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Abstract 

Ingestion of glucose and amino acids is associated with a 
greater rise in serum insulin than is intravenous infusion. 
Evidence indicates gastrointestinal hormones mediate the response. 
Mostly on the basis of in vivo studies, it is thought that secretin 
and enteric glucagon mediate the effect during glucose absorption 
and pancreoz~in and pancreatic glucagon probably are involved during 
amino acid absorption. Gastrin may pro duce secretin release and 
act indirectly. 

The present studies were performed using isolated islets of 
Langerhans of the rat obtained according to the method of Lacy and 
Kostianovsky. Secret in and glucagon have been demonstrated to 
pro duce insulin release at both 50 and 300 mg% glucose. Gastrin was 
without effect. Pancreozymin produced insulin release at 300 but not 
50 mg% glucose. Arginine produced insulin release at both 50 and 
300 mg% glucose but leucine was without significant effect. The 
significance of these findings in relation to in vivo findings is 
discussed and the need for further work is stressed. 
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Introduction 

In 1927 Lennoxl demonstrated that oral,glucose was more 

rapidly assimilated than, glucose given intravenously. Scow and 

Cornfield (1954)2 felt this was due to rapid removal of glucose 

from the portal vein by the liver. Altho~gh unconfirmed, this 

was an attractive and lasting explanation for the superiority of 

oral over intravenous glucose tolerance. 

In 19503 ,a previous oral glucose load was found to accel-

erate the disappearance of a subsequent intravenous load. That 

insulin might be involved was suggested by Arnould et al. 4 in 1963 

who found insulin-like activity (I.L.A.) to be elevated to a higher 

level for agiven rise in blood glucose when glucose was, given 

orally to dogs compared ta the intravenous route. The existence 

of an insulinogenic mechanism in the duodenum or hepatic region 

was postulated. 

Evidence for such a mechanism in the hepatoportal region 

was suggested by the finding that I.L.A. was strikingly increased 

by infusion of glucose into the portal vein of dogs when compared 

'th t' "f' 5 w~ sys em~c ve~n ~n us~on. Furthermore, pancreatic venous 

insulin was found to be increased when glucose was infused into 

the portal vein even with no appreciable rise in systemic blood 

glucose. 6 Most other studies present evidence ~gainst a portal 

insulinogenic mechanism although, certainly, the liver plays a 

significant role in glucose assimilation. 

That there isa physiologi~ secretion of the intestinal 

wall causing pancreatic insulin release has been the premise of 

our investigations. The first evidence, albeit indirect, of an 
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intestinal and not a hepatic insulinogenic mechanism was presented 

by Dupré' in 1964?'7 He confirmed the previous finding that intra-

venous glucose was assimilated more rapidly when an oral, glucose 

load was, given previously. In addition, he found this effect to 

be unaltered in a patient with liver disease before and after 

portacaval anastomosis (although in five other cirrhotics without 

shunts there was no difference in, glucose half time after intra-

venous glucose when preceded by oral, glucose). 

Elrick et aIS found similar blood. glucose levels and dis­

appearance rates comparing the two routes of administration b~t 

found immunoreactive insulin (I.R.l.) levels to be higher after 

enteric glucose again sU9gesti~g the existence of a, gastraintestinal 

hormone although they could not exclude the liver as the source of 

this stimulus. 

Mclntyre et al9 showed higher insulin levels when. glucose 

was infused intraduodenally compared to intravenous infusion even 

though greater, glucose concentrations were obtained with the latter 

in normals. These workers lO and Perley and Kipnis ll reported 

similar findings in cirrhotics with portacaval shunts. This 

latter information confirmed Duprè's previous work, providi~g 

further evidence for intestinal rather than hepatic involvement in 

increased insulinogenesis when, glucose is given orally compared to 

intravenously. 

Dupré et al12 demonstrated failure of portal hyperglycemia 

to account for the enteric,glucose induced elevation of blood 

insulin in experiments in which glucose was infused endoportally in 

man. Colwell and colwell13 also demonstrated the absence of an 
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e hepatic insulinogenic mechanism. 

Perley and Kipnisll were able to quantitate the relative 

insulinogenic potencies of the alimentaryand glycemic stimuli by 

reproducing the venous blood s~gar profile after 100. gm oral 

glucose with an intravenous. glucose infusion. They found that 

the alimentary stimulus, in normal subjects, accounted for 30 - 40% 

of the total insulin released. Furthermore, they calculated that 

69 gm of a 100. gm oral. glucose load is taken up by the liver and 

that insulin increases hepatic glucose extraction. 

Historically, the existence of an insulin~genic. gastro­

intestinal hormone was s~ggested in 1906 by Moore et al. 14 

Considerable work followed. l 5. Initially, attention was focussed 

on crude secretin preparations which were found to produce hypogly-

. f Il'' . . t' 16-18 tl l cem~a 0 ow~ng ~ntravenous ~nJec ~ons. More recen y,. g u-

cagon has been extensively invest~gated. Two other. gastrointest-

inal hormones, pancreozymin and gastrin may also play a roie. 

Thus, when compared to intravenous infusion glucose ingest­

ion is associated with increased glucose disposaI rate and increased 

insulin levels. The increased disposaI rate is a function of 

portal hyperglycemia and increased hepatic uptake, and increased 

insulin levels which both increase hepatic uptake and peripheral 

glucose utilization. The increased insulin response is postulated 

to be the result of stimulation of an insulinogenic alimentary 

mechanism. This has been the premise of our investigations. 

The existence of such a mechanism woul~ ~ontribute to the 

~ maintenance of metabolic homeostasis by insuri~g the immediate 
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release' of insulin coincident with glucose ingestion thereby 

accelerating hepatic extraction of absorbed glucose and prevent­

ing excessive fluctuations in peripheral blood.glucose and insulin 

levels. 

In the following sections the mechanisms of increased 

insulin release in response ta ingested glucose and amino"acids 

compared to intravenous infusion is considered. Then the in vitro 

techniques are reviewed and the reasons for the selection of the 

isolated islet technique are considered. 

A. Gastrointestinal Secretagogues and Glucose Absorption 

THât glucose concentration of blood perfusing the pancreatic 

islets of Langerhans is the pr~ary factor influencing insulin 

secretion is weIl accepted. 19- 22 The role 'that the four enteric 

hormones, secretin,gastrin, gluc~gon and pancreozymin play in the 

increased insulinogenesis of oral. glucose ingestion will be consid­

ered. 

l Secretin 

Early in this century it was shown that intr~duction of acid. 

into the upper intestine leads to secretion of pancreatic juice low 

, d h' h' b' b 23 l' d st l' 24 1n enzymes an 19 1n 1car onate. Bay 1SS an ar 1~g 

claimed to have demonstrated the existence of a circulati~g hormone 

in this regard which they narned secretin. Extraction procedures 

and bioassays were developed in which the volume of pancreatic 

juice in dogs (Ivy et a125 ) or the titratable alkali in cats 

(Hammarsten et a126 ) was determined in response to a secretin 

~. injection. In 1951, in their classic paper Wang and Grossman
27 

using a unique pancreatic transplant system found hydrochloric acid 
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(HC~) to be the most powerful stimulus to secretin secretion 

followed by the products of protein digestion. Isotenic glucose 

was without effect. 

Recent work has produced isolation and purification. 28 

Secretin has been found to be a si~gle basic polypeptide chain 

with 27 amine acid,residues. The molecule was synthesized in 

1966. 29 There is a striking similarity between the structures of 

glucagon and secretin with 14 amine acids occupying the same position. 

Between 1916 and 194015 considerable work was done attempt-

ing to elucidate the nature of a possible gastrointestinal humoral 

substance influencing blood.glucose. The leading figures were 

Zunz and Labarre16- l8 , 30 who in 1928 showed intravenous crude 

secretin, a duodenojejunal extract, caused hypoglycemia in dogs and 

that the effect was mediated by the pancreas (although they thought 

there was a direct peripheral effect on metabolism). La:ughton 

and Macallum3l described a duodenal mucosal extract with negligible 

secretin activity which had no effect on fasting blood. glucose but 

diminished the hyperglycemic res'ponseto a. glucose load. 

findings were subsequently denied32 and interest waned. 

These 

In 1938 Shay et a133 found infusion of HCI, amo~g other 

substances, to diminish the rise in blood glucose after a glucose 

load. In 1962 Lechin34 found a secretin lowered serum potassium 

and provided evidence that insulin was released accounting for the 

effect. In 1964 after finding oral, glucose produced improved 

assimilation of subsequent intravenous loads innormals and in a 

~ patient before and after portacaval anastomosis,7 Duprê35 was led 

to investigate the effect of the.gastrointestinal hormone secretin. 
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He found in 7 patients that secretin given with' the second intra­

venous glucose load reproduced the effect of a previous oral load. 

f 'ff t '1 36 , bb' d d ' P e~ er e a us~ng ra ~t an ~g pancreas sl~ces, 

th en found secretin to increase insulin release even without, gluc-

ose in the incubation medium. Similar observations were reported 

by Mclntyre et al. 37 Hadjikhani et a138 demonstrated secretin-

induced insulin release from isolated rat islets and onintra-

venous injection. However, recently, Lazarus eta139 failed to 

demonstrate secretin-induced insulin release from rat pancreas 

slices. They did, however, produceinsulin release by intra-

venous injection into fed rats. Secretin was also found to be 

lipolytic but not, glycogenolytic. 

Dupré and Beck40 demonstrated insulin (I.L.A.) was elevated 

when an active extract of gastrointestinal mucosa obtained accord­

ing to the method of Crick et a14l was given with intravenous glu-

cose. The insulin level was comparable to that obtained by oral 

ingestion of glucose and glucose tolerance was improved. Thus, 

the insulinogenic agent in ~he extract may be a humoral factor 

secreted during glucose absorption. ' 

Using a simila:r: extract in d~gs, Ketterer et a142 demon­

strated increased insulin and gluc~gon of pancreatic venous blood 

without hyperglycemia. In the same paper the y produced insulin 

release with, glucagonadministered by mesenteric vein and thus 

postulated the participation of two, gastrointestinal insulin 

releasi~g factors - glucagon and an unknown factor in the extract 

which may act indirectly by increasing pancreatic, glucagon. 

Dupr~ et a143 studied patients with liver disease and 
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umbilical vein catheters. They found crude and purified 

secretin administered by the physiologic endoportal route to 

produce a large rise in I.R.I. in portal blood and a smaller rise 

in peripheral blood without cha~ges in. glucose or glucagon s~ggest­

ing the insulin release produced by secretin was not mediated by 

glucagon although a local effect within the islets could not be 

excluded. Similarly Unger et a144 reported a rapid rise in 

insulin levels on endoportal injection of secretin in d~gs. 

In 1966 Boyns et a145 attempti~g to producethe release 

of secretin and/or pancreozymin infused 25 ml of 0.05N citric acid 

over 10 minutes. There was no effect on serum insulin and no 

enhancement of the insulin rise when glucose was given simultan-

eously. These results contrast with those of Shay et a1 33 • Boyns 

et a146 ,47 found intravenous secretin produced a short-lived 

elevation of I.R.I. and augmented the I.R.I. response to intra-

venous glucose. They felt, therefore, that although secretin is 

insulino~ropic, the dosewas probably unphysiologic and the failure 

to influence serum insulin levels by infusion of acid into the 

duodenum case doubt on the physiological role of secretin in carbo-

hydrate metabolism. Furthermore, Wa~g and Grossman27 and Sum and 

preshaw48 showed that isotonic glucose infused into the small bowel 

had no effect on pancreatic bicarbonate secretin and therefore 

could not provoke insulin release via secretin. 

Unger et a149 injected secretin by mesenteric vein and 

produced a brief but striking rise in pancreaticoduodenal vein I.R.I. 

@) without a change in gluc~gon-like inununoreactivity (G.L.I.) or 

glucose. 
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Dupr{ et a150- S2 then presented data demonstrati~g 

augmentation of I.R.I. and improved glucose assimilation but 

no change in G.L.I. when secretin was added to a 40 minute 

intravenous, glucose infusion. Thus the physiol~gic rise in 

G.L.I. with glucose i~gestion was not reproduced by secretin and 

further doubt is cast upon its role as the sole physiologie media-

tore When secretin was infused with a~ginine a ,short initial 

I.R.l. increment but a diminished increment at 30- 40 minutes was 

demonstrated. More important, however, ,the addition of an infus-

ion of 30 meq HCl into the duodenum, or intravenous, gastrin or 

betazole, during 40 minute, glucose infusions produced h~gher levels 

of I.R.I. but no change in G.L.I. and surprisingly no s~gnificant 

change in glucose half-time. The dose used produced the approx-

imated normal, gastric acid output in response to a meal and is 

greater th an that of Boyns et al,45 thus possibly explaining their 

failure to obtain similar results. 

Mahler and weisberg53 gave 10 achlorhydric patients 300 ml 

O.lN HCl by mouth and found no I.R.I. elevation (four patients) or 

enhancement of I.R.I. elevation when acid was followed by intra-

venous glucose (three patients). Secretin, given intravenously, 

however, did cause s~gnificant transient I.R.I. elevation. Thus 

45 the findings of Boyns et al that end~genous stimulation of 

secretin does not affect glucose tolerance or serum insulin, were 

confirmed. Evidencewas cited that achlorhydric patients should 

respond normally but the possibility remains that the action of 

~ endogenous secretin or insulin secretion may be less readily 

demonstrated when the blood, glucose is falling after rapid intra-
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'f' f 1 52 venous ln uSl0n 0 g ucose. 

In summary, secretin is insulinogenic on intravenous 

administration especially if the blood glucose is raised. 

Evidence of its in vitro effect is conflicting, as is the effect 

of endogenous secretin produced by increasing duodenal acidity. 

Elucidation of the role of secretin ultimately awaits the devel-

opment of a secretin radioimmunoassay. There is sorne evidence 

radioimmunoassayable secretin is elevated very quickly after 

1 ' t,54 g ucose lnges 10n. 

II Glucagon 

Glucagon is another obvious candidate for the. gastro­

intestinal mediator of insulin secretion and improved oral glucose 

to1erance. 

The existence of a hype~glycemic substance in sorne ear1y 

preparations of insu1in was recognized55 and was namedg1ucagon 

in 1923. 56 The work in the 1ate 40's and ear1y 50's of de Duve57 

and Suther1and58 ,59,60 has elucidated more c1early the nature of 

glucagon • Bioassays were developed and its hyperg1ycemic -. glyco-

. genolytic action was found to be due to increasing the amount of 

t , h t' h h 1 t l' " f t 60 t ac lve epa lC p osp ory ase, a ra e lmltl~g ac or. I was 

also shown to stimu1ate 1ipo1ysis61 and prote in catabo1ism. 62 

In 1948 it was determined that. glucagon originated from 

the pancreatic alpha cel1s. 63 Sutherland58 demonstrated in the 

same year that glucagon could be extracted fromgastric mucosa and 

to a lesser extent duodenum and ileum. 

Glucagon was obtained in 1953 in a highly purified crystal­

line form and found to be a po1ypeptide. 64 Bromer65 determined 

the amine acid sequence in 1956. 
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The history of. gluc~gon-induced insulinogenesis began 

in 1952 when Foa et al,66 on the basis of cross~circulation 

studies in dogs, suggested that. glucagon was insulinogenic. 

In 1960, Yalow and Berson,67 in their classic paper describi~g 

the insulin immunoassay found that glucagon produced an increase 

in plasma insulin but this was felt tO.be due to hyperglycemia. 

Unger et al,68 havi~g developed the first, glucagon immunoassay 

* showed that canine pancreatico-duodenal vein G.L.I. levels were 

elevated with fasti~g, phlorizin-induced chronic hyp~glycemia and 

insulin-induced hyp~glycemia and depressed by rapid intravenous 

1 dm " " t t" 69 g ucose a 1n1S ra 1on. They showed as weIl that in total 

starvation in humans gluc~gon levels rise70 and postulated,glucagon 

was a hormone of. glucose need and that the pancreatic islets 

exhibit bihormonal regulation of the disposition of. glucose accord-

ing to the body's needs. More important to the present thesis, 

however, they found oral glucose produced a fall in G.L.I. at 45 -

240 minutes with a concomitant fall in human growth hormone 

(H.G.H.), but then a rise in G.L.I. with H.G.H. 69 These points 

have been disputed and the contrary later was demonstrated by Unger 

as will be described below. 

In 1965 S~amols et a17l presented clear evidence that, gluca­

gon. given incravenously in large doses (1 mg) increased I.R.I. 

independently of its effect on blood. glucose and improved glucose 

disappearance. The insulinemic effect was potentiated by the 

* (G.L.I. or, gluc~gon-like immunoreactivity denotes the SUffi of 

pancreatic and,gut glucagon). 
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simultaneous administration of, glucose. It wa~ suggested that 

oral glucose may stimulate gut, glucagon which may be one of the 

factors responsible for the, greater rise in insulin when, glucose 

is taken orally compared to intravenously. They forsaw a dual 

physiologic role: gluc~gon would suppress hepatic uptake and 

stimulate insulin secretion, thereby promoting the peripheral 

utilization of glucose. 

Crockford et a172 corroborated these findi~gs usi~g smaller 

but still probably unphysiologic doses. 

Using Coore and Randle's rabbit pancreas slices technique73 

, 74 . 75 Turner and Mclntyre and Devr1m and Recant usi~g rat pancreas 

slices demonstrated, gluc~gon in large doses causes insulin release 

at low glucose concentrations. Vecchio et a176 and Lambert et a177 

demonstrated insulin release by gluc~gon in organ cultures of 

fetal rat pancreas. 

SamoIs et a178 then administered la~ge 200 gm, glucose loads 

orally and found that plasma immunoreactive, glucagon rose to a peak 

at the 45 minute mark and,~gain,at 180 - 240 minutes. This prov-

ided further evidence that oral, glucose stimulates the release of 

, gut glucagon although it certàd.nly did not exclude the release of 

pancreatic glucagon by reflex or humoral mechanisms. The explan-

ation for a second late rise in, glucagon was felt to involve 

growth hormone. 

Lawrence79 then found increased i:mmunoreactive,gluc~gon 

with starvation but no changes with insulin induced hyp~glycemia. 

~ Small (l, gm/kg) oral, glucose loads produced a small diminution in 

,glucagon but larger. (1.75, gm/kg) loads produced an elevation. 
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Intravenous glucose produced no change. She concluded, glucagon 

plays a role in stimulati~g insulin release with orally adminis­

tered glucose since, glucagon levels arenot cha~ged with intra­

venous glucose despi te similar blood', glucose ,levels. 

In June 1966 at the American Diabetes Association meeti~g 

Ketterer et a142 presented datashowing.that in d~gs administration 

of glucagon in physiol~gic doses via the physiol~gi'c portal venous 

route caused a doubling of insulin secretion with.mild hype~gly-

cemia and only small increments in arterial gluc~gon. In addition, 

they found similareffectswith, glucagon extractedfrom d~g stom­

ach and the Crick-Harper-Raper extract ·of,h~g,duodenal mucosa, 

(probably secretin) which containednegligibleamounts of. gluc~gon, 

raised pancreatic venous insulin and. glucagon. Thris, it was 

concluded there are at least.two,gastrointestinal insulin releasing 

factors: glucagon, and an unknown factor in theCrick-Harper-Raper 

extract (probably secretin) that may act by causing. glucagon 

release. 

The problem at this stage was although inununoreactive4? 
and biol~gically active80 . gluc~gon had been extracted from, gastro-

intestinal.tissues, serum G.L.I. rises with oral.glucose, and 

. glucagon stimulates insulin secretion and improves, glucose toler­

ance, it had not been determined that the.gut secreted the hormone. 

Unger et a18l then claimed ·that. gut and pancreatic. glucagon were 

identical with respect to immunoreactivity and gel filtration 

characteristics and in producing in v.ivo hyperglycemia. Samols 

~ et al,83 however, demonstrated immunochemical non-identity. 

(Unger et al later conceded this point,vide inf.l'a) • SamoIs 
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postu1ated that a1imentary, glucose produces' an inc:r.:ease in serum 

G.L.I. due to a huge pancreatic, gluc~gon re1easeoverflowi~g into 

the portal circulation and peripheral blood. Pancreatic, gluc~gon, 

then acts primari1y physiologically as an insulin~genic ~gent due 

to the close proximity of the alpha and beta cells. Gut,glucagon 

is elevated in fasti~g and has a primary physiologic role in, glyco­

genolysis. ' 

~ 43 In 1966 Dupre et al using patients with umbilical vein 

catheters demonstrated that theinsulinogenic effect of secretin 

was not mediated by circulati~g, gluc~gon but an effect on gluc~gon 

release within the islets could not beexcluded. 

A report from Unger's laboratory in 196783 demonstrated in 

dogs that rapid or prolo~ged endoportal infusion of pancreozymin 

caused a'sharp and striking ri se in pancreaticoduodenal vein 

insulin and a rapid rise in pancreaticoduodenalvein, glucagon with 

a later small rise in glucose. Pancreozymin, thus, ,was the first 

hormone known to have, glucagon-releasing properties. Secretin 

did not produce glucagon release. Since intraduodenal instillation 

of protein hydrolysates was shown to cause a striki~g rise in both 

insulin and glucagon secretion 84 ,and pancreoz,ymin is secreted in 

t ' 'd' t' 27 't t 1 t d th t response 0 am~no ac~ ~~ges ~on ~ was,'pos u a e a pancreo-

zymin produces pancreatic gluc~gon release which is then directly 

or indirectly insulinogenic. 

U d h ' k ,85,86 th 'd t t d' d nger an ~s co-wor ers ' en emons ra e ~n, ogs 

that intravenous, glucose suppressed pancreatic venous G.L.I. 

secretion and that intraduodenal, glucose produced arise in,gut 

glucagon speciifically (differentiated from pancreatic.glucagon by 
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. ~ removing the pancreas and cannulati~g mesenteric veins) confirm­

ing SamoIs' and Lawrence'g findi~gs that oral, glucose produces 

increased. glucagon release. They confirmed SamoIs' finding of 

the non-identity of the two gluc~gons. Gut and pancreatic 

glucagon of dogs were.extracted and datawas produced sU9gesting 

gut G.L.I. has a molecular weight twice that of pancreatic G.L.I. 

and that jejunal G.L.I. is devoid of. glycogenolytic and hypergly-

cemic activity but does cause insulin release. Thus, the sub-

stance isolated from, gut is either qui te different from. gluc~gon 

but cross reacts with glucagon antibodies (thus C.R.M. or cross­

reacting material) or it may be an a9gregate of. glucagon or. glu-

cagon complexed to another molecule. They concluded that increa-

sed secretion of pancreatic, gluc~gon is.not but that gut glucagon 

(C.R.M.) may be involved in the response to.glucose ingestion. 

Pancreatic gluc~gon may be involved in the heightened insulin 

response to ingested ami no acids. 

Buchanan et a187 confirmed the ab ove findi~g that circul­

ating glucagon after oral, glucose was of intestinal origin usi~g 

pancreatectomized animaIs. Basal G.L.I. was also found to be of 

intestinal or~gin. 

A recent report from Unger's laboratory88 describes 

immunologie descrimination between pancreatic and enteric gluc~gon. 

Dupr~ et alSO - S2 studied the effects ofintravenous and 

intraduodenal infusions of. glucose and ami no acids with and without 

the enteric hormones" gastrin, secretin and pancreozymin. When 

~~ pancreozymin was added to an intravenous.glucose infusion insulin 

release was potentiated but there was no change in G.L.I. which is 
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in accord with the findi~g of Ohneda et a189 that hyperglycemia 

suppresses the.glucagon stimulati~g effect of pancreozymin. 

However, when pancreozymin was added to an a~ginine infusion not 

only was insulin release potentiated andamino.nitrogen levels 

diminished but there was a significant G~L.I. elevation and a 

concomitant small rise in blood of. glucose.. More rapid infusion 

accentuated the effect. Slower intravenous a~ginine infusions 

were performed to duplicate the amine nitrogen levels obtained on 

intraduodenal arginine infusions. A sustainedrise in I.R.I. in 

the latter instance was noted presumably due to G.L.I. thro~gh 

pancreozymin. Thus it seems'that pancreozymin may play a physiol-

ogic role in enhancing the insulin response to ingested protein 

by stimulating the release of pancreatic. glucagon. 

In summary, the situation at the present with respect to 

glucagon is presently accepted as follows: Two substances react 

in the glucagon immunoassay - pancreatic (alpha cell) glucagon and 

a substance isolated from the. gut which may be called.gut. gluc~gon 

although these may be differentiated. Gut glucagon is insulino-

genic whereas pancreatic glucagon is both insulin~genic and.glyco-

genolytic. Glucose ingestion is associated with an increase in 

glucagon of intestinal origine Glucose ingestion produces neither 

of the enteric hormonal effects on the exocrine.pancreas. Secretin 

and gastrin administration has not been reported to produce 

glucagon release. Pancreozymin can produce glucagon release but 

its effect is suppressed by hyperglycemia. Thus, carbohydrate 

~ ingestion produces release of enteric. glucagon which is insulino-

genic. Pancreatic glucagon is probably the hormone of. glucose 
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need and probab1y not invo1ved in insu1inogenesis. 

Amino acid ingestion is associated with a much greater 

rise in glucagon than is intravenous infusion. Since pancreo-

zymin is a1phacytotrophic and re1eased from gut by ami no acids, 

it is presumed to be the physio1ogic mediater of the increased 

glucagon and therefore insu1in response to ingestion of proteine 

III Gastrin 

The existence of a gastric secretagogue was first 

1 d · . 90 h postu ate ~n 1905 by Edk~ns w 0 found aqueous extracts of 

gastric antra1 but not fundic mucosa stimu1ated acid secretion. 

workers91 ,92 seeking to confirm this ~inding found a gastric acid 

stimulant in virtua11y aIl tissues of the body and it was assumed 

Edkins was demonstrating the activity of histamine. In 1938 

Komorov95 using different extraction techniques was able to separ-

ate the activities in antra1 mucosa from histamine. In 1948 

Grossman94 conc1usive1y estab1ished the existence of an antra1 

hormone mechanism for the stimulation of gastric acid secretion. 

In 1961 Gregory and Tracy95,96 reported the first re1iab1e method 

for extraction of gastrin from hog antrum. They then·purified 

two gastrins, characterized them and accomp1ished to·ta1 synthesis. 97 

The two hormones have identica1 physio1ogic properties. The 

gastrins of other species are very simi1ar and aIl share an ident-

ica1 N-termina1 tetrapeptide which by itse1f has the same but 

weaker physio1ogic properties as the entire mo1ecu1e. 

Gastric distention and certain substances especia11y 

partia11y hydro1yzed prote in stimula tes gastrin re1ease from the 

antra1 mucosa (gastric phase) . The cepha1ic or vaga1 phase p1ays 
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an ill defined role servi~g as a primi~g device for r~gulation 

of gastric secretion, causi~g basal secretion and mediating 

"emotional" ·secretion. Gastrin is released into the circulation 

and stimulates the parietal cells (acid) especially, but also the 

chief cells {pepsin).98 Grossman99 has postulated that the two 

phases share similar dual mechanisms. He s~~gested that both 

are mediated by vasovagal cholinergic reflexes that cause direct 

cholinergic stimulation of the parietal cells or cholinergic 

release of antral gastrin arid that thus ~'gastrin is a hormonal 

link in a neural chain". 

In addition, the small intestine plays an important role 

in regulating and especially in inhibiti~g gastric secretion. 

A small amount of acid is secreted as lo~g as there is chyme in 

the intestine. More important, however, are ·the inhibitory 

effects. The presence of food, espedially acid in the duodenum, 

prote in breakdown products" glucose and especially fat produce 

inhibition of,gastric secretion either by an eriterogastric (v~gal 

fI ) l d h ' . t 98 re ex or a postu ate ormone enterogas rone. Excess, gastric 

acid per se inhibitsfurther secretion. 

~Insulin hypoglycemia and intraverious injection of certain 

amino acids (alanine, glycine, glutamic acid) produce,gastric 

secretion of both acid and pepsin bystimulating the v~gal release 

of gastrin. 1 "h'b' t ' t' 100 Hyperg yceml.a l.n l. l.ts gas rl.C secre l.on. 

The primary action of, gastrin is to produce,gastr.ic acid 

, , 1 101 b t 102 t' 'd secretl.on. In sorne anl.ma s ut no man gas rl.C acl. secre-

tion is inhibited by large doses of gastrin but pepsin secretion 

is increased. Gastric and small bowel motility is increas.ed. 
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Water and bicarbonate output of hepatic bile is increased,103 

intrinsi,c factor secretion is producedl04 while the effects on 

the circulatory system are variable but not significant. There 

are gross differences ineffects amo~g species. Of interest is 

that endogenous and exogenous, gastrin is a weak stimulant of 

pancreatic water and bicarbonate output like secretin but is a 

strong stimulant of pancreatic enzyme secretion almost as potent 
105 as pancreozymin in dogs. In humans, a bac~ground of secretin 

t , 1 t" f 't' t' 1 t' 106 s ~mu a ~on, ~s necessary or pancrea ~cs ~mu a ~on. 

Relation of Gastrin to the Present study 

In 1967 Unger et a183 found endoportally administered 

gastrin containing antral extracts and pure, gastrin produces a 

rapid 5 - 10 fold elevation of pancreatico-duodenal venous I.R.I. 

with very sl;i.ght rises in G.L.I. and glucose, thus very similar 

to the effects of secretin. Gastrin thus appears to have a 

direct insulin-releasi~g action when, given in large doses (0.06 P9) • 

" 50-52 Dupre et al have preserited data in which, glucose was 

infused intravenously over 40 minutes without and with 5 minute 

,gastrin infusions in a dose (5 pg/min. over S,minutes) known to 

produce a prolonged (greater than one hour) increase in, gastric 

acid and therefore presumably secretin release. Gastrin increased 

the I.R.I. levels and reduced the, glucose half-time. Thus, gastrin 

may act also indirectly by producing acid secretion and consequently 

secretin release. 

Jarrett et a147 failed to confirm thesefindings. Gastrin 

@i9 I. (2.5 }lg/min. over 20 minutes)' and pentagastrin (7.5 pg/min. over 

20 minutes) failed to change fasti~g I.R.I. or,glucose and produced 
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no increase in' I.R.I. when infused with glucose compared to a 

control glucose infusion. ,The reason for thisdiscrepancy is 

unknown since there was only a minor variation is dosages used. 

IV Pancreozymin 

In 1928 the presence of a hor.mone that caused contraction 

of the gall bladder was demonstrated in the upper small bowel 

mucosa and called cholecystokinin. 107 Other actions were later 

demonstrated. In 1943 a hor.monecausi~g increased pancreatic 

enzyme secretion was found in the upper small bowel mucosa. 

t Il d . 108 
l was ca e pancreozyrnl.n. ' On the basis of isolation studies, 

purification and chromat~graphy it is now felt that these hor.mones 
28 are one and the same. The molecule is a polypeptide but is, as 

yet, incompletely characterized. 

Duprè35 and Dupr~ and Beck40 published the reports concern-

ing pancreozymin and insulin release. Crude intravenous pancreo-

zyrnin in large doses with intravenous glucosewas found to produce 

no effect on glucose tolerance. However, in 1967, Meade et al l09 

demonstrated pancreozyrnin -induced insulin release in d~gs. The 

gastrointestinal hor.mone increased I.R.I. and I.L.A. (rat diaphr~gm 

technique) especially in the 'presericeof hype~glycemia. It was 

noted the high insulin levels failed to influence blood glucose. 

Explanations offered for this phenomenon were pancreozyrnin causes 

release of both insulin and, gluc~gon; pancreozymin both stimulates 

insulin release and antagonizes its action; or, theincreased 

insulin secretion was of such short duration that the total amount 

'I~~ was insufficient to materially affect 'peripheral glucose utilization. 

They postulated that pancreozymin may in part explain the increased 
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insulin response to glucose but that since glucose utilization 

was unaffected, an additional factor, probably involving secretin, 

was involved. 

Boyns, Jarrett and Keen46 then reported that pancreozymin 

affected I.R.I. levels neither in fasting man or when given along 

with glucose. However, in this study and in Dupr"s previous 

studies the preparation was of unverified exocrine activity.S2 

Using triply catheterized dogs, Unger et al49 found rapid 

endoportal pancreozymin administration produced a sharp peak in 

insulin secretion in one minute. As weIl, pancreaticoduodenal 

vein glucagon rose immediately, and peaked at three minutes followed 

shortly by hyperglycemia. Glucagon was probably of pancreatic 

origin, as suggested by later work. 83 ,87 A constant infusion 

over twenty minutes produced similar findings. Thus pancreozymin 

was the first hormone shown to have glucagon-releasing properties. 

Work from the same laboratory8S,86 demonstrated previously mentioned 

observations regarding the differences between gut and pancreatic 

glucagon. Both are insulinogenic but gut glucagcn does not produce 

glycogenolysis. These workers 84 then demonstrated intraduodenal 

instillation of glucose and especially amine acids produced a 

glucagon elevation. The glucagon produced by intraduodenal glucose 

was of enteric origin whereas that released by amine acids was of 

pancreatic origine Since ami no acids are potent pancreozymin­

releasing agents27 the evidence was strongly suggestive that 

ingested amine acids or protein breakdown products cause pancreo-

zymin release which in turn produces pancreatic glucagon release. 
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Either pancreozymin or gluc~gon, possibly both produce insulin 

release. 
~ 50-52 . Dupre et al presented data ~n humans showi~g addition 

of pancreozymin to an intravenous glucose infusion increased 

insulin release and enhanced, glucose disappearance rates. There 

was no detectable change in G.L.I. compatible with the findi~g of 

Ohneda et a189 that hyperglycemia suppresses the, gluc~gon stimul-

ating effect of pancreozymin. Infusion of pancreozymin with 

arginine and duodenal instillation of amine acidsproduced inter­

esting results discussed in the section deali~g with amine acids. 

In short, there is, good evidence in man, as weIl as d~gs that 

ingested, ami no acids produce pancreozymin release which is alphacy­

totrophLc and therefore indirectly insulin~genic. 

Thus ,pancreozymin has beeùi found to be insulinogenic in 

fasti~g animaIs and to potentiate the insulinemic response to 

hyperglycemia. In fasting animaIs G.L.I. is releasedo However, 

hyperglycemia inhibits thepancreozymin-induced release of glucagon. 

Pancreozymin may therefore bedirectly insulin~genic without the 

mediation of, glucagon. 

Enhancement of glucose disposaI by oral i~gestion is 

associated with an elevation of G.L.I. Hype~glycemia inhibits 

pancreozymin's effect on alpha cells. Infusion of isotonic 

glucose into the small bowel is without exocrinepancreatic effect 

in dogs and in man. Therefore,' i t appears unlikely that pancreo-

zymin is the enteric mediator involved in increased insulin 

~ release and, glucose disposaI rates. 
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B. Gastro-Intestinal Secretagogues ·and Amino Acid Absorption 

Although it has lo~g been known that.glucose is a potent 

stimulus to insulin secretion, it has only been in the past few 

years that amine acids have been known to be insulinogenic. In 

1932 SchenckllO found oral. glycine to produce moderate hyp~gly-

cemia in normal and diabetic.adults. M .. d Il .111 anz~n~ an Aru an~ 

discovered that subcutaneous leucine injections produced a 25% 

fall in blood s~gar. An intravenous aminoacid.mixture was 

noted to produce a small drop in blood. glucose in two of four 

112 subjects by Carballeira et al... Intensive invest~gation of 

this question in recent years was prompted by Cochrane et all13 

in 1956, who, while investigati~g patients with idiopathie 

hypoglycemia, found oral leucine or protein in isocaloric amounts 

produced a profound fall in bloodglucose but had no effect 'in 

normals. One of the four patients (who had "islet cell hyper-

plasia") had a high I.L.A. by the rat diaphr~gm method. The 

first evidence I.R.I. was elevated in patients with leucine­

induced hypoglycemia was presented by Yalow and Berson67 in 1960. 

The Ann Arbor group has dominated mostof the recent 

advances in knowledge concerning amine acid stimulation of insulin 

release. In attempting to devise a model for the study of 

. 114 
leuc~ne-induced hypoglycemia, Fajans et al produced marked 

blood s~gar diminutions with intravenous leucine in normal subjects 

pretreated with sulphonylurea compounds. Mabry.et al l15 found 

valine produced slight hyp~glycemiain normals then in 1962 Fajans 

116 et al presented evidence that a modest but significant hypogly-

cemic effect and a concomitant risein serum insulin could be 



I~ produced by administering leucine intravenously or orally to 

healthy adults without sulphonylurea pretreatment, The evid-

ence thus s~ggested a risi~g level of blood leucine was a 

physiologic stimulus to insulin release and a dose~response 

relationship was evident. 

In 1964117 leucine~·rich meals were found to produce a 

greater insulin output than could be expected from the leucine 

content alone ànd it was suspected other amine acids were 

involved. Consequently, 3Q.gm mixtures of 10 amine ucids were 

infused and found to produce 'strikÏ?g I.R.I. elevations. A 

dose-response relationship was present and insulin release was 

not dependent upon leucine or isoleucine. SuBsequently, Floyd 

et al l18 infused amine acids singly and found the.insulinogenic 

potency to beas follows in des-cending order.: arginine, lysine, 

phenylalanine, leucine, valine, methionine and histidine. No 

consistent common physico~cheffiical property or conf~guration 

characterizi?g the more 'potent or leSs' potent amine acids can De 

evoked. Blood sugar was elevated moderately (possioly due 'to 

gluconeogenesis) but could not account for the str~g insulin 

release. 

Of particular interes.t to. gastrointest.inal hormone potent~ 

iation of insulin release is the data concern~g oral ingeSt:ion 

of protein or amine acids·. As mentioned previously, Fajans 

et al l16 in 1962 found oral leucineproduced insulin release in 

some subj ects .• Similar doses of leucine. given.intravenous-ly 

?liAt were more potent pres:umably becauseof lower plasma amino acid 
~.f:" 

levels. Subsequently, ft was foundother ingested amino acids 
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were insulinogenic in varyi~g potencies. 119 

However, increasesin plasma ami no nitr~gen after 

ingestion of protein meals and increases in plasma insu lin were 

not always concurrent. In some subjects plasma insulin rose 

before plasma amine nitrogen had increased s~gnificantly and 

there was not a temporal correlation between mean .. levels of 

amine nitr~gen and insuline There is, therefore, a sU9gestion 

that in addition to the plasma level of amine acids,an addition­

al stimulus to insulin release duri~g prote in ingestion exists, 

possibly. gastrointestinal hormones. 

Additional evidence for such. a mechanism has been obtained 

by studying diabetics. Be~ger and vongaraya120 showed diabetics 

demonstrated an increased response of plasma insulin after oral 

proteine Plasma insulin peaked before 'plasma amine acids. 

However, Floyd et al12l and Merrimee 'etal122 found. greatly dimin­

ished insulin responses to intravenous amine acids in diabetics. 

Regarding these papersit could be pos.tulated that thesystemic 

and alimentary effects are separated. Thus, whereas intravenous 

amine acids pcrduced only a small.rise in I.R.I."oral aminoacids 

produce a much. greater rise, which effect is quite :possibly 

mediated by the enteric seCretag~gues·. Diabetics may be hyper-

responders to these hormonesQ 

As described previously, Wang and Grossman27 demonstrated 

that products of protein diges'tion - peptone and amino acids, were 

powerful stimulators of pancreatic erizymesecretion similar to 

~~ that produced by pancreozymin. Dupr~35,40 found a lack of effect 

of pancreozymin on insulin secretion in man. However, in 1967 
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Meade et al109 reported that intravenous pancreozymin in d~gs 

st~ulated insulin secretion without the expected.fall in blood 

glucose sU9gesting a. glucagon effect as weIl. Simultaneous 

administration of pancreozymin and. glucose produced a potent­

iation of the insulin response. U~ger et al , 83 injecting 

pancreozymin endoportally in dogs, found a sudden la:rge rise in 

pancreaticoduodenal vein insulin and. glucagon followed by an 

elevation of blood. gluc0se presumably due to the.glucagon 

release. 

Ohneda et al84 and U~ger et al123 found both intravenous 

and oral amino acids produced elevations of pancreaticoduodenal 

vein insulin and.gluc~gon that was much h~gher when.given orally 

despite less aminoacidemia. The. gluc~gon was tho~ght to be of 

pancreatic or~gin based on the site of sampling. Thus, pancreo-

zymin released by i~gested amine acids appears to be an alpha­

cytotrophin. 

Dupr~ et al52 found that addition of pancreozymin to 

an intravenous a:rginine infusion to increase insulin and G.L.I. 

release and some elevation. of blood .. glucose. The G.L.I. release 

was more convincingly demonstrated when the ·infusion was given 

rapidly. Duodenal infusion of a:rginine duplicatedthe amine 

nitrogen levels produced by intravenous infusion but was assoc­

iated with a. greater and more sustained elevation of I.R.I. 

G.L.I. was not measured. Secretin was without effect on I.R.I. 

or amino nitr~gen levels but did reduce the. glucose elevation. 

In summary, pancreozymin is insulinogenic probably. via 
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pancreatic.glucagon and is released from the upper small bowel 

mucosa by ami no acids. There is, thus, stro~g evidence that 

pancreozymin is physiologically important in stirnulating the 

endocrine pancreas during amine acid absorption •. 

C. Techniques Used to .. Study Insulin Re'lease 

Various techniques have been devised in an effort to 

study factors which might influence insulin secretion. Thé 

first and most obvious method would be the ingestion or inject­

ion of various substances with measurement of subsequent periph-

eral venous cha~ges in. glucose or insuline It has been assumed 

that the. glucose concentration perfusi~g the islets of La~gerhans 

is the normal variable influenci~g insulin secretion. Many more 

techniques have been devised since ra~gi~g from in vivo selective 

vessel sampli~g to study ofisolated islets in vitro. Sorne of 

these techniques will be discussed briefly in an effort to explain 

why the technique usedin the present report was chosen. In 

addition, any pertinent studies with 'res'pect to thisthesis will 

be mentioned. 

In Vivo Techniques 

27 d b 124.. d d b t' In 19 Zunz an La arre Jo~ne two ~gs y pancrea ~c 

j~gular anastomosis and observed theeffect of pancreatic blood 

of the donor animal upon the blood sugar of the recipient animal. 

Gayet and Guillaumie125 and Foglia and Fernandez126 transplanted 

the pancreas from one dog to the neck of another dog that had been 

previously depancreatized and obse:rved the blood s~gar cha~ges in 

127 the latter animal. In 1937 London and Kotschneff .placed an 

angiostomy cannula in the pancreaticoduodenal vein and determined 
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the glucose and insulin (bioassay) content of blood from the 

pancreas after a glucose meal. By these methods each group 

has shown that hyperglycemia stimulates the release of insuline 

Numerous studies
128 

have been performed attempting to 

correlate changes in beta cell function with alterations in the 

histologie and electron microscopie appearance of beta cells. 

Growth hormone, glucagon, and adrenal steroids, among many others, 

have been studied. This technique has proved useful in partially 

delineating the process of insulin synthesis and release but would 

be unsuitable for quantitation of insulin release. 

In Vitro Technigues 

Although in vivo techniques have contributed considerably 

to knowledge, in vitro studies have usually been necessary for a 

fuI 1er understanding. An in vitro pancreatic perfusion prepar-

ation off ers several advantages in the evaluation of the direct 

effects of various stimuli. Secondary effects resulting from 

changes in pituitary, hepatic or adrenal function are eliminated. 

Substances studied can be conveniently maintained at constant and 

known levels throughout the experiment. Once secreted, insulin 

is not subject to extrapancreatic degradation processes but remains 

in the perfusate where it can be continuously measured. Anderson 

129 and Long were the first to devise such a technique perfusing 

pancreas, stomach and duodenum. They found insulin (bioassayable) 

22 
to be produced by a high concentration of glucose. Grodsky et al 

using a similar preparation measured insulin by immunoassay with 

the advantagès of precision, sensitivity and specificity. They 

demonstrated insulin secretion is directly and quantitatively 
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controlled by glucose concentration. They also observed 

degranulation suggesting secretion was occurring at a faster 

rate th an synthesis. 
130 131 

Using this technique Sussman et al and Grodsky et al 

found glucagon to increase insulin release in the presence and 
132 

absence of glucose. Penhos et al have recently adapted an 

in situ pancreas-duodenum preparation for perfusion studies to 

examine the influence of duodenal hormones on insulin release. 

Recirculation and glucose in the duodenum both produced increased 

insu lin release. 

Tissue culture of the pancreas was first reported in 
128 76 

1960 by Kim et al. Vecchio et al cultured fetal rat pancreas 

in Eagle's Hela medium and found the tissue to respond to tolbut-

amide and glucagon, but not glucose. Similar results were 
77 

reported by Lambert et al 
134 

and Jeanreaud. Caffeine and 

theophylline enhanced the effect suggesting that insulin release 

is at least partially dependent upon intracellular accumulation 

of cyclic AMP. 

The study of insulin release in response to various 

stimuli using pancreatic slices was initially reported by Bouman 
135 

in 1960. He found an insulin effect only with duct tied 

pancreatic tissue of rats. He could demonstrate an insulin 

effect when normal slices of pancreatic tissue were incubated 

jointly with rat diaphragm showing that the proteolytic enzymes 

of acinar tissue quickly degrade released insuline R.-Candela 
136 

et al presented a brief note but virtually no data was given 

except that rabbit pancreas slices produced I.L.A. Coore and 
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73 
Randle published the definitive work in this regard in 1964 

quantitating insulin release by the immunoassay and showing that 

release of insulin by pieces of rabbit pancreas in vitro provides 

a simple and reproducible model for the behavior of beta cells in 

vivo. Among many other observations they found a graded response 

to glucose and no response to glucagon (5 mg/ml). Creutzfeldt 
137 

et al found a high glucose concentration to stimulate I.L.A. 

release and felt this was not just efflux from dying cells but 

stated emphatically that release cannot be said to be the sarne 

process as the mechanism of insulin secretion in vivo in which 

there is degranulation and in which there is a greater loss of 
, 138 

insuline Recently, however, Gomez-Acebo et al reported 

physiologie, granule release using the sarne preparation. 

Rapid destruction of released insulin has been reported 
139 140 141 

by Mialhe and Meyer, Bakker and Bouman and by Telib et al, 

none of whom could detect insulin secretion in vitro from normal 

rat pancreatic tissue. Pancreatic tissue from other species may 

have a less marked destructive effect. 
142 

An exception to this was 

reported by Frerichs et al but they used a bioassay technique. 

As weIl chymotrypsin has been reported to falsely elevate immuno-
143 144 

assayable insuline Malaisse et al have circumvented sorne of 

these difficulties by using antiinsulin serum (A.I.S.) to bind 

immediately the insulin released. This has become an accepted 

technique although A.I.S. itself has actions on the beta celle 
36 

With respect to the present work, Pfeiffer et al 

~ incubated sections of rabbit and dog pancreas with glucose, 
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secretin and glucose and secretin and measured I.L.A. (fat pad) 

and I.R.I. Optimal insulin secretion was found at a glucose 

concentration of 200 mg%. Secretin 0.01 U/ml produced the 

optimal increase in I.L.A. whereas 0.1 U/ml produced the optimal 

increase in I.R.I. Addition of glucose to the secretin-

containing mixture was without effect. They concluded that 

secretin was directly insulinogenic independent of glucose 

concentration. Similar results were reported by Mclntyre, 
37 74 

Turner and Holdsworth. In 1966, Turner and Mclntyre, using 

the same technique found glucagon (0.5 pg/ml) to produce increased 

insulin (I.R.I.) release at 200 mg%. glucose concentration and a 

higher concentration (5 pg/ml) to produce increased insulin 

release at both 60 mg% and 200 mg%. 
145 

In 1967 Hildebrandt et al 

reported leucine was insulinogenic using the Malaisse method, 
146 . 

although Martin found rat pancreas slices did not respond.to 
39 

leucine. Lazarus et al found secretin and gastrin were without 

effect whereas glucagon and pancreozymin did increase insulin 

release. 

The admixture and uneven distribution of pancreatic 

islets throughout the much larger bulk of exocrine tissue of 

mammals has hindered quantitative biochemical investigations and 

has accounted for widely varying secretion rates from different 

pieces. Furthermore, the presence of acinar tissue around the 

islets may modify the action of substances present in the incub­

ation medium either by destroying them or preventing their gaining 

close access to the secreting cells. However, various approaches 

have been used to aleviate these problems. 



Certain fish teleosts have their insulin secreting 

tissue separate from the acinar portion of the pancreas compris­

ing a dis crete mass in the mesentery known as the principal 

islet or Brockmann body. Although a considerable volume of work 

has been presented using these islets there is little evidence 

that the fish islet responds to the same stimuli as mammalian 
128 

islets. 

Histochemical techniques have been applied to islet cells 

under a variety of situations. 
147 

{Lacy, Hellman and Heller-
148 

strom). In particular, certain enzymes have been studied. 
150 147 

The microchemical techniques of Lowry were adapted by Lacy 

to the islets ta study quantitatively the activities of these 

enzymes. With this procedure it was possible to recognize islets 

in frozen-dried sections of the pancreas, dissect beta cells from 

the central portion of the islets in rats and rabbits, weigh them 

on a quartz-fibre balance, determine enzyme activity quantitatively 

in the dissected samples and measure the insulin content of the 

samples. Histochemical studies have also been performed without 
151 

isolation of the islets. Dixit et al incubated islets 

obtained in this manner in the presence of radioactive glucose but 

did not report the results. The undesirability of using freeze-

dried tissue for metabolic studies is readily apparent and the 

indirect nature of enzymatic studies and the lack of availability 

of equipment militated against use of this technique. 

Homotransplantation of the pancreas to various parts of 

the body of alloxanized or depancreatized animaIs is usally 

followed by degeneration of exocrine tissue and proliferation of 



32. 

endocrine islet tissue and hence, could theoretically be a method 
152 

of obtaining isolated islet tissue. Browning and Resnik, 
153 154 

Coupland and House et al implanted fetal or neonatal pancreas 

to the anterior eye charnber of mice or rats and to the cheek pouch 

of hamsters and reported survival and growth of islets and decay 

of exocrine tissue. 
155 

Similar results w~re reported by Gonet's 

laboratory using the testis as the donor site. The exocrine 

pancreas and alpha cells disappeared. I.L.A. was present in the 

islets but no metabolic studies were performed. Roughly similar 
156 

results were reported by Grimelius et al. Others have trans-

planted the organ to subcutaneous sites on the anterior abdominal 

wall, the wall of the intestine or stomach, or the mammary gland. 

Metabolic studies have not been extensively carried out using 

these ostensibly isolated islets but the undesirability of using 

fetal pancreas that has been subjected to non-physiologie processes 

for a prolonged period and probably without alpha cells is obvious. 

More physiologie methods of isolation of pancreatic islets 
157 

have been described by three investigators. In 1964 Hellerstrom 

described a method employing microdissection using a dissecting 

stereomicroscope to tease apart islet and acinar tissue of mice, 

rats and guinea pigs in a cooled medium without any pretreatrnent 

of the animal. Islets of the obese hyperglycemic mouse were 

obtained in the best yield. 
158 

In 1965, Keen, Sells and Jarrett described a method 

similar to that of Hellerstrom in which the animal was subjected 

~~ to duct ligation 4 to 6 weeks prior to removal of the pancreas. 
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The acinar tissue atrophied and the islets removed by micro-

dissectiono They performed metabolic studies related to CO
2 

production from C14 glucose at high and low glucose concentrat-

ions. Survival was estimated to be at least four hours, the 

rate of glucose oxidation continuing linearly during this period 

and increasing with glucose concentration. 

In 1965 Moskalewski1
59 

used collagenase for the first 

time to free the islets from acinar tissue. using. guinea pigs 

he injected Hanks solution subperitoneally to break up the tissue 

then incubated small pieces of pancreas with collagenase and 

found the islets to separate fairly readily from the acinar tissue. 

He then cultured the islets and later performed histol~gic studies. 

Degranulation was detected at high glucose concentrations of the 

culture medium over a period of days. ether histologie changes 

similar to in vivo changes were described. 

The present work was performed according to the technique 

f ' k d 160 h' h d d f M k 1 k" o Kost~anovs y an Lacy w ~c was a apte rom os a ews ~ s 

technique for use with rat pancreas. The acinar parenchyma of 

rat pancreas is disrupted by injection of Hank's solution into the 

pancreatic duct system. The pancreas is removed, eut into small 

pieces and incubated with collagenase. After washing the islets 

could be separated readily with the aid of a dissecti~g microscope. 

They reported insulin (I.R.I.) release in response to glucose 

concentration over time (1 1/2 hours). Light and electron micr05 

copy showed intact islets but studies were not performed after 

incubation. 
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Very few reports have followed the initial presentation 

of this technique. Sorne, however, have a direct relation to the 

present work. Vance et al
16l 

found increased insulin release 

with increased glucose concentration and reported the curious 

observation that arginine (200 mg%) produced significantly 

increased insulin release at 60 mg% glucose but not at 30, 150 or 

300 mg% glucose. Lacy162 later reported glucagon and theophylline 

produced insulin release. Secretin and intestinal fragments taken 

during orally provoked hyperglycemia in man produced increased 

insulin release in isolated islets of the rat. 38 

Vance et al163 measured both I.R.I. an~ I.R.G. in the 

incubation medium using Lacy's technique. They found addition 

of 'the kallikrein inhibitor, Trasylol protected insulin and glucagon 

from pxoteolytic degradation. Glucagon release is augmented and 

insulin release is increased by a high glucose concentration. 

Howell164 studied the secretion granules of isolated rat 

islets before and following incubation with various stimulants. 

Erlandsen, Vance and Williams
165 

found freshly isolated islets and 

preincubated islets (90 minutes) in glucose 30 mg% to maintain 

their initial granulationo Higher glucose concentration (300 mg%) 

produced physiologie degranulation and increased insulin release. 

Ashcroft and Randle166 found a direct relationship between the rate 

of oxidation of radioactive glucose to carbon dioxide and glucose 

concentration in the medium. 

Thus it appears that the behavior of these islets closely 

~ approximates that which has been demonstrated in vivo, it is reason­

ably simple to perform and therefore admirably suited for our purposes. 
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Materials and Methods 

Chemicals 

The following chemicals were used in these experiments: 

l-leucine, Fisher Scientific Co., lot 744174; l-arginine, 

Eastman Organic Chemicals, lot 2475; crystalline, glucagon, Eli 

Lilly & Co., lot 258-234B-167-l; cholecystokinin - pancreozymin, 

G.I.H. Research Unit, Karolinska Institutet, lot 26731; secretin, 

G.I.H. Research Unit, Karolinska Institutet, lot 16761; synthetic 

human gastrin, Eli Lilly & Co., lot P-88484; collagenase, 

Worthington Biochemical Corporation, lot CLS7HF and Schwart~ 

Bioresearch, lot 6808P; bovine serum albumin, fraction V, Armour 

Pharmaceuticals Incorporated; Trasylol (Preparation A128) , F.B.A. 

Pharmaceuticals Incorporated, lot 71166; 14 6C glucose, New 

England Nuclear Corporation, lot 292612; crystalline rat insulin, 

Novo Terapeutisk Laboratorium; Insulin - Toronto, lot 1055-1 and 

N.P.H. Insulin, lot 501153, Connought Medical Research Laboratories; 

131, l' Abb b ' I ~nsu ~n, ott La orator1es. 

Isolation of Pancreatic Islets of Langerhans 

Islets were isolated according to the technique of 

Kostianovsky and Lacy160 with certain modifications. Two male 

180 to 200 gm Wistar rats, fasted overnight but allowed water ad 

libitum, were used. Anesthesia was with intraperitoneal Nembutal. 

A mid line and two lateral incisions were made and the common bile 

duct ligated as it entered the duodenum. The common bile duct was 

then clamped at its beginning and 15 to 20 ml of either Hanks 

~ solution167 or Gey and Gey buffer
168 

was injected into the lumen of 
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the bile duct through a 25 gauge needle. . . In this way the 

entire pancreas was distended producing a lacy appearance. 

The splenic po!:.-::ion of the pancreas was then removed, trans-

ferred to buffer solution (Hanks or Gey and Gey) and washed 

free of blood and the fat trimmed away. The pancreatic tissue 

of two rats prepared in this manner was then transferred to a 

fresh volume of buffer and eut with scissors into small pieces 

in a beaker. The contents were then transferred to a 50 ml 

plastic centrifuge tube. Pancreatic tissue settled to the 

bottom and fat rose to the top. The supernatant was aspirated. 

Buffer was added to the 5 ml mark.and the entire contents trans-

'ferred to a 50 ml plastic conical flask containing 30 - 40 mg of 

collagenase. The mixture was then incubated at 37oC., andgassed 

with 95% 02 and 5% CO
2

, and shaken rapidly in a Dubnoff Metabolic 

Shaking Incubator for 8 to 15 minutes when a relatively homog-

enous appearance of the small pieces of tissue was observed. 

The contents of the flask were transferred to a 50 ml plastic 

centrifuge tube, diluted to about 40 ml with buffer and spun 

briefly. The supernatant was then aspirated. This washing was 

repeated 5 to 6 timesw The digested pancreatic tissue was then 

transferred to a shallow Petri dish and examined with a dissecting 

stereomicroscope. 

Although most reports have described perfectly isolated 

islets in large numbers, l encountered considerable difficulty in 

obtaining such a preparation. Most islets required a minimum of 

~ teasing away from the acinar tissue which was done with 20.guage 

needles on a 2 ml syringe. Free islets were obtainable, however, 
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~ with further digestion but usually these were of diminished 

durability presumably because of coll~genase-induced damage. 

There is a fine point in time between the stage of perfect 

acinar tissue-free· isolation and disintegration·or damage. 

~ 
~ 

The islets were loaded on to the bevel of the 

disposable needles and gently injected into an incubation 

"basket" in buffer in a Petri dish. The basket consisted of 

an Technicon 3 ml polystyrene sample cup with the bottom 

removed and replaced by a piece of 200 mesh bolting cloth held 

firmly in place. The islets rested on the bolting cloth. 

With this device washing is simple since the washing buffer 

passes easily through the bolting cloth but the islets do note 

When 15 islets were collected in the basket they were 

washed in fresh buffer and were then ready for incubation. The 

incubation medium consisted basically of Kreb's Ringer Bicarb-

onate solution (KRB) with bovine serum albumin 2 mg% and 5 mM 

each of sodium fumarate, pyruvate-and glutamate according to 

Coore and Randle. 73 The incubation vessel consisted of a 10 ml 

disposable Worthington chromagen vial. 

The islets were preincubated for 15 minutes in incubation 

medium with glucose 50 mg% and for 5 minutes between each incub-

ation. Before each incubation the islets were washed in a 20 ml 

volume of fresh buffer. Incubation was 15 minutes in duration 

and uS~lally 8 incubations were performed during each experiment. 

The islets were examined at the one and two hour mark with the 

dissecting microscope and the previous houris specimens rejected 

if there was significant fragmentation, 10ss of opacity or disapp-
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earance of the islets. 

Insulin release was determined initially by bioassay 

and more recently by immunoassay. 

Insulin Bioassay 

Insulin-like activity (I.L.A.) was deter.mined using 

isolated epididymal fat pad cells according to the methods of 

Rodbell" 169 Glieman170 and D'upré171• Fed male hooded 140 to 

160 gm rats were killed and the epididyma1 fat pad was removed. 

The fat tissue was then incubated in 5 ml KRB with 4 gm% bovine:: 

serum albumin" glucos~ 10 mg% and col1agenase 10 - 15 mg in a 

metabo1ic shaker at 370 0 for 15 to 25 minutes with gassing with 

95% O2 and 5% 002 for the initial rive minutes. When digestion 

was complete the cells were washed with KRB with albumin 4 gm% 

and glucose 10 mg%. The cells were then dispensed into incub-

atiôn flasks with beef-pork insulin standards or test specimens 

in the presence of 6014 glucose (approximately 0.002 mc per 

flask) in a total volume of 2 ml of KRB with 4 gm% albumin and 

glucose 10 mg%. The incubation period was one hour. The 

reaction was stopped with Dole extraction mixture. Fat waso. 

extracted with heptane" saponified with alcoholic KOH" and acid­

ified and the resulting ;f'atty acids '\-rere extracted with heptane 

and weighed. Radioactivity was counted in a Packard Tricarb 
, ~ 

Liquid Scintillation Spectrometer using toluene popop as'the 

scintillator. Values obtained '\-rere expressed as counts per 

minute (cpm) per mg of fatty acid incorporated from glucose, An 

insulin standard curve was calculated and test specimen values 
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obtained therefrom and expressed as pU of insulin per ml of islet 

incubation medium. 

Insulin immunoassay 

The insulin immunoass~ was based on that of Yalow and Berson67 

with many modifications'., 1nsul~n antibody was raised in guinea pigSJ 

by four weekly subcutaneous injections of N.P.H. (pork) insulin, 

l unit, in Freund's complete adjuvant. An antibody was selected that 

produced an acc.eptable asymptotic standard curve and ,the antibody 

was diluted ta obtain 60 - 70% binding of labeled insulin in the. 

absence of added insuline 

AlI dilutions of the rat insulin standards,. test specimens" 

antibody and radioactive insulin were in borate buffer in bovine 

serum albumin (fraction Ï) 2 gm.% at pHi 7.4. Radioactive (1131) 

insulin was purified by passing it through a DEAE Cellulose column 

"\'lashed with 5 ml 0.1 TRIS buffer pH 7..4 in 0.5 gm.% bovine serum 

albumine Elution '\dth 0.-5 gm% bovine serum albumin in O.lN HCL 

was followed by dilution to 2 ng/ml •. In the assay 0.1 ml of 

1131 insulin was used (0.2 ng/ml or 5 pU/ml). St~ndards'were 

made with crystalline rat insulin frem 0 to 75 ~U/ml and test 

specimens 0.02 to 0.05 ml were measured. 

Antisera, radioactive insulin and rat insulin standards 

or test specimens in a total volume of l ml were incubated 4S 

hours at 4°C. T'\'To ml 0.25 gm.% dextran SO and 2.5 gm% charcoal 

in borate buffer172 was then added. The mixture ,,;as vortexed,. 

centrifuged and separated.. Radioactivity was counted in a 

Packard Auto Gamma Spectrometer. The fractions were counted 

usually to 5000 preset counts and the bound (supernatant) oven 
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free (charcoal) ratio was calculated. If the damage '(non-

specific binding) exceeded 4% of the total counts the damage 

of each specimen was subtracted from the bound fraction before 

calculating the bound/free (B/F) ratio. A pooled specimen of 

rat insulin was measured in each assay to demonstrate any varia-

bility from week to week. 

Results were expressed as pU of insulin per ml of incub-

ation medium released by islets (usually 15 islets per 3 ml) in 

15 minutes. 

Types of Incubation 

1. Initially, groups of 5 islets were incubated in 1 ml of 

incubation medium for 15 minutes and ILA determined. An effort 

was made to determine glucose responsiveness, duration of viab-

ility of the islets, reproducibility of insulin response from one 

incubation to another, similarity of response of one batch of 

islets to another and a few experiments were done to detect any 

increased ins-ulin release due to secretin. 

2. Once the immunoassay had been developed several additional 

preliminary experiments were performed. 

(a) Dose-response relationship. 

Fifteen islets were incubated for 15 minutes in incubation 

medium containing varying concentration of glucose and the insulin 

release determined. 

(b) Insulin release with time. 

Islets were incubated in incubation medium containing 50 

and 300 mg% glucose and aliquots taken at intervals over one hour 

and insulin release measured. 

) 



41. 

Cc) Insulin breakdown. 

In order to detect possible insulin breakdown by islet 

enzymes or possible residual acinar tissue three experiments were. 

done as follOl'ls. Islets were obtained in the usual fashion and 

15 islets put into a basket, ~) and 15 more islets put in another 

basket labeled B.. In baskets C and D there were no islets. 

After preincubations as above baskets A and B were incubated in 50, 

300 mg% glucose in the incubation medium for 15 minutes each. After 

each of the first two incubations the baskets with the islets were 

removed and 25000 to 50000 cpm r131 insulin "liTaS added to the 

incubation medium and the mixture incubated for a further 15 minutes::. 

Islets were incubated for a third 15 minute period with 1131 insulin •. 

In baskets C and D labeled insulin was added to incubation medium 

"nth 50 and 300 mg% glucose respectively and incubated for 15 minutes· .. 

At the termination of each incubation with labeled insulin 

the medium was immediately frozen with dr,y ice. Cr,ystalline zinc 

insulin 80 U/ml 0.1 ml was added as a carrier. Then 1 ml 10% 

trichloracetic acid CT .C.A.") was added, the solution melted, was" 

vortexed, centrifuged, and the supernatant transferred to the 

appropriate counting tube. Radioactivity ,,'las counted in a Packard 

Auto Gamma Spectrometer. Damaged insu lin was calculated from the 

amount of radioactivity in the supernatant of the two control 

incubations. Damage or non-specific binding l.V'as then subtracted 

from the supernatant counts of the test specimens. 

Thus the r131 labeled insulin proteolytic action of the 
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medium in which islets had been incubated at both 50 and 30Omg% 

glucose (first two "incubations) and the destructive action of 

islets per se (third incubation) were calculated by subtracting 
r 

the non-specific failure of ads~rption to charcoal of radioactivity 

in control vessels C and D incubated under the same conditions but 

without islets or previous exposure to islets. 

(d) Effect of gastrointestinal hormones and amino acids on 

insulin release. 

A serie$ of experiments was carried out in which the effects' 

on insulin release of four hormones and two amino acids were 

determined at low (5Omg%) and high (30Omg%) glucose concentrations. 

In each experiment 15 islets were incubated for 15 minutes in 3 ml 

of incubation medium. "For each substance tested four incubations were 

carried out, that is, incubations were at both high and low glucose 

concentration, each with and without added test substance in ~andom 

order; and then these incubations were repeated, aga in at random 

for a total of eight test incubations. Trasylol 1000K.I.U. (kallikrein 

inhibiting units) was added to each 3 ml incubation medium in experiments-' 

in which a polypeptide hormone was used. The substances tested 

were secretin 0.02pg per ml, glucagon 0.05~g per ml, pancreozymin 0.02pg 

per ml, leucine 25mg% and arginine 25mg%. In addition to the above, 

glucagon was tested at an intermediate gluco13e concentration of l50mg%. 

The insulin content of the four honùonal preparations was 

determined. 

Statistical treatment of the observed results l'TaS carried 

out as follows. Student's t test was performed to deter.mine the 
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level of significance between insulin release at 50 and 30Omg% 

glucose. Then the values obtained du ring the first and secon~ set$ 

of incubations were examined. Since a significant difference in the . 

values obtained in the two sets of observations was found, the. mean 

of the two incubation$ carried out under the sarne conditions in one 

experiment were considered. Student's t test was carried out on 

these means to determinethe level of significance of the mean 

values at both glucQsa concentration~, each with and without added, 

test substance.. Student "5 t test was also performed on paired: 

differences at both glucose concentration~, and on the differenca 

between insulin release obtained with added test substance at both 

high and low glucose concentration$to determine the presence or 

absence of synergism.. Synergism of the test agent with glucose in 

this situation may be defined as an effect of the. test agent on 

the rate of insulin release exceeding the effect of the agent at 

lOi'l" glucose concentration. 

Mean per cent change in insulin release at each glucose. 

concentration l'laS calculated for each substance. 

Results:· are expressed in terms of }lU !RI per ml incubation 

medium in 15 minutes and as ~U IRI per islet per minute, the latter 

as an attempt at some standardization with respect to the data of others. 

Resulta; 

1. ILA ResultS3 

The figures used for determination of p values, regarding: 

(i) glucose responsiveness" (ii) reproducibility of insulim responae. 

fromlone incubation to anothen, and; (iii) similariity of response 

of one batch of islet$ (that is one eÀ~erimen~) tœanother are 
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tabulated in Tàblle: l. 

Tàble r Response of isolated islets to two glucose concentrations 

Experiment Glucoae. Concentration of Incubation Mediunn 

5Omg%: 300tng% 

1. 52,*43 Jl33,,96 

z. 47,46 88,8lJ 

3 130,80 1160,,140 

4· 90,80 220,:205 

5) 92,76 420,320: 

6~ 88,$0 440,.320", 

7 ]25,,125 1:20".]20 

8 130,;2]0) 2:30,21:0' 

9, 60,.,44 340 ",28Œ 

10 68,~5Q) 2]2,;n.9Z: 

*values expres:s ed as }lU! insulin released: 

per mJ.J. of incubation mediumi in! :t5 minut:e.s •. 

Ci) The isletS3 responded to an increase: :iln glucose concentration 

by increasn..ng lLA output ~gnificantly' (p <0 •. 01.). There was' usuaJ;Iy-

a 2 - 4 fold increase in lLA release when islets were incubated at 

300mg% glucose compared to 5Omg%. 

(ii) Consideration of the two (ILA) valuea obtained at the same 

glucose concentration using the same. islets.; by Student Ils t test on 

the paired differences revealed no significant difference in !LA 

release at 5Omg% glucose (p< 0.0]) or at~ 30Omg% glucose. (p< 0.05). 

In the latter group one experiment tended to: diminish the. significance. 
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(iii) There was considerable discrepancy between the ILA value$ 

obtained in one experiment compared to another at both 50 and 30Omg% 

glucose. Presumably this variation from experiment to experiment is 

due to variation in the size of the islet~ or more exactly the total 

number of beta cells in each experiment. The metabolic state of the 

animal from which they were obtained, the degree of damage due to 

collagenase and variable other unknown factors may have been involved. 

(iv) In assessing the duration of viability, islets were incubated 

alternatively in 50 and 30Omg% glucose (G50 and G300, respectively) 

for 15 minute periods for three hours. The results are tabulated in 

Table II. 
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Tâble:. II Duration ai Islet Viability 

Incubation Medium Time (min.) ExperimentJj 

120 122 124 
~O 1155 76* 25.01 6<ll 

Œ30Œ 30 320 240 208) 

G~O 45 80 220 68 

~OŒ 60 320 460 340) 

G'SO 75 92 280 44 

G 30Œ 90 420 240 340 

G~O 105 88 280) 42 

(;300 120 440 400 212 

ŒSO 135 60 220 42 

G~OO lJ50 270 240"' 280' 

G50 165 76 240 60 

G300 180 24 440 92 

* values expressed as pU insulin 

released per ml of incubation 

medium in 15 minutes:. 

It can be seen that in 2 of 3 experiments there was . 

a significant fall in insulin release at 3 hrs. Gonsequent~~ 

,tota>l incubation periods of tW'O' hOUl'S3 were not exceede<ill .. 

Cv) vlhen secretin (0.2~g/ml) was incubated with islets at two 

glucose concentration53 the results in Table III were: obtained:. 
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Table III. Effect of Secretin on ILA Release 

Experiment Incubation Medium 

Glucose 5Omg% Glucose 50mg% 
with Secretin 

GIlUCOSB: 30Or.a.g%· Œl.ucose 300mg% 
with S·e cret in1. 

108 

112 

118 

+ mean - SK 

20* 

20 

130 

84 

40 

64 

60 ±.17 

30 

26 

86 

90 

40 

40 

52 :!: 12 

96 70 

60· 68 

140 170 

200) 224 

140 180 

110 JflO 

124 ± 19 147 :!: 26 

* values expressed as p.u insulin released per ml 

incubation medium in 15 minutes. 

Although~there is a tendency for secretin to increase 

glucose-induced insulin release at 30Omg% glucose neither the means 

nor paired àifferences are significant. The failure to obtain 

significance is probably related to the small number of experiments 

and to the·lack of precision of the bioassay. Insulin release in 

subsequent experiments was @.ssessed; by measuring immunoreactive insulin. 

2. !RI Results 

(a) Dose response relationship 

The results obtained in three experiments demonstrating ~sulin 

release by islets incubated in various glucose concentrations.: ranging 

from 0 to 4oOmg% are tabulated in Table IV and depicted graphically 

in Figure 1. 
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FIGURE 1. DOSE RESPONSE RELATIONSHIP 
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Table IV Dose response re1ationship 

Glucose Concentration Experiment + lvlean - SE + Mean - SE, 
in Incubation Medium }lU/ml in 15 min. }1UIRljislet 
inm.g% 109' 110. lllL 

0 250* 157 180 196 ± 28 + 2.61 - 0\37 

25 225:' 180 135 180 ± 26 + 2.40 - 0.35 

50 220 200 184 201 ± 10 2.68 ±. 0.13 

100 274 250 200 241 ± 22 + 3.21 - 0.29 

200 435 475 300 403 ± 53 + 5.37 - 0.71 

300 800 500 600 633 ± 88 + 8.44 - 1.17 

400 850 700 700 750 ± 50 + 10.00- 0.67 

* values expressed as pU insu1in per ml of 

incubation medium releasedin 15 minutes. 

For future experiments the glucose concentrations us:ed l'Tere 

5Omg% when insulin secretion may be considered at a basal 1evel and 

30Omg% when insulin release is submaxima1. 

(b) Insu1in release· over time 

For results obtained in two experiments in which the release 

of insu1in l'laS determined over one hour see Table V and Figure 2. 

in lfmin .. 
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FlGURE 2. lNSULI N RELEASE OVER ONE HOUR 
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]à:bJle V Insulin Release Over One Hbu~ 

Incubation medium glucose concentration 

T.ime· 5O!n~ 300mg% 
(min.) 

Exp.214 Exp.258 mean ±Sn of. Exp.2l4 Exp.25B mean ~D 

7 • .5 
il-

97 lJ.93;, 145±U53 28-5 415 350±62 

15 190 310 250'±55 470 750 6l!O:!:131 

30 341 419 3 BO:!:36 726 B94. BIO±BO 

45 436 504 470±32 B55 1235 1045:!:lBO 

60 470 570 520±47 1]135 11635 lL3B5±232 

* data expressed as' ~U IRI/ml/15min. 

(c) Insulin BreakdO't'ffi 

See Table VI 

In three experiments described in the Method.non-specifiœ 

binding or damage of labeled insulin acc:ountod for 3 •. 7% of total 

added labeled insulin., The so-called damaged fraction waa subtracted 

from the mean Olf experimentalL supernatant values: obtained froml each 

incubation (numbered 1,2 and 3). Insulin proteoll.ysis as' determined 

in this system 't'las found to be negl:i:!gibl!e (mean = 0.23%). 
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Table VI Insu1in Breakdown 

Estimation of supernatant cpm attributed to 
insu1in destruction as % of total added cpm 

Exp. Basket Incubation 
50 mg% glucose 300 mg% glucose meqium with 

1 2 3 medium (inc. 1) medium (inc. 2) is1ets (inc. 3) 

196 A 1124* 1050 1005 1219-1004=215 1084-1004=80 1090-1004=86 
B 1315 1118 1185 
C 961 215/26581 x 100 80/26581 x 100 86/26581 x 100 
D 1055 =0.81% =0.30% =0.32% 

Total counts per min. added 26581 

Damage=(961 + 1055)/2=1004 

259 A 2220 1880 1680 1950-2060=-90 2090-2060=30 20JO-2060=-10 
B 1680 2300 2420 
C 2000 -90/56510 x 100 30/56510 x 100 -10/56510 x 100 
D 2120 =0.0% =0.05% =0.0% 

Total counts per min. added 56510 
Damage=(2000 + 2120)/2=2060 

260 A 2410 2391 2210 2413-2250=163 2386-2250=136 2305-2250=55 
B 2416 2381 2401 
C 2160 163/59327 x 100 136/59327 x 100 55/59327 x 100 
D 2340 =0.27% =0.23% =0.09%. 

Total counts per min. added 59327 
Damage=(2160 + 2340)/2=2250 

* figures refer to counts per min. (cpm) of non-TCA-precipitab1e 1131 

\JI 
N 

" 
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(d) Effect of gastrointestinal hormones and amino acids on insulin 

release. 

The higher glucose concentration produced significantly 

greater insulin release than 50mg% glucose (p<O.Ol) •. 

Initial determination of the difference between insu lin release 

in control incubations (50 and 30Omg% without added substance~), the 

first set compared to the second set of incubations, revealed no 

significant differences (p<O.05 for both 50 and 30Omg% glucose, n = 10) .. 

However, consideration of aIl the values after terminationl of the 

experimentation (nF45) did reveal a significant diminution in the 

30Omg% glucose control value du ring the second set of incubations" 

compared to the first (p)O.05). Furthermore, paired,differences for 

the 5Omg% glucose control incubations were significantly smaller in 

the first set of incubations (p,"O.05). Therefore, since two estimates 

of insulin release under the same conditions could not be treated as 

replicates, these two values~ were averaged and the significance of 

the paired differences of these me ans determined in each set of 

experiments. It is recognized that this manipulation limits the 

inferences that can be drawn •. 

The results of the experiments in which secretin was tested 

are represented in Table VII and Figure 3. Synergism ~·Tas absent. 

In Figure 3 and the subsequent three figures the bar graph on the 

left represents the mean insulin output at the t~'10 glucose concentrations 

indicated with and without added hormone. For no substance tested was 

mean insulin output increased by the presence of hormone. The figures 

on the right represent the mean ±SEM of paired differences and the~level 
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o~ significance, that is, the increment in insu lin secretion 

attributed,to added hormone at each glucose concentration. 

Figure 3 
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Table VII Effec:t of' Secretin on Insulin Releas-e 

Experiment Incubation Mediuml 
Glucose 5Omg% Glucos:e 5Omg% ŒLuco~ 30Omg% G[;UCOfre 30Omg% 

197 
201 
205 
207 
208 
209 
215 
216 
222 
223 
225 
226 
227 

*with Secretin 
350, 325 380,400 
295,300: 310,340 
310,J30 530,340 
274,~15 310,256 
40,50 40,40 
194,194 140,150 
430,254 290,540' 
184,220 200,230 
214,200 250,240 
230,224 340,270 
80,104 80,120 
130,100 194,~20 
130,234 250,300 

825,725 
775,,7]2 
900,850 
575,590 
275,..475 
250,475 
725,925 
425,475 
900,485 
1075,)750 
225,J.85 
510,425 
425,400 

with Secretin 
875",675 
10C0,.825 
1250,1100 
600,680 
575,535 
485,275 
575,11200 
600,;475 
835,~535 
950,825 
310,225 
585,71:0" 
575,:5:00 

*}lU of IR! per ml incubation medium re1eased.in 15 min. 

mean3sEM 2]6±19 
}lU !RI/ml in 
15 min. 

mean±SEM 2 • .88±0 •. 3 5; 
}lU IRI/islet 
/min. 

level of 
significance 
of difference 
at same 
glucose 
concentration 

+= mean....,.l!IIOIo 
of paired 
differences' 
attributed to 
secretin in 
}lU/is1et/min •. 

level of 
significance 
'of paired :;. ,p<O":O]; 
differences:; 

3..4lL±0..45 

n .. s 

+ 7.87-0 .. 84 

p<o.oli 

n • .5: 

+ 9.07-0.89 
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Table VIII and Figure 4 represent the resu1ts',: obtained when the: 

effec.t of glucagon was; examine.<L at 50 and 30ümg% glucoSE.. 3ynergisml 

was absent (p>O· .. 05). 

'Daldie. V::DID. Effect ~ Glucagon on Insulin Rel1eéœB: 

Experiment 

203:-

204 

210 

21ll 

212 

217 

mean±Sm 
~U/mJJ/:t5min. 
mean±SEm 
}lUYisJ1et/mim .. 

1evei of 
significance 
of differena'e 
at same: 
glucose 
concentration 

mean±sEM~ 
of paired 
di.fferences,\ 
attributed to 
glucagon in 
~U/islet/min .. 

level of 
significance~ 

of paired 
differences 

Glucose 5Omg% GlUC05:e: 50mg% 

290~.410 
300,,360 

184,,150 

140,,220 

240,,260 

with G1.ucagon· 

480,,450 

450,,480 

310,,190 

384,,:290' 

300,,320 

110,170 170,,230 

* }lU IRI/mJJ/]5 mm •. 
236±.36 337±J.l.5 

n..s 

ŒlucOfœ, 30Omg% Gluc'oa-e.. 300mg$ 

700",525:: 

875,,525 

800,,950 

600,,:460' 

485",960 

696~8 

9..28±0' .. 64 

~ 2 •. 07-0 • .BS~ 

n • .s 

with G-luca-gom 

950",900 

750"p6Œ 
975",600\ 

1630,,1000 

725",,5255 

575,,925 

851i±1011. 

1!ll.35±1l.35 

An intermediate glucose concentration of 15Omg% was: found.i to hav.e: 

the effect shown in Table IX on insulin' release.. Synergism of gluaagon 

and glucose. was of border1ine significance: (p=Og.Q5) o. The failure to 
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detect glucagon stimulated insulin release at 5Omg% glucose a$ 

demonstra,ted. in Table Vlll i8 probabJq related to the smaù.]. number 0:f 

experiments. 

Table lX Effect of Glucagon on Insulin Releas-e at l50mg% glucose 

Experiment 

263 
265' 
267 
268 
269 

mean'!sEM; 
}lU /ml/15min .. 

Glucose 5Omg% G1ucos:e 5Omg% 
with Glucagon 

l77!283 235,~19 
5;113 , ~4p:, 639, 968 
545,,670 . 900,,1250 
424,,41L.~ 316,494 
508,,480 450,374 

* p.UJ IIŒ/ml/15min. 
~ + 485-78584-154 

meantsEM: 6..47:!:1.04 
}1U/isletlinin. 

level of 
significance 
of difference 
at same 
glucose, 
concent ration 

. . +'" .. 
mean-sm: 

n.s 

of paired 
differences:; 1.3Jl±I.31 
attributed to:> 
glucagon in 
pUy'isLet /min •. 

level. of 
significance n.s 
of paired; 
differenceSi 

Glucose l50mg%Glucose 1150mg% 

1365,,52~ 
1345,,1370 
447,,650 
11170'.,,lll85 
600,,690 

+ I2.45~ .. 05 

n .. so 

with Glucagon 
200016JL3 
1635,,2270 

, :D170,,)l690 
1730,,25110: 
675,,6101 

, + 
]9 .. 87-3..491 
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Pancreozymin was ro~d to produce insulin re1ease only at 

30Omg% glucose concentration as shown in Table X and Figure 5.' 

Synergism was present (p<0.05). 

Table X Errect or Pancreozymin on Insulin Re1ease 

Experiment Glucose 5Omg% Glucose 5Omg% Glucose 300mg% Glucose 30Omg% 
with Pancreoz.y.mïn ·with Pancreo~ 

229 
232 
246 

247 
248 

249 

250,,240 575~,560 435~ 550 

110,124 

194,134 

170,144 

110~134 

164,104 

920~820 940~710 

694,~lU 720~p14 

* }lU IRI/ml/l5min. 
mean:!:sEl-I 
JlU/ml/15min• 

371±128 358±125 

mean:!:sEM 4. 95:!:1.71 
pU/is1et/min. 
1eve1 or 
signiricance 
of difference n.s 
at same 
glucose 
concentration 

mean:!:sEM 
of paired 
differences 
attributed to 
pancreozymin 

+ -0.17-0.12 

in p.U/is1et/min. 

1eve1 of 
significance n.s 
of paired 
dif'ferences 

~ 4.77-1.67 

325~450 

275~275 

375,300 
1575,950 
1100~750 

625:!:159 

~ 8.33-2.12 

+ 3.59-1019 

700~550 

585,525 
600,435 
1785~1625 

1600,1350 

894:!:222 

+ . 
Il.92-2.96 

n.s 
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Gastrin was without effect at either glucos:e concentration.. S'ee. 

Tà.ble XI and Figure 6. 

Tà.b1e Dl 

Bxper.iment 

Effect of Gà~t~in an ~n5U1in Re~eaae 

224 
2371 
236 
238 
244 
245 

mean±smn 
}ltrjml1/115min. 

GJ.UC05e 5Omg%' MUCOSB; 5Omg% 
"* . with Gastrin 

104,160 ]44,140 
420,,290 644~2:.?œ 
100 ,190) Jl2O:~i 
84~200 ~0,,22Z1.: 
150,,120 ]94~,Itll0) 
320,150. Z!i4~54 

*. }lU; IRI/mll/15 mfn~ 
]90±3(,~ 233±45; 

mean!5EM: 2.5.B±o.#$ + 3~0.60 
}lU/islet /min. 

]lev:e1 of" 
significance 
of diff:erence: 
at same: 
g~ucose.· 
concentration 

+Q"[;\U' mean-..n!ll·i: 
of paired 
differences 
attributed to 
gastrin in 
}lU/islet/min. 

leve]. of 
significance. 
of paired 
differences' 

+ 0.56-0.22 

n •. s 

GIucrum 300mg%' GJJucosa 30Omg% 

7.33±o .. 80 

n .. 5:' 

+ -0.72-0.80 

n.s 

with Gast.rin 
37151:3Z5; . 
]]](IDj,,65Œ 
360,,385' 
38:p,,300 
500,,28$ 
785,:500 

+ 6 .. 6lL-1.19 
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These expe-riments, have demonstrated arginine induC'.ed insu1im 

re1ease· at 50 and 30Omg% glucose concentration.. Syner~sm, ho.waver was; 

absent. See Tâble XII. 

Table XII 

Experiment 

:n.90 
191 
202 
220 
239 
240 
241 
266 
267 

mean±SEM 
}lU /ml/15min. 

Effect of Arginine on InsuLîn Re1eaae 

G1.ucose 5Omg% Glucose 5Omg%: Gluco~ 300mg% œL'ucoaa 30Omg$ 
with A:rginine. withA'rgi'niine 

420~.320 580,,460 S50 ,775 112i:,$Z5' 
1020,1000 1200,830 1886,,1J312 Jl947 ~]~'47 
170,,]180 290~205 1J425,,]900 3]50';,13925 
270,l-70 260,250 700, .• 500 8835,,550 
214,,]164 314,174 675,,460 535,520 
264,210 240,~oO 450,500 460,510 
254,230 410,l-30 575,335 700,585 
200,~06 232~32:n. 1J477,1226 1496,1329 
260,A34 : 262,A68 1725~680 2060,1355 

'* }lU IRI/ml/15min. 

332±88 382±S5 969±163 ]2]3±242 

mean±SEM: 4.43±1.17 + 5.09-1.13 + 12.92-=-2.17 + 16.17-3.23 
}lU/is1et/min. 

1eve1 of 
significance; 
of difference 
at same: 
glucose 
concentration 

mean±SEM 
of paired 
differences 
attributed to 
arginine in 
J1U/is1et/min. 

leve1 of 

+ 0 • .65-0.28 

significance p<0.05 
of paired 
differences 

n • .5 

p(O .. 05 
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Leucine did not produce a significant increment in insulin 

release at either glucose concentration.. Although the mean valuefB were.· 

roughly similar to those of arginine the smaller number of experiments 

djminished the level of significance.. See ~abl~ XIII. 

Table XIII 

Experiment 

183 
189j 
lJ95 
230 
231 

meantsEM 
}lUjùü./15min •. 

Effect of Leucine on Insulin Release 

Glucose 50mg%' Glucose 5Omg% GlucoSl3 30Omg%' Glucœœ 300mg$ 
* with Leucine . wi'th Leuc:iine: 

125,395 460,400 1100,:l350 1087 ,ll25 
250~8~ 560,440 500,675 650~725 
400,420 315,420 700,660 792,~50 
300,;320 270, 22l" 685,600 1I.50,:o.35 
274,;2]]4 200,;200 610,600 1085,,975 

* )lU IRI/m1l/115min •. 

305±31. 349±56 748±m0 1037±93·, 

mean±S~ 4.D7±O.41 
,uUYisJlet /min •. 

+ 4.65-0.75 + 9 .. 97!.l.60 

level of 
significance· 
of difference 
at same· 
glucose. 
concentration 

mean±sEM 
of paired:. 
differences 
attributed to 
leucine in 
}lU /isllet /min •. 

level of 
significance 
of paired 
differences 

+ 0 •. 59-0 .. 73 

n.s 

n.s ., f"; i 

+ 3.85-1.67 

n.s 

n •. $ 
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Insulin content of variouS3 hormonal preparations; used \-laS as, 

follol'lS:: glucagon 2.3 p.o/ml of incuba'~ion medium" secretin 0 0 54 }lU/m], 

gastrin 3.7 )lU/ml, pancreozymiÎl 0.011 }lU/ml. In view 'of the 

concentrations of insulin released, none of the~e values are significant. 

Discussion 

Using each set of islets as its own control has obvious 

advantages. However, the reproducibility of responses was at the 

lower limits of acceptability and sometimes necess~tated a large 

number of experiment~. Coore and Randle73 found this a feasible 

technique with 30 minute rest periods at llow glucose concentrationS3 

between incubations. However, Vance et al163 found a,wide variation 

in glucagon :-elease using isolated islets although the differenc.e. 

in insu lin responsawas not significantly different. They elected not 

to incubate acc:ording to this proto col .. 

Preincubation at 101'1 glucose concentration has been found. 

necessaTy by virlually aIl authors.73 ,74,163 We demonst rat ed: 

isolated islets are usu~lly viable for 2 hours.. Most authors73,74,~ 

are also:in agreement with this finding. 

Our insulin-release-over-time curves demonstrate· approximately 

linear increases and significant differences in insulin release from 

15 to 60 minutes- at low and high concentration of gluco~. S'ome 

authors74,173 have incubated for 15 minute periods, others73 ,144 

for 30 minutes;. 

The necessity of rest periods at low glucose concentrations 
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between incubations was demonstrated in early experiments when the effect 

of high medium. ',glucose: concentration waS3 found to carry over to' 

subsequent low glucose medium incubations-., Five minutes rest at 5Omg% 

glucose was· felt to', be adequat a. Cb:ore and~ Randlle73" howevel!',res:ted!. 

for 30 minuteso. PresumablY '.' this period allows the effect .. Qi metabo]it-es; 

to subside and increases the efficiency of the wash •. 

The initial ILA dat~ revealed the islets dad indewi" respon~ 

consistently to a change: in glucoae:: concentration in a reproducibl:e. 

manner.. Although the re.sults obtâinedi in one: experiment differe~ 

consider9.bly fl!om thos:e of another carried. out in the same wary, the; 

pattern of responsa was similar. HOl'Te.ver, more numerous~ IRI dat8.l 

revealed a significantly different value. of contro]J. incubation at 

30Omg% glucose: when the SB.<roncL s:et wa'S.: cnmpa::reœ with the. first. 

Consequently, the values were:meaned, as: explained above •. The explanatimn 

for the fall in insulin output during the se.cond set of four incubations 

must involve cellular damage either due to c:ollagenase. or,'othen' 

unknown in vitro factors> or to failure or synthes=is; or sec:netion-.. It 

is to be noted. that the. insulin secretion in these expe·rimentS1 is far 

in excess:-; of that in vivo and may account, in part., for the apparentl'yr 

minor respons:es of added substances •. 

We chose the two glucos:e concentrations" of 50 and 30Omg% for 

most of our experiments following the lead of Caore and Rand!e 73.· 

These levels are. appe.rently at the lower and near the upper limita; 

of glucose concentration for induction of insulin releas.e according:: to 

the dose-response relationships of our preparation. However, it 

appears that the st~ong stimulus of 30Omg% glucos'a may have d\'1arfed:. 

the effects of sorne of the gastrointestinal hormones: since. incubation 
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at an intermediate glucose concentration allowed demonstration of' 

synergism of glucose and glucagon.. SimilarJq, the high bp;sal:DnsuJJilr~ 

release:: diminishes the apparent significanc:re: of. hormcme-inducecaJ. msulim 

releaaif ... 

In~ulinolysis promptedi. MalaisseJ144 to use. anti-insulinl serum. 

to immediately bind released insulin in hiS3 pancreatiœ slices> t:ec:hnique. 

Vance et al163 detectecL a ftsmall amount ll : of insulin degradation by 

isolated isletS3 which 't'las; prevented by the addition of Trasylol. 

Howeven, we have demonstrateœnegligible destruction without Trasylol. 

Trasylol was.lused, however, to prevent degradation of gastrointestina]. 

hormones in the incubation medium. 

Secnatin 

The results depicted. in Table VII show that,~ secretin. 

induced insillin releas:e at both 50 and 30ûmg% glucose; there was:" no' 

synergism involving s-ecretin and glucose at 30ûmg% glucoS:fl' .. 

That secretin is insulinotrophic: has been demonstrated:. im 

vivo35,40,i+3-45,.47,49,52 and in vitro? 6-38 • Lazarus:- et aI39 

demonstrated. s·e.cnetin-induced, insulin release on mjection :in rats> 

but not in vitro using pancreatic slicea:",. Hadj;i.kani et.~ aIi?8 d:em.onstrat·ed, 

insulin releasa both in vivo and with isolated.: pancreatic: islets> in 

rats. The contrétS:t in results·· points> ta:, the poss'ibility of s.ecretin 

breakdown by panareatiœ enzymes:. Pfeiffer et a136 demonst rat eci. 

maxima]. insulin release from dog and rabbit pancreatiœ slic~ by O .. Oli 

and 0.1 U/ml secretin in the absence of glucose. Addition of glucose 

had rio effect. They concluded. secretin per se s=timulates insulin 

secretion independent of blood glucos~e concentration. Our findings:: 

in Table VII are in agreement. 
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Potentiation of secretin-induced insulin release by a 

simultaneous glucose infusion bas been demonst rat ed46 ,52 • The dat& 

are therefore in acco~ with interpretation of in vivo findings except 

for the lack of demonstrable s.ynergism~ 

Secretin release is produced by acid and protein breakdown 

products in the duodenl;1lD.. Secretin produces insulin release botlh in 

vivo and in vitro.. Serum immunoassayable secretin is reportedly 

elevated after oral and intraduodenal glucose, after intràduodenal. 

acid and administration of intravenous Histalog, and the elevation 

precedes the rise in blood insulinl79• If these findingS3 are. confirmeal. 

secre:tin can be said to be one of the hormoneS3 involved in increas.edi 

insulin release during glucose absorption •. 

Glucagon 

These experiments have also demonstrated the well known effect 

of increased insulin release by glucagon at both 50 and 30Omg% glucoae. 

Insulin release attributed to glucagon at high glucose concentration 

exceeded that at low glucose concentration but the difference was net 

st.atistically significant. At an intermediate:. gl~cose concentration_ 

(15Omg%) in a small number of experiments synergism was of borderline 

significance sug~stin& the possibility that the h:igh glucos:e 

concentration (300m.g%) dwarfed the glucagon efi!.ect.. '.Ifue: failure at. ]ow 

glucose levels to produce si~icant]y ÏDcreased output shown in tpe 

second group of glucagon experiments (Table IX) as' opposed~ to the firsi;, 

group (Table VIII) is probably related to the small number of 

experiments. 

Glucagon bas been shown to produce insulin release in vivo in 

fasting man47,71,72,~74 and dogs42,49 and when given in conjunction 
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with a glucose 

demonstrated. 

infusion, 71, 174 in~mich case synergism has been 

In perfusedisolated rat pancreas130,131 , organ 

culture,76 isolated fetal pancreatic~ tissue77 and in rat pancreatic 

slices74~75 glucagon is insulinogenic.. Potentiation wa~ demonstratedl 

by one group 74 but not by anothen'l5 using panc:neatic friLiceft,. . Montagne· 

et al175 bave demonstratedl. glucagon~inducedi insulin release using 

isolated~islets. 

Our findings:: are thus in acco:rc:t. 'trlith previous in vitro and in 
, . 

vivo findings regarding glucagon and.:. we have, demonstratedl synergism1 

of glucos~ and glucagon found by some investigatoDs. 

The pattern of effec.t of secretin is simila:n' tio: that of glucagon: 

though the mean di!fference.s> ara smaller. This finding may lie: nelatedi 

to the structural1. similarities> be"tween gluc.agon and; secretiIr.. BOth 

hormones: exert l!polytic effects on rat adipose tissue in c:to~JJy.r 

similar concentration~. Secretin and gnitglucagon-like-immunoneactivdty 

are notr, glyaogeno1ytiœ in contrast to' pancreatie glucagon., Theref;ore, 

if secretin and gut GLI on the one hand, and: gut GLI and panc.reatic! 

glucagon on the othen'hand, st imulate. insu]in release.by commorn. 

mechanisms' res:pectively thi's must be indepandent of stimulation of. 

beta cell g~cogeno~is. 

Use of the isolated: islet technique. nam providedl sugges.tiv-e: 

evidence that pancl'eatiœ glucagon may be insul:inotrophiœ by activating:~ 

180 adenyl cyclase • 

The role of gut glucagon is unclleaT., lt appea>rs' to he 

released by ingested. gluc.oslil; and i5') probably insulinotrophic". It 

may act inconjuiicti~n with sec:retin. Pancreatic gIucagon is an 

induCEr of insulin releas~ and appears to be stimulated by pancreoz.ymin 
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in the absence of hyperglYcemia~ What other roles it plays:in the 

gastrointestinal hormone story remain to be determined~ 

Gastrin 

Gagtrin failed to produce significant insulin releaaes at both 

50 and 30Omg% glucrose. Impure gastrin has; been shown to cause immediate 

insulin releasB,in dogs after rapid endoportal injection or high dos.es.49 

Jarrett and Cohen47 failed to dem.cmstrate gaS'trin-inducedi insuilin 

release: in fast.ing man or during glucose fnfusion. Dupné et al50- 52 

found insignificant changes in blood insulin levels in fastiing subjeats 

in res:ponse: to gastrin, but did dem.onstrate incr.ements~ when gastm.n was 

given simultaneous-lyc with glucos:a. Although the aim of:' the latter 

experiments' waS3 to produc:œ: maximal acid output-. and thereby s:ecretin 

releass, Unger et al49 presumably' demonstrated. a direct action of gast.rim 

on the islets and the: possibility of a direct action in humans nema.ins:. 54. 

La;za;rus et aŒ24 liave: dem.onBtratedi gastrin induCBS se cret in release 

directly but the dosesused may be pharmacologie. Lazarus et a139 

failed:. to demonBt:rat.e insulin :I!elease with intravenous gastr:im 

injections m rats' or in vitno using pancneas' silces •. 

Thus, a;lthough there. is evidence of a direct and/or indinedi 

insuliln-releasing; action of gastrin in vivo, there was' na: stimulati01l1 

in vitro. It appears that in man the effect - of gastrin which fs' 

manifest during glucose infusions:: may be medi.ated by- stimulation: of 

release cf endogenous" searetin. While. pancreozymfn-like effects of 

gastrin on pancreatiœ e;,cocrine funct-ion in animaIs have been related; 

to structural si.milanities; in the N-terminal sequences of these two 

hormones, the present findings suggest that this' res:emblance, alone 

doesnot necessarily Iead to sti~lation of insulin release. 
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Pancre.oz;ymin 

Pancreozymin produced~significant insulin release onl.y at 30Omg% 

glucose in these experiments. Insulin release has been inducecL by 

pancreozymin in dogs83 ,,109 • Meade; et all09 demonstrated a synergi:sti.œ 

effect of hyperglW'cemia>. andi pancre.o7qlllin and Unger et a183 demonatra1ied 

a prompt glucagon res;ponae.~ In man there are conflicting: data' 5,40,)4.6, 

50-52, l76~, At normoglycemiœ levelS3 pancreozymin-induced. insulin 

release may be via pancreatic glucagon, which affect may be teleological]y 

related to protection against hypoglycemia'. Furthermore, it has> been 

shown that hyperglycemia" suppresseS3 the glucagon-atimulating affect 
8 . 

of pancreoz;ymin 9" although, enhancement of insulin releaiSe by pancreozymin 

persists. Thu~, pancreozymin may act directly on beta cells' at' 

hyperglycemic levels and this is supported by the present experiments. 

High oral doseŒ of glucose(200gm) are associated with an elevation 

of GLI which is followed temporally by insulin and.pancreo~ 

increments179• Howe:ven" more phys:i.ologic orail.. doses:; of isotonie glucose: 

do not consistently produca GLI increments. 

Intraduodenal administration of isotonie glucose hamn~ effect 

on the exocrine pancreas and it appears that although intnavenouso 

pancreo~ is insulinogenic (probablY direct1y, that is, not~thnough 

glucagon), it does'; not have a phys:i.ologic role during glucose 

absorption. 

Only Lazarus et a139have studied pancreozymin in vitro. Using 

pancreatic slices, pancreozymin increased insulin release. 

The results of our experiments, therefore, are in agreement with 

the in v:i.vo and in vitro work published to date. The pattern of 

response to pancreozymin in vitro suggests the effect is not ~ediated 
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by glucagon within the islet and. corresponds with the effect of 

exogenous pancreozymin observed during glucose infusion. Probably 

pancreozymin is no~ involved du ring glucose absorption. However, 

pancreozymin is important in insulinogenésis du ring amino aci.d 

absorption. The isolated islet technique should prove to be a useful 

method in studying insulin release with arginine with and without 

pancreozymin and in elucidating the role of glucagon in pancreo~-

induced insulin release. 

Amino AcidS3 

Leucine and arginine are both clea~ly insulinogenic in vivol19,122 

and their effect is increased in the presence of hyperglycemia in 

normalsl17 • Rabinowitz et al177 demonstratecL synergism of ingestect 

glucose and protein with respect to insulin levels attained. Colwell 

and Berger178 demonstrate~a direct action of amino acids on the beta 

161 cell using intrapancreatic amine acid infusions. Vance at al 

produced arginine induced insulin release using isolated islets using 

20Omg% arginine only at 6Omg% gluc:ose. Martin146 found leucine to be 

without effect using pancreas slices but Hildebrandt et al145 did~ find-

insulin release using the Malaisse method. 

Our work has demonstrated significant insulin releas& at both 

glucose concentrations due to arginine but not leucine. The increments 

were similar but there were fewer leucine experiments, thereby 

diminishing significance. Arginine is, hO\'lever, a more potent insulin 

releasing agent than leucine in vivo. The biochemical mechanism of 

amino acid induced insu lin release is at present unknown. 

The isolated islet technique as a method of study off ers 

distinct advantages alluded to above. However, disadvantage~ lie h~ 
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1) . the difficuJ.ty in obtaining islets, the possibility of collagenase­

induced changes, and the large variation in results in similar 

incubation media necessitating a large number of experiments to obtain 

statistical signiîicance. 

With respect to future developments in this field, measurement 

of glucagon levels, as vanc.e .. e.1:..-,)al163 have done, parl.icularly in the 

presence of 'pancreoz.y.min and amino aaids shouJ.d prove helprul. 

Ablation of the alpha cells by synthalin or cobaltous chloride might 

provide additional information. The roles of secratin and pancreoz.y.min 

in amino-acid-induced insuJ.in releasashould be investigated. The 

hormone doses, glucose and amino acid concentrations should be variem 

to deter.mine minimum and optimum levels. The ultimate answer regarding 

much of the in vivo work awaits confirmation of the results obtained by 

Lazarus et al54, a pancreo~ immunoassay and fUrther definitive data 

regarding glucagon and gut glucagon-like-immunoreactivitY. The isolated 

islet technique will quite probably be a very useful tool. in the 

elucidation of the biochemical mechanism$ of action of the various 

hormones in the islet. 

Conclusion and Summa;z 

Using the isolated islet technique of Kostianovsky and La-cy l're 

have demonstrated the following: 

1. The technique, is feasible for the study of insulin release. 

2. Insulinolysis is negligible. 

3. Secretin induces insulin release at 50 and 30Omg% gluc-ose. 

4. Glucagon produces insuJ.in releasa at 50,150 and 30Omg% glucose. 

Synergism of gluaagon and glucose was demonstrateà at l50mg% gluc.ose. 

5. Pancreozymin is, insulinotrophic at 30Omg% glucose. but not at 5Omg%. 
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6. Gastrin was without effect at either glucose concentration. 

7. Arginine produced statistically significant insulin release at 

both 50 and 300 mg% glucose concentration. 

These data support the hypotheses that secretin and.pancreozymin, 

released in response to physiologie stimuli, contribute to the effects 

of intestinal hormones on the endocrine pancreas in response to intake 

of nutrients. 
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