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ABSTRACT  

The genetically obese mouse (ob/ob) serves as a useful experi-

mental model for the study of clinical conditions of obesity and 

maturity onset diabetes. One common feature in many obese syndromes 

is hyperinsulinaemia, frequently associated with insulin resistance. 

Following the observation that high levels of adrenocorticotrophic 

hormone (ACTH) are present in the pituitary glands of these animals, 

and that many pituitary malfunctions have been reported in this 

syndrome, a study was initiated to investigate whether there was any 

direct involvement of the pituitary in the regulation of insulin 

secretion. 

An insulinotropic effect of some pituitary factors was demonstrated 

by an in vitro perifusion system of pituitary glands in series with 

islets of Langerhans, separated from the pancreas by microdissection. 

The islets separated from obese mice were shown to be less responsive 

to this stimulation than those from lean mice. Also, the pituitary 

glands from obese animals displayed a more marked action in stimulating 

release in that levels of insulin were maintained above those of control 

islets for a longer time period. 

A breeding programme was set up to separate the heterozygous lean 

animal (ob/+), and the homozygous lean animal (+/+). 	Investigations of 

tissue from these animals showed no difference in pancreatic response to 

stimulation by the pituitary; however isolated pituitary glands from 

homozygote lean animals had almost negligible effect on insulin secretion, 

whereas the pituitaries from the heterozygote lean mice had an effect on 

insulin secretion comparable to that produced by pituitary glands from 

obese animals. This may suggest that the pituitary factor,is associated 

with the ob gene. 
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Obese animals were placed on a restricted diet, a procedure 

which maintains body weight at levels comparable to those of the 

lean animals and does much towards ameliorating the syndrome. 

Experiments using tissue from these mice showed that while pancreatic 

sensitivity to stimulation by the pituitary is restored under these 

conditions, the ability of the pituitary gland to stimulate insulin 

secretion is not reduced. 

Experiments were carried out to demonstrate that the response of 

the pancreatic islets to stimulation involves a release of insulin from 

a labile insulin pool, and the mechanism of stimulation by the pituitary 

factor is different from that of stimulation by glucose. 

The nature of the insulin secretagogue was investigated by compar-

ing the pituitary effect to the action of known pituitary hormones, and 

related peptides, on insulin secretion. Results suggest that the active 

factor released by the pituitary gland may be ACTH but is more likely to 

be an C-terminal fragment of the ACTH molecule. 
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INTRODUCTION 

GENERAL  

"Obesity constitutes the single most prevalent metabolic disorder in 

countries or cultures where food supply is abundant" (Thorn & Cahill, 

1974). 

Obesity, which may be defined as an abnormal increase in the 

proportion of fat to the total body weight, is contributory to many 

disease conditions and is correlated with an increased risk of 

premature death (Aieklejohn, 1959). 	In particular, obesity is 

associated with abnormal pancreatic function and a large proportion 

of the people developing maturity onset diabetes are obese (Falconer, 

1967); one author quotes 85% of maturity onset diabetic patients as 

being at some time, over-weight (Steinke & Thorn, 1974). Thus any 

studies of the aetiology of obesity and its inter-relationship with 

diabetes mellitus may have important medical significance. The limit-

ations of clinical investigations have led to the study of animal models, 

especially the various forms of obesity and diabetes which occur genet-

ically or can be induced experimentally in rodents. 

ANIMAL MODELS  

The occurrence of genetically transmitted obesities has been re-

viewed in detail by Bray and York (1971). These conditions are usually 

associated with a single gene. There is one demonstrated case of 

dominant inheritance, that of the yellow obese mouse, which exists in 

3 variant forms; 	(Ay) the lethal yellow, so termed since the homo- 

zygous condition is lethal in utero; two milder, non-lethal forms are 



observed where the obesity is correlated with the degree of pigmentation 

in the yellow coat colour. These are termed viable yellow (AvY)  and 

intermediate yellow (AiY). Recessively inherited traits are shown in 

the fatty rat (fa/fa), the obese mouse (ob/ob), the adipose mouse (ad/ 

ad) and the diabetic mouse (db/db). 

Inbreeding has produced various strains of obese animals, the most 

common being the New Zealand Obese mouse (NZO), and the Japanese KK 

mouse. 	Polygenic obesities, which may represent a physiological adapt- 

ation, are also observed in such species as the sand rat Psammomys obesus 

and the spiny mouse, Acomys cahirinus. 

The most widely used methods for producing obesity in otherwise lean 

animals are local injury to the hypothalamus, production of endocrine 

imbalance or dietary manipulation. 

Discrete regions of the hypothalamus may be selectively lesioned by 

electrolytic destruction, microsurgical techniques, localized intracerebral 

injection of chemical agents such as 4 nitroquinoline-l-oxide, or systemic 

administration of bipiperidyl mustard or more commonly gold thioglucose 

(GTG). 	Such procedures may result in hyperphagia with marked obesity. 

Endocrine induced obesities have been reported following the chronic admin-

istration of insulin, the presence of adrenocorticotrophic hormone (ACTH) 

producing tumours (either spontaneously occurring or surgically implanted), 

treatment with glucocortico-steroids, or gonadectomy. Techniques of 

dietary manipulation include "forced" feeding, immobilization of the 

animal or feeding with high fat or high sucrose diets. 

This thesis is concerned primarily with studies on the genetically 

obese mouse (ob/ob), together with a few experimental observations on 

dietary induced obesity. However various aspects of the other forms of 

obesity will be discussed where they serve as useful comparisons to these 

conditions. 
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THE GENETICALLY OBESE MOUSE (ob/ob) 

The obese hyperglycaemic mouse (ob/ob) occurred as an apparently 

spontaneous mutation in the V-stock at the Jackson Memorial Laboratories, 

Bar Harbor, and was first described by Ingalls, Dickie & Snell (1950). 

It soon became evident that this obesity is accompanied by various endocrine 

disorders, especially a diabetes-like condition, the symptoms of which 

include hyperglycaemia, glycosuria, absence of ketosis, marked hypertrophy 

and hyperplasia of the islets of Langerhans, hyperinsulinaemia and resist-

ance to the hypoglycaemic action of large doses of insulin. (Mayer, Bates 

& Dickie, 1951; Bleish, Mayer & Dickie, 1952; Mayer, Russel, Bates & 

Dickie, 1953). 	The defect was originally incorporated in the C57BL/6J 

strain of mice, although it has now been bred into several other strains. 

Comparisons between different colonies show considerable variation and 

Coleman & Hummel (1973) have demonstrated that the expression of the obese 

syndrome is dependent upon the genetic background of the carrier stock. 

CHARACTERISTICS OF THE SYNDROME  

The greatly increased body weight of obese mice is almost entirely 

attributable to fat of normal composition (Bates, Nauss, Hagman & Mayer, 

1955; Pitts & Hollifield, 1963) with no increase in fat-free carcass 

weight (Jansen, Zanetti & Hutchison, 1967) or blood volume (Mayer & 

Hagman, 1953; Yen, Steinmetz & Simpson, 1970), suggesting no compensatory 

increase in lean body mass. Body water does not increase with the obesity, 

thus there is a corresponding reduction in the percentage water content of 

adipose tissue. (Mayer & Hagman, 1953; Morse, Acena & Mayer, 1955). 

Obese mice have an increased food intake compared to lean littermates 

and show a preference for high fat diets (Mayer, Dickie, Bates & Vitale, 

1951; Eastcott, 1972). 

Hyperinsulinaemia is one of the most marked and widely documented 

features of the obese mouse (Wrenshall, Andrews & Mayer, 1955). The high 
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levels of circulating insulin are accompanied by a high pancreatic content 

of the hormone (Stauffacher, Lambert, Vecchio & Renold, 1967; Findlay, 

Rookledge, Beloff-Chain & Lever, 1973), with hypertrophy, and to a lesser 

extent, hyperplasia of the islets of Langerhans (Bleish, Mayer & Dickie, 

1952; Warner, Bunnag & Bunnag, 1963; Hellman, 1965). 	The 8-cells show 

histological and chemical signs of hyperactivity (Hellman, Brolin, Heller-

strom & Hellman, 1961; Hellman, 1965; Lernmark & Hellman, 1969; Findlay 

et al., 1973). 

Hyperglycaemia and glycosuria appear after the onset of obesity and 

hyperinsulinaemia (Mayer et al., 1951; Bleish et al., 1952; Mayer et al., 

1953; Westman, 1968). The apparent insensitivity to endogenous plasma 

insulin is accompanied by a remarkable tolerance to exogenous administration 

of the hormone. Thus small doses of insulin cause only a moderate fall of 

blood glucose levels (Mayer, Russel, Bates & Dickie, 1953; Shull & Mayer, 

1956(a) ), and, even in the fasted state, the obese animal is virtually 

unaffected by quantities of insulin in excess of the lethal dose for lean 

mice (Mayer et al., 1951; Bleish et al., 1952; Bates, Nauss, Hagman & 

Mayer, 1955). 

The female obese mouse is infertile, and the male displays only limited 

fertility (Lane & Dickie, 1954; Dickie & Lane, 1955; Eastcott, 1972). 

Infertility is prevalent in genetic forms of obesity but does not occur at 

all in obesities produced by hypothalamic lesions (Marshall, Andrus & 

Mayer, 1957). The infertility in obese mice is due to impaired endocrine 

function and the evidence that this occurs at hypothalamic or pituitary 

level will be discussed later. 

Other physiological abnormalities of obese mice include a low level 

of spontaneous motor activity (Mayer, 1953) and impaired thermoregulation 

in a cold environment (Mayer & Barnett, 1953; Davis & Mayer, 1954). The 

obese mouse has been reported to have a basal metabolic rate (BMR) 447. 
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lower than that of its lean littermate (Mayer, Russel, Bates & Dickie, 

1952), although other authors have found the BMR to be increased in the 

obese animal (McLintock & Lifson, 1957; 1958). 

Marked hyperplasia of the adrenal cortex has been demonstrated in 

ob/ob mice (Marshall, Andrus & Mayer, 1957; Hellerstrom, Hellman & 

Larsson, 1962; van der Kroon, 1966; Naeser, 1974) the size of the cortex 

being closely related to body weight. 

Study of the development of the obese animal from birth is clearly 

important in evaluating which aspects of the syndrome are secondary to the 

changes caused by the primary genetic lesion, and many investigations have 

concentrated on following the chronological manifestation of the obese 

condition. 	It is important to try and define which secondary changes are 

essential links in the chain of events which lead to obesity and to distingu-

ish them from those which are consequent on the excessive deposition of fat. 

The development of obesity and different theories relating to the nature of 

the primary lesion will now be discussed. 

DEVELOPMENT OF OBESITY  

The homozygous obese mouse cannot be distinguished visually from its 

lean littermate until 21 days, although 26 days is the earliest age at which 

a statistically significant difference in the body weights has been shown 

(Westman, 1968). Elevated insulin levels are present by one month of age 

and these stabilize by 4-6 months. The excessive weight gain of obese mice 

continues for several weeks after the lean littermates have stabilized their 

adult body weight until about 6 months of age when the syndrome reaches a 

static phase (Mayer, 1960; Westman, 1968; Herberg, Major, Hennigs, Gruneklee, 

Freytag & Gries, 1970). Analysis of a random group of offspring from known 

heterozygote parents at 21 days showed a bimodal distribution of fat content 

indicating that despite the similarity of body weight, obesity may be present 
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at this stage (Chlouverakis, Dade & Batt, 1970). These authors were unable 

to show significantly increased plasma insulin or glucose levels by this 

age, although gave insulin values for the 'obese' animals which were in 

fact higher than those quoted for the lean group. 

It is extremely difficult to determine the precise age at which hyper-

insulinaemia does occur, due to the considerable variation of plasma insulin 

values in these animals. Thus while statistical analysis of a small group 

of animals may show no significance in differences between the obese and 

lean mice this does not exclude the possibility that with larger samples a 

consistent difference could be observed. 

THE PRIMARY DEFECT IN OBESE MICE  

Although the obese mouse has been studied extensively for 25 years, the 

primary lesion in this animal remains obscure. Current views may be divided 

broadly into three areas; those which consider that an abnormal pancreas 

and insulin secretion are responsible for the obese condition, those which 

implicate a primary lesion at hypothalamic level and the theory of a general- 

ized receptor defect. 	It must not be implied that these views are mutually 

exclusive, but it will be helpful at this stage to consider them separately. 

RECEPTOR DEFECT  

Decreased binding of insulin to receptors on membranes from liver (Kahn, 

Neville, Gorden, Freychet & Roth, 1972; Kahn, Neville & Roth, 1973), fat cells 

(Freychet, Laudat, Laudat, Rosselin, Kahn, Gorden & Roth, 1972) and lympho-

cytes (Soil, Goldfine, Roth, Kahn & Neville, 1974) has been reported for obese 

mice and has been proposed as a mechanism whereby high circulating levels of 

insulin are accompanied by insulin resistance. 	In this context Chang, Huang 

& Cuatrecasas (1975) have examined the binding of the general plasma membrane 

markers, concanavalin A and wheat germ agglutin. They have reported that a 

similar depressed binding for these compounds is observed in the membranes of 
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liver, kidney and cultured spleen lymphocytes from obese mice, and 

proposed that the apparent change in insulin binding may be a minor 

part of a generalised alteration in membrane glycoproteins. 	It is 

likeI'y that hormone levels may in part control the level of receptor 

in the tissues, and thus these data could be indicative of an adaptive 

response. Further work is required to establish the contribution of 

this phenomenon to the aetiology of the obese mouse. 

EVIDENCE THAT THE PRIMARY DEFECT IS DUE TO ABNORMAL INSULIN SECRETION  

Insulin is one of the most important factors controlling intermediary 

metabolism and the islets of Langerhans respond readily to alterations in 

the supply of major nutrients; monosaccharides, amino acids and fatty 

acids (Matschinsky, Landgraf, Ellerman & Kotler-Brajburg, 1972). 

Hyperinsulinaemia is known to occur in a number of clinical conditions 

associated with increased adiposity (Rabinowitz & Zierler, 1962; Yalow, 

Glick, Roth & Berson, 1965; Bagdade, Bierman & Porte; 1967), and at least 

one type of experimentally induced obesity has been shown tn be dependent 

on the presence of insulin (York & Bray, 1972). Rats treated with strepto-

zotocin to destroy the insulin producing S-cells of the pancreas were lesioned 

in the ventromedial nucleus of the hypothalamus. 'The obesity which usually 

develops after this latter operation did not occur unless supplemental insulin 

was administered. Thus the inter-relationship of obesity and hyperinsulin-

aemia in the obese mouse is of interest in consideration of the aetiology of 

this syndrome. 

The hyperinsulinaemia in obese animals may be considered in two ways. 

It is possible that high levels of insulin are secreted by the pancreas to 

overcome a primary tissue resistance, or conversely, that hyperinsulinaemia 

could be the primary defect, leading to a secondary obesity and tissue 

resistance. 
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a. CONSIDERATIONS THAT INSULIN RESISTANCE IS A PRIMARY DEFECT 

Stauffacher et al. (1967) demonstrated an insulin resistance in 

vitro of muscle but not of adipose tissue from young ob/ob mice. This 

group also found that while plasma levels of insulin were much elevated 

in five week old obese mice, the pancreatic content was lower than that 

of their lean littermates, and concluded that insulin resistance of 

muscle preceded and led to obesity, the decrease in pancreatic content 

at five weeks being caused by the heavy demand for the hormone. This 

insulin resistance could not be ascribed to a circulating plasma factor 

having an inhibitory effect on the hormone (Stauffacher et al., 1967). 

Thus the insulin resistance of adipose tissue does not seem to be 

of primary importance in this case, although the resistance of muscle may 

be important. As the obese mouse reaches the adult, static phase the 

tissue responses change. The incorporation of glucose into glycogen in 

muscle tissue which is reduced in the young obese animal approaches values 

similar to those of the lean animal, in the adult stage (6-8 months), 

although the effect of insulin is still reduced (Abraham & Beloff-Chain, 

1971). 

Adipose tissue from adult obese mice shows a pronounced insulin resist-

ance (Chlouverakis & White, 1969) which in view of the differences between 

young and adult animals, led these authors to postulate that during the 

dynamic phase of the syndrome the young animal manufactures excess fat due 

to the adipose tissue responding to the high circulating levels of insulin; 

the resistance of muscle would enhance this condition by causing more glucose 

to be directed towards fat synthesis. The animal then reaches a static 

phase as it matures, the adipose tissue becoming unresponsive to the hormone. 

The resistance of adipose tissue to insulin may be secondary to the hyper-

insulinaemia since adipose tissue transplanted from obese animals to lean 

siblings has been demonstrated to assume the characteristics of the host 
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animals, this would suggest that there is no inherent defect in obese 

mouse adipocytes, but that the tissue is responding to its environment 

and presumably increasing in volume due to the prevailing hyperinsulin-

aemia (Hausberger, 1959). 

The resistance of adipose tissue to insulin may also be shown to be 

consequent to the hyperinsulinaemia and obesity in two other ways; 

firstly in terms of receptor levels, and secondly by examining to what 

extent tissue resistance may be reversed. As mentioned, the adipose 

tissue resistance in ob/ob mice is reported to be accompanied by a 

decrease in the number of insulin receptors on the adipocyte membrane 

(Freychet, Laudat, Laudat, Rosselin, Kahn, Gorden & Roth, 1972). It has 

been demonstrated in vitro that sustained high concentrations of insulin 

can lead to decreased numbers of receptors on cultured human lymphocytes 

(Gavin, Roth, Neville, DeMeyts & Buell, 1974) and these authors propose 

that the number of insulin receptors per cell may be inversely related to 

the prevailing plasma insulin concentration. Olefsky & Reaven (1975) 

using normal rats have shown that the insulin receptors per adipocyte 

decrease with increased body weight which may be regarded as increased 

cell size since these two parameters are closely correlated. These 

authors concluded that obesity was responsible for the decreased number 

of insulin receptors by preventing this decrease on starvation or weight 

reduction. 	(It must be rembered that both regimes would also lower 

circulating insulin which may be a contributory factor). 

Reduced receptor levels in adipose tissue of normal animals was not 

endorsed by another group (Bennet & Cuatrecasas, 1972; Livingston, 

Cuatrecasas & Lockwood, 1972) who showed no decrease in binding in larger 

cells as compared to small cells. No explanation can be offered for these 

discrepancies in results, however it seems pertinent that data in these 

experiments is expressed as insulin receptors/cell, if the fact that cell 
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size increases with increased adiposity is considered, then receptors/ 

unit area are decreased. 	(The decrease would be even more pronounced 

considering the results of Freychet et al. and Olefsky & Reaven). 	If 

the primary site of insulin action is the plasma membrane this decrease 

would be important. 

Clearly more data is required on the factors controlling receptor 

levels, however it does seem possible that as cell size and plasma insulin 

rise both factors contribute to a decrease in receptor levels, which would 

support the idea that a primary insulin resistance does not occur in these 

animals. 

More simply it can be shown that tissue resistance to insulin is 

dependent upon obesity and hyperinsulinaemia by using diet restricted 

animals. Reduction of the body weight of obese animals, by controlling 

food intake, reduces plasma insulin values (Abraham, Dade, Elliot & Hems, 

1971) and causes re-granulation of the 13-cells, suggesting reduced insulin 

secretory activity (Petersson & Hellman, 1962). Also the normal, in vivo 

pattern of plasma glucose levels in response to exogenous insulin is 

restored (Batt & Mialhe, 1966). Diet restriction has been shown to restore 

the sensitivity of muscle,and to a lesser extent adipose tissue, to insulin 

in vitro (Abraham & Beloff-Chain, 1971). This would suggest that tissue 

resistance is a reversible phenomenon, being dependent on the obesity, or 

some factor associated with it, rather than being a primary defect. 

Chlouverakis and White (1969) also using diet restricted animals, found 

an exaggerated response to exogenous insulin, both in vivo and using 

isolated muscle and adipose tissue in vitro. However the differences 

observed in these results may possibly be due to the age at which animals 

were placed on a reduced food allowance. 

Clearly hyperinsulinaemia does not appear to be a compensatory action 

to overcome insulin resistance, thus it could be envisaged that there is a 

basic malfunction at the level of the pancreas. 
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b. CONSIDERATIONS THAT ABNORMAL PANCREATIC FUNCTION IS A PRIMARY DEFECT  

Increased insulin has been shown to be necessary for weight gain in 

ob/ob mice (Brosky & Legothetopoulos, 1969). However the degree of 

hyperinsulinaemia appears to be disproportionate to the concurrent 

glucose stimulus and pancreatic insulin content (Genuth, 1969), which 

would suggest a malfunction in the system regulating insulin secretion. 

These elevated circulating levels could perhaps be explained by the product-

ion of a biologically inactive insulin molecule, or by a reduced rate of 

destruction of the hormone in the obese animal. 	However, the insulin of 

ob/ob mice has been shown to possess full biological and immunochemical 

activity (Genuth, 1969; Christophe, Dagenais & Mayer, 1959) and Coore & 

Westman (1970) have shown that there is no difference in the half-life of 

plasma insulin in obese compared with lean animals. 	Stimulation of insulin 

secretion by glucose shows a much greater response when pancreatic tissue 

from obese mice is compared to lean mice (Newman, 1975). Also the obese 

mouse differs in response to arginine in that the stimulatory action of 

arginine is glucose dependent in obese but not in lean mice (Beloff-Chain, 

Newman & Mansford, 1973). These authors also used obese mice which had 

been maintained on a restricted diet, and showed that while pancreatic 

insulin content was reduced to near normal levels, the response of pieces 

of pancreas to glucose was similar to that of obese mice fed ad libitum. 

This implies that the hyperinsulinaemia in obese mice is not simply due to 

hyperphagia. Hyperinsulinaemia has also been shown to be secondary to 

hyperphagia in rats made obese by hypothalamic lesioning techniques (Han 

& Frohman, 1970; Hustveldt & Lovo, 1972). 

The obese mouse pancreas has also shown to be abnormal in its responses 

to several agents known to affect islet function; alloxan causes diabetic 

like elevated blood glucose and degranulation of the a-cells in lean mice 

whereas a decrease in blood glucose, restoration of insulin sensitivity and 
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a re-granulation of B-cells was observed in the ob/ob animal. (Soloman 

& Mayer, 1962 	Mahler & Szabo, 1971). Caffeine produces a prolonged 

hyperglycaemia and increased 6-cell degranulation in ob/ob but not in lean 

mice (Kuftinec & Mayer, 1964), growth hormone further increases the 'normal' 

hyperglycaemia (Shull & Mayer, 1956(b)) while mannoheptulose seems in-

effective in its normal action of suppressing insulin release (Hoshi & 

Shreeve, 1969). 

Recently, evidence for a primary pancreatic defect has been presented 

by Strautz (1972) who stabilized the body weight and lowered the blood 

glucose and insulin levels of obese mice by implantation of either whole 

pancreas or isolated pancreatic islets from lean mice. Pancreas trans-

planted from obese mice had no effect. This suggests the existence of a 

pancreatic factor which inhibits insulin secretion, either directly or 

indirectly, and which is presumably lacking in the obese animal. 	In this 

context it is interesting to note that the presence of an unidentified 

factor in the a cells of the islets, which inhibits insulin secretion, 

has been reported (Hellman & Lernmark, 1969). 

These implantation experiments have been repeated using NZO mice 

(Gates, Hunt, Smith & Lazarus, 1972) where similar results were obtained. 

Furthermore it has been reported that pre-treatment of lean mouse islets in 

streptozotocin before implantation did not affect the action of these islets 

(Gates, Hunt & Lazarus, 1974). 	It has been implied that the action of 

implanted islets is to lower the levels of circulating insulin (Baxter & 

Lazarus, 1975). These authors have demonstrated an increase in the number 

of insulin receptors on liver membranes prepared from NZO mice previously 

implanted with normal mouse islets, the concentration of insulin receptors 

could be largely dependent on levels of the hormone available to the tissue 

(Gavin, Roth, Neville, De Meyts & Buell, 1974). 
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EVIDENCE THAT THE PRIMARY DEFECT RESIDES IN THE HYPOTHALAMUS  

This hypothesis has been proposed by at least two groups (Bray 

& York, 1971; Naeser, 1974) and is based on three related areas of 

research. 	Firstly, similar metabolic disturbances are observed_ 

both in animals with experimentally induced hypothalamic lesions 

and genetically obese mice. 	Secondly the regulation of food intake 

and also thermoregulation are impaired in genetically obese animals, 

and these processes are classically thought to be controlled by the 

hypothalamus. Thirdly many of the endocrine abnormalities of genetic-

ally obese mice reflect alterations in pituitary function which may 

originate at hypothalamic level. 

Experimental lesioning of the ventromedial region of the hypothala-

mus causes an increase in food intake and a massive weight gain (Hetherington 

& Ranson, 1940), accompanied by hyperinsulinaemia and hyperglycaemia (Hales 

& Kennedy, 1964; Frohman, Bernadis, Schnatz & Burek, 1969) and enlargement 

of the islets of Langerhans (Coleman & Hunmel, 1970; Han, Yu & Chow, 1970). 

. These changes closely parallel the characteristics of the genetically obese 

mouse. 

Hyperinsulinaemia and obesity are frequently correlated and following 

lesioning of the ventromedial hypothalamus it can be demonstrated that hyper-

insulinaemia is primary to the obesity and independent of the ensuing hyper-

phagia. Rats placed on a restricted diet after lesioning of the ventro-

medial hypothalamus display hyperinsulinism (Han & Frohman, 1970; Hustveldt 

& Lovo, 1970) and York and Bray (1972) have shown an absolute requirement 

for insulin in the development of obesity in these animals. Participation 

by the hypothalamus in the control of insulin secretion may also be demon-

strated by electrical stimulation of, the VMH, which in contrast to ablation, 

causes a reduction in levels of plasma insulin. (Frohman & Bernardis, 1971). 

Lesions of the VLH cause adipsia and aphagia (Anand & Brockbeck, 1951) and 
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direct electrical stimulation of this site produces an increase in plasma 

insulin (Stefens, Morgenson & Stevenson, 1972). 	This could suggest the 

presence of a factor in the ventromedial hypothalamus which inhibits the 

release of insulin and which is removed by lesioning the area to produce 

a hyperinsulinaemia. The converse situation could occur with an insulin 

stimulating factor in the ventrolateral hypothalamus. The question arises 

of whether these hypothalamic effects are mediated via the autonomic nervous 

system, or by means of humoral substances. 	Idahl and Martin (1971) invest- 

igated the latter possibility by perifusing isolated islets of Langerhans 

and exposing them to the perifusate of tissue isolated from discrete regions 

of the hypothalamus. No direct effect of the ventromedial hypothalamus 

could be demonstrated; in contrast a stimulatory effect on insulin secretion 

was observed with the ventrolateral hypothalamus, this factor also being 

present in plasma (Martin, Mok, Penfold, Howard & Crowne, 1973). 

Little evidence exists to attribute the effects of hypothalamic stimul-

ation or ablation to a direct neural action on insulin secretion; vagal 

stimulation has been shown to increase insulin secretion (Frohman, Ezdinli 

& Javid, 1967) and insulin release in response to a glucose infusion via 

the carotid artery is reduced but not abolished by vagotomy (Chieri, Farina, 

Halperin & Basabe, 1975). Early experiments showed that denervation had 

little or no effect on pancreatic regulation of blood glucose, and it is 

well established that insulin secretion in vitro closely parallels the in 

vivo situation. Transplanted islets seem capable of providing the necessary 

insulin to a hormone deficient host. Thus overall it would seem that the 

neural effects on insulin secretion which do occur have considerably less 

importance than the control systems mediated by humoral factors. 

The control of food intake in ob/ob mice is impaired, for besides hyper-

phagia the animals do not compensate sufficiently for alteration in the 

composition of their diet. Dilution of the diet, with cellulose, causes an 
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increase in food intake; lean animals compensate sufficiently to 

maintain their normal body weight but the obese mice tend to lose 

weight and stabilize at a body weight lower than that recorded before 

dietary dilution (Fuller & Jacoby, 1955). The significance of these 

results is controversial as the obese animal may be functioning at the 

limit of its ingestive capacity, and unable to compensate in this 

manner. A similar response of insufficient compensation is observed 

to addition of quinine (which causes the food to taste bitter). Also, 

high fat diets induce greater food intake in the obese than lean animals. 

(Fuller & Jacoby, 1955). 

The obese mouse displays impaired thermoregulation in a cold environ-

ment. At 4°C there is a rapid fall in body temperature and death ensues 

after 2-3 hours, whereas a lean animal will maintain body temperature and 

survive for over 3 days (Mayer & Barnett, 1953; Davis & Mayer, 1954). 

At low ambient temperatures the obese animal displays piloerrection, 

shivering and increased respiration, similar to the responses observed in 

lean mice. However metabolic systems do not seem to respond by increas-

ing heat production and the more rapid respiration is not accompanied by 

elevated oxygen consumption. This reported lack of increased oxygen 

consumption is difficult to interpret in view of the increased muscular 

activity. 

The detection of cold and the compensatory activity to raise body 

temperature are largely under the control of the hypothalamus (Myers, 

1969) and responses to cold are increased motor activity with an increase 

in metabolic activity to raise heat production. The nature of hormonal 

mediators which lead to the immediate heat production during the acute 

exposure to cold are not established. The thyroid hormones are undoubtedly 

important but do not produce observable effects during the first few hours, 

although cold responses have been shown to involve an increase in TRH 
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(Kotani, Onaya & Yamada, 1973). 	Elucidation of the processes 

controlling thermoregulation even in normal animals, may throw 

further light on the defect which is clearly occurring in the obese 

mouse. 

THE ROLE OF THE PITUITARY GLAND  

It has been claimed that the pituitary gland is necessary for 

the obesity manifested by ob/ob mice (Herbai, 1970). 	This author 

laid emphasis on comparing hypophysectomized obese animals with intact 

lean controls, and showed an apparent "normalization" of the syndrome. 

However, it must be noted that hypophysectomized lean animals also lost 

significant amounts of weight (18% of starting body weight), and the 

obese showed a proportionally similar loss (23%) of starting body weight. 

A requirement for the intact pituitary has been shown in mice made 

obese by gold thioglucose, since the hypophysectomized animal did not 

respond with such pronounced obesity as the GTG treated controls (Redding, 

Bowers & Schally, 1966). Experiments producing hypothalamic obesity in 

rats seem less equivocal; in four different studies hypophysectomized 

animals have been shown to gain less weight after such lesions than intact 

controls (Kennedy & Parrott, 1958; Cox, Kakelewski & Valenstein, 1968; 

Goldman, Schnatz, Bernadis & Frohman, 1970; York & Bray, 1972). The 

observed differences in weight gain between intact and lesioned animals 

varies considerably from 15% to 300%. However in considering the wide 

spread metabolic changes which occur after hypophysectomy, it is doubtful 

whether the weight loss produced by this procedure in obese animals can 

be interpreted as showing a direct involvement of the pituitary in the 

expression of obesity. 

The pituitary glands of obese mice are of normal weight, and early 

studies suggest that they are of normal histological appearance (Marshall, 
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Andrus & Mayer, 1957) although there is evidence for many abnormalities 

in the secretion of pituitary hormones. 

Gonadotrophins  

As mentioned previously the obese mouse shows underdevelopment of 

the gonads and reproductive tract with accompanying infertility. Ovaries 

have been transplanted from obese mice into normal foster parents with 

resultant obese offspring (Hummel, 1957). Therapy with gonadotrophins 

has also been used to induce mating and the subsequent pregnancies can 

be maintained with progesterone injections (Smithberg & Runner, 1957). 

This points to a hormonal defect being responsible for the infertility, 

and more recently an impaired secretion of gonadotrophic hormones has 

been demonstrated (Batt, 1974). 	It has been proposed that in the female 

this is due to decreased LH (luteotrophic hormone) rather than FSH (follicle 

stimulating hormone) (van der Kroon, 1966). 	Similarly a lower LH to FSH 

ratio has been demonstrated in the fatty rat (Bray, York & Swerdloff, 1973), 

although the plasma values for these two hormones are not significantly 

different (Saiduddin, Bray, York & Swerdloff, 1973). These authors show 

that the infertility of the fatty rat is consistent with low circulating 

oestrogen levels, and conclude that the paradoxical low oestrogen; low 

gonadotrophin may be explained by a decreased hypothalamic threshold for 

feedback inhibition of gonadotrophin secretion. That the hormonal defect 

is of hypothalamic origin has also been demonstrated in ob/ob mice since 

administration of a crude hypothalamic extract containing gonadotrophin 

releasing hormone (LH-RH) causes development of the reproductive system 

in these animals (Batt, 1974). No difference in hypothalamic content of 

immunoreactive LH-RH between obese and lean rats, was found by this author 

and he has proposed that there may be inadequate release of the hypophysio-

tropic hormone in the infertile animals. 



Pituitary-Thyroid Axis  

Another pituitary hormone which would appear to show abnormal 

secretion in ob/ob mice is TSH. Food consumption and weight gain 

are reduced in ob/ob mice treated with thyroxine, and prolonged 

hormone administration caused elimination of hyperphagia and greatly 

increased insulin sensitivity (Mayer, Bates, Russel & Dickie, 1952). 

Uptake of 13 lIodine by the thyroid is lower in obese animals than 

their lean littermates (Wykes, Christian & Andrews, 1958). Also the 

lower basal body temperature of obese mice may be elevated by thyroxine 

administration and hypothyroidism has also been demonstrated since the 

obese animal has lower circulating levels of thyroxine (T4) and protein 

bound iodine (Joosten & van der Kroon, 1974). 

Growth Hormone (CH) 

It has been proposed that increased production of GH might be 

involved in the development of the obese mouse, from observations of 

increased sulphate incorporation into cartilage (Herbal., Westman & 

Hellerstrom, 1970). 	However, increased sulphate incorporation could 

occur by elevated response of cartilage, rather than elevated GH. Insulin 

has been shown to increase 356 incorporation into cartilage of hypophy-. 

sectomized rats (Salmon, Duvall & Thompson, 1968) and the increased insulin 

present in obese animals, which may be significant, was not considered in 

the study of Herbal et al. Only one study has published direct measure-

ments of growth hormone levels in obese mice (Roos, Martin, Westman-Naeser 

& Hellerstrom, 1974). This showed similar levels of the hormone in lean 

and obese animals at 1 and 8 months of age, and significantly lower levels 

in obese mice at 4 and 11-12 months of age. However these measurements 

were made by immunoassay only, and so far no studies have been made on 

the biological activity of GH from obese mice, thus the possibility of a 
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biologically different hormone in the obese animal remains. More 

recent experiments showing that GH is not necessary for obesity are 

those of Joosten, van der Kroon & Buis (1975) who crossed ob/ob mice 

with dwarf mice (dw/dw) and produced doubly recessive offspring ob/ob/ 

dw/dw displaying obesity and dwarfism. The dwarf mouse is growth 

hormone deficient as a result of pituitary insufficiency (Elftman & 

Wegelius, 1959) and no measurable amounts of this hormone are detectable 

in plasma (Garcia & Geshwind, 1968). 

Adrenocorticotrophic Hormone (ACTH) 

Obese mice have been shown to possess greatly elevated pituitary 

content of ACTH, there being up to 14 times more hormone in the obese 

animal than its lean littermate (Edwardson & Hough, 1975). This elevated 

pituitary content being paralleled by an increased secretion in vitro from 

obese mouse hypophyses. However these authors showed similar levels of 

corticotrophin releasing factor (CRF) in lean and obese mice; but the 

possibility still remains that the ob/ob mouse may have a greater rate 

of turnover and secretion of CRF in vivo. Also, rather surprisingly, 

the plasma values in unstressed obese mice were not elevated above those 

for the lean mice; both morning and afternoon values showed this simil-

arity and results suggested a circadian rythmn. Despite these comparable 

circulating levels, the higher content of ACTH in obese animals are 

obviously reflected in various trophic effects of this hormone. Thus a 

positive correlation has been shown between pituitary content of ACTH and 

adrenal hyperplasia in the ob/ob mouse (van der Kroon, 1966), and adrenal 

corticosteroids are elevated (Naeser, 1974; Dubuc, Mobley & Mahler, 1975). 

Adrenalectomy of young obese mice reduces the amount of weight gained in - 

short term but not long term experiments, but does abolish the high values 

for blood glucose and serum insulin (Soloman & Mayer, 1973 ; Naeser, 1973). 
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Independent of age the adrenal hypertrophy is accompanied by elevated 

levels of serum corticosteroids. Thus the high levels of ACTH found 

in obese mice may be of considerable significance, both in terms of 

direCt actions of the hormones and actions mediated via the adrenal 

glands. 

Clearly pituitary malfunction is occurring in obese mice, and the 

resultant endocrine imbalances produced contribute greatly to the obese 

syndrome. 	It remains to be determined whether a single lesion at hypo- 

thalamic level could account for abnormal pituitary secretions or 

whether the situation is more complex. However from the preceding 

information it is apparent that hypothalamic regulation in the obese 

mouse is markedly impaired. 
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SCOPE AND AIMS OF THIS STUDY 

It has been shown that there is considerable evidence to implicate 

the hypothalamus as the site of the primary defect in genetically obese 

(ob/ob) mice. A lesion at this level could account for the imbalance 

in secretion of most of the anterior pituitary hormones and also the 

lack of feedback control. 	In addition to this there is no doubt that 

the pancreas plays a major, or even essential, role in.  the expression 

of the syndrome. This raises the possibility that perhaps the pancreatic 

dysfunction is secondary to the influences arising from the abnormal 

function of the hypothalamo-pituitary system. 

The pancreas may be shown to be affected by pituitary function, 

since hypophysectomy has quite profound effects in reducing the 0-cell 

sensitivity to stimuli such as glucose. This has been demonstrated in 

vivo (Penhos, Castillo, Voyles, Gutman, Lazarus & Recant,. 1971) and islets 

incubated in vitro from previously hypophysectomized animals show not only 

reduced sensitivity but also a reduced rate of insulin biosynthesis 

(Malaisse, Malaisse-Lagae, King & Wright, 1968; Schatz, Abdel-Rahman, 

Hinz, Fehm, Nierle & Pfieffer, 1973a). Replacement therapy with GH in 

the hypophysectomized animal markedly improves the sensitivity of sub-

sequently isolated islets, but ACTH does not have this effect (Schatz, 

Katsilambros, Hinz, Voigt, Nierle & Pfieffer, 1973b). However, the 

perfused pancreas in vitro and isolated islets may be stimulated by ACTH 

(Genuth & Labovitz, 1965; Malaisse, Malaisse-Lagae & Mayhew, 1967; 

Sussman & Vaughan, 1967; Schatz, Maier, Hinz, Schleyer, Nierle & Pfieffer, 

1973c) but not by GH (Grodsky at al., 1962; Coore & Randle, 1964; 

Malaisse, Malaisse-Lagae, King & Wright, 1968; Schatz et al., 1973c). 

One of the most striking differences in pituitary function between 

lean and obese mice is the content of ACTH in the pituitary. 	Studies in 

this department (Edwardson & Hough, 1975) showed that obese mice pituitary 
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glands contained 14 times the amount of ACTH found in pituitary glands 

from lean mice. 	In view of the fact that ACTH has been shown to 

stimulate insulin secretion in vivo, and to cause enlargement of the 

islets of Langerhans when administered in vivo (Merkle & Hoffman, 1974) 

it was thought that the elevated secretion of this hormone may provide 

a mechanism whereby pituitary function could affect the pancreas. 

x ra- 

Thus this study was undertaken to investigate whether the pituitary 

gland influenced insulin section directly, and more specifically whether 

any differences could be observed between obese and lean animals in this 

context. 

The system used for the study of insulin secretion was an in vitro 
■•■•■■•••■MNIO 

perifusion of isolated islets of Langerhans, separated by microdissection. 

Choice of System for the Study of Insulin Secretion in vitro  

The main methods of studying insulin secretion in vitro are by 

perfusing the whole gland, incubation of pancreatic pieces or isolated 

islets, or perifusion of pieces or islets. The technique of perfusing 

the whole pancreas has been used effectively in obese mice (Laube, 

Fussganger& Pfieffer, 1972), but is a complicated technique. This method 

also considers the responses of the whole gland, rather than just the 

islets, which may be subject to haemodynamic changes as discussed by 

Sussman, Vaughan and Timmer (1966). 

Coore & Randle (1964), first demonstrated that pieces of rabbit 

pancreas could be maintained in vitro and utilized for studies on insulin 

secretion. 	If small pieces of pancreas are used it is difficult to 

standardize units for expression of the amount of insulin secreted. 

Measuring tissue weight, total protein or DNA would give no useful para-

meters as the proportion of islet tissue in any sample would be very 
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variable. Many proteolytic enzymes are released by cutting the tissues 

and this necessitates the addition of proteinase inhibitors such as 

Trasylol (Vance, Buchanan, Challoner & Williams, 1968; Burr, Stauffacher, 

Balant, Renolds & Grodsky, 1969), or using anti insulin serum to protect 

the secreted insulin (Malaisse, Malaisse-Lagae, Lacy & Wright, 1967). 

Thus it is more useful to use isolated pancreatic islets. 

Several methods of isolating pancreatic islets have been published. 

The two main techniques are simple freehand dissection (Hellerstrom, 1964) 

or disruption of pancreatic acinar tissue by collagenase digestion 

(Aoskalewski, 1965). The latter method has been modified by several 

workers to separate large numbers of islets, using density gradient 

centrifugation (Lacy & Kostianowsky, 1967). Many developments have been 

made to the basic system, in'attempts to render the islets more visible 

and thus more easily separable. These include clamping the efferent 

vein of the pancreas and the common bile duct, causing blood to accumulate 

in the islets which are then more visible due to the red colouration 

(Aleyassine & Gardner, 1972), or ligating the common bile duct several 

days prior to islet separation, causing degeneration of the acinar tissue 

(Keen, Sells & Jarrett, 1965). 

While all these methods seem to produce good, metabolically active 

islets, i.e. the islets will form, store and release insulin (Lacy, Young 

& Fink, 1968), it cannot be ignored that subjecting the tissue to such 

traumatic conditions may produce a subsequent derangement of its metab-

olism. For example, islets separated from normal animals which have had 

the common bile duct ligated several days previously show a more diabetic-

like response to glucose than islets isolated without this procedure. 

It has been shown (Atkins & Matty, 1970) that collagenase separated islets 

have a lower oxygen consumption than microdissected islets and a diminished 

insulin secretion in response to elevated levels of glucose. 	Islets 
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separated by the collagenase technique have also been demonstrated to 

be insensitive to tolbutamide, a recognised insulin secretagogue 

(Lacy, Young & Fink, 1968). 	For these reasons it was decided to use 

islets separated by microdissection. 

Insulin secretion from similar preparations of isolated islets 

varies considerably, and even more heterogeneity of results is obtained 

when the insulin output is stimulated, say by elevated glucose concen-

trations or agents such as theophylline. This has been noticed by most 

workers and it has been shown (Steinke, Patel & Ammon, 1972) that glucose 

induced insulin release is proportional to the total insulin content of 

the respective islets, which in turn varies with the location of the 

islets within the pancreas itself. 

Lernmark & Heilman (1969) have demonstrated a pronounced variation 

in the insulin secreted from different sized islets of the obese mouse; 

the larger islets secreting less insulin per unit weight than the smaller 

islets. The reasons for this are not apparent, it seems improbable that 

hypoxia could account for this lowered secretion since it has been shown 

(Hellerstrom, 1967) that oxygen consumption per unit weight was not 

affected by the size of the islets. 	In this study the islets taken from 

the obese mouse pancreas were, as far as possible, similar in size to 

those from lean mice, in an attempt to obtain more uniform levels of 

insulin secretion. However since the islets were not weighed there is 

still quite a large amount of variation in results. For these reasons 

the basal levels of insulin secreted by the obese mouse islets are not 

consistently higher than those from lean mouse islets. This does not 

parallel the situation in vivo where the plasma levels and total pancreatic 

content of insulin are significantly higher in the obese animals. 	It was 

also found more satisfactory to use the smaller islets from the obese 

animals_since their,enlarged islets_are very fragile and difficult to 

dissect out undamaged. 
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Isolated islets may be incubated in a suitable medium or peri-

fused. Most workers note higher values of insulin secretion with 

the latter preparation, and Loreti, Dunbar, Chen & Fos (1974) have 

demonstrated that the accumulation of secreted insulin in the surround-

ing medium will reduce the amount of hormone released. Similarly if 

islets are incubated they will be subject to the metabolic and osmolar 

effects of increasing products and decreasing substrate. 	It is also 

easier to demonstrate patterns of insulin secretion using a continuous 

perifusion system where fractions may be collected at short time inter-

vals, rather than an incubation system which would require repeated 

sampling from one incubation vessel. Thus a perifusion system was 

considered most applicable to the study of short term effects on insulin 

secretion. 

The perifusion technique was first described by Burr, Stauffacher, 

Balant, Renold & Grodsky (1969). 	In order to overcome the difficulties 

discussed previously in using pieces of tissue, this sytem was later 

adapted to utilize isolated islets (Idahl, 1972; Lacy, Walker & Fink, 

1972; Hoshi & Shreeve, 1973) and it is a similar perifusion system of 

isolated islets which is employed in this study. To observe pituitary 

effects on insulin secretion an in vitro perifusion of whole isolated 

pituitary glands was used and connected directly in series with the islets. 

A direct stimulatory action of the pituitary gland on insulin 

secretion was established, and differences in obese and lean animals 

observed in that pituitary glands from obese animals seemed more potent 

in their insulinotropic action, and the islets from these animals showed 

a resistance to the pituitary factor. 	The resistance of islets separated 

from obese animals to the pituitary factor was not investigated further. 

However, experiments were carried out to compare 'the pituitary action to 

that_of glucose, since it has been shown that glucose has a more-pronounced 
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effect on pancreatic tissue from obese than lean animals (Newman, 1975). 

The population of lean animals generally used is a mixture of homo- 

zygotes (+/+) and heterozygotes (ob/+). 	In order to investigate whether 

there were any differences between these two genotypes a breeding pro-

gramme was set up to separate these two groups, and both pituitary glands 

and islets from these two populations were investigated. 

The pattern of insulin secretion produced when isolated pituitary 

glands are perifused in series with isolated islets, was a rapid stimul-

ation of insulin secretion, reaching maximal values during the first five 

minutes, followed by a decrease to basal values during the next 10-40 

minutes (depending on the system employed). This suggested that either 

the pituitary factor was depleted during this initial period, or that the 

stimulatory action was acting on a labile pool of insulin as proposed by 

Grodsky, Landahl, Curry & Bennett(1970). Experiments to test both 

hypothesis are presented and results suggest that the isolated pituitary 

is viable in terms of insulin stimulating activity for at least 30-40 

minutes. To gain further information on the possible relevance of this 

insulinotropic factor to obesity in general, two groups of animals were 

placed on high calorie diets to increase the weight gained. Groups of 

white mice were obtained and fed either standard 'oxoid' diet or high fat 

or high sucrose diets. The effect of pituitary glands from these animals 

were compared to the action of pituitary glands from ob/ob mice on insulin 

secretion from islets of lean mice. Also-the obese animals from our own 

colony were compared to obese mice from Jackson Laboratories, Bar Harbor, 

to determine whether the genetic background of the colony had produced any 

modifications in the expression of the ob gene. 

Experiments were also performed to try and identify the active factor 

from the pituitary glands. The approach to this aspect of the work was 

to try- and.produce-astimuIation of-insulin secretion comparable to that 
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produced by pituitary glands of obese mice by perifusing isolated islets 

with solutions of pure pituitary hormones and peptides in Krebs Ringer 

buffer. 

The results of these experiments will now be presented and 

discussed in the light of present knowledge of the obese mouse. 



MATE R ALS 

and 

METHODS 



42 

MATERIALS AND METHODS  

SECTION A : ANIMALS 	 44 

A i. 	Selection of Animals 	 45 

A ii. Maintenance of Animals 	 45 

Restricted Diet Animals 	 48 

A iii. Breeding of ob/ob Mice 	 48 

A iv. Heterozygote (ob/+) and Homozygote (+/+) 	48 
Lean Animals 

A v. Other Animals 

Bar Harbor Obese Mice 	 49 

High Fat and High Sucrose Diet Animals 	50 

SECTION B : THE PERIFUSION SYSTEM 	 51 

B i. The Perifusion Apparatus 	 52 

B ii. Islet Separation 	 57 

B iii. Preparation of Pituitary Glands 	57 

B iv. Experimental Procedure 	 58 

B v. Perifusions using hormones 	 58 

Materials for Perifusion System 	61 

SECTION C : RADIOIMMUNOASSAY OF INSULIN AND ACTH 
	

62 

C i. 	Introduction 
	

63, 

C ii. Iodination of Hormones 

a) Preparation and purification of 1125 Insulin 	63 

b) Preparation and purification of 1125 ACTH 	66 

C iii. Insulin Radioimmunoassay 	 67.  

C iv. ACTH Radioimmunoassay 	 68 

Materials used in immunoassay 	 74 



43 

SECTION D : OTHER PROCEDURES 	 75 

D i. 	Serum Samples and Pituitary Extractions for 	76 
a-MSH Assay 

D ii. Radioimmunoassay of a-MSH 
	

76 

D iii. Plasma glucose assay 	 76 



44, 

SECTION A: 

ANIMALS 



45 

A i. 	SELECTION OF ANIMALS  

The colony of genetically obese hyperglycaemic (ob/ob) mice 

maintained at Imperial College was obtained several years ago from 

Birmingham (School of Biological Sciences, University of Aston). These 

animals had been bred from C5BL/63 obese mice from Bar Harbor and a 

local mixed non-inbred strain, and have since been maintained as a 

random bred closed colony. 	It is a characteristic of these animals 

that there is considerable variation in body, weight plasma insulin and 

plasma glucose. This may be due to the different extent of expression 

of the ob gene in individual mice and could also be that the animals are 

not from a pure strain. 

Figure 1 shows the growth pattern for obese animals and their lean 

littermates. 	The values for plasma insulin are given in Table 1. 

Figure 1 shows that the body weight of lean animals tends to stabilize 

around 60-70 days, whereas the obese animals continue growth even at 4-5 

months of age. Plasma insulin values are relatively constant for lean 

animals, but obese animals show a rapid increase of insulin levels from 

6 to 14 weeks, after which values tend to plateau. 	In an attempt to use 

a more consistent sample of animals for experimental work, mice were 

selected at 4-42 months of age, when plasma insulin values had 'stablized', 

although the body weight of obese animals is still tending to increase. 

Animals over this age could be used, however older obese mice were found 

to contain large amounts of fat in the pancreas which made islet separ-

ation extremely difficult. 

A ii. MAINTENANCE OF ANIMALS  

All animals of the genetically obese hyperglycaemic strain and their 

lean littermates were bred in the Department of Biochemistry, Imperial 

College. 
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Figure 1 : Growth curve for lean and obese mice  

Values represent the mean for 6 animals in each group 
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Table 1  : Plasma insulin values for obese mice and their lean  

littermates at different  ages 

Age 
(weeks) 

Plasma Insulin (0/m1) 
Lean Obese 

6 60.4 - 12.9 360.0 - 120.0 
* 

 

8 40.5 -F 5.6 + 279.5 - 	55.6 

10 42.5 1 	9.9 
+ 1076.0 - 176.0 

12 60.8 - 	8.3 716.0 - 
+ 
310.6  +  

14 + 36.8 - 	1.4 1140.6 --1: 278.0 

16 34.5 I 	3.7 2252.0 ± 379.0 

+ + 
18 40.1 - 	1.0 2225.0 - 664.0 

20 44.8 - 	1.1 2241.2 - 676.4 

22 37.1 - 6.4 1482.0 ± 437.4 

24 . 	60.8 I 	8.2 1054.4 - 707.9 

All values - S.E.M. 	n = 5. 

* p = 0.05 - 0.02 	All other groups p < 0.01 

+ p = 0.1 - 0.05 
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The animals were housed in rooms maintained at 21°C and subject 

to artificial lighting in a 12 hour cycle (8 a.m. - 8 p.m.). 

The animals were contained in polycarbonate cages (8i"x 11" x 41" 

containing 5 animals or 18" x 13" x 61" containing 15 animals), and 

sawdust used as bedding. After weaning the animals were given tap 

water and oxoid diet (Heygates Ltd) ad libitum unless stated. 

RESTRICTED DIET ANIMALS  

Groups of male animals were maintained on restricted food intake 

to reduce the abnormal weight gain. These animals, termed ob/ob - RD 

were housed singly from weaning at 21 days with blotting paper bedding 

and allowed only 5 gm. of powdered oxoid diet per day. A11 ob/ob - RD 

mice were used for breeding before being culled for experimental work, 

at 41 months of age. 

A iii. BREEDING OF OB/OB MICE  

As previously mentioned obese females are infertile, and normal obese 

males do not tend to breed, although producing motile sperms (Lane &  

Dickie, 1954). Breeding from the homozygous obese male is more success-

ful if the obesity is reduced by maintaining the animal on a restricted 

diet (Eastcott, 1972) and the animal then mated with heterozygote 'carrier' 

females. An alternative method, which is also used in this Department, 

is to mate known heterozygote lean animals. These are usually kept as 

monogamous pairs for 6 months. 

A iv. HETEROZYGOTE (013/ AND HOMOZYGOTE (+1+) LEAN ANIMALS 

In early experiments ob/ob mice were compared to their lean litter-

mates, no distinction being made between homozygous and heterozygous lean 

animals. 	In an attempt to investigate whether there is partial expression 

of the ob gene in the heterozygote, and also to clearly delineate differ- 
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ences between the obese and the homozygous lean animal the two lean 

populations were separated in the following way. 

Known Heterozygotes 	These animals were the offspring of ob/ob -RD 

males and lean females. 

Known Homozygotes 	: Lean females, which are genetically ob/+ or 

+/+ were crossed with ob/ob RD males. Females which had not produced 

any obese offspring after 3 litters were presumed to be homozygotes and 

used to start the colony. 

Twelve putative homozygous females were mated with lean males. The 

F
1 generation were all lean animals, but still of mixed population ob/+ 

and +1+. 	The F
1 females were then back-crossed with ob/ob-RD males, those 

producing no obese offspring were thus demonstrated to have been born from 

homozygote parents. There is the problem that F1  males could not be 

crossed with obese animals due to the infertility of the obese female. 

Therefore F
1 males were crossed with known heterozygous females, those 

producing no obese offspring after 3 litters were shown to have been born 

from homozygous parents. The animals produced from these matings were not 

used for experimental work, serving only as a method of ensuring the 

absence of the ob gene. The F
1 animals known to originate from homozygous 

parents were then paired, taking care to avoid mating of siblings. The 

F2 and subsequent generations being used for experimental work. 

Since such breeding would eventually result in an inbred strain, lean 

animals were periodically removed from the main stock, screened for the ob 

gene, as described, and then introduced into the homozygous colony. 

A v. OTHER ANIMALS 

Bar Harbor Obese Mice: C57BL/6J mice were obtained from the Jackson 
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Memorial Laboratories, Bar Harbor, Maine, by Beechams Limited, Walton 

Oaks. These animals were maintained at Beecham's Laboratories for 

approximately 6 months before being brought to Imperial College where ' 

they were housed in the departmental animal house for 3-4 weeks before 

being used at 11 months of age. 

High Fat and High Sucrose Diet Animals: 

These animals were maintained at Beechams Limited, Walton Oaks. 

White mice were brought from Carworth Limited weighing 25 grms. The 

animals were divided into 3 groups. Group one (controls) were fed oxoid 

diet, group two high fat diet and group three high sucrose diet. All 

animals were fed ad libitum and given tap water. The composition of 

these diets is shown in the appendix. All animals were kept on their 

special diets for approximately 4 months before being used for experimental 

work. 



51 

SECTION B 

THE PERI.FUSION 

SYSTEM 



B i. THE PERIFUSION APPARATUS  

The choice of system for the study of insulin secretion has been 

discussed in detail in the introduction. 

A diagram of the perifusion apparatus is shown in Figure 2. A 

cross-sectional representation is given in Figure 3. A perspex 

block (D) is used to contain the isolated islets. 	This consists of a 

clear block 9.5cm x 8.0cm x 5.0cm with four cylindrical channels 4mm 

diameter, running through its entire length (F). 	This block can be 

separated into 2 portions to allow nylon gauze to be inserted (E) which 

retains the islets in position during perifusion. 	Silicone tubing of 

small internal diameter (0.5mm) connects the perifusion chambers (F) to 

a peristaltic pump (G), thus allowing buffer to be drawn through the 

system and collected in the plastic tubes of a fraction collector (H). 

Silicone tubing is also used to connect the buffer reservoir to the 

perifusion chambers. 	If the conditions of perifusion are to be altered 

a two-way tap (C) is connected in front of the perifusion chambers to 

allow change of perifusate without mechanical disturbance of the islets. 

Isolated pituitary glands were contained in"Swinn.ex" filter holders (B) 

and connected in series with the islets, by means of this two-way tap. 

The flow of buffer (KRB) is indicated by the arrow A. The perifusion 

medium was Krebs Ringer Bicarbonate buffer (Krebs & Henseleit, 1932), 

this is termed KRB and the composition of this buffer given in the 

appendix. The buffer contained 0.2% albumin, which had previously been 

dialysed for 3 days against KRB. The buffer was gassed continuously 

with 95% 02/5% CO2' 
Prior to perifusion the apparatus was washed 

through with buffer and during - all experimental work the buffer and peri-

lusion chambers maintained at 37°C in a water bath. The flow rate was 

0.34 -- 0.4 mls/min and five minute fractions were collected. 
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Figure 2 : The Perifusion Apparatus  
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Figure 3 : Cross-Section of the Perifusion Apparatus 
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B ii. 	ISLET SEPARATION 

The animals were killed by cervical dislocation, the pancreas 

rapidly removed and placed in chilled, gassed KRB. 	Small portions 

of the pancreas from the area which is close to the duodenum, were 

placed in fresh KRB maintained at 4°C, and separate islets were 

dissected free from the surrounding acinar tissue under a stereomicro-

scope (mag x 10) using fine watchmakers forceps and a syringe needle 

as described by Hellerstrom (1964). The isolated islets were collected 

in a black based petri dish and washed in fresh buffer at 4°C before 

being transferred to the perifusion apparatus. 	The islets were trans- 

ferred using capillary tubing (20111 size "microcap") in a braking 

pipette system. When dissecting islets from the pancreas of the obese 

mouse it was found that the very large islets were fragile and it was 

difficult to obtain a clean, undamaged preparation. Thus islets closer 

in size to those of lean animals were used. This also provides a better 

comparison between lean and obese animals. The judgment of size however 

is subjective since the islets used were not weighed or measured in any 

way. This must be remembered as a possible contributory factor to the 

variation of the system. Twenty islets could be prepared by this method 

in 30-40 minutes. 

B iii. PREPARATION OF PITUITARY GLANDS  

In some experiments (Section I iii) blood samples were required from 

the animals used. The mice were anaesthetized by an intra-peritoneal 

injection of tribromoethanol (Avertin) diluted 1:40; 0.5mls administered 

to lean animals and 0.8mls to obese animals. The animals were bled by 

cardiac puncture and rapidly decapitated. Since islets responded in the 

same way to pituitary glands isolated from animals killed by cervical 
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dislocation, this method was used in all other experiments. After 

cervical dislocation the animals were decapitated and, as above, the 

pituitary gland removed and placed in KRB buffer at 37°C. The 

isolated glands were then transferred to the Swinnex holders and 

washed for 5 minutes before being connected in series with the 

islets. 

B iv. EXPERIMENTAL PROCEDURE 

Preliminary experiments showed that perifused islets initially 

released large amounts of insulin, this is probably non-specific 

release due to manipulation of the tissue and also terminal hyper- 

glycaemia of the animal (Coore & Randle, 1964). 	After 20-30 minutes 

the level of insulin secretion stabilizes and continues at basal rates 

for several hours. 	For this reason the initial 6 fractions of the 

perifusion (corresponding to 30 minutes) were discarded, the following 

4-5 fractions were collected to measure the basal rate of secretion 

before testing any other conditions on the islets. 

In the case of additions to the perifusate the point at which the 

addition is made is taken as time 'zero' on the graphs in the results 

section. This will therefore be 50-55 minutes after the start of the 

perifusion and 80-90 minutes since death of the animal. 	In some cases 

(Section I iii) the perifusate was assayed for insulin immediately, but 

more often (all other sections) the samples were deep frozen until assayed. 

This procedure does not alter the insulin values significantly. 	In all 

cases samples were placed in ice as soon as possible after collection. 

B v. PERIFUSIONS USING HORMONES  

:Pure hormone preparations were obtained from various sources, exact 

details are given below. All hormones were stored deep frozen.- For 

perifusion purposes suitable aliquots of the hormones were thawed on ice, 
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and then diluted to appropriate concentrations in KRB, using plastic 

laboratory ware due to the strong `glassophilie properties of ACTH 

and related peptides. The hormone solutions were placed in the 

waterbath and gassed with 95% 02  : 5% CO2. All solutions were 

allowed to equilibrate at 37°C before being introduced into the 

perifusion system. 

Rat Growth Hormone and Rat Prolactin: 

Obtained : NIH Rat Pituitary Hormone Distribution Program, Harbor 

General Hospital, Torrance, California. 

Dissolved : 500pg/1.0m1 in 0.0IN NaOH 

Diluted 	100pg/m1 phosphate buffer pH 7.6 (buffer see appendix) 

Frozen in 50p1 aliquots. 

Porcine ACTH : 

Obtained : WHO International Laboratories for Biological Standards, 

NIMR, Hampstead, London. 

Dissolved : 250pg/m1 in 0.005N HCl 

Diluted 	: 5Ong/m1 phosphate buffer pH 7.6 

Frozen in 1.0m1 aliquots. 

Rat ACTH : 

Obtained : NIH, Bethesda, Maryland. 

Dissolved : 100pg/m1 in 0.005N HCI 

Diluted : 100n0100p1 in phosphate buffer 

Frozen in 200p1 aliquots 

Synacthen : Obtained from CIBA Ltd. in solutions of 0.25mg/ml. These 

solutions were diluted freshly before use. 

17-39 ACTH : (synthetic human) 

Obtained : Ciba Laboratories, Basle. 

Dissolved : 2mg/m1 in 0.05N HCI 

5p1 aliquots containing 10pg deep frozen. 



CLIP : 

Obtained : Kindly donated by Dr. P. Lowry. 

1st batch : 5Ong/ml in 0.05M sodium phosphate buffer pH 7.6 

Subsequent batch : llpg in 10p1 of phosphate buffer. 

Diluted to 5pg/m1 in 0.9% saline 0.05M HC1. 

Frozen in 100p1 aliquots. 

6o 
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Materials for Perifusion System 

Albumin 	

- 	

Pentex fraction V dialysed for 3 days 

against KRB 

Fine Forceps 	

- 	

Weiss Watchmakers forceps Nos. 4 & 5 

Krebs Buffer 	All chemical obtained from BDH 

Nylon Gauze 	

- 	

Bed support nets. Pharmacia Ltd. 

Peristaltic pump 	

- 	

Technicon autoanalyser Pump + Technicon 

tubing 

Plastic tubes 	

- 	

Luckhams LP3. 

Silicone tubing 	Watson Marlowe 0.5 x 1.6 silicone tubing 

Swinnex Filter 	Millipore Corporation. Swinnex - 13 

Holder 

Syringe needles 	

- 	

Gillette 25G x 

Water bath 	

- 	

Grant Instruments JB1 
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SECTION C: 

IMMUNOASSAY 

OF INSULIN AND ACTH 
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C i. INTRODUCTION 

Radioimmunoassay procedures were first described by Yalow and 

Berson in 1960 and since then this technique has been extensively 

used for measurement of most polypeptide hormones. A consideration 

of the theoretical aspects of this technique is thus not considered 

relevant here due to the considerable work published on this subject. 

C iia. PREPARATION AND PURIFICATION OF 125I-INSULIN  

The preparation was as described by Hunter and Greenwood (1962) 

for human growth hormone with minor modifications. Two buffers were 

used; buffer 110.25M Phosphate Buffer (pH 7.4) and buffer 11,0.111 

Veronal Acetate Buffer (pH 8.47) containing 10mg/mi bovine serum 

albumin. 	Iodination was carried out in the conical base piece of a 

125 clear polystyrene tube. 	lmCi of high specific activity 	I (>l4Ci/mg) 

as sodium iodide contained in 10p1 was transferred to 10p1 buffer I in 

the reaction vial. 	3.4pg of pure crystalline insulin dissolved in 

0.01N HC1 and 20111 of chloramine T (3.5mg/m1 in buffer I) were added and 

the solutions mixed by flicking the reaction vessel several times after 

each addition. After 25 seconds the reaction was stopped by the add- 

ition of 100p1 of sodium metabisulphite (2.4mg/m1 in buffer I). 	The 

solutions of chloramine T and sodium metabisulphite being freshly made 

up for each iodination. The complete mixture was transferred to a 

column of Sephadex G25 (fine) 2cm x 40cm and eluted with buffer II, 

1.6m1 fractions being collected. 	Samples of 1pl were then taken from 

each fraction and counted for 1 minute in a Wallac Gamma counter. A 

representative histogram plot of the results is shown in Fig. 4. The 

fraotion-containingmaximum activity was then made up to 10mls in buffer 

II and stored-at 	For assay purposes this solution was further 

diluted_usually 1:1,00 to give a working concentration 1,1ng/ml. -:From 7 - 
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Figure 4 : Iodination of Insulin. Elution profile from Sephadex G25 column 

showing separation of iodinated hormone from free iodine. 
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consecutive iodinations the incorporation of iodine into insulin was 

73.3% (range 79-92%) and the specific activity of the iodinated insulin 

was 229.7pCi/pg (range 148-320pCi/pg). 

C iib. PREPARATION AND PURIFICATION OF 
1251-ACTH  

The preparation was as described by Rees et al. (1971) with minor 

modifications, and is very similar in procedure to that for insulin. 

The buffers used were 0.05M sodium phosphate pH 7.6 (buffer III) and 

0.051E sodium phosphate containing 2.5meml bovine serum albumin and 

0.5% 2-mercaptoethanol (buffer IV). 

The iodination procedure was the same as for insulin the concentr-

ations of solutions being as follows: 2pg of standard ACTH was dissolved 

in 10p1 of 0.0051 	chloramine T was 10p1 of a solution 5mg/m1 in 

buffer III. The reaction time was 25 secs. and the reaction stopped 

with 10p1 of sodium metabisulphite 10mg/m1 in buffer III. The complete 

mixture and reaction vial were immediately immersed in 20 mis of buffer 

IV in a 50m1 ground-glass centrifuge tube and stoppered. 10m1 was 

transferred to a clear polystyrene tube containing 10mg Quso glass for 

purification. 	(The remainder was kept as a precaution against purific- 

ation failure). The capped tube was rotated for 30 minutes at 20r.p.m. 

on a near vertical rotator, during which time maximum adsorption of 

undamaged labelled ACTH to Quso glass occurred (Rees et al. 1971). The 

glass was centrifuged at 2500 r.p.m. for 10 min. at room temperature, 

the supernatant was then aspirated and discarded. 2m1 of distilled 

water was added to the glass and the centrifugation and discarding of 

supernatant repeated. The ACTH could then be eluted from the washed 

glass by addition of 2mls of a solution of 1% acetic acid and 40% acetone 

in water. The rotation and centrifugation steps were repeated. The 

0 
supernatant, containing the ACTH was removed carefully and stored at 4 C 
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in a polystyrene tube. Under these conditions it is stable for several 

weeks (Berson & Yalow, 1968). 	For 10 iodinations, the mean concentra- 

tion of stores 1125 ACTH was 155ng/ml (range 90-25), mean specific 

activity being 343 pCi/pg. Labelled ACTH constituted approximately 

85% of the total radioactivity. 

C iii. INSULIN RADIOINNUNOASSAY  

The method used was a modification of the Hales and Randle (1963) 

techniques as described by Quabbe (1969). Determinations were carried 

out in triplicate and an average value taken. 	Incubation tubes were 

set up containing 1004 of Insulin Binding Reagent (double antibody) and 

100111 of standard insulin or unknown sample. When measuring plasma 

levels of hormone, the standard insulin was diluted, in phosphate buffered 

saline containing 1 g/1 bovine serum albumin pH 7.4, to give final concen- 

trations of 1,000, 500, 250, 100, 80, 60, 40, 20, 10 pU/ml. 	Plasma 

samples from lean mice could be assayed undiluted, those from obese mice 

were diluted in buffer B in the ratios 1:2, 1:4, 1:8, 1:16, 1:32 and an 

average of the results thus obtained taken, discarding results that did 

not appear on the linear portion of the standard curve. When assaying 

samples of perifusate the standard insulin was diluted in Krebs Ringer 

Bicarbonate buffer. After mixing the tubes were incubated for 24 hrs. 

at 4°C, 100111 of the working dilution of 1
125 insulin was than added, the 

contents mixed and the tubes incubated for a further 24 hours at 4°C. 

Simultaneously tubes were set up containing: labelled insulin alone, 

which were capped and counted to determine total radioactivity; labelled 

insulin plus buffer to determine control level of radioactivity left in 

the assay tubes or non-specific binding of radioactivity in the system 

and tubes not containing any 'cold' insulin to determine the maximum 

binding capacity of the binding reagent for labelled hormone. This is 

equivalent to the zero point on a standard curve. 
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The tubes were then centrifuged at 4,000 r.p.m. for 50 minutes 

at 4°C. 	The supernatant was decanted, 1.1m1 of a high protein buffer, 

40mM phosphate pH 7.4 plus Horse serum No. 5 in ration 4:1 (Buffer C) 

was added, the contents mixed and the centrifugation procedure 

repeated. The wash procedure was repeated once more, the supernatant 

decanted and the tubes counted for 5 minutes in the gamma counter. 

Satisfactory operation of the assay was taken as being when the 

non-specific binding value was <5% of the total radioactivity added 

and the maximum binding capacity of the insulin binding reagent was in 

the range 30-507 of the total radioactivity. The counts obtained are 

corrected for non-specific binding and calculated as a percentage of the 

maximum counts bound in the absence of cold hormone. The standard curve 

is then plotted with % of maximum counts bound on a linear scale, against 

concentration of standard insulin on a logarithmic scale. A representa- 

tive standard curve is shown in Fig. 5. 	This graph also shows parallel- 

ism of immunoreactivity between standard mouse insulin and serial dilutions 

of plasma from obese mice. 

As stated the.standard insulin was diluted in Buffer B when plasma 

samples were being measured, and KRB buffer for assaying perifusion 

samples. The standard curve produced does not differ under these condi-

tions and the effect of adding perifusate from pituitary glands, ACTH, GH 

or LTH does not affect the assay procedure. 

iv. ACTH RADIOIMMUNOASSAY 

The method used was that of Rees, Cook, Kendall, Allen, Kramer, 

Ratcliffe & Knight (1971). 

Incubation tubes (four replicates) were set up containing 100u1 

standard ACTH or sample dilution, 

50 ul 125I-ACTH diluted to give ti 15,000 c.p.m. 

50 ul. Antiserum - obtained from NIH. 
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Figure 5  : A standard curve for insulin immunoassay, 

showing parallelism between 

mouse insulin standard 

serial dilutions of obese mouse plasma "—AI ; 

and standard insulin diluted in pituitary perifusa e 
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The ACTH standard was diluted such that final concentrations in 

the assay tubes were 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 and 20.0 ng/ml. 

The tubes were incubated at 4°C for 20-40 hrs. The dextran coated 

charcoal used for separation of antibody bound and free hormone was 

prepared as follows. 3g. of activated charcoal, 0.75g dextran, 10m1 

of 0.5M phosphate buffer and 60m1 of horse serum (no. 3) were mixed 

and diluted with deionized water to 100m1s. 	100p1 of this suspension 

was added to each incubation tube, the contents mixed and the tubes 

then centrifuged at 5,000 r.p.m. for 10 min at 4°C. The supernatant 

was aspirated and discarded and the charcoal precipitate counted in a 

Wallac gamma counter. Construction of the standard curve was similar 

to that for insulin. However, when measuring insulin the antibody 

bound hormone is precipitated and counted, in the case of ACTH, free 

hormone is adsorped onto charcoal and counted, thus values for bound 

hormone are obtained by difference from the total radioactivity added. 

Parallelism of iamuno-reactivity between standard porcine (III I.W.S.) 

ACTH and HC1 extracts of mouse pituitary samples was demonstrated by 

Edwardson & Hough, 1975 (Fig. 6). 

Measurement of perifusion samples was performed using undiluted 

perifusate and the standards were diluted in DI. Total pituitary ACTH 

was measured by the following procedure. Whole pituitary glands were 

homogenised in 0.5mls of 0.1N HC1. The volume of the homogenate was 

made up to lml. and the homogenate centrifuged, at 5,000 r.p.m. for 10 

minutes. The supernatant is removed with a Pasteur pipette and diluted 

1:20 and 1:80, for assay, with 0.05M sodium phosphate buffer pH 7.6 

containing 0.5Z 2-mercaptoethanol and 0.25% bovine serum albumin. 
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Figure 6 : Serial dilutions of HC1 extracts of ACTH from normal and obese mouse  

pituitary glands showing parallelism with porcine reference standard. 

extract lean pituitary; 	, porcine standard; 

o-----a, extract ob/ob pituitary. 

(From: 	Edwardson & Hough (1975). J. Endocrin. 65, 99-107). 
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Materials used in immunoassay 

ACTH 

ACTH antiserum 

-Bovine Serum 
Albumin 

Charcoal, norit - 
SX1 or A 

Chloramine T 

Dextran T70 
or T80 

Horse Serum 
No.3 & No.5 

III I.W.S. Stored at 30g in 1501 aliquots of 
0.005N HC1 

NIH, Bethesda, Maryland 

Armour Pharmaceuticals 

Hopkins & Williams 

G.P.R. Hopkins & Williams 

Sigma 

Wellcome Laboratories 

Insulin for 	

- 	

Pure crystalline insulin (ox). Wellcome batch no: 
iodination 
	27612 B stored as dry material 

Insulin 
	Novo Theraputisk, Copenhagen. Stored as 2,000pU 

Standard(mouse) 
	

in 10001 Buffer B. Potency 22.4 I.U./mg. 

Insulin Binding - 
	Wellcome Laboratories 

Reagent 

1 25Iodine 	

- 	

as sodium iodide. Radiochemical Centre, Amersham. 
IMS 30 

Polystyrene 
tubes 

Sephadex G25 
'fine' 

Silica Glass 

Sodium Metabi 
sulphite 

Thiomersalate 

conical based 300/PS Henlys Medical Supplies, assay 
tubes LP 2 Luckhams 

- Pharmacia 

Quso G32 (Philadelphia Quartz Co.) 
Vycor Code 7930 Corning high porous 

G.P.R. Hopkins & Williams 

- B.D.H. 
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SECTION D 

OTHER PROCEDURE S 
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D i. SERUM SAMPLES AND PITUITARY EXTRACTIONS FOR a-MSH ASSAY 

The animals were killed by cervical dislocation and rapidly 

decapitated, blood was collected from the trunk and allowed to clot 

at room temperature. These samples were then centrifuged and the 

serum removed for assay of a-MSH. The pituitary glands were removed, 

weighed and gently separated into the anterior lobe and neurointer-

mediate lobe using fine forceps. Each lobe was homogenised separately 

in 0.5mls of 0.25% acetic acid using a ground glass homogeniser. The 

extracts were made up to lml and centrifuged at 5,000 r.p.m. for 10 

minutes. The supernatant was removed and diluted in 0.05M phosphate 

buffer as follows: 

neurointermediate lobe 1:500, 1:2K, 1:5K 

anterior lobe 	1:50, 1:100, 

ii. RADIOIMMUNOASSAY OF -MSH 

The a-MSH assay was kindly performed by Mrs. Jenny Pennington. 

The method used was that of Thody, Penny, Clark & Taylor (1975) employing 

anti-serum directed against synthetic a-MSH (kindly provided by Dr. A.J. 

Thody). As these authors have shown other fragments of ACTH (a1-39  ACTH, 

ACTH1-16amide, ACTH1-24, ACTH °) and human -MSH display only very 

slight or negligible cross-reactivity with this anti-serum. Dextran 

coated charcoal was used to separate bound and free hormone in a manner 

similar to that employed for the ACTH assay, and the a -MSH was iodinated 

by a chloramine T method as described previously for ACTH. 

D iii. PLASMA GLUCOSE ASSAY 

Plasma samples were deproteinized by a modified Somogyi method and 

glucose assayed by a glucose oxidase-peroxidase reaction (Krebs, Dierks 

& Gascoyne, 1964). 	25111 of plasma were dispersed in lml of 5% zinc 

sulphate, lml of 0.3N barium hydroxide was added, the was mixed and 
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centrifuged. 	lml aliquots of the supernatant were added to 2.5ml 	of 

glucose reagent. 	This reagent consisted of 12.5mg glucose oxidase 

(Type II, Sigma), 4.0mg peroxidase (horseradish Boehringer) and 0.5mls 

of 1% o-dianisidine (in 95% ethanol) in 100mls of tris buffer pH 7.4. 

The complex mixture was incubated at 37°C for 1 hour and read at 440nm 

wavelength against a reagent blank. 	Standard solutions of glucose 

were subjected to a similar deproteinization procedure. 
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CALCULATION AND PRESENTATION OF RESULTS  

As stated in the material and methods section separate fractions 

were collected from the perifusion apparatus every five minutes. 

The insulin concentration in each fraction was measured against a 

standard of crystalline mouse insulin and expressed in micro units/ 

millilitre of perifusate (0/m1). The potency of the standard being 

22.4 i.u./mg. These values were corrected for the volume of the 

fraction to give total amount of insulin secreted and divided by the 

time of the fraction (5 minutes) and the number of islets (5) to give 

insulin secreted (pU)/islet/minute. These values are then plotted 

as ordinate with the time scale on the absicca. Thus each point on 

the graphs represents an average value of the insulin secreted during 

a five minute time period. The point during the perifusion at which 

any new condition was tested on the islets is termed time zero, and 

the preceding fractions termed -5, -10 etc. Where peak values have 

been compared statistically, the basal values of control and test 

islets at time 0, were first compared. 	In all experiments no signif- 

icant differences were observed at this point and thus peak values were 

compared directly to control values by a t-test for unpaired variates. 

Where effects have been compared to that produced by the pituitary gland 

a similar method was employed. Basal levels of insulin secretion from 

the different groups of islets were compared at time 0, again no signifi-

cant differences were observed and thus the peak values produced by the 

two (or more) different conditions (e.g. pituitary glands from obese 

mice and solutions of hormones) were compared directly by a t-test for 

unpaired variates. 

The percentage stimulation produced by any effect tested on isolated 

islets has also been calculated. This was done by taking the average 
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basal value of insulin secretion over the 15 minute period prior 

to stimulation, and expressing the difference between the peak 

value obtained upon stimulation and basal values as a percentage 

increase over the basal value. Thus % stimulation = 

Peak value - basal value 	x 100 
••■••••■•••■• 

basal value 	1 
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I. i. 	The effect of the pituitary gland on insulin secretion from  

isolated islets of lean mice  

Figures 7a and 7b show the pattern of insulin secretion that occurs 

when isolated islets separated from lean mice are perifused in series 

with pituitary glands from either lean or obese mice. Glucose was 

present in the perifusate at a concentration of 100mg. As shown by 

these figures pituitary glands from both lean and obese mice cause a 

rapid and marked stimulation of insulin secretion from islets of lean 

mice. 

The pituitary glands from obese animals produced a maximal insulin value 

of 20.2 - 4.30 insulin/islet/minute, the control value being 3.7 - 0.40 

insulin/islet/minute at this point. The difference in these values is 

highly significant; p = 0.01 - 0.001. At 10 minutes the difference 

between test and control islets is still highly significant, p = 0.001, 

and insulin secretion from the two groups of islets is not at similar 

levels until after 30 minutes. 

The results for lean mouse pituitary glands on lean mouse islets are 

shown in Fig. 7b. The peak value at 5 minutes was 20.8 6.1 0 insulin/ 

islet/min, the control value being 3.8 0.4 0/islet/min; and the differ-

ence was significant at p = 0.05 - 0.02. The insulin secretion from 

stimulated islets fell rapidly and by 10 minutes the difference between 

test and control islets was not significant. 
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Figure 7a : The effect of perifusing pituitary glands from obese mice in 

series with isolated islets from lean mice  

The pituitary gland was added At time = 0 

Values represent mean 1. S.E.M. 

islets perifuse4 in series with the pituitary gland (n = 17) 

0 	0 contkol islets (n = 14) 

p= 0.01 - 0.001 

p = 0.001 
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Figure 7b : The effect of perifusing pituitary glands from lean mice'in series 

with isolated islets from lean mice. 

The pituitary gland was added at time = 0. 

Values represent mean ± S.E.M. 

40----41 islets perifused in series with the pituitary gland (11 = 15) 

o 	p control islets (n = 10) 

= 0.05 - 0.02 
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The effect of the pituitary gland on insulin secretion from 

isolated islets of obese mice  

Figures 8a and 8b show the pattern of insulin secretion when 

isolated islets separated from obese mice are perifused in series 

with pituitary glands from obese (8a) or lean (8b) mice. 

In both cases a stimulation of insulin secretion was observed; 

the pituitary glands from obese mice producing a maximum value of 

13.4 1: 3.8 pU insulin/islet/min, the control value at this point being 

4.9 - 1.3 pU insulin/islet/min. The pituitary glands from lean mice 

gave a peak value of 12.0 71  2.8 pU insulin/islet/min the control value 

being 3.7 I*  0.9 pU insulin/islet/min. 	In both cases the maximal insulin 

value occurred during. the first five minutes and the difference between 

test and control islets was significant at p = 0.05 * 0.02. The insulin 

secreted by stimulated islets rapidly returned to basal values and at no 

other time point was there any significant difference between these values 

and those from control islets. 

Tilt effects of the pituitary gland on insulin secretion from islets 

separated from obese mice was less marked than that observed with islets 

from lean mice. The percentage stimulation was calculated for the four 

experiments in sections 1.1 and 1.11; the following results were obtained: 

System 	 % stimulation 

ob/ob pituitary on lean islets 	 225% 

lean pituitary on lean islets 	 294% 

objob pituitary on ob/ob islets 	 947 

lean pituitary on ob/ob islets 	 93% 
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Figure 8a : The effect of perifusing pituitary glands from obese mice in series  

with isolated islets from obese mice. 

Pituitary glands added at time 0. 

Values represent mean ± S.E.M. 

s----0 islets perifused in series with pituitary glands (n = 5) 

control islets (n = 5) 

p = 0.05 - 0.02 
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Figure 8b : The effect of perifusing pituitary glands from lean mice in series 

with isolated islets from obese mice. 

Pituitary glands added at time = 0. 

Values represent mean S.E.M. 

•--y islets perifused in series with pituitary glands (11. = 5) 

p---p control islets (n = 5) 

p = ,0.05 - 0.02 
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Effect of muscle and cerebral cortex  

To show the specific nature of the action of the pituitary gland 

perifusions were carried out using other tissues from the obese mouse. 

Muscle or cerebral cortex was used and perifused in series with lean 

mouse islets in place of the pituitary gland. Two small pieces of 

tissue, comparable in weight to the pituitary (' 3.0mg wet weight) were 

used in the perifusion chamber, either muscle taken from the hind limb, 

or cerebral cortex taken from the superior surface. 	In both cases no 

significant effect on insulin secretion from the islets was observed. 

(Three experiments were performed in each case). 



96 

I. iii. 	Comparison of the effects of pituitary glands from homozygote  

(+/I-) and heterozygote (ob/+) lean mice on insulin secretion  

from isolated islets of homozygote lean mice 

In order to observe whether there was any difference between the 

two populations of lean animals, the effect of pituitary glands from 

homozygote and heterozygote lean mice on insulin secretion was deter-

mined. A comparison was made with the effect of obese mouse pituitary 

glands. 

The graph in Fig. 9 shows the results of the effect of pituitary 

glands taken from these three groups of mice on perifused islets separated 

from homozygote lean mice. Control homozygous lean mouse islets gave a 

steady basal level of insulin secretion of 3.2 f0.10 insulin/islet/min. 

(Range 2.8 - 3.9 0 insulin/islet/min.). The values however have not 

been plotted since being so similar to the values obtained for the effect 

of the pituitary glands from homozygote lean mice on similar islets, the 

resultant graph was unclear. 

As can be seen, the pituitary glands from heterozygote lean mice 

(ob/+) are not significantly different in their ability to stimulate 

insulin secretion from the pituitary glands of obese mice (ob/ob). Both 

pituitary preparations produced initial peaks of insulin secretion of 

similar magnitude and the pattern of insulin secretion was similar in 

both cases being maintained above basal values for 30 - 40 minutes. 

However the homozygous lean mouse (4.1+) differs in that the pituitary 

glands separated from these animals is unable to elicit an appreciable 

response from isolated islets. The stimulation observed in these experi-

ments and the significant differences are summarised in Table 2. 

Table 3 shows the body weights and non-fasting plasma glucose and 

insulin values for obese, heterozygote and homozygote lean mice. As 
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shown the obese mouse is considerably heavier than either group of 

lean animals, the difference being highly significant. The hetero-

zygote lean animals were significantly heavier than the homozygote 

lean mice although statistically this difference is not so marked. 

The hyperinsulinaemia of the obese animal is pronounced and plasma 

insulin levels were almost a hundred times greater than those observed 

in lean animals. Although the obese mouse is frequently termed hyper-

glycaemic this characteristic was not marked in theSe animals. No 

significant difference was observed between the plasma glucose values 

for any group of animals, however the large standard error obtained for 

the results from obese animals does indicate that this parameter is very 

variable in the ob/ob mouse. 
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Figure 9 : Comparison of the effects of perifusing pituitary glands from 

homozygote lean (+/+), heterozygote lean (ob/+) and obese mice 

in series with isolated islets from homozygote lean (+/+) mice. 

Pituitary glands added at time 0. 

Values represent mean 	S.E.M. 

n----n islets perifused in series with pituitary glands from ob/ob 

mice (n = 8) 

islets perifused in series with pituitary glands from ob + 

mice (n = 5) 

0----0 islets perifused in series with pituitary glands from +1+ 

mice (n = 5) 
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Table 2 : Stimulation of insulin secretion by pituitary glands  

from obese (ob/ob), heterozy&ote (ob/+) and homozygota  

(41+) lean mice  

System Maximal value of 
insulin secretion 
(pU insulin/islet/ 
min) 

Percentage 
stimulation over 
basal values 

+ ob/ob pituitary on a.  17.3 - 3.9 259 
+1+ islets 

+ 
ob/+ pituitary on b.  25.9 - 8.6 248 
41+ islets  

+/+ pituitary on c.  3.8 - 1.0 60 
+1+ islets 

a. compared to b. 	Not significant (p >0.4) 

a. compared to c. 	p = 0.05 - 0.02 

b. compared to c. 	p < 0.001 
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Table 3 : Bod weight, plasma insulin and plasma glucose for, groups  

of obese (ob/ob), heterozygote lean (ob/+) and homozygote  

lean (+/+) mice 

Body wt 
(grms) 

Plasma Insulin 
(pU/m1) 

Plasma Glucose 
(mg%) 

a 
b 

a 

b 

94.4 I 5.0 

+ 44.8 - 1.1 

+ 38.9 - 0.9 

(5)  

(6)  

(6) 

d 
e 

d 
f 

f 
e 

2241.3 I 676.4 (5) 

+ 28.9 - 3.9 (6) 

32.8 - 4.8 	(6) 

244.4 ± 69.3 (5) 

210.5 + - 13.5 (6) 

214.0 I 14.8 (6) 

a 

b 

c 

. 

p < 0.001 

p = 0.01-0.001 

d 

e 

f 

p = 0.01-0.001 

= not significant 

No significant 
differences 
between any groups 

- - 

All animals 4 - 41 months old, non-fasted values. 

Number of observations in brackets. 

All values - S.E.M. 
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I. iv. 	Comparison of the responses of islets from heterozygote (ob/+) 

and homozygote (+l+) lean mice to stimulation by pituitary 

glands from obese mice  

Figure 10 shows the effect of stimulating islets obtained from 

heterozygote lean mice by addition of pituitary glands from ob/ob mice. 

To facilitate the comparison of this result with the effect of obese 

mouse pituitary glands on islets separated from homozygous lean mice 

(+/+) the relevant graph from Figure 9 has been redrawn in Figure 10. 

As shown, the maximal value of insulin secreted from heterozygote (ob/+) 

islets was 15.1 1: 2.8 pU insulin/islet/min when stimulated by obese 

(ob/ob) pituitary glands. This was a stimulation of 283%, which is 

similar to the response observed with homozygote (41+) islets, the 

stimulation being 259%. Comparing the two curves shows no significant 

differences at any point. 
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Figure 10 : Comparison of the effect of perifusing pituitary glands from obese (ob/ob) 

mice in series with isolated islets from homozygote (+/+) and heterozygote 

(ob/+) lean mice. 

Pituitary glands added at time = 0 

Values represent mean - S.E.M. 

•-----• islets separated from (+/+) mice 	(n = 8) 

islets separated from (ob/+) mice (n = 7) 
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SUMMARY and DISCUSSION 

SECTION I 
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SUMMARY•AND DISCUSSION OF SECTION I  

The results presented in this section show that isolated 

pituitary glands have a direct stimulatory action on insulin 

secretion from isolated islets of Langerhans in vitro. 	Islets 

separated from lean animals showed a marked response to addition 

of the perifusate from pituitary glands of both lean and obese mice; 

the levels of insulin secreted by these islets rising by over 200%. 

If pituitary glands from obese animals were used the stimulation of 

insulin secretion was more prolonged; hormone levels from test islets 

being significantly different from those of control islets at 10 

minutes and not returning to basal levels until 40 minutes. In the 

case of pituitary glands from lean mice, the stimulatory action 

produced a similar initial response in the first 5 mins, but insulin 

values then fell rapidly and were not significantly different from 

those of control islets at any point after 5 minutes. The islets 

from obese mice responded to stimulation by the perifusate from pituit- 

ary glands, but not to such a great extent as islets from lean mice; 

insulin values rising by about 95%. These islets responded in a quantit- 

atively and qualitatively similar manner to pituitary glands from both 

lean and obese animals. 

Thus in vitro the pituitary gland releases a factor, or factors, 

which influence insulin secretion. This action appears specific to the 

pituitary since pieces of cerebral cortex and skeletal muscle had no 

effect on insulin secretion. 

It is interesting to note the lack of response of islets separated 

from obese mice. This aspect of the pituitary action is not investigated 

further in this study however it is obviously of great importance when 

considering how the pituitary action may be involved in the obese syndrame. 
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The most simple explanation of decreased response from islets of obese 

mice would be that the $ cells are in some way defective and thus unable 

to respond to stimulation. However, this is unlikely as firstly it 

would seem to be a quantitative rather than qualitative difference in 

response. Experiments in section II also demonstrate that obese mouse 

islets are capable of responding markedly to glucose. This would pre-

clude the idea of totally defective islets or that the system under study 

is not suitable for the islets from obese animals. This is in keeping 

with published work on isolated islets from obese mice, which in many 

extensive studies have been demonstrated to be fully functional; display-

ing some quantitative, but no qualitative differences from islets of 

lean mice (Hellman, 1970; Lernmark, 1971; Idahl, 1972). 

Alternatively, it could be proposed that the obese mouse pancreas 

is resistant to the pituitary factor due to high circulating levels of 

the factor in vivo. This is supported by the fact that pituitary glands 
nwal.m, w.f./P.:NOW* 

separated from obese animals are more potent in their ability to stimulate 

insulin secretion. The hypothesis that if pancreatic islets are under 

constant stimulation by some agent, they will become refractory to this 

agent has also been suggested in studies where carbutamide was used as 

the insulin secretagogue (Christophe & Mayer, 1959). These authors 

showed that the hypoglycaemic effect of a single subcutaneous dose of 

carbutamide was not observed in animals previously treated with the drug 

orally. This phenomenon may have a parallel in the insulin profile of 

these animals in that the high circulating levels of hormone are accomp-

anied by decreased levels of insulin receptors in the liver (Kahn, Neville 

& Roth, 1973) and adipose tissue (Freychet, Laudat, Laudat, Rosselin, Kahn, 

Gordon & Roth, 1972) and a generalized insulin resistance. 

The age at which the islets from obese animals become resistant to 

the pituitary factor has not yet been demonstrated. However it would 
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clearly be of importance in determining the nature of the resistance, 

to observe whether the development of resistance parallels alterations 

in the levels of pituitary hormones or peptides. Also it would be 

interesting to observe the responses of pancreatic islets isolated 

from acutely hypophysectomized obese animals.. Developmental studies 

could also provide insight to the importance of this stimulation of 

insulin secretion in vivo, and it would be useful to observe whether 

any alteration in pituitary action could be correlated with the onset 

of hyperinsulinaemia. 

Separation of the lean animals into the two different genotypes 

showed that the pituitary gland_from the homozygote (+11) lean animal 

and a negligible effect on insulin secretion from isolated islets of 

homozygote lean mice (+/I.), whereas the pituitary glands from hetero-

zygote lean animals (ob/+) produced a stimulation of insulin secretion 

comparable to that observed with pituitary glands from obese animals. 

The islets from these two groups of lean mice however showed no difference 

in their response to pituitary glands from obese animals. Phenotypically 

the lean animals are similar, and are not easily distinguished. The body 

weight was only slightly greater in heterozygote animals than homozygotes 

and circulating levels of glucose and insulin are similar. This emphas-

ises the fact that the groups must be identified by being bred from 

parents of known genetic type. 

Many studies of the obese mouse compare this animal to its lean 

littermates, apparently not making any distinction between the two geno-

types, others use only homozygote lean animals, and there seems to have 

been few observations made on the differences between the homozygous and 

heterozygous lean animals. One study suggests a gene dosage effect by 

showing different rates of glucose oxidation to carbon dioxide in adipose 

tissue from heterozygotes and homozygotes; the heterozygote displaying a 
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rate intermediate between the homozygous lean and homozygous obese 

(Yen, Lowry & Steinmetz, 1968). 	Despite this difference the total 

incorporation of glucose into lipid was the same in the two lean pheno-

types and similarities were observed in the in vitro response of the 

- -tissue to insulin, and responses to lipolytic agents, as measured by the 

release of fatty acids. 	It has been proposed that the oxygen consump- 

tion of the whole animal shows a difference between the two lean popul-

ations (Kaplan & Leveille, 1974). Although the evidence is not strong 

these authors have suggested an oxygen consumption gradient; ob/ob 

individuals at the low end of the gradient, +/+ at the high end and the 

obi+ animals occupying an intermediate position. 

The difference in the action of the pituitary glands from homozygote 

and heterozygote lean animals is interesting as this may reflect an 

expression of the ob gene at pituitary level. However the contribution 

of this in vitro action to the in vivo situation is not clear, and may __— 

prove more complex. The heterozygous lean animal (ob/+) does not manifest 

a hyperinsulinaemic condition; while only small numbers of measurements 

have been made in this study the similarities of body weight and non-fasting 

blood glucose have also been noted using very large groups of animals (Yen, 

Lowry & Steinmetz, 1968)..: 

It would seem reasonable to propose that hypophysial content of the 

insulin stimulating factor is greater in the heterozygote lean than the 

homozygote lean animal, and in vitro the pituitary may release this factor, 

and perhaps other hormones, at levels which reflect this total pituitary 

content. In vivo more complex regulatory processes can occur, which could 

result in a lower level of the factor being released. In this case it 

could be that some inhibitory action retards release of the factor, this 

action being functional in the heterozygote lean but impaired or totally 

absent in the obese animal. Thus the insulin profile of both homozygote 
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lean and heterozygote lean animals would be similar, while pituitary 

levels of the insulin secretagogue markedly different. 	In this 

context it is pertinent to note the observations of Edwardson & Hough 

(1975) who measured total ACTH in the pituitary glands of obese and 

lean (mixed population (ob/+) and (414.) ) animals. The values obtained 

from lean mice were consistently lower than those from the obese, and 

showed an almost bi-modal distribution suggesting that two populations 

were in fact present. The interpretation of different actions of the 

pituitary glands from homozygote and heterozygote mice is difficult with-

out further knowledge of the hypothalamic control of the factor stimulating 

insulin secretion, and the in vivo regulation that may occur at hypothala-

mic, pituitary or pancreatic level. 

The present understanding of the syndrome in ob/ob mice has yet to 

demonstrate any fundamental difference between lean and obese animals that 

is not of a quantitative nature; that is obese animals show hypo or hyper 

functioning in many tissues, but as yet have not been demonstrated to 

totally lack, or possess in an altered form, any factor present in the 

lean animal. Thus it is not unreasonable to assume that the different 

actions of the isolated pituitary glands is due only to an altered concentr-

ation, or rate of turnover or secretion of the insulin secretagogue. 
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SECTION II 

THE RESPONSE OF ISOLATED 

ISLETS WITH RESPECT TO THE 

STIMULATORY ACTION OF THE.  

PITUITARY GLAND AND GLUCOSE 
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SECTION. II  

EXPERIMENTAL DESIGN  

It has been shown in the previous section that islets separated 

from obese mice show a reduced response to stimulation by the pituitary 

gland, compared to islets from lean animals. Studies in this laboratory 

(Beloff-Chain, Newman & Mansford, 1973) have shown that pancreatic 

pieces from obese mice respond markedly to stimulation by elevated 

glucose, while pancreatic tissue from lean animals shows only a small 

elevation of insulin secretion in response to a glucose challenge. The 

effects of high glucose concentrations on isolated islets were observed 

in this system, to confirm these observations and to allow a comparison 

to be made with the response of islets to pituitary stimulation; if the 

islet responses to these two secretagogues can be demonstrated to be 

different this would provide evidence that the pituitary factor is acting 

on the pancreas by a mechanism that is different from that of glucose. 

Also, it is interesting to establish whether the action of the pituitary 

factor is dependent upon or is potentiated by glucose, as this would 

provide more information relating to the mechanism of stimulation of 

insulin by this factor. Therefore, the effect of pituitary glands from 

obese mice on insulin secretion from islets of lean mice was observed in 

the absence of glucose and at low (100mg%) and high (300mg%) glucose 

concentrations. 

The pattern of insulin secretion observed when pancreatic islets are 

stimulated by the pituitary factor is a rapid pulse of insulin release 

during the first five minutes, falling quickly between 5 and 10 minutes, 

then returning more slowly to basal values by 30-40 minutes. 

Two reasons which could explain this response are examined. Firstly, 

the large amounts of insulin secreted initially could be exhausting the 
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supply of 'releasable' insulin. There is a well established concept 

of a 'labile' pool of insulin which is readily secreted upon stimul-

ation of the islets; if this store is depleted, further insulin 

synthesis or translocation of more permanent stores must take place 

before further secretion of the hormone can occur. This hypothesis 

is considered more fully in the discussion following this section. 

Another explanation of the pattern of insulin secretion observed 

in the present study could be that the stimulatory factor released by 

the pituitary glands is only secreted for a very short time. Pituitary 

glands once removed from the animal are quickly placed in the millipore 

chambers and washed for about 5 minutes. Thus the time elapsing 

between death of the animal and the pituitary glands being connected in 

series with islets is about 10 minutes. The slow return of the insulin 

levels from stimulated islets to basal values could thus be envisaged as 

paralleling the decrease in levels of the insulin secretagogue. 

The following experiments were designed to test these two hypotheses. 

If exhaustion of a labile insulin pool is occurring it would seem probable 

that islets once stimulated by the pituitary factor are not capable of 

responding to further stimulation due to lack of available insulin. There-

fore perifused islets from lean animals were exposed to the perifusate 

from pituitary glands of obese mice, 25 minutes later the pituitary glands 

were removed and the glucose concentration in the perifusate raised from 

100mg% to 300mg% to observe whether this challenge could increase the 

insulin secreted. 

Similar experiments were performed trying to elicit a second response 

from stimulated islets using a fresh preparation of pituitary glands from 

obese mice. Thus two different insulin secretagogues, which evidence 

suggests may be acting by different mechanisms, were used to investigate 

the response of previously stimulated islets..  



To test the second hypothesis, experiments were set up where 

isolated islets were stimulated by a preparation of pituitary glands 

from obese mice, and after 25 minutes the pituitary preparation was 

moved to a second group of islets, to observe whether the pituitary 

glands could still elicit a stimulation of insulin secretion. The 

two groups of islets were separated at different times, allowing a 

25 minute interval in their preparation, so that both groups of islets 

were stimulated at an equivalent point during their perifusion. 	If 

the pituitary factor is being secreted over this time period the 

pituitary preparation would be expected to have noticeable effects on 

both islet preparations. 
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11.i The effect of increasing the glucose concentration on perifused 

islets from lean and obese mice  

Fig. 11 shows the effect of elevating the glucose concentration of 

the perifusion medium from 60mg% (low) to 300mg% (high). The islets 

from obese mice responded by a marked and rapid rise in insulin secretion 

reaching a maximum value of 30.8 ± 11.4 pU insulin/islet/min. The level 

of secreted insulin then fell, but remained above basal values (before 

stimulation) and began to rise slightly after 35 minutes. 

The islets separated from the pancreas of lean mice however showed 

a smaller response, the maximum value being 10.2 2.0 pU insulin/islet/ 

min. The insulin level then decreased to values not significantly above 

basal values. The percentage stimulation was 277% for obese islets and 

56%. for lean islets. A 't' test showed a significant difference (p =0.0 1) 

between these points. 
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Figure 11 : The effect of increased glucose concentration on insulin release  

from islets separated from lean and obese mice  

Glucose concentration increased from 100mg% to 300mg% at time = 0. 

Values represent means 1*  S.E.M. 

islets from obese mice On = 5) 

islets from lean mice 	(n = 5) 
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II. ii The pituitary effect in the absence of exogenous glucose  

The pituitary glands from either lean or obese mice were perifused 

in series with islets separated from either lean or obese mice as 

described previously, but no glucose was present in the perifusion 

medium. In only one experimental system, perifusing obese mouse 

pituitary glands in series with lean mouse islets, was any effect 

observed (Fig. 12). 	In all other experiments the insulin secretion 

of the test islets closely paralled that from the control islets. In 

the former case the insulin values rose to 10.2 ± 3.4 pU insulin/islet/ 

min, the control value being 3.7 ± 1.7 uU insulin/islet/min. 

A similar pattern of insulin secretion to that observed at 100mg% 

glucose concentration was obtained, in that the stimulated islets main-

tained an elevated level of secretion, above the control islets, for 

40- minutes. 	However the rise in insulin secretion was not so rapid as 

observed previously. In the preceeding experiments the maximal insulin 

values were observed during the time period 0-5 minutes after addition of 

the pituitary gland, in this experiment the maximal value was observed 

during the period 5-10 minutes after addition of the pituitary..  

Calculating the percentage stimulation over basal values there is 

an increase in insulin secretion of 30% during the time period 0-5 

minutes, and an increase of 126% during the 5-10 minute period. 
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Figure 12 : The effect of yerifusing pituitary _glands from obese mice in series  

with islets separated from lean mice in the absence of glucose  

Pituitary glands added at time = 0. 

Values represent mean ± S.E.M. 

41)--• Islets perifused in series with pituitary glands from 
obese mice (n = 6) 

0 	()Control islets (n = 6) 
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II. iii The effect of increased :lucose concentration on the stimulatory 

activity of obese mouse pituitary glands on lean (II+) mouse  

islets  

As shown in the preceding section, the absence of exogenous glucose 

reduces the magnitude of stimulation of insulin secretion by the pituitary 

gland. This effect could be reduced responsiveness of the islets or 

reduced activity of the pituitary gland. The experiments in this section 

were to determine whether conversely elevated levels of glucose would 

potentiate the pituitary effect. 

Figure 13 shows the effect of the pituitary glands from obese mice on 

groups of islets from the same animal at low (100mg%) and high (300m0) 

glucose concentrations. 

All islets were dissected in low glucose medium and then perifused at 

the relevant glucose concentration before pituitary stimulation. As can 

be seen the pattern of insulin secretion is similar in both cases; the 

islets at low glucose concentration reached a maximum value of insulin 

secretion of 15.7 ± 0.9 pU insulin/islet/min, the corresponding value at 

high glucose levels being 15.5 - 1.2 pU insulin/islet/min. 	The levels of 

insulin secreted follow a similar pattern in both experiments and stat-

istical analysis shows no significant differences at any point. The 

stimulation at 100mg% glucose was 180.3% and at 300mg% glucose was 192.4%. 
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Figure 13 : The effect of perifusing pituitary glands from obese mice in series  

with isolated islets from lean mice at low (100mg.%) and high (300mg%) 

glucose concentrations  

Pituitary glands added at time = 0. 

Values represent mean ± S.E.M. 

0-111 Perifusion with 100mg% glucose (n = 5) 

Perifusion with 300mg% glucose (n = 5) 
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II. iv The effect of increased lucose concentration on isolated 

islets €rom lean mice after stiinulaiaa1012Lcattustitala 
from obese mice  

Fig. 14 shows the effect of elevating the glucose concentration from 

100mg% to 300mg% in the perifusate twenty minutes after the test islets 

have been stimulated by perifusate from the pituitary glands of obese mice. 

The perifusion medium was changed directly from pituitary perifusate to 

high glucose medium. Control islets were stimulated by high glucose at 

an equivalent point during the perifusion. 

As shown the islets were not capable of responding to the glucose 

challenge by any change in the rate of insulin secreted. Pituitary 

stimulation produced a peak value of insulin secreted of 15.7 0.9pU 

insulin/islet/min this being a 165% stimulation. After the change to 

high glucose medium the insulin value obtained was 4.5 pU/islet/min as 

-compared to 4.4 iU/islet/min before this change. 	Clearly the glucose 

had no effect. 

Control islets showed a small elevation of insulin secretion to 

9.8 5.0 pU/islet/min in response to high glucose. 	This value is 

similar to that obtained in section II. ii showing the effect of high 

glucose on islets separated from lean mice. 
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Figure 14 : The effect of elevated glucose concentration on isolated islets  

from lean mice after stimulation by pituitary glands from obese mice  

Values represent mean 	S.E.M. 

W-40 Islets stimulated by pituitary glands at time = 0. 

Glucose concentration raised from 100mg% to 300mg% (and 

pituitary preparation removed) at time = 25 (n = 5). 

Control islets perifused with KRB containing 100mg% 

glucose. Medium changed to 300mg% glucose at time = 25 

(n = 5). 
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II. v The effect of repeated pituitary stimulation on isolated  

islets from lean mice  

Fig. 15 shows the effect of stimulating islets from lean mice with 

pituitary glands from obese mice and then after a 30 minute period 

replacing the first preparation of pituitary glands with a fresh prep-

aration. These islets are termed group I. As can be seen the islets 

did not respond to the second pituitary preparation. The first prep-

aration of pituitary glands caused a stimulation of insulin secretion 

to 17.6 - 6.9 pU insulin/islet/min an increase of 273%, the second prep-

aration however did not stimulate insulin secretion causing a change 

from 5.1 to 5.8 0 insulin/islet/min which is an increase of 12% and is 

within the range of fluctuations in insulin levels observed in control 

islets. 	Islets which had not been stimulated in the first instance, 

but were perifused for an equivalent period were still capable of respond-

ing to pituitary stimulation (Group II), as shown in Fig. 15, although 

the response is lower than that observed when islets were stimulated at 

an earlier point in the perifusion. The'maximal value of insulin secret-

ion being 7.9 0,insulin/islet/min a stimulation of 122% as compared to 

the stimulation of 273% observed in group I. 
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Figure 15 : The effect of repeated pituitary stimulation on isolated islets  

from lean (+1+) mice  

Values represent mean 	S.E.M. 

40----4DGroup I : Islets stimulated by pituitary glands from 

obese mice at time = 0. 

First pituitary preparation replaced by a fresh preparation 

at time = 35 mins. (n = 5) 

0----0 Group II : Islets stimulated by first pituitary preparation 

at time = 35 mins. (n = 5) 
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II. vi The release of the stimulatory factor from the pituitary gland  

Fig. 16 shows the effect produced by one pituitary preparation 

from obese mice which was used to stimulate two groups of islets from 

homozygous lean mice with an interval of 25 minutes between the two 

exposures. The islets were prepared at different times, so that the 

effect of the pituitary glands was observed at an equivalent point 

during perifusion for each group of islets. The stimulatory effects 

observed were similar in both cases indicating that the pituitary insulin-

otropic factor was still being secreted, under the conditions of peri-

fusion, 25 - 30 minutes after removal of the glands from the animals. 

The first group of islets showed a peak of insulin secretion of 17.5 ±3.1 

pU insulin/islet/min a stimulation of 238%. The second group of islets 

gave a maximal insulin value of 22.1 5.9 pU insulin/islet/min, a stimul- 

ation of 307%. 	Comparison of the two curves showed no significant differ- 

ence at any point (making the comparison by taking the point of stimulation 

as time zero for each curve). 
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Figure 16 : Influence of perifusing pituitary glands of obese mice in series  

with two..  groups of isolated islets from lean mice  

Values represent mean - S.E.M. 

4,---"O Islets from lean (+1+) mice stimulated by pituitary 

glands from obese mice at time = O. (n = 5) 

01.----00 Islets from lean (414.) mice stimulated by the same 

pituitary preparation at time = 25 mins. (n = 5) 
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SUMMARY and DISCUSSION 

SECTION II 
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SUMMARY AND DISCUSSION OF SECTION II 

The results presented in this section show that isolated islets 

from both lean and obese animals are capable of responding to elevated 

— glucose concentration in the perifusate; islets from obese animals 

responding to a greater extent than those from lean animals, the former 

showing an increase in insulin secretion of 277%, whereas the stimula-

tion of lean islets was 56%. 

From many reports which have been published a "classic" pattern of 

insulin secretion in response to a glucose challenge has been established. 

This is generally termed the biphasic response and consists of an initial 

peak of markedly elevated insulin secretion, which falls rapidly, to be 

followed by a more prolonged and gradual rise in insulin levels. The 

responses presented here do not show this biphasic nature.. However 

careful examination of the literature shows that the pattern of insulin 

secretion in response to glucose will depend very much on the species 

and system employed, and the classical biphasic picture has been erron-

eously adopted as a general pattern of response to stimulation. The 

biphasic pattern, in response to glucose, is observed in the perfused rat 

pancreas preparation (Curry, Bennet & Grodsky, 1968; Grodsky, Bennet, 

Smith & Nemechek, 1967), however this pattern of insulin secretion is not 

so clearly defined in perifused pancreatic pieces (Burr, Taft, Stauffacher 

& Renold, 1971) and a study comparing perfused pancreas, pancreatic pieces 

and isolated islets has shown the biphasic pattern only in the former 

preparation (Fussganger, Hinz, Goberna, Jaros, Karsten, Pfeiffer & 

Raptis, 1969). 	In this study the islets separated from lean mice 

showed only a small increase in insulin levels when exposed to high 

glucose. Large increases in insulin secretion in response to glucose 

have been observed using tissue from the rat (Burr et al., 1971; 

Fussganger et al., 1969; 	Grodsky, Bennet, Smith & Schmidt, 1967). 
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However in isolated islets from the mouse glucose produces an 

increase in insulin of less than 3-fold (Lernmark & Hellman, 1969). 

Idahl (1972) showed a more substantial increase in insulin secretion, 

from perifused mouse islets in response to glucose, but values rose 

sharply and remained elevated throughout the duration of the glucose 

stimulus. In one study making direct comparisons between different 

species the insulin secretion from mouse islets rose from 30 to less 

than 40 pU/mg/90 min, and from rat islets the increase was from approx-

imately 10 to over 100 pU/mg/90 min in response to elevation of glucose 

from 0 to 300 mg 7„ (Malaisse & Malaisse-Lagae, 1968). 

The results reported here differ from those of Lernmark & Hellman 

(1969) who showed no difference in the insulin response to glucose 

between isolated islets from lean and obese mice. These authors used 

an incubation procedure however which is not directly comparable to a 

continuous perifusion system, for it has been shown that accumulation of 

insulin in the incubation medium will act in an inhibitory manner on 

further insulin secretion (Malaisse, Malaisse-Lagae, Lacy & Wright, 1967). 

Thus if more insulin is secreted initially by the islets from obese mice 

this could cause greater inhibition,and the apparent amount of insulin 

secreted over the same time period would be similar for lean and obese 

islets. Furthermore the results given here agree well with those of 

Newman (1975), who seems to be the only other author to compare glucose 

effects in vitro on pancreatic islets from lean and obese mice. A 

similar exaggerated response of insulin to glucose stimulation from the 

perfused pancreas of obese mice as compared to lean mice has been reported 

(Laube, Fussganger & Pfieffer, 1972). 

Clinically, obese subjects have been shown to have an abnormally 

elevated insulin response to a glucose load (Karam, Grodsky, & 

Forsham, 1965), thus the possibility remains that the elevated insulin 
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after a glucose challenge in these animals may be related to the obesity. 

In vivo the insulin levels in response to glucose are generally higher 

in lean animals, however if fasted lean and obese mice are used and the 

glucose is administered via the intragastric route the plasma levels of 

insulin rise rapidly in the obese animal and are approximately twice those 

observed in the lean littermate (Beloff-Chain, Freund & Rookledge, 1975). 

Four groups of experiments were carried out perifusing pituitary 

glands in series with isolated islets in the absence of exogenous glucose. 

Pituitary glands from obese mice were perifused in series with islets from 

lean or obese mice, and pituitaries from lean mice in series with islets 

from lean or obese mice. At this stage the lean animals were still a 

mixed population of heterozygotes (ob/+) and hotnozygotes. 	A pituitary 

stimulation of insulin secretion was only observed in one experimental 

system; perifusing pituitary glands from obese animals in series with 

islets from lean animals. The insulin response of the isolated islets 

was reduced in magnitude as compared to the results obtained when 100me 

glucose was present in the perifusion medium, and the peak value occurred 

slightly later (in the 5-10 minute fraction as compared to the 0-5 minute 

fraction). The effect,of obese mouse pituitary glands on insulin secret--
11 

ion from lean mouse islets was not potentiated by high glucose concentrat- 

ions; the maximum value and pattern of insulin secretion was the same in 

both experiments whether the glucose concentration was 100mg% or 300mgZ. 

The pituitary factor is probably not dependent upon glucose for its action 

since it is possible to observe a.pituitary stimulation of insulin in the 

absence of glucose. This was observed when glands from obese animals were 

perifused in series with isolated islets from lean animals, however the 

magnitude of response to pituitary stimulation was reduced in this system 

as compared to similar experiments where glucose was present at 100mg%. 

The reduced insulin response in the absence of glucose could well be 
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explained by the observations of Lernmark (1971) who showed that islets 

incubated without glucose in the medium show a lower basal level of 

hormone secretion and a diminished response to a glucose challenge 

compared to islets incubated in the presence of glucose. 	Isolated 

islets are viable for several hours in a perifusion system without 

added glucose (Burr et al., 1969). The pituitary gland has not been 

investigated under these conditions, however it is possible that the 

tissue will be subject to the lack of substrate quite rapidly, and this 

may also be contributory to the reduced action of the pituitary gland 

in the absence of glucose. The pituitary glands from lean animals 

showed no stimulatory action on isolated islets in the absence of glucose, 

and obese mouse islets did not respond to obese mouse pituitary glands. 

The different behaviour of the obese mouse pituitary glands may reflect a 

difference in pituitary content of the factor. Thus if pituitary glands 

from obese mice do contain greater quantities of the insulin stimulating 

factor, it is possible that sufficient amounts will still be secreted in 

the absence of glucose to affect insulin secretion. 

The action of the pituitary factor was not potentiated by high glucose 

concentrations which may suggest that glucose is not required for the 

pituitary action, or possibly that the pituitary produces a maximal stimul-

ation of insulin secretion and islets are not capable of responding further. 

The response of islets isolated from lean and obese mice to elevated 

glucose levels seems to present a pattern of insulin secretion that is con-

verse to the pattern produced by isolated pituitary glands. Thus islets 

separated from lean mice respond rapidly and show a marked increase in 

insulin secretion when exposed to the effect of the pituitary, a glucose 

challenge however produces only a small response. 	Islets from obese mice, 

respond to elevated glucose by a rapid and large increase in insulin secre-

tion but show little elevation of insulin levelS when exposed to the peri- 
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fusate from pituitary glands. 	Since the pattern of insulin secretion 

in response to the pituitary secretagogue and glucose differs in such 

a pronounced way it would imply that the insulin stimulating factor is 

acting by a mechanism essentially different from that of glucose. Just 

how insulin secretion is stimulated remains to be established, however 

the fact that more than one system may operate is acknowledged; (for 

review see Grodsky, 1970). For example no correlation between glucose 

stimulated insulin release and cAMP content has been found in rat islets 

(Montague & Cook, 1971) or normal mouse islets ( Cooper, Ashcroft & 

Randle, 1973). This has also been confirmed in lean and obese mouse 

islets. (Newman, 1975). 	However glucagon has been shown to act on 

insulin secretion by increasing cAMP (Turtle & Kipnis, 1967) this also 

occurring in obese mice (Newman, 1975), probably via a stimulation of 

adenyl cyclase. Also the hormones ACTH and glucagon may be acting on 
• 

the B  cells by a different mechanism from that of glucose or theophylline 

(Lebovitz & Pooler, 1967). Thus it would seem that glucose and the 

pituitary factor could be acting in different ways on the $ cells. 

In two groups of experiments it was demonstrated that after stimula-

tion by the pituitary glands isolated islets are refractory to further 

stimulation, whether the insulin secretagogue employed was glucose or a 

fresh preparation of pituitary glands. When glucose was used in an 

attempt to stimulate insulin release after stimulation by the pituitary 

glands, no rise in insulin secretion was observed. 	It should be noted 

(from section II.i) that the effect of elevated glucose on isolated islets 

is not marked when islets from lean mice are used. Also islets which 

have been perifused for approximately 50 minutes have been shown to have 

a reduced response to. stimulation (section II. iv) these factors may 

contribute to the lack of response of these islets to. glucose. However 

control islets did show some increase in insulin secretion at this point. 
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Thus while these data have limitations,amd these experiments should 

perhaps be repeated with other agents that stimulate insulin secretion, 

it would imply that insulin secretion from islets stimulated by pituitary 

glands is from a labile insulin pool which becomes depleted, especially 

if it is accepted that glucose and the pituitary factor act by different 

mechanisms. To elucidate this point further one group of islets were 

exposed to pituitary stimulation and then a fresh pituitary preparation 

was placed in series with this group of islets after 25 minutes. The 

first pituitary preparation was placed in series with control islets. 

As with the glucose experiments isolated islets were not capable of res-

ponding to stimulation a second time. This would support the idea that 

the insulin secretagogue is causing depletion of a labile insulin pool, 

but also raises the possibility that the islets possess receptors for the 

pituitary factor, which become saturated and thus further stimulation is 

not possible. 

The control group of islets responded to stimulation, by the first 

pituitary preparation, but not to such a marked extent as the test group 

of islets. 	It would seem that this reduced stimulation was due to the 

islets being less responsive rather than the pituitary factor being 

depleted since a further experiment in which two groups of islets were 

stimulated at an equivalent time during the islet perifusion showed no 

difference in responses between the two groups of islets even though the 

pituitary glands were perifused for over 25 minutes. 

The concept of a labile insulin pool was proposed by Grodsky, Landahl, 

Curry & Bennet (1970). This idea suggests that insulin is contained 

within the 0 cell in two compartments; there is a smaller labile compart-

ment which is more sensitive to agents stimulating insulin secretion, 

rapid insulin release being a function of the concentration of hormone in 

this compartment. Most of the insulin in the pancreas is in the larger 
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storage compartment, which is in equilibrium with the labile compart-

ment. The slower second phase of insulin release in the biphasic 

response, seen in perfused rat pancreas, is envisaged as being due to 

a slow filling and release from the labile compartment. Thus the 

pattern of insulin secretion observed here may be due to stimulation 

of the labile pool and further stimulation is not possible in 25 

minutes since this compartment is not 're—filled'. 	It has been 

demonstrated using several pulses of tolbutamide to stimulate the 

pancreas that the islets remain refractory to repeated stimulation for 

periods of about 1 hour (Grodsky, Bennet, Smith & Nemechek, 1967). It 

has further been shown that a 25 minute 'rest' period (i.e. without any 

stimulatory agent present) is not sufficient for islets to recover their 

ability to respond to stimulation. 	Thus these results may be inter- 

preted as agreeing with Grodsky's theory. 
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SECTION III 

THE PITUITARY EFFECT 

AND OBESITY 
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III.i. 	The effects of the genetic background on the expression of the 

ob gene in relation to the pituitary induced stimulation of  

insulin secretion from isolated islets  

It has been demonstrated that the genetic background of the animals 

into which the ob gene has been incorporated can markedly influence the 

expression of the gene. The animals used in this study were an impure 

strain which had originally been crossed with C57BL/6J mice obtained 

from the Jackson Laboratories, Bar Harbor. 	In order to show that the 

pituitary action on insulin secretion is an expression of the ob/ob gene 

which is independent of the genetic background, two experiments were 

carried out to compare the effects of pituitary glands from Bar Harbor 

obese mice, their lean littermates and Imperial College obese mice. These 

were tested for their effects on insulin secretion from islets separated 

from a homozygous lean mouse of the Imperial College colony. 

The results showed that the effect of the pituitary glands from the 

three types of mice were similar, the following stimulations of insulin 

secretion being observed. 

Insulin Secretion 
(0/islet/min) 

Before addition of 	After addition of 
the pituitary 	the pituitary 

Imperial College 8.9 29.2 

Obese Mice 4.0 12.8 

Bar Harbor 8.0 23.5 

Obese Mice 4.5 8.7 

Bar Harbor 3.4 18.0 

Lean Mice 8.6 12.3 

Thus the colony of obese mice maintained at Imperial College do not 

seem to differ, with respect to pituitary effects on insulin secretion, 
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from those obtained from Bar Harbor, 	In the case of the lean animals, 

no further information was available as to the genotype of these mice. 

However the marked stimulation of insulin secretion would imply that 

these were heterozygotes (ob/+). 	Since many colonies employ a breeding 

system of crossing known carriers of the ob gene it is probable that a 

high proportion of the lean offspring are heterozygous animals. 



III.ii. The effect of pituitary glands from obese mice maintained on 

restricted diet, on insulin secretion from isolated islets  

The results obtained with pituitary glands from (ob/+) heterozygous 

animals suggest that the pituitary factor is associated with the ob gene 

rather than obesity der se. This hypothesis was further tested using 

groups of obese mice maintained on a restricted food intake from weaning 

to reduce the body weight. The pituitary glands from these animals were 

compared with pituitary glands from obese animals fed ad libitum, to 

determine whether the obesity affected the insulinotropic action of the 

pituitary gland. 

Figure 17 shows the results obtained when pituitary glands from obese 

mice fed ad libitum and obese mice maintained on a restricted diet were 

perifused in series with islets isolated from homozygote lean mice. As 

shown the effects produced by both groups of pituitary glands were similar; 

the ob/ob mice pituitaries causing a maximal insulin value of 16.5 - 1.4 

pU insulin/islet/min, this being a 260% stimulation, and the ob/ob - RD 

pituitaries causing a maximal insulin value of 14.8 4.7 pU insulin/islet/ 

min., being a stimulation of 160%. 	Statistical comparisons showed no 

significant differences at any point. Clearly maintaining obese animals 

on a restricted food intake does not alter the insulinotropic activity of 

the pituitary gland in vitro. 
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Figure 17 : Comparison of the effects of perifusing pituitary_glands from  

obese mice maintained on a restricted diet and pituitary gland  

from obese mice fed ad libitum in series with isolated islets 

of lean mice 

Pituitary glands added at time = 0. 

Values represent mean - S.E.M. 

4*----4111 Islets perifused in series with pituitary glands from 

ob/ob mice Oa = 5) 

m-----n Islets perifused in series with pituitary glands from 

ob/ob - RD mice 
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III.iii. The effect of pituitary glands from obese mice on insulin  

secretion from islets isolated from obese mice maintained on 

a restricted diet  

If the body weight of obese animals is reduced the histological 

appearance of the pancreatic islets is closer to that observed in lean 

animals and the sensitivity of the s—cells to some insulin secretagogues 

is restored. The responsiveness of islets isolated from dietary 

restricted obese mice to stimulation by the pituitary factor was observed. 

As shown in Fig. 18 the islets responded with a marked increase in 

insulin secretion, giving a maximum value of 27.3 1  10.9 pU insulin/ 

islet/min, the stimulation over basal values being 333%. Comparing 

these results to those presented in section I,it can be seen that islets 

from ob/ob — RD mice are responding in a manner similar to lean islets 

rather than those from obese mice fed ad libitum. 
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Figure 18 : The effect of perifusing pituitary glands from obese mice  

fed ad libitum in series with isolated islets from obese  

mice maintained on a restricted diet (ob/ob - RD) 

Pituitary glands added at time = 0 

Values represent mean 1.  S.E.M. 

410----111 Ob/ob - RD islets 	(n = 6) 

0---0 Control islets from ob/ob - RD mice (n = 4) 
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III.iv. Comparison of the effects of pituitary glands from animals  

maintained on high fat or high sucrose diets and pituitary  

glands from obese mice on insulin secretion from isolated  

islets 

Although the previous experiments have shown that the insulinotropic 

effect of the pituitary gland is expressed independently of the genetic 

background and body weight of obese animals, it is nevertheless of 

interest to determine whether this effect may be associated with forms 

of obesity. Groups of animals were placed on high fat or high sucrose 

diets for 3-4 months and their pituitaries tested for their ability to 

stimulate insulin secretion from islets isolated from homozygous lean 

mice. 

Table 4 shows the increase in body weight which occurred on these 

high calorie diets; the plasma insulin and glucose values indicated were 

obtained from similar animals (but not those used in the perifusion 

experiments). The high sucrose diet caused a significant increase in 

body weight as compared to the oxoid and high fat diet. The gain in body 

weight of high fat diet animals was not significantly elevated above that 

of the control group. No significant differences were found between the 

plasma glucose of any group. The plasma insulin values were not signif-

icantly different, however hormone levels were clearly elevated in both 

high sucrose and particularly high fat diet animals. The lack of statist-

ical differences probably being due to the small sample of animals avail-

able for these measurements. 

Figure 19 shows the results obtained when groups of islets isolated 

from lean (+/+) mice of our own colony were perifused in series with 

pituitary glands from obese (ob/ob) mice, animals fed on high fat diet, 

high sucrose diet and control oxoid diet. 	Islets isolated from the same 
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animal were used for each experiment. As shown the pituitary glands 

from animals fed oxoid or high fat diets had no effect on insulin 

secretion by perifused islets. 	In the former case insulin values were 

4.1 11.  0.9 pU/islet/min before addition of the pituitary and 6.1 	2.1 

pU/islet/min after. The corresponding values for the high fat diet 

animals was 3.9 - 0.8 pU/islet/min rising to 5.4 - 1.2 pU/islet/min. 

The pituitary glands from high sucrose diet animals generally produced a 

very small stimulation of insulin secretion, however one of the group of 

five experiments showed a pronounced response, which would not seem to be 

an artefact since insulin values were elevated for 15 minutes. Thus the 

average value obtained was 12.9 7.6 pU/islet/min. Even allowing for 

this considerable variation it does seem that the pituitary action may 

be elevated in these animals. 

The graph obtained for stimulation of insulin secretion by obese 

mouse pituitary glands does not show the usual sharp peak, however insulin 

values remain elevated for a longer period. Examination of the individual 

experiments shows that in two cases the islet response was rather slow, the 

peak values occurring in the 5-10 minute fraction; the other three experi-

ments showed maximal insulin values at 0-5 minutes. If these results are 

compared to those obtained from high sucrose animals the peak values at 

five minutes are similar (being 13.4 5.3 pU insulin/islet/min for the 

ob/ob pituitary). However the insulin secreted during the first 10 minutes 

by islets stimulated by ob/ob pituitary glands is 272 pU insulin/islet 

which is greater than that secreted by islets stimulated by pituitary 

glands from high sucrose diet animals, this being 204 pU/islet. Thus 

it would not seem that these two groups of pituitary glands stimulate 

insulin to the same extent. 

Obviously, further work is required before any definite conclusions 

can be drawn. 
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TABLE 4. Weight gain, plasma insulin and plasma glucose values for  

animals fed high sucrose, high fat or oxoid diets  

Diet Gain in body weight 
(grins) 

Plasma Insulin 
(0/m1) 

Plasma glucose 
(ne.) 

a  + ..1.. 4.- High sucrose 
b 

26.4 - 1.0 (5) 69.7 - 14.8 	(5).  271.1 - 25.3.(5) 

a 4. 4.  
High fat 

c 
20.5 - 0.9 (6) 182.5 - 87.0 (6) 271.6 - 23.9 (6) 

b + + + Oxoid 
c 

18.5 - 0.7 (3) 31.2 - 2.2 	(3) 266.3 - 19.0 (3) 

4 

a - p < 0.001 No significant No significant 
b - p < 0.001 differences differences 
c - N.S. between any group between any group 

All values - S.E.M. 

Number of observations in parentheses 
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Pituitaries from ob/ob mice 
	

(n = 5) 

" high sucrose diet mice 
	

(n = 5) 

" high fat diet mice 
	

(n = 4) 

if 	 " oxoid fed control animals (n = 5) 

Figure 19  : Comparison of effects of perifusing putuitary glands from obese 

mice, h' h fat diet, hi :h sucrose die 	control oxoid diet mica 

in series with isolated islets from lean mice 
• 

Islets isolated from homozygous lean mice of our own colony. 

Pituitary glands added at time = O. 

Values represent mean - S.E.M. 



Time (minutes) 
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SUMMARY AND DISCUSSION OF SECTION III  

The comparison of obese mice from two different colonies shows 

that the (presumably) elevated level of a pituitary factor which 

stimulates insulin secretion may be generally associated with the ob 

gene and is not a reflection of the action of this gene against one 

specific genetic background. 

It has been shown in a previous section that heterozygote lean 

animals (ob/+), which carry but do not show obvious expression of the 

gene, have levels of this pituitary factor sufficient to stimulate 

insulin secretion in vitro in a manner similar to the obese animal. The 

pituitary glands from homozygous lean animals (41+) however did not 

stimulate insulin secretion which may imply that an increased production 

of the pituitary factor is associated with the ob gene. Restricting 

the food intake of obese animals may be used as a method to separate 

inherent defects of the obese mouse from factors which are consequent 

to the obesity, and therefore the effect of the pituitary factor from 

obese animals maintained on a restricted diet was examined. These 

pituitary preparations had similar effects on insulin secretion to the 

pituitary glands from obese animals fed ad libitum. This is consistent 

with the results from the heterozygote animals and demonstrates that the 

presence of the ob gene, rather than the development of 'obesity' is the 

important factor in the pituitary action on insulin secretion, and may 

even be contributory to the obese state by raising circulating insulin 

levels. 	It must be remembered however that the in vitro action observed 

in these experiments may not be the same as the in vivo situation, since 

dietary restriction has been shown to markedly reduce circulating insulin 

levels (Abraham, Dade, Elliot & Hems, 1971). 	In a simple perifusion 

system the pituitary gland is isolated from normal control mechanisms 
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such as regulation by the hypothalamus. 	It could be envisaged that the 

insulin releasing factor is under direct humoral control such as that 

described for the anterior pituitary hormones, and that there are hypo-

thalamic peptides that either inhibit or stimulate the release of this 

factor. Another possibility would be that there is a direct neural 

regulation of this factor as has been shown for the release of a-MSH, 

which appears to be under partial control of the dopaminergic innervation 

of the pars intermedia (Tilders, van der Woude, Mulder & Smelik, 1975). 

Little is known concerning how the pituitary or hypothalamus may 

affect insulin secretion in vivo, however if these in vitro actions reflect 

a normal physiological control of insulin secretion these results would 

suggest that it is the regulation of release of the pituitary factor which 

is defective in obese animals and provides more evidence for the primary 

defect in obese mice being located at the level of the pituitary or hypo-

thalamo-pituitary system. The study with dietary restricted mice and 

the heterozygote carriers show that in the absence of obesity other 

mechanisms may operate to maintain insulin secretion at a normal level. 

The results obtained from investigations of the pancreatic islets 

from ob/ob - RD animals show that the responsiveness of the islets is 

restored to levels near those observed with lean animals. There are two 

possible explanations for the reduced response of islets from obese 

animals; firstly a saturation of the pancreatic receptors for this 

pituitary factor may be occurring or secondly this may be due to an 

'exhaustion' of the releasable pool of insulin. Restriction of food 

intake reduces the hypertrophy and hyperplasia of the islets of Langerhans 

of obese mice (Petersson & Hellman, 1962), however there is evidence that 

considerable pancreatic dysfunction persists despite the normal body 

weight. 	Isolated islets from ob/ob - RD mice have been shown to secrete 

less insulin at low glucose concentrations than those from ob/ob animals 
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fed ad libitum but still show an exaggerated response to high glucose 

as compared to lean animals. 	Islet responsiveness to stimulation by 

leucine is reduced in ob/ob - RD animals to "s, level intermediate between 

that observed with lean and obese animals (gewman,1975). 	In contrast to 

these pronounced effects on the 0-cells, the a
2 cells of the islets seem 

to be unaffected by dietary restriction. This may be concluded since 

islets separated from ob/ob - RD mice show decreased glucagon secretion' 

with increasing glucose concentrations; this phenomenon also being 

observed with islets separated from ob/ob mice, but not with islets from 

lean mice. Reduction of the body weight clearly has complex actions at 

pancreatic level, and restores sensitivity of the islets to some, but not 

all insulin secretagogues. 	Diet restriction also restores the sensitivity 

of adipose tissue and muscle to insulin in vitro (Abraham & Beloff-Chain, 

1971) and restores insulin sensitivity in vivo (Batt & Mialhe, 1966). 

The results obtained with pituitary glands taken from animals fed 

high fat or high sucrose diets were rather inconclusive. The high fat 

diet did not increase body weight significantly in these animals, and the 

effect of the pituitary gland on insulin secretion was not markedly incr-

eased above that obtained with pituitary glands from control animals of 

the same strain. The animals maintained on a high sucrose diet showed 

a greater percentage increase in body weight and a slight increase in the 

ability of the pituitary gland to stimulate insulin. Circulating insulin 

levels were elevated to a greater extent in the high fat diet animals than 

in the sucrose fed animals, although these values were not significantly 

different. Thus it is not possible at this stage to ascertain whether 

the pituitary insulinotropic factor present in the ob/ob animals may also 

contribute to the hyperinsulinaemia of mice on high fat or high sucrose 

diets. 
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SECTION IV 

IDENTIFICATION OF THE 

PITUITARY FACTOR 
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IV. i. 	The effect of growth hormone, prolactin and adrenocortico- 

trophic hormone on insulin secretion from isolated islets  

Growth hormone has been reported to stimulate insulin secretion 

---and prolactin is known to have many properties similar to GH. The 

insulinotropic action of GH however was demonstrated at high, but not 

low, glucose concentrations and the hormone concentration used was 

considerably in excess of those found in vivo. Therefore it seemed 

relevant to repeat these experiments and observe the effects of these 

hormones on insulin secretion in the present system. 

Isolated islets were perifused and the following added to separate 

channels of the perifusion apparatus; (a) GH at a concentration of 

50 ngJml; 	(b) Prolactin at a concentration of 50 ng/ml; 	(c) A 

combination of GH 50 ng/ml / Prolactin 50 ng/ml / ACTH 25 ng/ml; 

(d) A preparation of perifused pituitary glands from ob/ob mice. The 

levels of hormone employed here were about 10 times the circulating 

values found in vivo. 
wwww•■•• •■■■■•■•••■••■• 

From two experiments the following results were obtained: 

Insulin Secretion 
(uU/islet/min) 

Before addition 	After addition 
of hormone 	of hormone 

(a)  Growth Hormone 5.6 5.0 
3.4 3.0 

(b)  Prolactin 5.0 6.3 
3.9 4.5 

(c)  GH/LTH/ACTH 3.1 7.0 
3.6 4.9 

(d)  ob/ob pituitary 4.0 13.6 
7.6 15.2 

Clearly no significant stimulation of insulin secretion was produced 

by any of these hormones either alone or in combination, as compared to 

the effect of pituitary glands from obese mice. 
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Iv. ii. Measurement of ACTH released from isolated perifused pituitary  

glands  

As mentioned previously both the pituitary. ACTH content and secretion 

f this hormone by isolated perifused pituitary glands are elevated in 

ob/ob mice. 	In this study isolated pituitary glands were perifused at 

a flow rate of 200111/min. 	In the present study isolated pituitary glands 

were perifused in series with isolated islets and therefore the present 

system was used at a flow rate more suitable for both islet and pituitary 

tissue. 	Since hormonal secretion will be influenced by the rate of flow 

of buffer across the tissue it was necessary to measure the levels of ACTH 

secreted by isolated pituitary glands in the present system. 

Pituitary glands were obtained from obese, heterozygote and homozygote 

lean mice and perifused at a flow rate of 350111/min for 50 minutes. 	In 

each case 2 pituitary glands were used in each chamber. The results are 

given in figure 20. 

I 	As can be seen the pituitary glands from obese mice secrete, about 

twice as much ACTH under these conditions, as compared to the pituitary 

glands from either heterozygote or homozygote lean mice. The pituitary 

glands of homozygote and heterozygote lean animals released similar amounts 

of hormone, although the variation of values obtained with the heterozygotes 

was greater. Greater amounts of hormone were released during the first 

five minutes of perifusion, these being 6.05 1.49 ng/ml for obese mice 

pituitary glands; 3.06 - 0.43 ng/ml for heterozygote mice pituitary glands; 

1.51 0.03 ng/ml for homozygote mice pituitary glands. After this initial 

period the levels of hormone secreted were quite constant, average values 

being 0.44 ng/ml/min for obese mice; 0.22 ng/ml/min for heterozygote lean 

and 0.21 ng/ml/min for homozygote lean mice. 
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Figure 20 : ACTH secretion from isolated perifused pituitary  

glands from lean and obese mice  

Values represent mean S.E.M. 

Flow rate of perifusion 3501,11/min 

• • Pituitary glands 

011---10 Pituitary glands 
mice (n = 4) 

0----ca Pituitary glands 
mice (n = 4) 

obtained from obese mice (n = 5) 

obtained from heterozygote lean 

obtained from homozygote lean 
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IV. iii. The effect of porcine ACTH on insulin secretion from 

isolated islets  

Fig. 21 shows the effect of perifusing isolated islets with pure 

__porcine ACTH at a concentration of 20 ng/ml, compared to the effect of 

obese mouse pituitary glands on islets from the same animals. As can 

be seen by comparison with section IV.i., this concentration of ACTH is 

three times the maximal amounts of ACTH released by perifused mouse 

pituitary glands. 

This hormone produced a stimulation of insulin secretion, but not 

so marked as that produced by obese mouse pituitary glands. The insulin 

secretion in response to ACTH reached a maximum of 8.6 I  2.4 pU insulin/ 

islet/min, an increase of 65.4%. 	The insulin secretion in response to 

pituitary glands from ob/ob mice rose to 26.2 t 7.0 pU insulin/islet/min, 

a stimulation of 245%. Despite these large differences in values, the 

difference between the two maximum points was not highly significant 

(p = 0.1 - 0.05). 
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Figure 21 : The effect of porcine ACTH compared to the effect of perifusate  

from pituitary glands of obese mice on insulin secretion from 

perifused isolated islets of lean mice  

Pituitary glands or hormone added at time = 0. 

Values represent mean -1  S.E.M. 

4*----41 Effect of pituitary glands from ob/ob mice (n = 5) 

■-----m Effect of porcine ACTH at 20 ng/ml 	(n = 5) 
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IV. iv. The effect of rat ACTH on insulin secretion from isolated 

islets  

In the previous section it was shown that porcine ACTH did not 

stimulate insulin secretion from islets of the lean mouse, as markedly 

as pituitary glands from obese mice. Hormonal actions in vitro may 

vary depending upon the species from which the hormone preparation was 

obtained. In an attempt to evaluate whether the poor insulin stimulat-

ing activity of porcine ACTH could be due to a species difference it was 

decided to investigate the action of rat ACTH on isolated islets from 

the mouse, since species differences between the rat and the mouse would 

not be expected to be so great as those between the pig and the mouse. 

Isolated islets from homozygote lean mice were perifused and the 

effect of pituitary glands from obese mice and solutions of rat ACTH at 

concentrations of 20 ng/ml and 100 ng/m1 on insulin secretion were 

compared. The results are shown in figure 22. As shown rat ACTH at a 

concentration of 20 ng/ml produced a marked stimulation of insulin 

secretion, the peak value being 29.4 10.3 pU insulin/islet/min. The 

pituitary glands from obese mice also caused considerable stimulation of 

insulin, the peak value being 39.7 14.7 0 insulin/islet/min. Comparison 

of these two values showed no significant difference and the percentage 

stimulation of insulin secretion over basal values was 670% and 360% 

respectively. 

The solution of rat ACTH at a concentration of 100 ng/ml did not 

produce such a marked stimulation of insulin secretion. The maximal 

value obtained was 8.1 3.4 pU insulin/islet/min, this being a stimulation 

of 37% over basal values. When compared to the effect produced by pituit-

ary glands from obese mice the difference was significant at p = 0.05. 

However comparison of the effect produced by the two different concentrations 
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of ACTH showed no significant difference. 	Therefore it is not possible 

to conclude that the greater concentration of ACTH is not so effective 

in stimulating insulin secretion. These data are obtained from only 

4 perifusions and larger groups of experiments are obviously required 

before conclusions can be drawn as to the differing effects of ACTH at 

these two concentrations. However on the basis of the data so far 

obtained it would seem that rat ACTH may be capable of producing a 

stimulation of insulin secretion comparable to that produced by obese 

mouse pituitary glands. 
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Figure 22 : The effect or rat ACTH on insulin secretion from perifused  

isolated islets of lean mice  

Islets separated from homozygous lean mice 

Pituitary glands or hormones added at time = 0 

Values represent mean ± S.E.M. 

41----41) Effect of pituitary glands from ob/ob mice (n = 3) 

0----0 Effect of ACTH at 20 ng/ml (n = 4) 

o----o Effect of ACTH at 100 ng/ml (n. = 4) 



170 

cz 	
c) 

/
tiT

tu
 3

.91
s
1
 fir/

 
tio

n
.e

.x
a
e
s u

n
n

su
i 



171 

IV. v. The effect of 's nacthen' on insulin secretion from isolated 

islets 

The previous sections have demonstrated different actions of ACTH 

__._._obtained from two different species on insulin secretion from isolated 

islets of the lean mouse. The species differences in amino acid sequ-

ences of the ACTH molecule occur in the residues 25-33. A synthetic 

peptide is available which corresponds to the N-terminal 1-24 fragment of 

the ACTH molecule, and displays the full steroidogenic activity of ACTH. 

To test this species common, N-terminal region of the molecule for insulin-

otropic activity, isolated islets from homozygous lean mouse were peri-

fused and the effect of a preparation of obese mouse pituitary glands was 

compared to the effect of synacthen in solution at 25 ng/ml and 50 ng/ml. 

It must be noted that while these concentrations of synacthen are 

similar to those of ACTH used on a weight basis, the molar concentrations 

of synacthen are actually higher since synacthen is a smaller molecule. 

These levels of synacthen being roughly equivalent to concentrations of 

ACTH of 50 ng/ml and 100 ng/ml. 

The islets responded markedly to pituitary stimulation, insulin rising 

from 4.0 - 0.9 pU insulin/islet/min to 17.6 - 6.9 pU insulin/islet/min, a 

stimulation of 340%. 	Synacthen however had no effect on insulin secretion 

from the same islets; at the lower concentration of peptide the insulin 

values were 4.0 ± 0.7 pU insulin/islet/min before addition of synacthen and 

5.2 - 1.4 pU insulin/islet/min being obtained 5 minutes after its addition. 

The corresponding values for the higher concentration of synacthen being 

3.9 - 0.4 pU insulin/islet/min and 4.3 - 0.6 pU insulin/islet/min at 5 

minutes. All values are the average of 5 experiments. Clearly ACTH is 

capable of stimulating insulin secretion, but its action does not depend 

on the a 1-24 portion of the molecule. 
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IV. vi. The effects of 'CLIP' on insulin secretion from isolated islets 

The results from the previous section suggest that the a 1-24 frag- 
a. 

ment of ACTH does not.influence insulin secretion and that the effects 

obtained with whole ACTH may be associated with some portion of the C-

terminal sequence. It has recently been proposed that the ACTH molecule, 

or its precursor pro-hormone, is broken down in the pars intermedia to give 

two peptides; a-MSH (a-melanocyte stimulating hormone) and CLIP (cortico-

trophin like intermediate lobe peptide); the a-MSH corresponding to the 

N-acetylated amino acid sequence 1-13 of the ACTH molecule and CLIP corres-

ponding to amino acids 18-39. The peptide CLIP provides a means of evalu-

ating the activity of C-terminal portion of the ACTH molecule on insulin 

secretion. 

A preliminary experiment was performed where isolated islets from 

lean (+1+) mice were perifused and the effect of pituitary glands from 

obese mice was compared to the effect of CLIP at a concentration of 20 ng/ml. 

The results of this experiment are shown in figure 23. As can be seen 

CLIP produced a stimulation of insulin secretion comparable to that produced 

by pituitary glands from obese mice. The peak values being 40.0 pU insulin/ 

islet/min produced by the pituitary preparation and 30.4 pU insulin/islet/ 

min produced by CLIP. 

In trying to repeat these experiments it was only possible to obtain 

a batch of CLIP which had been isolated 3 years previously and stored as a 

deep frozen solution. The effect observed above could not be repeated using 

this preparation at concentrations of 20 ng/ml or 100 ng/ml. However, if 

the concentration of the solution was increased to 400 ng/ml a marked stimul-

ation of insulin secretion could be observed. This raises the possibility 

that deterioration of the preparation had occurred during the long period of 

storage and confirmation of the result presented here awaits the availabil-

ity of fresh preparations of the peptide. 
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Figure 23 : The effect of 'CLIP' on insulin secretion from isolated islets  

Islets isolated from lean (+1+) mouse 

'CLIP' added at time zero and buffer changed to normal KRB 
at time = 15 min. 

Effect of pituitary glands from obese mice (n = 1) 

00----40 Effect of CLIP at 20 ngiml 	(n = 1) 
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IV. vii. The effect of the a-17-39 fragment of ACTH on insulin 

secretion from isolated islets  

Sufficient quantities of CLIP were not available to investigate 

its action on insulin secretion. However a synthetic preparation of 

17-39 ACTH was available, and since this is only one amino acid residue 

longer than CLIP it was thought relevant to investigate the action of 

this peptide on insulin secretion. 

Islets were isolated from homozygous lean (+ft) mice and perifused. 

Groups of islets from the same animal were exposed to perifusate from 

the pituitary glands of obese mice (ob/ob) and solutions of 17-39 ACTH 

at concentrations of 20 neml and 100 ng/ml. The results of these experi-

ments are shown in figure 24. As shown the pituitary glands isolated 

from obese mice did not stimulate insulin secretion as would be expected 

from previous experiments. No explanation can be offered for this 

result. However it would seem that the islet preparations used are 

capable of responding to stimulation, as the results show that the 17-39 

ACTH did stimulate insulin secretion. The maximal value occurred during 

the 10-15 minute fraction and insulin values rose to 11.6 - 8.8 pU insulin/ 

islet/min. This was an increase in insulin secretion of 176.2% over basal 

values before addition of the peptide, which is comparable to the pituitary 

stimulation observed in previous experiments. 17-39 ACTH at the higher 

concentration of 100 ng/ml did not stimulate insulin secretion as markedly 

as when used at 20 neml. At 5 minutes the insulin secretion was the same 

for islets stimulated by 17-39 ACTH at 20 neml and 100 ng/ml. However 

insulin secretion from the latter group of islets fell rapidly to basal 

levels by about 15 minutes. 

Although the action of 17-39 ACTH is not directly comparable to the 

effect of the pituitary glands in these experiments there is evidence that 

this peptide does stimulate insulin secretion directly in vitro. 
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Figure 24 : The effect of 17-39 ACTH on insulin secretion from perifused  

isolated islets  

Pituitary glands or hormones added at time = 0 

Effect of 17-39 ACTH at 20 ng/ml 

Effect of 17-39 ACTH at 100 ng/ml 

Effect of pituitary glands from ob/ob 
mice 

(n = 4) 

(n = 4) 

(n = 4) 
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IV. viii. Plasma and pituitary levels of a-MSH in obese mice (ob/ob), 

heterozygote (ob/+) and homozygote (+/+) lean mice  

Levels of CLIP in obese and lean mice have not yet been measured 

due to lack of an antiserum directed specifically to the C-terminal of 

the ACTH molecule. However a radioimmunoassay for a-MSH was available 

and since CLIP is produced during the biosynthesis of this hormone it is 

likely that the levels of these two peptides are related. 

MSH was measured in plasma, anterior and neurointermediate pituitary 

lobes of obese (ob/ob), heterozygote (ob/+) and homozygote (+1+) lean 

mice. The results are given in table 5. The total pituitary weights 

are given, measurement of the weight of the separate anterior and neuro-

intermediate lobes showed that in all groups the weight of the neuro-

intermediate lobe alone was approximately lmg. As can be seen measurable 

amounts of a-MSH were present in the anterior pituitary lobes. This is 

probably due to contamination of this preparation with tissue from the 

eevxvintertnediate lobe since the pituitary glands were dissected by teasing 

apart the separate regions with forceps. There were no significant differ-

ences between any group of animals. 

The ueurointermediate lobes of pituitary glands from obese mice con-

tainted more a-MSH than those from either heterozygote or homozygote lean 

mice. The heterozygote lean animal displayed values intermediate between 

the obese and homozygous lean mice although the difference in comparing the 

homozygote and heterozygote lean animal was not significant. Plasma 

levels of a-MSH were also elevated in the obese animal, although not 

significantly due to the large variation of values obtained in this group. 

The heterozygote lean mice showed plasma values slightly higher than those 

for the homozygote lean mice, although again this was not significant. 



TABLE 5. 	a-MSH levels in lean and obese mice  

Group of mice Pituitary weight 

(mgrms) 

a-MSH in anterior 
lobe 

(ng/lobe) 

a-MSH in neuro- 
intermediate lobe 
(ng/lobe) 

Serum levels of a-MSH 

(Pg/ml) 

Obese mice 
(ob/ob) 

Heterozygote lean mice 
(ob/+) 

Homozygote lean mice 
(+TO 

+ 
2.75 - 0.26 (4) 

	

2.72 - 0.14 	(5) 

+ 

	

3.54 - 0.44 	(5) 

+ 

	

55.6 - 12.0 	(4) 

74.4 + 

	

- 11.4 	(4) 

+ 

	

51.2 - 12.8 	(4) 

a 	+ 
592.5 - 137.8 (5) 

a 

	

314.0 - 47.3 	(5) 
c 

b 	+ 

	

244.5 - 40.4 	(5) 
c 

+ 

	

1122.6 - 425.6 	(5) 

	

379.6 - 122.0 	(5) 

	

290.7 - + 108.9 	(4) 

No significant 
differences between 
any groups 

No significant 
differences between 
any groups 

a p = 0.1 - 0.05 
b p = 0.05 - 0.02 
c Not significant 

No significant 
differences between 
any groups 
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SUMMARY AND DISCUSSION OF SECTION IV  

Several pituitary hormones are known to stimulate the release of 

insulin both in vivo and in vitro, and thus it is reasonable to propose 

that the effects observed in the present study could be due to known 

pituitary hormone(s). The results in the preceding sections show that 

pituitary glands from obese animals are more potent in their insulino-

tropic action than those from lean (+/+) animals, although the effects 

obtained with pituitaries from the heterozygote lean (ob/+) closely 

parallels that obtained with the pituitaries from obese (ob/ob) mice in 

terms of in vitro actions. Hence in looking for a putative mediator of 

this insulin releasing activity it would be important to establish if any 

of the hypophysial hormones, and in particular those with an insulinotropic 

effect, are present in greater quantities in obese animals than in lean 

animals. 

The pituitary hormones which are widely documented as having stimul-

atory actions on insulin are ACTH and to a lesser extent GH. The observ-

ations of Edwardson & Hough (1975) that pituitary ACTH is greatly elevated 

in obese mice would thus make a strong case for the pituitary effect being 

due to ACTH. Plasma GH levels have been reported to be similar in obese 

and lean animals (Roos et al., 1974) and obese growth hormone deficient 

animals have been produced (Joosten, van der Kroon & Buis, 1975), although 

no measurements of total pituitary content have been made. 

No insulinotropic activity has been ascribed to the other pituitary 

hormones - TSB., FSH, LH, LTH, oxytocin and vasopressin - and where measure-

ments have been made these hormones are normal or slightly reduced in the 

obese animal. Thus obese mice show reduced TSH activity (Joostens & van 

der Kroon, 1974), decreased levels of gonadotrophins (Batt, 1974) and 

normal levels of prolactin (Sinha, Salocks & Vanderlaan 1975). 
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,One problem frequently encountered when evaluating the literature 

on hormonal effects in vitro is that the levels of hormones employed 

in many studies are grossly unphysiological. Therefore in chosing the 

concentrations of hormones to be added to the perifusion system the 

available data on hormone levels in these animals must be considered. 

The levels of ACTH secreted by two isolated pituitary gland was 

measured, and as shown the maximum value obtained was 6 ng/ml. Attempts 

to measure growth hormone were unsuccessful due to poor cross-reactivity 

of mouse pituitary extracts with the available anti-serum which was 

raised against rat growth hormone. One published report on growth 

hormone levels in this species of mouse however shows circulating concen-

trations to be 3-5 ng/ml, (Roos, Martin, Westman-Naeser & Hellerstrom, 

1974). Thus hormone concentrations in the experiments presented here 

were kept to levels of 20-100 ng/ml in an attempt to reproduce the 

environment produced by pituitary perifusate on isolated islets. 

The results show that rat growth hormone and prolactin at these 

concentrations had no effect on insulin secretion and a combination of 

growth hormone, prolactin and ACTH were also without effect. In this 

study rat growth hormone was used since preparations of mouse growth 

hormone were not available. However it would seem unlikely that growth 

hormone is the active pituitary factor since preliminary experiments also 

suggest that perifusate from rat pituitary glands is capable of stimulat- 

ing insulin secretion from mouse islets. 	Other reports that GH may 

stimulate insulin secretion in vitro are not convincing. , Thus Grodsky 

at al., (1962) failed to demonstrate an effect of GH on the perfused rat 

pancreas and Coore & Randle (1964) have reported that HGH inhibits the 

stimulatory effect of high glucose on rabbit pancreas. 	Similarly no 

direct action of GH could be demonstrated using islets isolated from the 

rat (Schatz et a1,,1973c; 	Malaisse, Malaisse-Lagae, King & Wright, 1968). 
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Only one study reports a stimulatory action of GH on insulin secretion 

(Bauman & Bosboom, 1965). These authors used bovine hormone in a 

perfused rat pancreas preparation, and observed this stimulatory action 

at high, but not at low glucose concentrations. Perfusion of rat 

pancreas with very high levels of growth hormone results in an enhanced 

insulin secretion when the pancreas is subsequently stimulated by high 

levels of glucose (Curry, Bennet & Li, 1974). 

Prolactin levels in lean and obese mice are similar (Sinha, Salocks 

& Vanderlaan, 1975) and these authors also reported that the obese animal 

showed a decreased response to the prolactin-releasing effect of perphen-

azine. 

ACTH however has been shown to stimulate insulin secretion in vitro 
•••••0% •■••■■■•• 

although the concentrations of hormone employed were generally in excess 

of physiological levels (Genuth & Lebovitz, 1965; Malaisse, Malaisse-

Lagae & Mayhew, 1967; Sussman & Vaughan, 1967; Schatz at al., 1973c). 

In the present study porcine ACTH was shown to have a small effect on 

insulin secretion, but this was not comparable to the stimulation produced 

by the pituitary glands from obese mice. Porcine material was used in 

these experiments since mouse ACTH was not available. However rat ACTH 

was later obtained and as shown this hormone preparation had considerably 

greater effect on insulin secretion. 	The different potencies of these 

hormones may be a reflection of a different primary structure since the 

ACTH molecule does show species variations. 

The biological activity of corticotrophin on the adrenal glands can 

be obtained with a peptide containing the N-terminal 1-20 amino acid 

residues (Hofmann, Yajima, Liu, Yanaihara, Yanahaira & Humes, 1962), 

although these authors state that a shorter peptide, between 16 and 20 

amino acid residues long,may be active. 	In all the molecules of ACTH 

which have been sequenced, all species variations are restricted to amino 
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acid residues 25-33 of the peptide (Geschwind, 1968). Thus the lack 

of effect of porcine ACTH may be attributable to species differences 

if the insulinotropic action is produced by the non-steroidogenic C--

terminal region of the ACTH molecule. The greater potency of rat ACTH 

in stimulating insulin secretion would endorse this conclusion. Analysis 

of the amino acid sequences of the C-terminal peptides from the rat and 

the pig show that the rat peptide has one more valine and serine and one 

less glycine and leucine as compared to porcine material (Scott, Ratcliffe, 

Rees, Landon, Bennett, Lowry & McMartin, 1973). These amino differences 

may well be important if the substitutions occur in the active region of 

the molecule. 

Recently considerable interest has arisen in the fragments of the 

ACTH molecule which are found in vivo.(These will be considered in greater 

detail below). 	However it is pertinent to note at this point that the 

rat ACTH preparation has not been tested for possible contamination with 

ACTH-related peptides, and the strong possibility that these peptides are 

isolated along with the ACTH itself must be considered. Therefore in 

concluding that the insulinotropic activity of the ACTH molecule may be 

associated with the C-terminal region of the hormone the possibility that 

this may in fact be a free C-terminal fragment and not an action of the 

intact ACTH must be considered. 

To test the hypothesis that the C-terminal region of ACTH is involved 

in the stimulation of insulin secretion the action of the species common 

a 1-24 portion of the ACTH molecule (commercially available as 'synacthen') 

was observed. This peptide, in contrast to the whole ACTH molecule, had 

no action at all on insulin secretion. Thus this provides more evidence 

that the non-steroidogenic portion of the ACTH molecule may be involved in 

its insulinotropic action. , In this context it should be noted that 

Lebovitz and Pooler (1967) have shown that while puromycin interfers with 
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the steroidogenic response of the adrenal gland to ACTH, it potentiates 

the effect of ACTH on insulin secretion. Thus a different mechanism 

may govern the actions of the ACTH molecule on the adrenal glands and 

the pancreas. Together these results show that different portions of 

the ACTH molecule may have different actions. 

The possibility that the C-terminal sequence of ACTH may have an 

independent, non-steroidogenic, role was raised with the discovery of 

corticotrophin-like intermediate lobe peptide (CLIP), isolated from the 

intermediate lobe of rat pituitary glands and having the same amino acid 

sequence as the 18-39 portion of the ACTH molecule (Scott, Ratcliffe, 

Rees, Landon, Bennett, Lowry & McMartin, 1973; Scott, Lowry, Ratcliffe, 

Rees & Landon, 1974; Scott, Lowry, Bennett, McMartin & Ratcliffe, 1974). 

It has been proposed that the ACTH molecule or its precursor is 

cleaved to give CLIP and a -MSH. Thus: 

ACTH 

1 39 

1 
Tryptic like cleavage 

16 

Carboxypeptidase action 
Amidation & 

Acetylation 

17 	39 

Aminopeptidase action 

CH
3
CO 1 

 

13 	 NH
2 

  

  

18 39 

  

  

a-MSH 	CLIP 

Possible mechanism for the formation of a-MSH and CLIP from ACTH 

From: Scott, Ratcliff, Rees, Landon, Bennett, Lowry & McMartin (1973) 

Nature New Biol. 244 p.66. 
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In the present study sufficient quantities of CLIP were not avail-

able to permit a proper examination of its action on insulin secretion. 

A preliminary experiment (section IV.vi.) showed that CLIP had a similar 

potency to pituitary glands from obese mice in stimulating insulin 

secretion. However in trying to repeat this experiment the action of 

CLIP could only be produced at much greater concentrations than had been 

used for any other hormones. As explained in the results section, this 

may well be due to deterioration of the preparation although the peptide 

was still viable in terms of immunoreactivity. Further studies on this 

peptide therefore are necessary before any conclusions may be drawn. 

However a synthetic peptide, corresponding to the amino acid sequence of 

17-39 of the ACTH molecule was available and thus the action of this 

fragment on insulin secretion was investigated. This peptide differs 

from CLIP in that it contains one extra N-terminal arginine molecule. 

Its presence in vivo is unclear, however it has been proposed (Scott et al., 

1973) that this may be a precursor in the formation of CLIP. As shown 

this peptide did stimulate insulin secretion, although from the experiments 

presented here it is difficult to evaluate how its action compares to that 

of pituitary glands from obese mice. The maximal stimulation produced by 

a solution of 17-39 ACTH at 20 ng/ml was 176% which is comparable to that 

produced by the pituitary gland, however this peak value occurred slightly 

later at 10-15 minutes, the pituitary action generally occurring at 0-5 

minutes. Also in these experiments a marked pituitary stimulation of 

insulin secretion was not observed. No explanation can be offered for 

these results, however it may well be possible that the hormonal levels in 

the animal from which either the islet tissue or the pituitary glands were 

obtained may affect the resultant action of the pituitary gland on insulin 

secretion. For example, insulin and ACTH levels can be affected consider- 

ably by conditions such as diet, stress and circadian rhythms. 	Severe 
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stress causes rapid depletion of pituitary ACTH content, and possibly 

a similar release of related pituitary peptides. 	In these experiments 

animals were on an ad libitum feeding regime, and while all experiments 

were carried out at approximately the same time of day (ti 11.00 a.m.) 

and under standard conditions, it must be mentioned that factors such as 

diet and stress were not strictly controlled. 	Similarly the action of 

17-39 ACTH if released by the pituitary gland may well be influenced by 

other factors released from the whole pituitary and the synergistic action 

of other pituitary hormones on the effect of this peptide awaits further 

study. 

The conclusions that may be drawn however are that the stimulatory 

action of the pituitary gland on insulin secretion is probably mediated 

via the C-terminal portion of the ACTH molecule. Whether this fragment 

is active while it is a part of the ACTH molecule, or is more potent when 

existing as a free, smaller peptide remains to be confirmed. In this 

context it is interesting to consider the data presented here for the 

le7els of a-MSH in the mouse pituitary glands. Unfortunately the levels 

of CLIP in the neurointermediate lobe have not yet been measured due to 

the lack of specific antiserum. However a radioimmunoassay has been 

established for a-MSH in this department and thus the a-MSH content of 

the neurointermediate lobes and adenohypophyses of pituitary glands from 

obese, heterozygote and homozygote lean mice were investigated. Results 

show that this hormone is markedly elevated in the neurointermediate lobes 

of obese mice, and values for the heterozygote lean were greater than those 

from the homozygote. 	If the scheme suggested by Scott at al. (1973) is 

correct it would seem reasonable to expect that this peptide is simultan-

eously elevated with CLIP in the obese mouse. However, if both a-MSH 

and CLIP are hormones with independent functions it is likely that they 

are released separately and further investigations are required to determine 

the mechanisms which control the biosynthesis and. secretion of these peptides. 
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It must be noted that the assay of ACTH used in this study and 

the work of Edwardson & Hough (1975) employs anti-serum directed 

towards the N-terminal 1-24 fragment of the ACTH molecule, and has not 

been tested for cross-reactivity with fragments such as 17-39 ACTH and 

CLIP. Although these peptides are similar to the C-terminal of the 

ACTH molecule, the elevated ACTH here may represent a total of ACTH and 

related fragments. Clearly it is important to distinguish between these 

peptides. However the marked adrenal hypertrophy and high corticosteroid 

levels observed in the ob/ob mouse (van der Kroon, 1966; Naeser, 1974; 

Dubuc, Mobley & Mahler, 1975) show clearly that ACTH secretion is increased 

in these animals. 

If the elevated levels of CLIP suggested by the measurements of a-MSH 

can be confirmed, this would suggest in the light of the more potent action 

of pituitary glands from obese mice that it is CLIP or a related fragment 

of the ACTH molecule which is responsible for the observed stimulatory 

action of the pituitary gland on insulin secretion. Clearly it is necessary 

to measure these peptides directly, and it may be that another dysfunction 

in obese mice is an elevation of such pituitary peptides. It would also 

seem of interest to evaluate the actions of these peptides on insulin 

secretion in different systems (e.g. pancreatic pieces or perfused pancreas), 

and in vivo. 

The localization of CLIP to the pars intermedia has been established, 

and it has been shown that the pars intermedia and pars nervosa do not 

secrete significant quantities of ACTH (Greer, Allen, Panton & Allen, 1975). 

Thus it should be possible to separate the actions of ACTH from those of 

the C-terminal peptides by perifusions of discrete regions of the pituitary 

gland in series with isolated islets. Preliminary attempts to carry out 

such perifusions showed a small insulin releasing effect to be associated 

with the neurointermediate lobe but not the adenohypophysis of the pituitary. 



189 

However the tissue destruction which occurs in separating the regions of 

the pituitary gland may cause release of proteolytic enzymes which could 

break down the pituitary peptides or insulin. 	It is necessary to repeat 

these perifusions employing a proteinase inhibitor or allowing sufficient 

washing of the dissected portions of the pituitary to remove such enzymes. 
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GENERAL DISCUSSION  

The diabetogenic action of the pituitary gland has been known for 

over 30 years. Crude extracts of the hypophysis were shown to produce 

immediate hypoglycaemia in various species with adiposity and diabetes 

mellitus ensuing when extracts were administered over long periods 

(Hoffman & Anselmino, 1933; Housay & Biasotti, 19314 Long & Lukens,1936; 

Young, 1938). The actual mechanism of these actions was unclear but the 

earliest studies attributed this to be a direct increase in insulin 

secretion through stimulation of the islets of Langerhans causing a sub-

sequent depletion of pancreatic insulin (Hoffman & Anselmino, 1933). Many 

investigators attempted to elucidate which pituitary hormone was respons-

ible for these actions, but the earlier work suffered from the lack of 

highly purified hormone preparations, and the paucity of specific hormone 

assay methods. For example, effects on insulin secretion had to be 

inferred from measurements of other parameters such as blood glucose. 

More recent studies on the direct actions of pituitary hormones on 

insulin secretion in vitro were discussed in section IV and it is now 

appropriate to consider the evidence for the involvement of these hormones 

in the expression of obesity. 

The high levels of ACTH observed in obese mice may be of considerable 

significance in this syndrome, since ACTH secreting tumors implanted into 

normal mice have been shown to produce obesity accompanied by morphological 

and biochemical changes similar to those observed in obese animals, includ-

ing increased insulin levels and marked hypertrophy of the islets of Langer-

hans (Hausberger & Ramsay, 1959). Long term administration of ACTH system-

ically has also been shown to cause hypertrophy and hyperplasia of islet 

tissue (Merkle & Hoffmann, 1974). 	Some of these changes may well be con- 

sequent to the action of ACTH on the adrenal glands since pellets of cortico-

sterone and dihydro-corticosterone produce metabolic effects similar to 
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those observed with tumor implants (Hausberger & Ramsay, 1958; 

Hollifield & Parson, 1959). 

Clinically, obesity is frequently accompanied by adrenal hypertrophy 

(Szenas & Pattee, 1959), and elevated corticosteroids cause deterioration 

of glucose tolerance; 10-25% of patients with Cushing's syndrome develop 

diabetes mellitus (Thorn, Renold & Cahill, 1959). 	The obese mice dis- 

plays elevated circulating levels of corticosteroids, this may be evidence 

that these animals are displaying a defective feedback control system 

since the high corticosteroids are not causing a reduction in circulating 

levels or pituitary content of ACTH. As in the case of gonadotrophins 

this system is not totally ineffective since corticosteroids may be 

elevated by conditions of stress (Naeser, 1974). 	The adrenal glands also 

respond normally to intravenous injections of ACTH. Clearly ACTH and 

adrenal steroids may play an important role in the expression of genetic 

obesity.' 

Growth hormone may have a contributory action to the hyperinsulin-

aemia in obese mice since many of the disturbances in these animals resemble 

those observed in animals in which growth hormone levels have been artific-

ially elevated. Rats bearing GH secreting tumors, the hormone being in-

distinguishable from the normal pituitary hormone either biologically or 

immunologically (McLeod, Smith & De Witt, 1966), display circulating 

insulin levels five times greater than those of control animals. The 

pancreatic insulin content is elevated, islets enlarged and the animals 

display an exaggerated insulin response to glucose stimulation, (Martin, 

Akerblom & Garay, 1968). Growth hormone can also produce insulin resist-

ance (Mahler, Szabo, Adler & Levine, 1970) and systemic administration of 

the hormone raises insulin levels (Hellerstrom, Westman, Herbai, Petersson, 

Westman, Borglund & Ostensson, 1970). Obese mice do not show significantly 

elevated levels of growth hormone (Roos at al., 1974) and expression of 
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the ob gene is possible in animals with a congenital lack of Gil (ob/ob / 

dw/dw) (Joostens, van der Kroon & Buis, 1975). 	However, growth hormone 

does appear to be necessary for the maintenance of normal insulin levels 

in vivo; hypophysectomy of rats reduces insulin-like activity of plasma 

and produces impaired glucose tolerance, both actions being prevented by 

growth hormone administration (Randle & Young, 1956; Penhos, Castillo, 

Voyles, Gutman, Lazarus & Recant, 1971). 	Similar hormone replacement 

therapy in the hypophysectomized animal led Schatz et al. (1973b) to con-

clude that long-term regulation of insulin secretion is affected by GH 

since this hormone affects 8-cell morphology and sensitivity. Clearly 

pituitary hormones and adrenal steroids may play a role ir the regulation 

of insulin secretion, but at this stage it is difficult to distinguish 

between effects which may be of significance in the acute regulation of 

insulin secretion and those involved in maintaining the functional integrity 

of the endocrine pancreas. 

Important evidence that the pituitary gland may directly affect islet 

function has come from recent work on the anti-serotonin, anti-histimine 

compound cyproheptadine. This substance is used clinically as an appetite 

stimulant since it causes hypoglycaemia. 	It has been demonstrated that 

cyproheptadine administration to rats causes rapid depletion of pancreatic 

insulin (Rickert, Burke & Fisher, 1975). 	This effect is eliminated in 

hypophysectomized animals (Richardson, 1974) suggesting that the drug doe's 

not act directly on 5-cells, but that its action is mediated via the pit- 

uitary gland. 	It is interesting to speculate that the insulin stimulating 

activity of the pituitary gland demonstrated in this study may possibly be 

involved in the action of cyproheptadine and other compounds known to 

stimulate pancreatic function. 	It would be of value to study these drugs 

in an in vitro system such as the one used here to ascertain whether these 

agents have a direct action on the pituitary gland. 
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In addition to a possible pituitary control of insulin secretion, 

there is evidence that insulin levels may be regulated locally at 

pancreatic level and by a factor or factors from the hypothalamus. 

It has been proposed that local regulation of insulin secretion 

in the pancreas may occur since extracts of a cells have been demon-

strated to have a direct inhibitory action on insulin secretion 

(Hellman & Lernmark, 1969). 

Experiments were discussed earlier which showed that the obese 

condition in ob/ob and NZO mice could be ameliorated by implantation 

of a millipore capsule containing islets from normal animals into the 

peritoneum of the obese mice (Strautz 1972; Gates, Hunt, Smith & 

Lazarus 1972).. This action has been shown to be associated with the 

a cells, since:islets in which the (3 cells have been destroyed by treat-

ment with streptozotocin are still capable of producing these effects 

when implanted into obese mice (Gates, Hunt & Lazarus, 1974). The 

manner in which implanted a cells are affecting the host animals is 

uncleaf, however it has been demonstrated that the levels of circulating 

insulin are lowered in the recepient obese animal (Baxter & Lazarus, 

1975). 

Many substances are known to affect insulin secretion, however it 

seems worthwhile to note the action of somatostatin. 	Since its original 

isolation as a growth hormone inhibiting factor from the hypothalamus 

(Brazeau, Vale, Burgus, Ling, Butcher, Rivier & Guillemin, 1973) its 

action on other hormones, and location in other tissues has been studied. 

The effects of somatostatin on insulin secretion from isolated islets has 

produced differing conclusions; Efendic, Luft & Grill (1974) and Schatz, 

Sieradzki & Pfeiffer (1975) found no effect on glucose stimulated insulin 

release, 	Inhibitory effects in similar isolated islet systems have been 

repotted by Oliver & Wagle (1975) and Okamoto, Nato, Miyamoto, Mabuchi & 
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Takeda (1975). 	However, these results may reflect a difference in 

islet isolation procedures, for a consistent inhibitory effect of 

somatostatin has been reported by several groups using perfused pancreas 

preparations (Alberti, Christensen, Christensen, Hansen, Iversen, Lundbaek, 

Seyer-Hansen & Orskov, 1973; Efendic, Luft & Grill, 1974; Curry, Bennet 

& Li, 1974). 	In view of recent reports demonstrating the presence of 

somatostatin in islet a
1 

cells (Hokfelt, Hellerstrom,.Efendic, Johansson, 

Luft & Arimura, 1975) it is interesting to speculate that the al  cell 

factor reported by Hellman & Lernmark may be somatostatin. 

It is also possible that local regulation of insulin secretion could 

be brought about by the monoamines, serotonin and dopamine. Although their 

actions on the function of the pancreas have not been extensively studied, 

there is evidence that serotonin and dopamine at high concentrations inhibits 

glucose stimulated insulin secretion (Quickel, Feldman & Lebovitz, 1971; 

Telib, Raptis, Schroder & Pfieffer, 1968; Rossini & Buse, 1973). However 

serotonin at low concentrations has been shown to stimulate insulin secre-

tion (Telib et al., 1968; Gagliardino, Zieher, Iturriza, Hernandez & 

Rodriguez, 1971) whereas somatostatin exerts a directly proportional effect 

with increasing concentration from 1 neml upwards (Efendic, Luft & Grill, 

1974). Thus until further studies have correlated the levels of these 

substances found in the pancreas with their metabolic effects, their 

importance in this context remains speculative. 

It is also possible that the effect of implanted islets mentioned 

previously could be mediated via the pituitary gland. This could be 

examined by a perifusion system in which perifusate from isolated islets 

is allowed to superfuse isolated pituitary tissue, and the subsequent 

stimulatory action of the pituitary on insulin secretion observed. Further-

more it would be of interest to observe whether the islet implantations have 

any long term effects on pituitary function, by examining the actions of 

pituitary glands from implanted host animals on insulin secretion. 
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Hypothalamic effects on insulin secretion have been widely demon-

strated in vivo; stimulation of the ventromedial hypothalamus reduces 

insulin levels and lesioning of this area causes hyperinsulinaemia and 

obesity. 	It is possible that somatostatin is also the insulin inhibitory 

factor under consideration in the ventromedial hypothalamus, since the 

localization of this peptide within the hypothalamus shows the greatest 

concentrations in the median eminence, ventromedial nucleus and arcuate 

nucleus with much lower concentrations in more lateral regions (Brownstein, 

Arimura, Sato, Schally & Kizer, 1975). Thus lesioning of the VMH could 

cause an increase of insulin secretion by removal of the inhibitory action 

of somatostatin. 

Few attempts have been made to observe a direct effect of the hypo- 

thalamus on the pancreas in vitro. 	Idahl & Martin (1971) were unable to 

demonstrate a direct inhibitory action of the incubation medium from the 

VMH on insulin secretion from isolated pancreatic islets. However it has 

been shown that the action of somatostatin varies widely in different 

preparations of pancreatic tissue, and perhaps the above experiments would 

have given different results if another system had been used to observe 

insulin secretion. It would perhaps be useful td set up a similar peri-

fusion system as used in this study with hypothalamic tissue perifused • 

directly in series with isolated islets, to evaluate direct effects of the 

hypothalamus on insulin secretion. 

The pituitary is under the control of the hypothalamus and it should 

be possible to set up a sequential perifusion of the hypothalamus, pituitary 

gland and isolated islets. This would be of special interest in the case 

of pituitary glands from heterozygote lean (obi+) mice, which seem to have 

a similar pituitary action to that of the obese (ob/ob) mouse in vitro, but 

clearly do not display the hyperinsulinaemia in vivo which is observed in 

the obese animals. Pituitary actions on insulin secretion under the 
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regulatory control of the hypothalamus may be different from those 

observed in the present study in which the pituitary was isolated from 

any control mechanisms. 

Such a preparation could also be used to investigate the possibility 

that insulin levels may regulate the hypothalamus in some kind of feed- 

back control system. 	Szabo 4 Szabo (1972) have provided evidence that 

an insulin sensitive regulatory centre exists in the CATS. These authors 

propose that insulin has an excitatory effect on this centre, activating 

efferent neural pathways to cause a cessation of hepatic glucose output 

and fall in blood glucose. This centre, localized in the ventromedial 

hypothalamus (Storlien, Bellingham &, Martin, 1975), is thought to respond 

to insulin per se rather than insulin effects on glucose metabolism (Szabo 

& Szabo, 1975). Although this system is thought to regulate glucose 

levels by controlling hepatic glucose output, it may also be envisaged 

that if the hypothalamus is sensitive to insulin it could have a regulatory 

effect on the output of pituitary peptides which could control insulin 

levels. Clearly a defect in this system could have wide reaching effects 

and produce a situation whereby hyperinsulinaemia and hyperglycaemia exist 

concurrently. 

In considering the aetiology of the obese mouse, a possible pancreatic 

resistance to stimulation by the pituitary could be of significance. It 

would be important to evaluate this action in very young animals to dis-

cover whether elevated levels of the pituitary factor precede and possibly 

contribute to the hyperinsulinaemia. In this context it would also be 

of value to examine pancreatic tissue from acutely hypophysectomized obese 

mice to ascertain whether the resistance was a consequence of over-

stimulation by this factor. 
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CONCLUDING REMARKS  

This study has shown that the pituitary gland in vitro releases a 

factor, or factors, which stimulate insulin secretion. This factor 

appears to act by stimulation of a labile insulin pool in a manner 

essentially different from that of glucose. 

The pituitary factor appears to be elevated in the obese animal as 

compared to its lean littermate (1-14.), while the heterozygote lean (ob/+) 

animal appears to be similar to the obese in terms of pituitary action in 

vitro although this may not be true in vivo. 	Pancreatic islets from 

obese animals display a resistance to this factor as compared to both 

groups of lean animals and this may reflect a higher level of the insulin- 

.otropic agent in the obese animals. 	It is possible to draw a parallel 

between this situation and the hyperinsulinaemia prevalent in the ob mouse, 

in that high circulating levels of insulin are accompanied by a marked 

resistance of peripheral tissues to the hormone. 	Studies on dietary 

restricted obese mice, show that the insulin releasing factor remains 

elevated in comparison with normal animals despite the reduction in body 

weight. 

The nature of this pituitary factor has been investigated, and it 

would seem that although some insulin stimulating activity can be ascribed 

to ACTH which is high in obese animals, the factor under consideration 

here may well be a fragment of ACTH possibly the 17-39 portion of the 

molecule, or the 18-39 peptide, termed CLIP. This latter substance has 

been found in the pars intermedia of pituitary glands taken from rats and 

also to be secreted by some human tumors which secrete ACTH. So far no 

definite biological action has been proposed for this peptide, although a 

mechanism for its production from ACTH has been proposed. 

It might be assumed that CLIP is merely a redundant fragment which is 

left after cleavage of the ACTH molecule to produce a-MSH. However in vivo 
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a trypsin-like cleavage of ACTH appears to occur between amino acids 

16 and 17, the aminopeptidase action follows to remove amino acid no. 

17 and produce CLIP. This specific conversion would be consistent with 

the idea that CLIP, or a closely related molecule, may have a definite 

biological function and may possibly be involved in the regulation of 

insulin secretion. 

Studies on the obese mouse show that pancreatic dysfunction is of 

major importance in this syndrome. However evidence is strong that the 

primary genetic lesion is of hypothalamic origin. The hypothalamus 

controls the synthesis and secretion of the pituitary hormones by a 

complex system of peptide releasing and release inhibiting factors. It 

is interesting to speculate that another consequence of a primary hypo-

thalamic lesion in obese mice could be a disturbance in the regulation of 

production or release of CLIP, leading to an abnormal secretion of insulin. 

If ACTH, a MSH and CLIP are hormones with separate functions, it is 

likely that their production and secretion are controlled independently, 

possibly in separate cells of the pituitary gland although they may all 

be produced by cleavage of a similar precursor pro-hormone. Thus a hypo-

thalamic lesion could be reflected in levels of the enzymes responsible 

for the synthesis of these peptides from their precursors. Clearly it 

would be of interest to examine this problem in both normal and obese 

animals, and the techniques employed in this study could be well utilized 

to do this. Perifusions with labelled amino acid precursors and sub-

sequent separation of the different peptides by use of appropriate specific 

anti-sera would provide information on how levels of these hormones may be 

altered in obese animals. 

It it is accepted that CLIP is involved in the regulation of insulin 

secretion in vivo, it is also possible to propose a mechanism of impaired 
ommo.na 

feedback in the obese animal resulting in over secretion of this peptide 
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and a consequent hyperinsulinaemia. Obviously the regulation of insulin 

secretion is a complex process, and is governed by many dietary and 

hormonal factors. However a constant stimulation by some insulinotropic 

agent may play a large part in the altered insulin levels of these mice, 

which in turn may be contributory to many of the characteristics of the 

syndrome. 
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APPENDIX TO SECTION A 

COMPOSITION OF ANIMAL DIETS 

10X0ID1  BREEDING DIET: 

Crude oil 2.6% 

Crude protein 20.4% 

Crude fibre 2.7% 

Digestible oil 1.9% 

Digestible crude protein 17.6% 

Digestible fibre 1.2% 

Digestible carbohydrate 48.8% 

Amino acids 9.0% 

Minerals 3.0% 

Vitamins 786.2mgm/lb. 

Vit A 2434 i.u./lb. 

Vit D
3 

670 i.u./lb. 

HIGH FAT DIET: 

Crude casein 28.0% + Vit A 

Lard 61.0% Selenite 

Corn oil 1.0% Biotin 

Methionine 0.2% Vit E.  

Mineral salt mixture 4.0% 

Vitamin mixture 3.0% 

Solkofloc 1.0% 

NaH2PO4.2H20 
1.8% 

HIGH SUCROSE DIET: 

Sucrose 70.0% 

Casein 18.0% 

Corn oil 3.0% 

Methionine 0.5% 

Mineral salt mixture 4.0% 

Vitamin mixture 2.2% 

NaH
2PO4.2H20 

2.2% 
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APPENDIX TO SECTION B  

BUFFERS USED IN THE PERIFUSION SYSTEM 

KREBS RINGER BICARBONATE BUFFER (KRB): 

mM 
Sodium Chloride NaC1 117.7 

Sodium Bicarbonate NaHCO
3 25.0 

Potassium Chloride KC1 4.75 

Magnesium Sulphate MgSO4.7H20 1.19 

Potassium Dihydrogen Phosphate KH2PO4 1.18 

Calcium Chloride CaC12.2H20 2.52 

Albumin 0.2% (w/v) 

Glucose (low glucose buffer) 100mg7 (w/v) 

(high glucose buffer) 300mg7 (w/v) 

PHOSPHATE BUFFER pH 7.6: 

Sodium Phosphate 	NaH2PO4.2H20 

Sodium Chloride 	NaC1 

Thiomeroalate 

Albumin (Crystalline Bovine Plasma Albumin) 

0.01M 

0.15M 

0.1% (w/v) 

0.25%(w/v) 

APPENDIX TO SECTION C  

BUFFERS USED IN RADIO IMMUNOASSAY  

Buffer B, 0.04M Phosphate Buffer pH 7.4: 

Sodium Phosphate 	NaH2PO4.2H20 
	

0.04M 

Sodium Chloride 
	NaCl 
	

0.15M 

Thiomersalate 
	

0.025%(w/v) 

Albumin (Crystalline Bovine Plasma Albumin) 
	

0.1% (w/v) 

Buffer C, High Protein Phosphate Buffer pH 7.4: 

Sodium Phosphate 	NaH2PO4.2H20 
	

0.04M 

Thiomersalate 	 0.025% (w/v) 

This buffer mixed in ratio 4:1 (Buffer:Serum) with Horse Serum No. 5. 
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