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Summary: Glucose-stimulated secretion of immunoreactive insul in (IRI) 
was examined in perifused pancreatic is le ts  of Langerhans of d i f ferent  sizes 
isolated from fed and fasted, Sprague-Dawley rats aged 2- to 24-months. 
Small and large is le ts  show d i s t i nc t l y  d i f ferent  biphasic secretory responses 
which are modified during starvation or aging. The rate of IRI secretion is 
several fold greater in large than in small i s le ts ,  irrespective of donor age 
or nut r i t iona l  status. Starvation severely reduces the rate of IRI secret ion, 
essent ia l ly  abolishing the stimulatory effect of glucose in small is le ts  from 
fasted, old rats. Aging inh ib i ts  IRI secretion, but to a far greater degree 
in small than in large is le ts .  The increased number of large is le ts  in the 
pancreas of aging rats may represent a physiological compensatory response to 
the diminished functional capabi l i ty  of small is le ts  with respect to glucose- 
stimulated secretion of IRI. 

Introduction 

Effects of aging on the regulation of IRI levels in vivo and on the 

secretion of IRI by isolated, pancreatic islets of Langerhans were reported 

previously(1). Unfortunately, however, this investigation util ized islets of 

undesignated size. I t  now is evident that the size-distribution of islets of 

Langerhans changes during aging in rats(2-6). The present article indicates 

that the nature of glucose-stimulated IRI secretion in vitro depends on 

islet size, as well as age and nutritional status of donor rats. 

Methods 

Animals- Specific pathogen-free, barrier-maintained, male Sprague-Dawley 
rats aged 2- to 24-months were obtained from a special colony maintained for 
R.C. Adelman at the Charles River Breeding Laboratories. Rearing conditions 
there and preliminary evaluation of pathology(7), as well as survival data 
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and conditions for short-term maintenance pr ior  to experimentation in our 
animal f a c i l i t y ( 8 ) ,  were described previously. Rats e i ther were fasted for 72 
hours or fed ad l ib i tum a pasteurized Charles River Chow which is of constant 
percent compos i t~and  component source, with free access to drinking water. 
Male, HLA Hartley guinea pigs weighing 500-600g were obtained from Hi l l top  
Lab animals. 

Reaqents- Rat insul in was purchased from the NOVO Research Ins t i tu te  
( C o p e ~ p o r c i n e  l l e t i n  insul in from Eli L i l l y ;  [3H]leuine (specif ic 
ac t i v i t y  40-60 Ci/m mole) and porcine [1251]monoiodoinsulin (speci f ic act i -  
v i t y  102 ~Ci/ug) from NewEngland Nuclear; Sephadex G-50 and Sepharose 4B 
from Pharmacia Fine Chemicals; bovine serum albumin fract ion V from Miles 
Laboratories; and collagenase IV from Worthington. 

Islet Preparation and Perifusion- Islets were isolated from fed or fasted 
rats aged 2- to 24-months, and were perifused with buffered solutions of 
glucose according to the procedure of Lacy and coworkers(9). Islets were 
designated small or large, corresponding to approximate diameters of 50-80 
and 350-400 ~m, respectively, as measured under a dissecting microscope. 
Fifty to lO0 small or large islets were perifused at a constant flow rate of 
0.7-0.8 ml/min. The concentration of glucose in the perifusion medium in i t i -  
ally was maintained at 1.67 mM for a l-hour equilibration period prior to 
designation of zero time. Subsequently, the glucose concentration was in- 
creased to 16.7 mM and maintained at that level for two hours. At the in- 
dicated flow rate, all changes of glucose concentration in the perifusion 
medium were achieved completely within 6 minutes. 

For the isotope incorporation studies, I00 is le ts  at a time were peri- 
fused as described above except that 2~Ci/ml of  [3H]leucine were added to the 
16.7 mM glucose at zero time. Perifusates were collected at 30-minute in ter -  
vals, incubated with excess ant i - insu l in  serum bound to cyanogen bromide- 
activated Sepharose (preparation described below), treated as described by 
Kaelin et a l . ( lO) ,  and assayed for rad ioact iv i ty  in a l iqu id  sc in t i l l a t i on  
counter. 

IRI Assay- Specific antisera against purified porcine insul in( l l )  was 
developed in guinea pigs by the method of Vaitukaitis et al.(12). Anti-insulin 
Sepharose was prepared with a selective antiserum as described by Berne(13), 
and was util ized in a solid-phase radioimmunoassay according to the method of 
Wide(14), using purified rat insulin as a standard. Radioactivity of [1251] 
insulin was determined in an automatic gamma counter. 

Results 

Small Is le ts -  The time course and magnitude of the IRI secretory response 

by isolated pancreatic is lets of Langerhans to an elevation of the glucose 

concentration in the perifusion medium depend on the size of the i s l e t  and 

the nutr i t ional  status and age of the donor rats. As i l l us t ra ted  in Figure 1 

for small is le ts  from 2-month old fed rats, there are three d is t inc t  features 

of the secretory response over a period of two hours: I)  a small i n i t i a l  r ise 

in the rate of IRI secretion a~ 3-7 minutes; 2) a second, more prominent 
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FZG. I .  EFFECTS OF AGING, NUTRITIONAL STATUS AND ISLETSIZE ON GLUCOSE-STIMULAT- 
ED SECRETION OF IRI. 

The rate of IRI secretion is calculated from the concentration of IRI in 
se r i a l l y  col lected peri fusates of i s le ts  of the indicated sizes isolated 
from rats of the indicated ages and nu t r i t i ona l  status, Each value re- 
presents the mean ± standard error  for  4 i s l e t  preparations. Each pre- 
paration consists of 50-100 i s le ts  col lected and pooled from separate 
groups of 2-3 rats. 

burst that begins at 9-12 minutes and peaks at about 30-40 minutes; and 3) 

a plateau or gradually decl ining rate of secretion at about 40-120 minutes. 

With small i s le ts  from 24-month old fed rats,  the unstimulated rate of 

IRI secretion is approximately 50% of that observed with the i s le ts  from 2- 

month old rats.  The i n i t i a l  and second bursts of IRI secretion in response to 

elevat ion of the glucose concentration occur at approximately the same times 

and extent of  st imulat ion by i s le ts  from rats of both ages, although the 

actual stimulated rates of IRI secretion are about 2- fo ld greater by i s le ts  

from the younger rats. 

Starvation for  72 hours reduces the stimulated rate of IRI secretion. 

Also, starvat ion apparently abolishes the i n i t i a l  phase of secret ion. The 
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second phase of the response in islets from young fasted rats occurs at 

approximately the same time as in islets from young fed rats. In small 

islets from 24-month old fasted rats, the stimulated rate of IRI secretion 

is negligible during the f i r s t  l - l . 5  hours, but increases sl ight ly at 1.5- 

2 hours. 

Large Islets- As i l lustrated in Figure l for large islets from 2-month ~ 

old fed rats, the three dist inct features of glucose-induced IRI release 

are similar to those of small islets from 2-month old fed rats. However, the 

stimulated rate of IRI secretion is approximately five times greater from 

larger than from small islets. Aging is accompanied by a small decrease in 

the stimulated rate of IRI secretion, but only during the f i r s t  60 minutes of 

response. 

In large islets from fasted rats of both ages, two effects of starvation 

are apparent: l) an overall reduction in the stimulated rate of IRI secretion 

relative to large islets from fed rats; and 2) a v i r tual ly  abolished in i t ia l  

phase of stimulated IRI secretion. Aging is accompanied by at most only a 

slight reduction in the stimulated rate of IRI secretion. 

Total Secretion of IRI- The total amounts of IRI secreted in response to 

glucose for a 2-hour period in vi tro by small or large islets from young or 

old rats that were fed or fasted are indicated in Table I. The total amounts 

of IRI secreted from large islets exceeds that from small islets by a factor 

of four to eight. Neither the age nor the nutrit ional history of the donor 

rats affects this general trend. The total amounts of IRI secreted from islets 

of fed rats exceeds by two tO three times that from islets of fasted rats. 

This difference is independent of the effects of is le t  size or donor age. 

Aging is accompanied by a reduction in the total amounts of IRI secreted, al- 

though the phenomenon is more pronounced in small islets from fed or fasted 

rats than in large islets. 

Secretion of NewlySynthesi,zed,..IRI- The incorporation i nnVitr 0 of 

[3H]leucine into IRI secreted by small i s le ts  from 2- to 24-month old fasted 
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Table I. TOTAL SECRETION OF IRI 

Age Nutritional 
(months) Status 

Total IRI Secreted 
(~units/islet/2 hours) 

Small Islets Large Islets 

2 fed 88.5±3.7 464±30 
2 fasted 45.6±2.8 161±2.5 

24 fed 46.1±6.7 361±29 
24 fasted 19.4±I.0 131±9.7 

Total IRI was calculated by adding the amounts secreted serially 
into collected fractions of the perifusate during a 2-hour period, 
as described in the legend to Figure I. Each value represents the 
mean ~ standard error for 3-4 islet preparations. Each preparation 
consists of 50-I00 islets collected and pooled from separate groups 
of 2-3 rats of the indicated age and nutritional status. 

rats is indicated in Table 2. The time course of appearance of radioactive 

secretory products which bind to insulin antibodies is identical by islets 

from each age group, detectable i n i t i a l l y  at approximately 60 minutes follow- 

ing elevation of the glucose concentration in the perifusion medium. The 

amount of radioactive IRI secreted by islets from 2-month old rats sl ight ly 

exceeds that from 24-month old rats. Although data are not presented, no 

immunoreactive radioactivity is detectable during the 2-hour period i f  the 

glucose concentration in the perifusion medium is maintained at 1.67mM. 

Discussion 

The secretion of IRI by isolated pancreatic islets of Langerhans peri- 

fused with glucose has been extremely well characterized by numerous investi- 

gators in terms of kinetics of release, role of hormone synthesis and meta- 

bolism, effects of nutrit ional status, etc.(e.g.,  15). Patterns of glucose- 

stimulated secretion of IRI by small islets described above for a 2-hour 

period, the experimental conditions most frequently exploited previously, 

are in good agreement with earl ier studies. For example, abolishment of the 

early phase of stimulated IRI secretion by islets from fasted young rats is 

v i r tual ly  idential to the findings of Rabinovitch et al.{16). 

Increasing age of donor rats complicates matters enormously, since this 

is accompanied by a shift ing distribution of is let  populations which are 
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Table 2. INCORPORATION OF [3H]LEUCINE INTO SECRETED IRI 

Time Radioactivity 
(dpm/islet) 

2-month 24-month 

0 0 0 
30 0 0 
60 0.36±0.05 0.24±0.03 
90 1.54±0.03 1.26±0.05 

120 1.78±0.04 1.54±0.03 

Radioactivity was determined for insulin antibody-bound material 
secreted by small islets from fasted rats of the indicated ages 
following per±fusion with 16.7 mM glucose, as described in the 
legend to Figure I. Each value represents the mean ± standard 
error for 3 is let  preparations. Each preparation consists of 
I00 islets pooled from separate groups of 2-3 rats. 

heterogeneous with respect to size (2-6). Apparently~ each of these i s l e t  

populations may be characterized by quant i tat ive and/or qua l i ta t i ve  d i f f e r -  

ences in suscep t ib i l i t y  to regulat ion of IRI secretion. With respect to aging, 

the most dramatic di f ference concerns the i n a b i l i t y  to stimulate secretion of 

IRI by small i s le ts  from fasted, 24-month old rats.  Although the mechanism 

is not yet understood, i t  probably relates to an i n a b i l i t y  to mobilize mole- 

cules of IRI that were synthesized pr io r  to iso lat ion of the i s le ts .  Mole- 

cules of IRI which are newly synthesized in v i t ro  are secreted by small is-  

lets from young and old fasted rats at the same time, a f te r  approximately 

one hour of per±fusion with the elevated concentration of glucose. I t  is not 

possible to evaluate the rate or magnitude of secretio~ of newly synthesized 

IRI in the absence of data on pool size and speci f ic  rad ioac t i v i t y  of leucine 

wi th in the beta ce l ls  of the i s le ts .  

The i n i t i a l  r ise in the concentration of IRI in portal vein blood of 

fasted rats treated with glucose is not impaired as rat  age increases from 

2- to 24-months(1). The a b i l i t y  of isolated small pancreatic i s le t s  to in- 

crease the rate of IRI secretion in v i t r o  during the f i r s t  two hours of 

st imulat ion by glucose per±fusion is v i r t u a l l y  abolished during th is  portion 

of the l i fespan of donor rats. In contrast,  inh ib i to ry  ef fects  of aging on 

glucose-stimulated secretion of IRI in v i t r o  by large i s le ts  are only very 
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sl ight.  Therefore, i t  is tempting to speculate that the increased number of 

large is lets in the pancreas of aging rats represents a compensatory response 

to the diminishing responsiveness of small is lets.  In this manner, the large 

is lets may assume the major, i f  not tota l ,  responsibi l i ty for short-term 

adaptive secretion of IRI in response to fluctuating levels of blood glucose. 
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