay used, and the amount and quality of the insulin to be assayed.
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CHAPTER IV.

PANCREAS COMPOSITION AND INSULIN CONTEHNT

OF NEW ZEATAND SHEEP.

A, SHEEP PAINCREAS IN NEW ZEALAID.,

Ge Introductions

There is little information on the composition and weights of
sheep pancreas with age. Willes et al (1969b) and Wallace (1948)
reported the pancreatic weights in foetal lambs. Wallace (1948) and
Schingoethe et al (1970) reported the pancreatic weights of lambs and
mature sheep (Table VI). The insulin content of the pancreas has been
found to be related to age, and may be related to other factors such as
pancreatic protein or solids content. Further information on the
amount of lamb and sheep available in New Zealand and its approximate
composition, and insulin content was reguired.

Details of the number of sheep and lambs slaughtered in New Zealand
are available from the Department of Agriculture and the Government
Statistican (o lamb being & sheep aged less than one year,), The numbers
of lambs and sheep slaughtered in New Zealand yearly have been steadily
increasing (Table IVa). During the year there are large variations in
the number of sheep and lanbs killed (Table IVb). The lerge number of
lambs killed in November and December represent young lambs, 12-16 wecks
old, with a light carcass weight (30-36 1b). The numbers of lambs
slaughtered gradually decreases in the January to March period, with a
peak in April when the heavier corcass weight (40-60 1b) lambs, 9-10
nonths old, are killed before the winter. The number of lamb killed
in the winter months are a small proportion of the annual total.

Sheep slaughter numbers also show two peak periods; December to
January when many hoggets (one to two year old animals) and wethers are
killed for the export meat market, and March to April when meny culled
ewes and surplus animals are killed before the winter. Throughout the
rest of the year, May to November, the number of sheep killed is fairly
constant and represents culled and swrplus animals. In this study the
weights, approximate composition of pancreas and insulin content from
animals typical of the sheep and lambs killed in New Zezland freezing
works were determined.



TABLE IV,
Meat Slaughterings in New Zealand Export Works and Abatteirs.
(2) Annual Total Kill.
Head of Stock 1000

Year ended: Cattle Calves Sheep Lanbs Pigs
30th.Sept. 1966 1,153 1,058 5392 22,219 852
1967 1,201 1,205 7,699 2L , 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 1,307 9,072 AT 432 808
(b) Monthly Kill of Sheep and Lambs.
Head of Stock % of Annual Kill
Month Sheep ‘Oogambs Sheep Lambs
1969 Sept. 332 79
Oct. 474 733 Bad 2.7
Nov. 665 3,905 T3 14.2
Dec. 1,185 45055 13.1 » e
1970 Jan. 15294 34418 14.3 12.5
Feb. 633 2,854 Y2 10.4
Mar, 1,054 2,911 11:6 10.6
April 1,350 3,58 14.9 12.8
May 844, 3,208 9.3 117
June 536 1943 5.9 7.9
July 291 531 3.2 19
Aug. 218 233 el 0.9
Sept. 328 102 3.6 0.4

From N.Z. Department of Statistics Monthly Abstracts, December
1970.
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b. Source of Glands.

The sheep and lamb pancreas were taken from animals of different
age groups, killed at the Ruskura inimal Research Centre, in the course
of various experiments. To cover more completely the age range, 42
days to 7 years, pancreas from sheep 13, 4, 5, and 7 years were obtained
from a meat works. Several breeds were inecluded in the investigation:
Merino, Romney, Border Leicester x Romney, Southdown, Southdown x
Romney, Perendale, Corridale, but full details were not available.

A1l pancreas glands, except those collected from the meat works,
were weighed after being carefully dissected from the digestive tract.
The pancreas glands from sheep killed ot the Ruakura Animal Research
Centre were removed with 10 minutes of slaughter of the animal, weighed
and frozen individually on slabs of ice in a forced-circulation
freczer (=18°C). Freezing of the glands was begun within 20 minutes
of slaughter, The pancreas collected at the meat works were collected
from the animals and frozen within 30 minutes of slaughter in a blast
freezer.

Pancreas glands collected at the Ruskura Animel Research Centre
were air freighted to Massey University packed in dry ice. All glands,

on arrival at Massey wsre stored in a freczer at -18°C until processed,

c. fnalysis.
1. Preparation for Analysis. After samples had been taken for

insulin extraction (Section D) the pancreas glaonds were reminced twice
through a 10 mm cutting plate. Care was taken to prevent loss or gain
of moisture during mincing and sampling., The sample was kept in a
senled plastic bag in a cold-room (7°C) until analysed, If the sample
was not to be analysed within 24 hours it was frozen. Analyses were
completed in triplicate.

2. Moisture. The minced pancreas sample was mixed with washed
sand and dried for 15-18 hours in an 2ir ovem at 100%. No decompos=

ition of the pancreas was observed during this drying pericd.

3. Protein. The protein was determined by estimating the total
nitrogen content; the value obtained being multiplied by 6.25 to give
the percentage protein. The non-protein nitrogen content was also

analysed by precipitation of the protein with trichloracetic acid in the
first seven age groups investigated, but as it did not affect the total
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nitrogen content significently (Protein N = Total N = Non-protein N) it
was not determined in the further groups investigated.

The total nitrogen was determined by the Kjeldahl digestion method
using 2 gm samples of mincad pancreas. A 10 ml sample of the digest

was distilled in a micro-kjeldahl distillation apparatus.

4. Fat, The fat content was determined by Soxhlet extraction,
with petroleum ether, of a sample of minced pancreas which had been

mixed with washed sand and dried.

5. Ash. Ash was calculated by the difference of water, protein
and fat content from 100 per cent.

The full methods for protein, moisture and fat determination are
given in Appendix 2,

d, Results.
The results are divided into two parts :
1. Weights of individual pancreas glands.

2. Composition of groups of pancreas glands.

1 Weights of Pancreas Glands.

The detailed weights are given in Appendix I, Table A1,I,
The individual pancreas weights were obtained from the data for each
group of pancreas glands and arranged in chronological order.
From Figure 4, which graphically shows pancreas gland weight with

age, six different growth periods can be observed :

42-140 days = increase in pancreas with age during
the spring,

100-140 days = rapid increase in pancreas weight with age
during the late spring and early summer period.

197-319 days = no significant change in pancreas weight
during the winter period.

425-490 days = rapid increase of pancreas weight during
the spring and early summer,

2-3 years - gradual increase of pancreas weight as the
animal matures.
5 years =~ decrease in pancreas weight after maturity

of the animal.
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Figure 4: WEIGHT OF SHEEP PANCREAS WITH AGE.
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Equations for the regression of‘¥ancreatic weight with age were
formed by the least squares regression method (Snedecor & Cochran 1667 ).
The data is tabulated in Appendix I, Table A1,I, and shown graphically
in Figure 4. The regression data is sumnarised in Table V and further

details can be seen in Appendix 3, Table A3.I.

TLABLE V.

Regression Equations : Sheep Pancrease Weight with lge.
Probability Value (p) for the Regression Coefficient is
also included.

Period Fquation p X T
42-140 days Y = 0,292 + 10.63 <0.001 days  gm.
100140 days T = 0.38% . - 0.48 <0,001 u u
425490 deys Y = 0.375% -105.32  <0,025  © t

2-3 years Y = 19,1 + 29.2  <0.005 yesars

i, Comparison of Pancreatic Weight Increases during the Spring.

The age periods 100=~140 days and 425-490 days are one year
apart, and both occur in a similar Spring - early Sumer peried when
feed is abundant. A comparison of the regression data (Appendix 3,
Table A3,II) showed that zlthough the residusl variances and elevations
of the two groups were significently different there was no significant
difference in the regression coefficients, This indicates that the
rate of pancreas weight.increase for the two age groups is not signifi-

cantly different from each other.

n i 3 Pancreas Weight during Winter.

The data for the pancreas weights of animals killed during the
April to July period (197-319 days old) was classified within ten-day
age periods. The average pancreas weight and variability of each class
was not significantly different from the overall average weight of
4542 * 9,3 gm (Appendix 3, Table A3,IIT), indicating that there is no
significant pancreas weight change with age of sheep during the winter.
This lack of significance in pancreas weight change is probably due to a

reduced growth rate of the animal over the winter perioed.

iii. Comparison of Pancreas weights with reported values.

Schingoethe et al (1970) reported pancreatic weights of 10.8 g
and 44.4 gm for sheep 42 and 365 days old respectively. 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 in the winter groups
(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 Pancreatic Weights.

Reported Weights

Calculated Weights

Age Number Weight Source Basis (gm)
(days) in Group (gm)
42 5 10.78 Schingoethe ¥=0,29Z + 10.63 23 +1
et al, 1970 $o5, 244X + 7.5, 17.8 + 2
Lkverage of 42
days old age &2 =3
group
365 12 ldsa5 " 9=0.375% - 105.32 32 =+ 52
Ay, of 197-319
days age group  45.2 + 9.3
62 + 11 4 34 Wallace, $=0.292¢ + 10,63 28.7 * 1.4
PG =0.244X + T.5h 227 % 2.7
Av., of 63 day
old age group 29.5 % 46
112 g 47 o T=0.202% + 10,63 43.3 + 2.3
V=0.244X + .54 34.9 + 4ab
$=0.383% ~ 0.48 42.4 + 10.7
112 day old
animal 36.0
200+ 27 6 55 n Av.of 197-219
age group 46,3 + 10,0
332+ 14 2 59 u Av.of 310-319
age group 45.2 £+ 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 group contained 4-=6 animals (Appendix I, Table A1.II).

The regression equations obtained from the data of Appendix I,
Further details are

Table A1,

included

II, are summarised in Table VII,
in Appendix 3, Table 3,T



TABLE VII,

Regression Equations : Sheep Pancreas Weight with Age.
The probability value (p) for the regression coefficient
is also included.

Period Equation P X %
42-112 days Y= 0,24 X+ 7.54 <0.001 days  gnm
L2175 © Y= 0.1% X + 14.98  <0.001 u n

A comparison of the regression equation obtained from the data of
Earle, and data for the 42-120 day age pancreatic weights obtained in
this study show that there is no significant difference in the residual
variances, or the regression coefficients for the two different samples
(ippendix 3, Table A3.IV) although the elevations of the equations
obtained are significantly different. Thus, from two different studies
similar results were obtained for the pancreas weight increase for New
Zegland lambs A40-120 days old.

e Composition of Pancreas Glands.

The average composition of the sheep pancreas glands in each age
group recorded in this study are given in Table VIII. The analyses
have been expressed on both a wet and dry basis. As the pancreas was
frozen on slabs of ice, pieces of ice adhereed to the glands and were
included in the moisture content. Results on a dry basis will give a
more accurate comparison of solid content.

Moisture was the largest component of the pancreas, being 75 = 79%
during the greater part of the life of the sheep. Protein was approx-
imately 16%, and the most important constituent of the dry solids. Fat
content was very variable (3 - 10%) and could reflect the nutritional
plane of the group of animals.,

There appears to be no set pattern of pancreas composition with
age (Figure 5) and no simple relationship between fat, protein and ash
content (Figure 6). It should be noted that fat forms 20 - 30% of the
solids in the pancreas. No comparative values for gland composition
are available, although Schingoethe et al (1970) stated a solids content
of 20.9% for 42 day old lambs, which is similar to the value obtained in
this study.
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TABLE VIII.

Analysis of Pancreas Composition (%).

Age Wet Basis Dry Basis
Av, Sl Water Protein Fat Protein Fat Ash
Days.
42 7945 13.5 6.0 657 2944 4e9
63 66.0 22,8 10.2 67.3 30.0 T
84 81.0 137 5l 72,3 26,9 0.8
109.4 449 7653 16.9 5.9 .4 25.1 345
11741 0.8 ¥ 50 159 7 63.8 7.9 8.3
121.8 1.8 76.8 15.8 4.6 68.2 20,1 1.7
131.2 2.3 76.1 15.6 % 65.6 9.9 heb’
218.4 9.9 78,6 15.8 441 74+ 0 19.0 580
231.8 2.8 % 1649 4s0 7445 17.8 77
243.0 bady 77.9 153 5ol 69.4 234 9.2
253.7 5+9 - 77.8 14.9 5.3 66,8 2.0 8¢5
26443 4o 79.0 15.3 39 73.0 18¢5 S5
264..9 40 78,0 14,0 53 63.6 2443 121
276.6 54 78.0 14.4 y 6545 23.8 10.7
24T 5¢6 72.6 1%.6 T 64.1 . S et
302, 2 1.4 448 15.9 T 63.2 2.6 Iad
308.9 1.9 726 1844 6.5 B 23,8 9.0
315.6 3.3 T2:4 18.4 745 67.4 2ls3 543
443.0 8.9 73.6 17.8 Tuity 67 4 25,0 4.6
45646 R.2 The2 15.7 9.2 60.8 35.4 3.8
46447 1:d Thele 15,9 8.1 62.3 31.7 6.0
472,17 9 73.8 16,1 Tade 61.6 28.2 10.2
Years
1.5 - 77.0 15.8 349 68.8 16.9 14.3
2,2 0.3 7944 15.5 3.2 752 15.7 9.1
3 - 79.5 154 3.1 75.1 1542 9.7
4 - M6 173 0.4 61.0 36.7 343
5 - 766 17,9 3.1 76.7 13.3  10.0
D - 80.3 15.6 2.9 79.6 1446 5.8
7 - 75.9 18.8 3.8 Tl 15.8 645
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8, Discussion.

Pancreas glands of New Zealand sheep showed weight increases dur-
ing the spring and early summer months, in the first two years of age
in the sheep. During winter there is no real change in the pancreas
weight, Pancreas glands increased in weight until at least the age
of three years, the age at which the sheep has reached maturity, but
there is a decrease in pancreas weight for five-year-old sheep.

Good agreement of pancreas weight as reported in the literature,
and the pancreas weights obtained in this study was not obtained, even
for a study of New Zeeland animals (Wallace, 1948).  However, a good
agrecment of pancreas weight with age was obtained in a more recent
study (Earle, unpublished) of New Zealand shieep organ weights,

For calculating the yields of insulin or enzymes from sheep
slaughtered at New Zealand meat works, the following pancreas weight
could be used :

Lambs 4 gm
Hogget 64 gn
Sheep 80 gm
01d Sheep 50 gnm

No trends for the chomical compusition of pancreas glands wers
obtained, nor was there any simple relationship between the fat, ash

and protein content.

Bs COMPARIS ON OF EXTRACTION METHODS

a. Introduction

A suitable method¢ of insulin extraction was required for the
investigation of the insulin content of New Zealand sheep pancreas,
Several different methods are available both for large and small scale
extraction. The study was only over a limited time period of ten
months, so detailed investigation of the methods used for insulin
extraction could not be carried out, and as the quantity of glands
obtained for each age group investigated was small, small scale methods
had to be used.

In the evaluation of the methods the following points were
considered :

fis The amount of pancreas required for the extraction. As each
age group contained 7 - 24 animals representing 300 - 800 gm of glands,
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if the insulin extractions were to be in duplicate, and chemical tests
were 2lso to be carried out on each group jthe method must be suitable
for small quantities of tissue.

ii. Quantity and cost of materials, chemicals and equipment.
Some chemicals are difficult to obtain in Hew Zealand at short notice,
or unavailable,

iii, Size and type of equipment. If possible, equipment already
present in the laboratory had to be utilired or modified for use.
Difficulties in obtaining suitable equipment in a short time was
experienced,

iv. Time required for the extraction method. The time required
for the method must be as short as possiblc, as twenty nine different
age groups had to be investigated. The extraction method must not be

too complicated, but still give representative results,

bs Methods Investigated.

Most insulin extraction methods use acidified ethanol, as the
greatest yield can be obtain:d, followed by vacuum distillation of Lhe
alcoholic extract. Several investigators have noted that the pH of
the extract affects the yield of insulin., Jephcott (19312) obtained
greater insulin yields using 0.4N " sulphuric acid thon when using 0.1H
or 0.2N sulphuric acid, Using hydrochloric acid the greatest yield
of insulin was obtained using an acid strength of 0.1N, other factors

f time, alcohol concentration and temperature of extraction being con-
stant, During the present investigation orthophosphoric acid was
used for acidification of the extract, this being the acid used in the
more recent methods., Katkovskii et al (1969a) obtained a 10% increase
in insulin yield when using orthophosphoric acid instead of sulphuric
acid, Oxalic acid and sulphuric acid was also used in, two of the
batches of pancreas extracted in the preliminary investigations but the
effect on yield was not noted. If the pH of the alcoholic extract from
sheep pancreas was less than pH 3.0 a decrease in the insulin produced
occurred as seen in Table IX, where the yields of insulin from batches
of pancreas for which the pH was accidently less than 3.0, are compared
with the corresponding duplicate extractions for which the pH of the
extract was greater than 3.0. All samples were extracted by the same
method (ether concentration of the extract, Section b,3) and orthophos=—

phoric acid used for acidification of the ethanol.
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TABLE IX,.
Effect of Extract pH on Insulin Yield.
Crude
Seample No. Lige Group Extract pH Insulin Yield
days + S.D. mgm/kgm pancreas

1 264.9 * 4.0 2.6 1190
2 & 3.2 1380
2 - 3.3 1390
4 276.6 + 5.4 27 1080
5 . 2 1530
6 1 3.2 1510

In large-scale insulin production the macerate is usually stirred
with a paddle, or allowed to stand, for the required time while the
insulin is extracted from the tissue. In small scale production the
frozen pancreas (50 gm = 1 kilo) is often homogenized in & blender for
8 short time.(Smith, 1964; Randall, 1964; Kimmel et al, 1968).

Mirsky et al (1963) observed no apparent difference in the yields of
insulin obtained by homogenization of the macerate for 30 - 60 seconds
compared with slow stirring for =zbout six hours.

In this study large cuantities of glands (1-5 kilo) were extract-
ed in acidified alcohol in a stainless steel vessel, and a Voss stirrer
(Model S30/CB) used to mix the extract. Suall quentities (50 gm) were
macerated in a Wering blender (Type iristocrat, Model 2057-701) with a
high speed of 13,000 rpm, and a low speed of 2,000 rpn when unloaded.

The three methods investigated were :

iy Conventional method of insulin extraction using acidified
alcoholic extraction, followed by vacuun distillation of the extract
(Maxwell and Hinkel, 1954a).

Zs Alginic acid method (Jorpes, 1960) as an example of an insulin
extraction process using ion exchange resins, Several methods have
been developed using ion-exchange resins. These methods have the
advantage of increased insulin yields, and savings in equipment, power
consumption and labour costs. Jorpes (1960) estimated that using
alginic acid to obtain the insulin from the alcoholic extract there
has a 20 - 30% increase in yield, and Katkovskii et al (1969b)
obtained a 40% increase in yield using SDV-3T ion exchange resin,

3. Small scale extraction method, using a two-phase system to
concentrate the aleoholic extract. Randall (1964) used diethyl
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ether-water-ethancl system to concentrate the aleoholic extract and

remove the fat.

1. Vacuun Concentration Method.
34 Extraction.

One kgm of frozen pancreas was minced through a 3 mr 3late into

two litres 85% v/v ethanol containing acid to give pli3. The material
wzs stirred at room temperature for four hours and the solid removed
by centrifugation, The solid was mixed with a further 1.5 litres

75% v/v ethanol at pH3 for two hours, and the solid removed from the
extract by centrifugation., Centrifugation was carried out by placing

the material in a cotton bag and spinning in & Hoovermatic spin-dryer.

T Removal of Inert Protein.

The combined extracts were clarified in an Llfa Laval cream
separator, and the pH changed to 8.5 with ammonium hydroxide (10X).
The precipitate was removed by centrifugation and 10N sulphuric acid
used to bring the pH to 3.

iii. Concentration of ethanol and precipitation of crude insulin,
The extract wcs concentrated to one=fifth the original volume by
three passes through on Mfa Loval Centritherm evaporator. The temp-

erature in the steam jacket was 60°C, but the temperature of the
extract could not be measured. Sodium chloride (25%) was used to

precipitate the crude insulin,

2. Meinic Acid Method,

i. Extraction as for Method 1.

ii. Removal of Inert Protein. The combined extracts were clarie
fied in an M1fa Laval creem seporator and the pH changed to 8.5 with
ammonium hydroxide (10W). The precipitate was removed by vacuum
filtration and the pH of the filtrate changed to 3.0 + 2 using Dowex
50-X8. The Dowex 50-X8 was then removed by filtration and recharged
by stirring in 0.3N§ hydrochloric acid.

iid, Heat Treatment. The temperature of the extract was raised
to 70-75°C within 5-10 minutes, kept at 70-75°C for 5-10 minutes, and
then lovered to 30°C within 15 minutes, For small samples (50 gm
pancreas) this was most easily achieved by running hot weter (80-85°C)
over the outside of a stirred glass flask containing the extract.
Cooling was achieved by running cold water over the flask, For larger
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quantities of glands the extract was heated in a covered stainless-
steel vessel in an autoclaye. The temperature was measured using a
thzrmocouple in both methods,

2% Preparation of Crude Insulin. Wet alginic acid was prepared
by washing with 0.3 N hydrochloric acid, and then with water. It was
stored slightly moistened at -18°%c,  New alginic acid was used for
each extraction although the cepacity of new lots of alginic acid to
adsorb insulin is low, and increases after regeneration (Jorpes, 1960).
New alginic acid was used for each extraction so that the adsorbtion
capacity for insulin would be a constant factor. Wet alginic acid was
added to the cooled extract (25 gm wet alginic acid/kg pancreas) and
stirred for six hours at room temperature, or sixteen hours at 5°C.

The alginic acid was removed by filtration on a Buchner funnel and a
second equal amount of wet alginic ncid added to the extract. The .
second batch of alginic acid was removed from the extract by filtration
after stirring for one hour at room tempercture. The insulin was
removed from the combined batches of alginic acid by elution with 0.3N
hydrochloric acid (50 ml/kg pancreas). Sodium chloride (25%) was

used to precipitate the insulin,

3e Ether Concentration Method.

i, Extraction. A sample of pancreas was minced through a 10 mm
plate, and 50 gm of material weighed into 175 ml of 76% v/v ethanol
containing 1.7 ml 48N orthophosphoric acid, before the material thawed.
The material was macerated in a bottom=drive Waring blender at high
speed for one minute, and at low speed for two minutes., The =o0lid
was removed by centrifugation (2,000 x g for 5 minutes). The solid
wos re-extracted in 50 ml of 67% v/v ethanol containing 0.2 ml 48N
orthophosphoric acid, and centrifuged for the same time as the first
extraction,

ii. Removal of Inert Protein. 5N ammoniun hydroxide was added
to the combined extracts until the final pi was 6.0 + 0.3. The sus=~
pension was filtered using a thin layer (2-3 mm) of Celite on a double
thickness of filter paper (Whatman No.1) in a Buchner funnel. The
precipitate was washed with 25 ml of 67% v/v ethanol and the combined
filtrate and wash adjusted to pH 4 * 0.4 with 5N sulphuric acid.

iii. Removal of ethanol. Three-stage countercurrent extraction

with diethyl ether was used to remove the ethanol from the extract.
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Three separatory funnels were used. The alcoholic extract was shaken
with an equal volume of ether. A small amount of water was added if
two phases did not appear. The bottom phase was washed with two
further 100 ml portions of ether and collected after filtration using
a thin layer of Celite on a double thickness of filter paper (Whatman
No.1). The three ether phases were then washed sequentially with two
25 ml portions of water. The =zgueous phases were combined and aerated
for 30 minutes to remove the residual ether. The ethanol concentration
of the extract decreased from 42% w/w to less than 20% w/w (Appendix 7).
The ether was distilled for reuse.

1%, Preparation of Crude Insulin., An equal volume of saturated
solution of picric acid was added to the filtrate and left overnight.
The precipitate was collected by centrifugation (1,600 x g for 10
minutes ) and transferred to a 50 ml centrifuge tube using 25 ml satur-
ated picric acid solubion, and again separated by centrifugation.

The moist sediment was extracted with 5 ml acetone-water (4;1 v/v)
and centrifuged. The sediment was extracted with 5 ml 70% acetone
containing 1% sodium chloride. The crude insulin hydrochloride was
precipitated from the combined acetone extracts by the addition of 60-
80 ml of dry acetone and 0.1 ml 12N hydrochloric acid. The crude
hydrochloride was collected by centrifugation in a tared tube, washed

with acetone, followed by ether and dried in a wvacuum dessicator.

Ce Materials.

For the investigation of the different methods a 120 1b. (47 kgm)
bulk lot of sheep pancreas was obtained from the meat works. The age
of the sheep was estimated to be 14=1% months. The pancreas glands
had been collected from the carcass as soon after the slaughter of the
animal as possible, frozen in individual moulds, air freighted to
Massey University and stored at <18 until required.

Reagent grade chemicals were used if available, otherwise technical

grade chemicals were used.

d.  Discussion.

The alginic acid method had been used successfully to obtain
insulin from beef and calf by a previous worker in the laboratory.
Yields of 2000-6000 i.u./kg’ pancreas had been obtained from one to two
kilogram batches of glands. The first few attempts to use this method
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for sheep pancreas extraction were unsuccessful, Reasons for the
failures may have included :

i Not enough skill in using the method for sheep pancreas,

although insulin had been obtained from beef pancreas
(1200 i.u./kg gland) using the same process.
iy Low levels of insulin present in the sheep pancreas, and
in using small quantities of glands the insulin present
may have been 'lost' e,g. on glase 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 insulin not bound by alginic acid.

v. Insulin not eluted from the alginic acid,

vi,  Acid, zlcohol or time for extraction not sufficient.

Vid The method not suitable for extraction of sheep pancreas.
Vasavada et al (1964) found extreme difficulty in obtaining
crystalline insulin from sheep pancreas, and used mixtures
of beef and sheep pancreas to obtaln insulin, Katkovskii
and Schwartz (1961) also reported that the production of
sheep insulin by the same method as for beef (alcohol-
sulphuric acid extraction) was not successful.

The successful extraction of sheep pancreas by this method gave 2
yield of 620 i.u./kg pancreas. (Mouse assay ).

Using the conventional method with vacuum concentration of the
extract low yields of 100-200 i.u./kg glands was obtained using the
same batch of pancreas as for the zlginic acid investigation., Further
investigations of the method were not carried out because of this low
yield. Katkovskii and Schwartz (1961) reported yields of 300 i.u./kg
pancreas using alcohol-sulphuric acid extraction.

The ether concentration method was found to be successful for 50 gm
pancreas, with yields of 1,5-2.5 mgm crystalline insulin, or approxim-
ately 800 i.u./kg gland. As the yields of crystals were small, and
difficult to assay,the crude precipitate was used for assay, Eleven of
the age groups were investigated in this manner, but when the results of
the assays were obtained it was evident that the activity of the crude
insulin was much less than the activity detected in the alcoholic extract.

ly one~third to one-quarter of the activity present in the alcoholic



extract was found in the crude 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 211 stages of the extraction process except
in the maceration atage, where only a 50-55% recovery was obtained,

ii. Addition of crude insulin at various stages throughout the
process, Jephcott (1931a) showed that higher recovery rates were
obtained if an aqueous extract of crude insulin was used instead of
crystalline insulin.

iii, Radidimmunoassay of insulin in samples taken at various stages
in the process. The radioimmunoassay can be used on small samples taken
at diflzrent steps. Fewer extractions are needed as the mass balance of
insulin need only be done on one extraction, compared with the several
extractions needed if the 'mass balance! for insulin throughout the
process is investigated as in the first two methods outlined. Bzun et
al (1964) used the radioimmunoassay technique for quality control of an
insulin extraction process, expressing the results as a percentage of
insulin present in the alcoholic extract. 97.3% of the original insulin
acbivity was present in the salt precipitate of insulin.

An investigation of insulin content during the processing by two
methods was eorried out - the alginie acid and the ether concentration
method - using radioimmunoassay of samples taken at differcnt stages.

To compare the two methods on the same pancreas material the following
method was used:

100 gn of pancreas wes extracted as for the ether concentration
method (Section b.3.1i). The inert protein was removed as in the alginic
acid method (Section b.2.ii). The alcoholic extract was sampled, then
divided into two equal volumes., One volume was processed using the
alginic acid method, the other volume brought to pH 4 + 0.4 and processed
using the ether concentration method. The investigation was done in
triplicate on three different days using pancreas taken from the same
batch. The samples were diluted in isotonic saline to a insulin concen-
tration of 30-200 /uU/ml for radioimmunoassay. The results were pooled
and expressed as a percentage of the initial insulin activity in the

alcoholic extract. The results and methods are presented in Figure 7,
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Nearly all the insulin detected in the alcoholic extract was
detected in the final acetone-water extract in the ether concentration
method, but only one third of the activity is present in the crude
insulin after acetone precipitation. As only z small amount of insuli-
activity is in the acetone supernatent the crude insulin has been de-
natured in some way, or insulin-like-factors are present in the extracts,
which are not detected when the crude insulin is redissolved for assay.

Only 80% of the initial insulin activity is present in the final
solution uging the alginic acid method, Most of the =zctivity appears
to be still associated with the alginic acid and a second extraction of
the alginic acid may have eluted some more of the insulin.

The ether concentration method, although taking o longer pericd
than the slginic acid method involved less man=hours. An extraction
from a group of pancreas glands could be completed in triplicate in
two days, whereas only one alginic acid extraction could be done per

day ,using the facilities available.

C. ASSAY METHODS.

- I"\J.'-n-\. Jpia 4 e
B B e

The methods for insulin assay are outlined in Chapter III. 1In
obtzining an insulin assay in the present study the following points
were considered.

i. A larpe number of insulin sazmples would be obhtained in the
study. Twenty=nine different age groups of sheep were investigated,
anl as extractions were in duplicate or triplicate, this represented
sixty to ninety insulin samples. Assays were also to be done on
insulin samples obtained in the preliminary studies, representing a
further fourty to fifty samples.

ii., Size and purity of insulin needed for the assay. Impurities
can affect assay results, and an assay suitable for the small quantities
of crude insulin obtained in the investigation was required. A com-
parison of assay methods is found in Table III.

iii, Techniques involved for the assay system. Most assay systems
require a high level of skill, and time is needed to acquire this skill.

iv. Assay Time. As many insulin samples had to be assgyed within

the short time of the investigations (ten months) the time for each assay
must be as short as possible.
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v. Materials and Equipment required. Resources available for
insulin assay were very limited., Facilities were not available for
housing of animals required for bioasszy systems, limiting the assay
systems investigated to those not requiring animals.

vi, Multiplicity of insulins, pro-insulins, and insulin-like-
materials, {iny assay system, other than bioassay, for insulin may be
affected by other factors and not accurately measure the biologically
active insulin.

Insulin assays can be done on the crystalline or crude material,
or on aleoholic extrocts from the pancreas glands. Jorpes and Rast-
geldi (1953) assayed the extracts from human pancreas using the rabbit
assay. Willes et al (1969b) in an investigation of the insulin content
of sheep pancreas used radioimmunoassay of the alecoholic extracts,

In a comparison of a few of the non-bioassay systems for insulin,
Light and Simpson (1956b) noted that the fibril assay method gave
erratic gquantitative results if erude insulin was used, and other
materials such as glucagon were alsoc carried down, The two-phase
partition chromatography method was an unsuitable methed for running
multiple samples as it was a tedious method for even a single sample
because purification was needed to remove peptide and protein contamin-
ants, The paper chromatographic method developed by Light and Simpson
(1956a) was suitable for small (20 gm) lots of calf pancreas, but as
calf pancrsas has a high insulin content (10 i.u./gm), compared with
pancreas glands of many other domestic anim.ls the quantity used for the
chromatogram was much larger than that which could be obtained from an

egquivalent amount of beef or sheep glands.

bs Methods Investipated.

1.  Paper chromatography. Preliminary work was carried out on

the assay of insulin samples by poper chromatography using the method of
Bouman and Homan (1958)., It was found that the insulin samples were too
impure tc be assayed chromatographically, and the time required to purify
the insulin samples would be too long with possible loss of insulin
activity during purification s: paper chromatography was not investigated
further,

2. Mouse Bioassay. Although facilities were not available for

the bioassay in the laboratories, Tasman Vaccine Laboratories carried
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out mice bioassays on the preliminary insulin samples obtained. A8
only & small number of animals were available only a few assays could
be done. The results for the assay were usually obtained in 1-2 weeks,
Ls the crude insulin samples from the age groups were small (50 mgm)
the bicassay could not be used , and the impurities may have influenced
the results obtained,

. % Radioimmuncassay., This system can be used for small amounts

of insulin, and the purity of the sample is not important. Develop-
ment of the antiserum tokes a period of two - three months. Ls cry-
stalline sheep insulin was not available beef anti=-insulin serum was
produced by Professor Flux, ‘lassey University.

The equipment needed for the assay is not complex but was not
readily available and specilal arrangements to obtain radioactive iodine
or iodated-insulin wre necessary. Dr, Ferpuson (personal communication)
advised that the time of the investigation was too short to acquire the
necessary skill for the technique.

The Radiotherapy Department, Palmerston North Hospital, agreed to
assay the sheep insulin samples. Sheep and human insulins behaved in
a similer manner over the concentration range 0~100 /uu/ul (Lppendix 4,
Figure A4,1). The radioimmunoassay method used by the Radiothercpy
Department is given in ALppendix 4. Although a bulk lot of crude
insulin was prepared, a bioassay to compare the radicimmunoassay results
with the biological activity could not be done due to difficulyy in
obbaining consistent results in the bioassay using the mice available,

Crude insulin samples were prepared for assay by dilution in
isotonic saline, pH <5,0, to an estimated concentration of 30-200
/wVM“ Samples of the alcoholic pancreatic extract sanples were
diluted in the same manner, Willes et 21 (1969b) in the study of
sheep pancreatic insulin assayed the immunoreactive insulin present in
pancreatic extracts using the method of Grodsky and Forsham (1960).

b Disc Electrophoresis, Disc electrophoresis was used to

investigate the qualitative properties of the insulin obtained but not
used for assay of insulin,



52
D. YIELDS OF INSULIN FROM IEW ZEALAND SHEEP PANCREAS,

a. Method.

1 Crude Insulin Samples. The method used for the first eleven

age groups investigated was @

Eight to twelve frozen pancreas glands from each age group were
minced through & 10 mm plate and three 50 gm samples taken randomly
from the minced material before thawing occurred. Each 50 gm samnple
was placed in 175 ml 7% v/v ethanol, The samples were stored at
-18°C wntil nrocessed, the maxinum storage time being three hours.
The minced pencreas slands remaining after taling the three samples
were reminced twice and stored in a sealed plastic bag at ~-18°C until
required for chemical mnalyses (Section 4, c.).

The three 50 gm minced pancreas samples were extracted by the
ether concentration method (Seetion B,b,3). The acetone precipitate
of crude insulin was collected and dried under vacuun in a tared 5-ml
centrifuge tube. After weighing, the crude extract was transferred
to a numbered tube and stored at -1€°C until assayed.

or cmers  tus bo three milligrams of the crude insulin sample

v s

were dissolved in isotonic scline snd diluted to an sstimated insulin

m

concentration of 30 = 200 /uu/ml. The samples were then assayed by
the nmethod described in lppendix 4, and the results presented as
insulin yield per ga tissue, per gm solid-not-ash, per gm sclid, per
gm protein and insulin content per pancress (aversge pancreas weight X
insulin yield), for each age group (Table X).

The eleven age groups investigated were the pancreas collected
during the winter months, lio significant trends in the insulin yields
with age wvere observed, although a slightly lower insulin yield was

obtained from the older age groups in the series,

2. Alcoholic Extracts. Radioimmunoassay of the alcoholic

extract from the age group 315.6 + 1.9 days gave an insulin yield six
times as great as the yield obtained by assay of the crude insulin,
After investigation of the method and consideration of the results
(Section B,d) it was decided that it would be better to work from the
aleoholic extract rather than the crude insulin for the assays.
Consequently subsequent immunoessays were therefore carried out on
samples from the alcoholic extracts. Thus the meximum yield of



Sheep Age Group(days)

Ay,

218.4
231.8
24340
253.7
26443
26449
R76.6
2947
302,2
308.9
315.6
315.6

S.D.

9.9
2.8
Leds
549
be 2
4.0
5¢4
546
144
1.9
1.9
1.9

(assayed from crude insulin samples )

TABLE X.

Insulin Yields from New Zecaland Sheep Pancreas.

Each result is expressed as an average from radioimmunoassay of
three different crude insulin samples from each age group.

Range
197-226
227=236
237252
241=260
260~273
254=270
270-285
278=300
300~304
306~312

312-319

312-319

Pancreas Weight(gm)

No. in

Group. Av.
12 45.3
21 47.1
24 48e2
14 38.8
15 38.9
14 46.3
14 43.3
17 43.1
14 45.1
14 49.0
14 50.1

S.D.

9.6
CIA
G
7.8
1+
6.3
5¢5
9l
1145
11.4
9.8

Range.

31,2-64.0
29 42=6245
354 0=04.42
27.3-51.9
29,8=57.1
37.7-60.3
37.8=54.5
29.0-61,0
2845-62.9
254 5=66,9
37.2~70.0

assay of alcoholic extract

gm
gland
0.19
0.18
0.18
013
0,16
0.23
0.22
0.19
0.16
0.17
0s13
0.88

Insulin yield

gm solid- gm

not-ash 8olid
0.98 0.93
0.88 0.88
0472 0.67
0. 68 0.67
0.81 0. 74
1.19 1405
1,14 0.98
0.77 0.69
Q.77 0. 65
0,67 0.61
0452 0.49
3.36 3419

ieu. per
gm

protein
1.29
1.09
0,96
0.94
1.00
1.64
1449
1.08
1,03
0.90
0.70
4e'T3

pancreas

8,62
8.46
8.68
505
6.38
10.63
9452
8.19
7422
€433
6451
L4l
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insulin obtainable for the extraction method used would be known, and
this meximum yield of insulin from the extract could be obtained by
further investigation of the factors affecting the precipitation of the
insulin from the extract. Willes et al (1969b) used radioimmunoassay
of the alcoholic extract to investigate the insulin concentration in
lamb and sheep pancreas.

For the investigation of the concentration of extractable insulin
in lamb and sheep pancreas using radioimmunoassay of a sample from the
alcoholic extract, the method was :

Duplicate 50 gm samples were obtained from eight to twelve pancreas
glands which had been minced, while frozen, through a 100 mm plate.

The samples were each placed in 175 ml of 76% v/v ethanol and stored at
-18% for a maximun time of one hour until processed. The minced
pancreas glands remaining after taking the two samples were reminced
twice and stored in a sealed plastic bag at -18° for chemical analysis.

Each of the duplicate samples was extracted using the ether con=-
centration method (Section B,b, 3) and a sample for radioimmunoassay
was taken from the alcoholic extract at pH 4.0 + 0.4 after the inert
protein had been removed from the extract. The sample was diluted
with isotonic saline to an estimated insulin concentration of 30 - 200
/uU/ml and stored at =18°C for a naximun of seven days until sent to
Palmerston North Hospital for assay,

The results obtained from the radioimnunoassays were averaged for
the two duplicate samples from each age group. The yields of insulin
were expressed in the following ways :

i. international units per gm tissue
dd il.u. per gm ash-free solid
iii. i.u. per gm solid
iv., i.u, per gm protein

Ve il.u. per pancreas

Methods ii to iv were obtained by calculation using the experi-
mentally determined composition of the pancreas glands (Table VIII)
and method v by using the yield per gm of tissue with the average
pancreas gland weight for each age group.

b. Discussion,
For the reasons given the results based on direct assay of the
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alcoholic extract were considersd to give the most accurate indicatiocn
of insulin yields. These yields from llew Zealand shecp pancreas glands
are presented in Table XI and Fig. 8. fnalysis of the insulin yields
indicates that there is & decresse in insulin yield with increasing age.-
This decrease is very rapid in the 40 -~ 120 day age period and may be
due to the changing of the lambs' diet from milk to increasing amowunts
of grass. The insulin content of rat pancreas glands has been found
to decrease if there was a decrease in carbohydrate-forming substonces
in the diet (Best et al, 1939b) and so the decrease in insulin obtained
from the lamb pancreas may also be due to the changes in diet.

The yield of insulin from winter-killed sheep (215 - 393 days old)
was constant at 0.45 + 0.2 i.u./gm tissue and slightly greater than the
yields obtained from spring-killed znimals (120 - 140 days and 440 -
460 days). A similar effect of higher yields in winter-killed animals
has becn observed in pigs and other young domestic animals (Ostling,
1926) and beef (Fisher and Scott, 1934),

An increase in insulin yield was observed in the 440 - 480 day age
groups but as only o small time period is covered this spparent trend
may not be real. Insulin yields from maturc sheep (3 - 7 years)
increased with age, and were greater than the yields obtained fronm
older lambs and hoggets.

The insulin yields obtained in this study vere lower then those
obtained by Willes et al (1969b) which are presented in Table XII.

TASLE XTIT,

Pancreas Insulin Concentration + standard error
of Young Lambs and Adult Sheep.

hge No, of Animals Insulin Concentration
ieu./gn,
1 day g8 B2 4 1.2
1 week 8 6.2 + 0.9
7 weeks 9 5.6 + 0.6
14 weeks 9 3.0 + 0.4
2-6 years 10 | 1.2 * 0,1

From Willes et al, 1969b,

The low yields obtained in the present study could have been due
to several factors :
i The freezing method may not have been suitable and storage of



TLBLE XI.

Insulin Yields Prom New Zealand Shecp Pancreas.
(assayed from alcoholic extracts) .
Esch result is expressed as the average of radioimmunoassays obtained

for two separate mamples of puncreas glands,

Sheep Lige Groups

Lve
days.
42
63
84
109.4
117.1
121.8
131.2
218.4
R31.4
243.0
253.7
2043
264.9
276.6
D47

S.D.

4e9
0.8
1.8
2.3
9.9
2.8
baky
5.9
4.0
4e2
5¢4
5.6

Range

100-116
116-118
119=126
128-135
197-226
227236
237=-252
241260
R54=2T70
260~273
270~285
278~300

No. in
Group.

12
10
12
17
18
18
17
12
21

24
14
14
15
14
17

Pancreas Weight

kv,

22,0
2.5
6.5
465
4449
bhrody
4649
4543
47,1
48.2
38.8
4643
38.9
43.3
43.1

DD,

3.0
46
7e5
7ok
5.3
be5

Range

18.0-28,2
23.6-36.3
25.6-48.8
36.0-62.0
3845=53.2
35,052, 0
36,0=65,0
31.2-64.0
20,2-62,5
35,064, 2
27.3-51.9
37.7=60.3
25.8=57.1
37.8=54.5
29,0-61.0

gm
gland

T 76
1.65
1.58
0.76
Oek5
0.31
0.36
0.45
0.42
0.49
0.39
Ou34
0.57
0.55

0.63

Insulin yield i.u. per

gm
solid

8.6
49
8.3
242
1.8
1e3
1.5
2,1
1.6
2
1.7
1.6

’
2:0

2.5
2.3

gn solid
not=ash

2.0
3.8
A
3¢5
2.0
1e5
1.6
2e3
2.0
Rely
149
18
29
2,8
25

em
protein

1341
Ta?
115
34
2.8
2,0
2e3
2.8
2e5
Y
2.6
2.3
4o
38
346

pancreas

38.8
43,6
5746
35.3
20,2
13.8
16.9
2044
19.8
23.6
1541
1547
22,3
23.8
27.6



Sheep Age Groups

Av,e
days.

302,2
308.9
315.6
44,3.0
456.6
464..7
472,77

years.

5
.3

<2 vt > Lo =

S.D.

1.4
1.9
1.9
8.9
a2
1.4
5.9

0.3

Range

300-304
306-312
312-319
426=1453
452-460
L62=46T
4L68-491

R=2¢5

No.in
Group

14
14
14
14
17
15
17

oy g 2

15

Ponecrens Weight

Av,

4541
49.0
50.0
63.5
62.1
70.0
72.6

72.5
872

47.8

9 Ds

1.5
11k

948
12,2
1446
15.7
12.8

Range

284 5-62.9
2545-66.9
37.2=70.0
46,0902
4ty o 5=107.71
46.0-97.0
bhe5-94.5

63-3"'83. O
78.8-102,5

30.9-70.3

0. 56
0. 45
0.41
0. 21
0.33
0.46
0.53

0.50

<0.,01

0.35
0.85
1.03
0.72
0.69

Insulin yield i.u. per

gn
solid

.
W Oy O

N =2 = O = =
. L] . .
o o W o

0.9
<0.1
1.7
3.0
oo dy
Fe
2.9

om solid
not ash

2.6
1.8
1.6
1.0
1.3
1.9

2¢3

1.0
01
1.9
i iy
L'l
3.9
3.1

gm
protein

3.5
2.2

1.3
40,1

49
Sef
4
3.7

pancreas

25,3
22,1
20.5
13,3
20,5
32,2
38.4

<0.7
30.6

LS



YIELD OF INSULIN

1.u./gm protein

iu/gm ash—free solid

i.u./gm solid
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the glands too long to obtain maximum insulin yields. Some of the
glands had been stored at -18°C for up to eight months, Willes et al
(1969b) used fresh pancreas glands,

1 New Zealend sheep are grass-fed throughout the whole year
with supplementary feeds of hay, silege, root crops and chou moullier
in the winter. The levels of digestable carbohydrates in this diet
are much lower than the diet of milk for a calf, the pancreas of which
has a high concentration of extractable insulin (up to 10 i.u./gm).

iii, The possibility that the assay method used gave only a partial
indication of the insulin levels present in the samples taken.

iv. Losses during the extraction procedure and time of storage
of the sample for assay.

ve The possibility that the extraction method is unsuitable for
the extraction of insulin from sheep pencreas. The method of Grodsky
and Peng (1959) used by Willes et al (1969b) includes alcohol=HCL
extraction of the protein obtained by homogenisation of o 350 to 400
milligram wet weight of pancreas with chilled saline = 10% trichloro-
acetic acid solution.

The insulin yields obtained in this study, zlthough lower than
those of Willes et al (1969b), are comparablc to yields obtained in
other investigations (Table II). Insulin yiclds per pancreas did
not show mny particular trend with age (Table XI), the average yield
per pancreas being 20 i.w. The total insulin content per pancrea
was higher in adult sheep, mainly because of the greater pancreas
weight in these =zge groups.

The yieldsof insulin which can be extracted from lew Zealand
sheep pancreas have becn found to be 300 - 700 i.u./kg glands from
lambs, 500 i.u./keg hogget pancreas and up to 1000 i.u./ke pancreas in
adult sheep., These values are much lower than the reported commercial
yields obtained from pig, beef, and calf pancreas of 1,500 - 10,000
i.u./kg pancreas (Table II). Thus the New Zealand sheep pancreas
appears to be relatively unpromising as the raw material for the
commercial extraction of insulin, unless a different process can be
developed with which higher yields can be obtained. Therapeutic
importance could arise if crystalline sheep insul has properties, such

as prolonged action time or reduced antibody build-up which make it
advantageous in the treatment of diabetics,
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E., CRYSTAILINE SHEEP INSULIN,
Crystalline or non~crystalline insulin can be used for the treat-

ment of diabetes mellitus, but the prolonged action time of crystalline
insulin gives it an advantage in the therapy of diabetics. Many pro-
cesses have been published describing vhe production of crystalline
insulin since Abel (1926) published a suitable method, Biologically
active insulin crystals in which none of the metal ions zinec, nickel,
cobalt or cadmium are present have not yet been prepared, and the
crystals are more correctly described by terms such as ginc-insulin
crystals,

The shape of the crystels depends on the species of insulin,
Single, sharp and perfect rhombohedral bodies can be obtained from re-
crystallized pig and insulin using citrate, phosphate, ammonium and
acetate buffers, but the crystels from shecp and cattle insulin ore
often twinned with curved faces (Schlichtlrull, 1956), If urea or a
halogenide was present in the mother liquor during recrystallisation
perfectly shaped rhombohedral crystals were obtained froa all three
species,

The dirficulty of obtaining crystalline sheep insulin has been
noted in the literature. Vasavada et al (1964) could only obtain
erystalline inswlin from aleoholic extracts of mixtures of sheep and
beef pancress, and could not obtain crystals from shecp puncreas ex-
tracts.  Katkovskii and Schvartz (1961) obtained crystalline insulin
from pig and sheep pancreas extracts using phosphatc and citrate
buffers, but cnly low yields were obtained if acetate buffers were
used,

Three different methods were used to obtain crystalline sheep
insulin (Appendix 5). The precipitate which hed formed in the bulked
alcoholic extracts from the investigation of the insulin yields from
sheep pancreas, stored at 5°C for 15 to 25 days was collected by centri-
fugation. The remaining alcoholic extract was concentrated to one-
fifth the original volume and the crude insulin precipitated with sodium
chloride. Fach precipitate was processed separately but only a few
crystals, with imperfect foces, were obtained using the method of Romans
et al (1940). The poor yields may be because sheep insulin will not
crystallise readily in the acetate buffers which were used, Yields

from the method of Baker (personal communication) were also low. This
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method has been used successfully for crystallisation of pig insulin,

One to two millegram yields of crystalline sheep insulin from
50 gm of pancreas were obtained using the method of Randall (1964).

The citrate~borate=acetone solution used for the crystallisation has

o unique and useful property of chaonging pll with time. The acetone is
not essentinal for the reaction and sodium hydroxide or ammonium hydro-
xide con be used to moke the initial pH adjustment (Randall, 1964).

The crude insulin obtained by the ether concentraction method was
impure, A disc polyacrylamide gel electrophoretograom of the crude
insulin (Plate 1, No.5) indicates that large amounts of glucagon and
proinsulins are present. The dosage rate was 0.5 mgm per tube and the
electrophoretograms were performed at Nordisk Insulinlaboratorium,
Denmark, From the crude insulin the crystalline insulin was obtained,
The crystals were small (5 - TQ/u) but rhombohedral shaped bodies were
obtained (Plates 3 and 4). The crystals were not recrystallised he-
couse of the small quantity available.

In a disc polyacrylamide gel electrophoretogram of crude sheep
insulin, crystalline sheep insulin, and crystalline beef insulin
(Calbiochen bovine insulin, Lot 901709), the erystalline sheep and beef
insulins moved at the same rate under the conditions used (Plate 2).
Three bands appeared in the crude sheep insulin but there was not much
movement from the origin, Multiplicity of bands wes not observed in
the crystalline insulins investigated but this may have been due to the
low dose applied or the system used (ippendix 6). Several mzjor and
minor bands have been obtained in o« disc electrophorctic study of the
hetorogencity of crystalline insulins (Mirsky and Kawamura, 1966), but
the system used was very different to that used in this investigation.

The results of the disc electrophoretogram (Plate 2) together with
the evidence of rhombohedral crystals (Plates 2 and 3) indicate that
crystalline sheep insulin was obtained although, because of the small
quantities, the biological activity could not be tested.



Plate 1

Disc-gel-electrophoresis of Insulin, Pro-
Insulin and Glucagon.

=
Q
.

Description
Partly refined pig insulin
Fartly refined sheep insulin, Denmark.
Partly refined sheep insulin, New Zealand.
Glucagon (LILLY).
Crude sheep insulin from present study.
Proinsulin and desamido insulin,

O\ RO R =
-J 0o

Plate 2

Disc-gel-electrophoresis
of Insulin.

Left Crystalline sheep insulin
from present study.
Middle Crystalline bovine
o insulin (CALBIOCHEM).
- : Right Crude sheep insulin
from present study.



Plate 3
Crystalline Sheep Insulin, (X 1000)

Plate 4
Crystalline Sheep Insulin. (X 1500) -



61
CONCLUS TOIS .

Yields of insulin from alcoholic extraction of pancreas glands
from New Zealend sheep varied between 0.2 and 2,0 international units
per gm pancreas, and were ée;endent on the age of the animal., Higher
yields were obtained from young lambs and mature shecp than from
hoggets or older lembs, These yields were low when compared with the
extractable insulin levels from beef, calf and pig pancreas, used in
commercial production of insulin, and lower than the values reported
in another recent study of insulin yields from American lamb and sheep
pancreas,

The low yields may be due to diet, breed and climatic effects on
Yew Zealand sheep, or because the extraction methods used are not
optimal for extraction of sheep pancreas, If the low yields obtained
truely indicate the total available insulin extractable from sheep
pancreas, it appears that sheep poncreas is unlikely to be a suitable
raw material for commercial extraction of insulin unless sheep insulin
is found to have particular properties which make it desirable for
treatment of diabetics.

Crystallis-tion of sheep insulin was difficult, but small,
rhombohedral crystals were oblained and the crystalline sheep insulin
had similar electropheretic propsrties to crystalline beef insulin,

In the three different methods investigated, comparable yields
were obtained from the two methods; the alginic acid method and the
method using two=phose concentration of the aleoholic extract. The
yields obtained using either of tnese methods were much higher than
that obtained using vacuum concentration of the alecoholic extract.

The short heat treatment, or absence of any heat treatment in these
two methods, compared with vacuum concentration, may have accounted
for the higher yields.

The pancreas weight of lNew Zealand sheep showed definite trends
with the age of the animal., /n increase in the average weight with
age was observed, from young lambs to mature sheep three years old.

A decrease in the pancreas of five-yesr old animals was observed.

The growth rate of pancreas glands during the spring-early summer was
similar for lambs and one year old sheep in the first two years. No
significant change of pancreas weight with age was observed in animals
killed during the winter.
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POSSIBILITIES FOR FURTHER INVES TIGATIONS.

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 glands
may indicate the maximum yields of insulin which can be obtained.

3. Development ofquantitative and qualitative methods of insulin
assay so that the loss of yields of insulin at different steps in the
process can be investigated. & combarison of the different methods
such as radioimmunoassay’disc gel electrophoresis, bioassay and chrom-
atography may indicate the relation between biologically active
insulin and insulin-like=-activity measured in each method.

4. Investigations on the different factors which influence the
crystallisation of sheep insulin.

5. Exploration of the therapeutic properties of sheep insulin
to determine any particular advantages or disadvantages it may have

over the available insulins.



Sheep Pancrcas Weight with Age.

APPENDIX I.

PLNCRELS WEIGHTS

TABLE A1.I.
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TABLE Al1. II,

Average Pancreatic Weights of Sheep with Aige.

Average Pancreas Weight{gm}

Romney(R) Southdown(S )
Lge,
weeks Ram Bwe Ram Ewe
6 15.0 18.7 13.6  14.0
" 32.3 36.9 23,1 25.9
16 34.5 348 30,9  25.7
25 40.0  37.5 33.8 315
41 L5.5 440 39.4 32,0
80 56.7 5541 42.0 454
mature 79 67 89 56

From : Earle, Unpublished.

SXR
Ram Ewe
19.2  14.3
NG 329
36.9 345
37.7 3640
47,1 L0.4
51,7 471
- 60
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APPENDIX 2,

METHODS OF ANALYSIS.

Anslyses were completed in triplicate.

1,  MOBTURE.

Approximately 10 gm of washed sand and & short stirring rod was
placed in an aluminium moisture dish 2,5" diameter and 1" high. The
dish was dried in 2n air oven at 100°C for 2 minimum of two hours

Approximately 10 gn of prepared pancreas was welghed into the
cooled, tared moisture dish, plus 1id. The sand was carefully mixed
into the pancreas,

The sample was dried for 1618 hours in an air oven at TOOOG, then
trensferred to a dessicator. When cool the dish was reweighed.

2. TOTAL NITROGEI.

Approximately 2 gm of pancreas was weighed accurately on Whatman

No.1 filter paper. The sample was digested with 0.7 gm of nitrogen-
free mercuric oxide, 5 gn potnssium sulphete and 25 ml nitrogen~iree
sulphuric ccid, Aftexr the solution hed cleared it was boiled for &
further one hour,

The cooled digest was diluted to 200 ml with distilled water,
Duplicete ten ml samples vere distilled in a miecro--£jeldahl distillation
apparatus into five ml 2% boric acid solution. After distillation the
distillate was titrated with 0,058 hydrochloric acid.

A blank determination was carried out, und the totzl nitrogen

content calculated from the titre.

3. FAL

Approximately 5 gm of pancreas was weighed into a tared soxhlet
thimble containing washed sand. The pancreas was mixed into the sand
and dried in an air oven at 100°C for four hours. The sample was
extracted with petroleum ether, boiling point 40«6000, for 20-24 hours.
After evaporating the excess ether the ether extract was dried for 30
minutes in an oven at 100°C, cooled and weighed.

4.  NON~-PROTEIN NITROGEN.
Approximately 2.5 gm of pancreas was accurately weighed into a
glass vessel. Ten ml of distilled water was added and mixed at 7,000
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rpm for one minute. The contents were transferred to a 50 ml centri-
fuge tube with 20 ml of distilled water.

Five ml of 50% trichloracetic secid was added and the solutlon
centrifuged at 1,000 ¢ for five minutes, Five ml of the supernataent

were distilled as in the total nitrogen method.
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APPEIDIX 3,

STATISTICAL ARALYSIS OF SHEEP PANGREAS WEIGHTS.

TABLE A3,1I.

Regression Data : Sheep Paoncreatic Weight with Age.

Period
Present Study

42-140 duoys
100-140 days
425420 days

2-3 years

2

Earle, Unpublished.

42=112 days
42175 days

b 8y, p 2 Equation

0.292 0,021 <0.001 0,64 Y= 0,292 + 10.63
0,383  0.10  <0.001 -0.18 T = 0.338X - 0.48
0.375  0.14  <0.025 0,10 ¥ = 0.375% = 105.3
19.1 L.75  <0.005 0.60 Y =19.1X + 29,2
0.244 0,04  <0.001 0,70 Y= 0.244X + 7.54
0,136 0.02  ¢0.001  0.62 Y = 0.36X + 14.98

Sample regression coefficient
Sample Standard deviation of b
Probability that b # 0

Square correlation coefficient, indicating the
amount of variation explzined by b in the

reletionship between Y and X.

Weight of pancreas

Age of animal



TABLE A3.II,
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Comparison of Regression Coefficients for Pancreatic Weights
of Lambs 100-140 days old and Sheep 425-430 days old.

Deviations from Regression

Comparison of elevations

—
—
o
=

o
N

=k
b
o

Reg.Coef, MS
Within (W) 0L'375 133
0.383 A
- o o T4
Pooled 0.378 113
Differences between 0
slopes
Adjusted betwcen 1357
means
Differenccs in residunl variances F 188 = 3.9 p <0.05
4-8
Comparison of slopes F 0 =20 ns

= 12,0 p < 0,001



TABLE A3,I1II.

fnalysis of Variance of Pancreas Weights

from Sheep during the Winter Period.

n Range (Days) Av, %D
5 197-219 4643 10.0
13 220=229 4646 8.3
23 230=239 47.9 8.9
17 24,0-249 45,3 9.8
13 R50-259 40,9 743
2% 260~-269 42,2 a2
14 270279 e 5.8
5 280269 40.9 4e3
13 20-299 41,6 S0
2y 300~309 48.0 10.9
2y 310-319 48,3 11.1
Totals 177 197-319 55 e 9.3
Variation d.f. M3
Betwean 10 139 N
Within 166 84

Total 176

(0p]



TABLE A3,1v,

Comparison of Regression Coefficient for Pancreas

Weights of Sheep 42-140 days old from Earle

and this study.

Deviations from Regression

Reg.Coeff. de Fe MS
Within (W) 0.231 102 41
0. 244 16 233
118 38.6
Pooled 0. 284 119 38.6
Differences between 1 29
slopes
Adjusted between 1 677
means
Comparison of residual variances F = 41 = 1.8 uS
23
Comparison of slopes F =_2 = 0.7 NS
38.56
Comparison of elevations F =877 =175 p € g.o0l
38.
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APFEIDIX 4.

RADIOIMMUNOASSAY METHOD USED BY PALMERSTON
NORTiI HCSPITAL.

The Insulin Immunoassay kit produced by The Radiochemical Centre,
Amersham, England, is used for the radioimmunoassay of human insulin,
The Insulin Immunoassay kit is intended for use in the Double Antibody
method which elosely resembles that described by Hales and Randle
(1963).

Method Outline:

0«1 ml insulin solution, standard or unknown is mixed with 0,1 ml
of antiserum and left at 2° - 4°C for six hours, 250 picograms of
radiocactive insulin (125-I) is added to all tubes and incubated at
5% AOC for 18 hours.

The precipitate from each sample is collected by microfiltration.
The filter disc is wrapped in aluminium foil and the radicactivity
counted in a well-type crystal scintillation counter. Blank and zero
determinations are alsc carried out.

The results are expressed as counts/nin and the insulin activity
of the unknown solutions obtained from a standard graph (Figure A4.1).

For assay of the crude insulin samples two to three milligrams were
dissolved in isotonic saline and diluted to an estimated insulin concen-
tration of 30—200/uU/ml. The alcoholic cxtracts for assay were also
diluted in isotonic saline to an estimated insulin concentration of
30-200 /uU/ ml,
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Figure A4.1: STANDARD CURVES FOR RADIOACTIVITY (counts/min)

WITH CONCENTRATION (uU/ml) OF SHEEP AND HUMAN |NSULINS FOR
RADIOIMMUNOASSAY OF INSULIN USING HUMAN INSULIN ANTISERUM.

From Radiotherapy Department, Palmerston North Hospital.
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APTEIDIX 5.

METHODS INVESTIGATED FOR THE CRYSTALLISATION

OF SHEEP INSULIN.

1. Randall, 1964.

The dry solid obtained by acetone precipitation is dissolved in
2 ml water. The solution is adjusted to about pH 5 by the addition of
0.25N NaOH. The precipitate is collected by centrifugation at 1600 g
for 10 minutes and the supernatant tested for completeness of precipi-

ation by the cautious addition of further NaOH or 0,25 HCL. Any
further precipitate which forms at a pH blow 6 is collected and added
to the main precipitate.

The isoelectric precipitate is suspended in 2 ml water and dis-
solved by the addition of 0,258 NaOH to pH 7.4+0.2. 1% ZnCl2 solution
is added dropwise until precipitation is complete. The zinc-complex
is collected by centrifugation (1600 X g for 10 min) and dissolved in

2 ml citrate-borate-acetone solution (2.5gm citric acid, 1.0gm Na,B,0

RT4TT*

10123 cast 00 0L acevone per 100 ml solution, allowed to react for at
least 1 hour) freshly adjusted to pH 7.4+0.2 with 5 ag. LHAOH, The
insoluble residue is immediately removed by centrifugation at 1600 X g
for 2 minutes and washed by resuspension in 0,5 ml of the citrate~borate--
acetone solution (again freshly adjusted to pll 7.4) and centrifugation.

The supernatants are transferred to a tared 5-ml centrifuge tube
and shaken until crystallisavion occurs. The tube it set aside for 2
hours, or overnight, at 2-3°C and the insulin crystals collected by
centrifugation, washed twice with 1 ml water, then acetone and finally

ether, The crystals are dried in a desiccator over CaCls.

2, Romans et al, 1940.

The precipitate which had formed in the bulked alcoholic extracts
after storage at 5% for 15-25 days was collected by centrifugation
(1600 X g for 10 min)., The precipitate is dissolved in water and the
solution adjusted to about pH 5 with 5N NaOH, The precipitate formed
after 2 days storage of the solution at 5°C is collected by filtration.
The precipitate is disselved in 1% agq. acetic acid and made to the
required volume with acetone., The pH is adjusted to 5.9=6.0 with 2%
NHAOH. The flocculent precipitate formed after about 2 hours at room



4
temperature is removed by filtration. The acetone filtrate is diluted
with ammonium acetate buffer at pH 5.9-6.0 (10 ml glacial acetic acid,
11 ml .88 NH OH, made to 100 ml with water). 2.5% =zinc acetate
solution is duved and the solution kept for 24 hours at room temperature,

~o.

followed by 24 hoursin a refrigeraton. The precipitote is collected

U

- =

and dissolved in 1.75% ag. acetic acid, After filtration through hard--

ened filter paper, zine acetate solution is added. The acidity

is adjusted to pH 6.1-5.6 and diluted te the reouired volume with
dilute NHZOH. The acidity is then adjusted to pH 5.9 with glacial
acetic acid. The crystals form in about 2 hours and settle to the
bottom. After removing the supernatant liguor the precipitate is

washed with distilled water and collected by centrifugation,

Fe Baker, personzl communication.

50 mgm of insulin is dissolved in 5 ml 0.02M HCl. Then 0.5 ml of
0.012M zinc sulphate, 2.5 1l of 0.2M sodium citrete, 1.5 ml acetone and
0.5 ml water are added. If the solution is not clear the pH is raised

to 7 using 1M NaOH, 1M HCl is =dded dropwise until @ slight permanent

cloudiness is seen (pH 6.2- H43)s The test-tube is placed in a Dewar
flask conbaining watsy «t 520G and the solution allowed to cool slowly

over several days. The crystals are collected by centrifugation,
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APFENDIX_6.

DISC POLYACRYIAMIDE GEL EIZCTROPHORES IS .

The technigue of Davis (1964) was used with the gel and buffer
system of Thompson et al (1964) which employs Trisborate buffer at
#H 8.8, with ethylenediaminetetra-acetic acid in the gel and buffer
and 4.6M urea in the gel, The spacer gel (large pore) contained

5% polyscrylamide and the small pore gel 7%.

Electrophoretic conditions: R2mA per tube for the first ten minutes,
increased to 3mhA per tube for the next

fifty minutes.,

Staining: 2% amido black/7% acetic acid,
Destaining: Washing with 7% acetic acid.
Dosage: Crystalline beef insulin 044 i.u,per tube

Crystalline sheep insulin 0.2 i,u.per tube

Crude sheep insulin 0.5 mgm per tube
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APPENDIX 7.

TWO-PHASE COUNTERCUZRENT EXTRACTTON OF THE AICCHOLIC EXTRACT.

Data for the phase diagram of ethanol-ether-water combinations from
"International Critical Tables", Vol 3, pi05, Tible 6.

Block Diagram of Process:

alcoholigther T;é,, Bt %QQMM ether“B
extract -—%—‘_ o F" SRR, l» S -‘ ;(-_-—_~ 2 water
( o washes
& — 3 B D ¥
L&R ™ | o N .,
S .LT____ e
ot il
4 0 4

Calculations of alcoholic content in extract obtained from 50gm pancreas.

1. Extractions of alcocholic extract Composition % w/w
with ether, ether water  ethanol

lst extraction.

Input extract 190gm - 58 L2
ether 1 150z 100 - -
Output i 210gm 67 12 21
B 130gm 12 64, 2L
2nd extraction.
Input B 120gm 12 64 24
cther 2 75gm 100 - -
Output C 105gm 82 6 12
D 100gm 9 73 18
3rd extraction
Input D 100gm 2 ] 18
ether 3 75gnm 100 - -
Output E 90gm 89 A 7
T 85gn 8 79 13
2. 1st water wash,
1st extraction,
Input water 25gm - 100 6
E 90gm 89 4 7
Output G 84gm 92 3 5
H 31gnm 6 84 10



3.

2nd extraction.
Input

Output

3rd extraction
Input

Output
2nd water wash.,
1lst extraction.
Input

Output

2nd extraction
Input

Output

3rd extraction.
Input

Output

H 31gm
C 105gn
I 102gm
J 3h4gin
J 34gnm
A 210gm
K 204gm
L 40gm
water 25gm
G Shgn
M T9gmn
N 30gm
N 30gm
I 102gm
0 101gm
P 31gm
B 31gn
K 204gm
Q 131gm
R Lhgn

69

72
11

Llcoholic extract containing insulin = F +

F

85gm
40gin
4lgm

8
12
11

100

2

O
o

[0}
(NOLG, IS, W)

-3 ~3
N

\

~J\0

s
66
67

13
22
22

77

Total= 169gm containing 17.5% w/w ethanol
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