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Summary. Insulin, proinsulin and glucagon extracted from lean 
rat pancreases were studied in radioimmunoassay, radioreceptoras- 
say and bioassay systems. Extracted insulin behaved identically to a 
rat insulin used as a reference standard in radioimmunoassay. On 
the basis of its immunoreactivity, extracted insulin was slightly less 
potent (about 70%) than the rat standard insulin in competing with 
the binding of t25I-insulin to rat liver membranes (radioreceptoras- 
say) and in stimulating glucose oxidation by rat fat cells (bioassay). 
Extracted glucagon and a pork glucagon used as a reference stan- 
dard were indistinguishable in two radioimmunoassay systems for 
glucagon, in competing with the binding of ~25I-glucagon to rat liver 
membranes (radioreceptorassay) and in stimulating adenylate cyc- 
lase in rat liver membranes (bioassay). Genetically obese rats 
(Zucker, "fatty") were compared to their lean littermates with 
respect to insulin, proinsulin and glucagon extracted from their 

pancreases. Proinsulin represented the same proportion of total 
immunoreactive insulin in both types of rats. In the radioimmunoas- 
says, the radioreceptorassays and the bioassays, insulin, proinsulin 
and glucagon from obese rats were indistinguishable from insulin, 
proinsulin and glucagon from lean rats. It is concluded that the 
pancreatic hormones of obese ("fatty") rats possess the same im- 
munoreactivity and biological potency as those of nonobese rats. 
This excludes the possibility that some alteration in the biological 
properties of pancreas insulin and/or glucagon of fatty rats could 
explain the metabolic abnormalities observed in this type of obesity. 

Key words." Insulin, glucagon, receptors, adenylate cyclase, 
radioreceptorassay, bioassay, radioimmunoassay, liver membranes, 
fat cells, genetically obese rat (fatty). 

Most of the studies that have been performed du- 
ring the past decade on pancreatic hormones have 
used radioimmunoassay systems. However, the an- 
tigenic determinants in the insulin [1, 2] and glucagon 
[3, 4] molecules are often not related to the biolog- 
ical activity of the hormone. The method recently 
developed for the study of both insulin [5, 6] and 
glucagon [7] - receptor interactions have, provided a 
means by which the bioactive structure of the hor- 
mone can be investigated directly. 

In the present report we have compared the re- 
suits obtained with the radioimmunoassay and the 
radioreceptorassay methods in assaying the insulin 
and glucagon extracted from the pancreas. We have 
also used bioassays and radioreceptorassays to an- 
alyze the biological properties of insulin and gluca- 
gon of genetically obese (fatty) rats [8] and of their 
lean controls to see whether this type of obesity could 
be related to a structural alteration of the insulin or 
glucagon molecules. 

Materials and Methods 

Animals 

Twenty week-old genetically obese (fa/fa) Zucker 
rats [8] and their lean controls (FA/- )  were obtained 

from the "Centre d'Elevage du C. N. R. S." (45-Or- 
16ans la Source, France). Animals were fed a commer- 
cial pelleted diet (U. A. R., BO 3, Villemoisson 
s/Orge, France) ad libitum. Animals were an- 
aesthetized with ether and blood was collected from 
the inferior vena cava in a 10 ml syringe rinsed with 
heparin, containing Kallikrein inhibitor (Zymophren, 
Sprcia), 2500 K I U/ml of blood, and immediately 
centrifuged at 4 ~ C. Plasmas were stored at - 2 0  ~ C 
until assayed. 

Hormones 

The following were used as standards and for iodi- 
nation in radioimmunoassays and radioreceptoras- 
says: rat insulin (18 I U/rag, Dr. A. Lambert); rat 
proinsulin (Dr. D. F. Steiner); porcine insulin (mono- 
component, MCS-970, 27.2 I U/mg, Dr. J. 
SchlichtkruU); porcine proinsulin (Dr. R. E. Chance) 
and porcine glucagon (lot B 66 K 1070, Dr. J. 
Schlichtkrull). 

Extraction and Fractionation of the Hormones 

Insulin and glucagon were extracted from pooled 
pancreases according to Kenny [9], with modifications 
described elsewhere [10]. Powdered pancreatic ex- 
tracts (100 mg) were dissolved in 3 M acetic acid and 
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submitted to gel filtration on a 2.5 • 140 cm column 
of Sephadex G-50 (Pharmacia) equilibrated and elut- 
ed with 1 M acetic acid, pH 2.4, at a flow rate of 0.3 
ml/min/cm 2. Fractions of 5 ml were collected, pooled 
and lyophilized in the presence of 4 mg of bovine 
serum albumin (BSA, Fraction V - Pentex) per frac- 
tion. Lyophilized powders were dissolved in Krebs 
Ringer phosphate (KRP) buffer, pH 7.5, for insulin 
and 25 mM Tris-HC1 buffer, pH 7.5, for glucagon. 
Further dilutions were done in the same buffers con- 
taining 10 mg/ml BSA. Under these conditions the pH 
of the solutions was not altered (7.5). The column had 
been calibrated with 125I-porcine proinsulin (260 
~tCi/~zg), 13q-human insulin (330 ~tCi/~tg) and 1251- 
porcine glucagon (600 ~tCi/~tg). 

Radioimmunoassays 

Radioimmunoassays [11] were performed in condi- 
tions described elsewhere for insulin [12] and for 
glucagon [13]. Guinea pig anti-human insulin and rab- 
bit anti-porcine glucagon (K) were obtained in this 
laboratory. The rabbit anti-porcine glucacon (K 47), 
specific for pancreatic glucagon [14], was a gift of L. 
Heding. Iodinated human insulin was prepared by the 
"Centre National de Transfusion Sanguine, Paris". 
Monoiodinated porcine glucagon [15] was used in the 
radioimmunoassays. The separation of free and an- 
tibody-bound insulin or glucagon was performed by 
adsorption of the free antigen to silicate [16]. 

Binding to Membrane Receptors (Radioreceptor- 
assays) 

The binding assays of insulin [6, 17, 18] and gluca- 
gon [19] were carried out with mono 125I-insulin [5] 
and mono 125I-glucagon [15] and with purified or par- 
tially purified liver plasma membranes [20] prepared 
from 100-150 g Spmgue-Dawley rats. The following 
modifications were introduced in order to improve the 
sensitivity of the assay a. Liver membranes were incu- 
bated with hormone in two sequential steps [21]. For 
insulin, incubations were carried out at 4 ~ C in KRP 
buffer, pH 7.5, containing 14 mg/ml BSA (Fraction V 
- Pentex) and 1 mM N ethyl maleimide as inhibitor of 
insulin degradation [22], in a final volume of 250 ~tl. In 
the first step, varying concentrations of unlabelled 
insulin (or unknown samples) were incubated with 
purified plasma membranes [step 15 in ref. 20] for 8 
hrs. The second step started with the addition of ~2sI- 
insulin at about 0.8 ng/ml to each tube and incubation 
was continued for 16 hrs. For glucagon, the first step 

1 p. Freyehet, unpublished results. 

consisted of incubating varying concentrations of un- 
labelled glucagon (or unknown samples) with partially 
purified [step 11 in ref. 20] plasma membranes for 30 
min at 30 ~ C. The second step was initiated with the 
addition of 125I-glucagon at 0.9 ng/ml to each tube and 
incubation was continued for 2 hrs at 22 ~ C. The KRP 
buffer, pH 7.5, contained BSA at 26 mg/ml, Zymo- 
phren at 2500 K I U/ml and Bacitracin at 110 ~tg/ml as 
inhibitor of glucagon degradation [19, 23]. For both 
hormones, membranes were used at 0.2-0.3 mg mem- 
brane protein [24]/ml incubation medium. Both of the 
radioreceptorassays can detect unlabelied hormone at 
0.5 ng/ml incubation medium [21]. 

Measurement of Biological Activity 

Stimulation of adenylate cyclase activity by gluca- 
gon in rat liver plasma membranes was measured as 
described previously [25]. Biological activity of insulin 
and proinsulin was measured as the stimulation of 
glucose oxidation by isolated rat fat cells [26]. Fat cells 
were prepared from epididymal fat pads [27] obtained 
from 100-150 g Sprague-Dawley rats and incubated 
with glucose-U-14C as described elsewhere [26]. 

Expression of Results and Statistical Analysis 

Data from radioimmunoassays and from radio- 
receptorassays were expressed as the percentage 

of initial binding (R-~-d • 100 where Bo represents the 

binding of 125I-hormone in the absence of unlabelled 
hormone). The logit transformation of this percentage 

B 
Y where y = • 100) is (logit y = Log 1 0 0 - y  ' Bo 

plotted against the logarithm of the concentration of 
unlabelled hormone. In the bioassays, the production 
of 14Co2 or of 3', 5', cyclic AMP (cAMP) are ex- 
pressed as the percentage of increase above the basal 

('observed production - basal level • 100~ level and 
\ basal level V 

plotted against the logarithm of the hormone concen- 
tration. The regression lines were calculated by the 
method of the least squares. The significance of the 
difference between the slopes and between the y inter- 
cepts of paired regression lines was calculated by Stu- 
dent's t-test. 

R e s u l t s  

A - Assays of Pancreatic Hormones from Lean Rats 

Fig. 1 (bottom) gives the elution pattern of hor- 
mones extracted from pancreas of lean rats. 
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Fig. 1. Gel filtration patterns of immunoreactive insulin (IRI) and of immunoreactive glucagon (IRG) extracts from obese rat pancreases 
(top) and of lean rat pancreases (bottom). Other details are indicated in Materials and Methods. The void volume (Vo) is indicated by the 
absorbancy of proteins at 280 m~t. The dotted lines represented the elution profiles of the lzSI-proinsulin (PRO), 131I-insulin (INS) and 

nSI-glucagon (GLU) used as markers 

I - Insulin and Proinsulin-Like Fraction (PLF) 1 

Radioimmunoassay. Extracted insulin followed the 
same dilution curve as rat insulin as indicated by the 
identity of the slopes of their regression lines (Fig. 2, 
top). Likewise, the slopes of the regression lines of 

1 Proinsulin-like-fraction (PLF) refers to proinsulin and proin- 
sulin-Iike components which cannot be separated by this fractio- 
nation procedure. 

extracted PLF and of rat insulin were significantly 
different (Fig. 2, bottom). Thus both extracted insulin 
and PLF can be evaluated in terms of immunoreactive 
insulin (IRI) by reference to the rat insulin. The 
equivalence between rat insulin and proinsulin was 
also tested with rat proinsulin. On a molar basis, 2.2 
times as much proinsulin as insulin was required to 
inhibit the binding of 125I-insulin to antibody to the 
same extent. Thus the concentration of extracted PLF 
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Fig. 2. Top - Comparison between the standard rat insulin (e --) and the insulin extracted from pancreases of lean rats (k- . . . .  -~). 
The regression lines and correlation coefficients were as follows. Radioimmunoassay: y = - 1.062 x ,  r = -0.999 (p < 0.001) for the 
standard insulin and y = - 1.007 x ,  r = - 0.995 (p < 0.001) for the extracted insulin. Radioreeeptorassay: y = - 0.662 x + 1.375, r = 
- 0.999 (p < 0.001) for the standard insulin and y = - 0.635 x + 1.595, r = - 0.993 (p < 0.01) for the extracted insulin. Bioassay: y = 
55.387 x + 192.753, r = 0.999 (p < 0.001) for the standard insulin and y = 57.564 x + 176.589, r = 0.985 (p < 0.01) for the extracted 
insulin. Bottom - Comparison between the standard rat insulin (: :) and the PLF extracted from pancreases of lean rats zS- - - - -G). 
The regression lines and correlation coefficients for standard insulin in the radioimmunoassay and in the radioreceptorassay were as 
indicated above. Those for extracted PLF were as follows: Radioimmunoassay: y = -0.910 x,  r = -0.988 (p < 0.001). Radioreceptoras- 
say: y = - 0.752 x + 3.452, r = - 0.994 (p < 0.01). Bioassay (fat cells): y = 133.485 x + 386.747, r = 0.987 (p < 0.01) for the standard 
insulin and y = 125.797 x + 74.841, r = 0.994 (p < 0.01) for the extracted PLF. Each experimental point is the mean of triplicate 

determinations 

is 2.2 t imes higher  af ter  calculat ion by  re fe rence  to rat  
proinsul in  than  by  re fe rence  to ra t  insulin. 

Receptor - Binding Assay. Regress ion  lines of  ex-  
t rac ted  insulin and of rat  insulin were  paral le l  since 
their  s lopes did not  differ  significantly (Fig. 2, top).  
Howeve r ,  the  y in te rcept  of ex t rac ted  insulin was sig- 
nificantly h igher  (p < 0.02) than  that  of rat  insulin. 
Hal f - inhib i t ion  of the  initial b inding of 125I-insulin 
requi red  a higher  concen t ra t ion  of ex t rac ted  insulin 
(12.2 ng /ml)  than  of ra t  insulin (8.2 ng/ml) .  Thus  
ex t rac ted  insulin is abou t  1.5 t imes less po ten t  than  rat  
insulin in compe t ing  with the  binding of 125I-insulin to 
receptors .  S tandard  insulin tha t  had  been  added  to a 
lyophil ized f ract ion devoid  of insulin, and  serially di- 
luted unde r  the  s ame  condi t ions  as ex t rac ted  insulin, 
was  quant i ta t ive ly  indist inguishable,  in the  r ecep to r  - 
b inding assay,  f rom s tandard  insulin direct ly added  to 
the  assay buffer .  Thus,  the d i f ference  obse rved  be-  
tween  s tandard  and ex t rac ted  insulin cannot  be  ac- 
coun ted  for  by a "nonspec i f i c"  in te r fe rence  in the 
assay system. 

The  regress ion  line for  ex t rac ted  P L F  para l le led  
tha t  of  ra t  insulin (Fig. 2, bo t tom) .  Howeve r ,  the y 
in tercepts  of ex t rac ted  P L F  and rat  insulin differed 
significantly (p < 0.001).  Ha l f  inhibit ion of the initial 
binding of 12sI-insulin was ob ta ined  with abou t  100 ng 
of I R I  equiva lent /ml ,  i. e., 12 t imes m o r e  than  with rat  
insulin. Thus  ex t rac ted  P L F  was abou t  8 % as po ten t  as 
ra t  insulin in displacing the 125I-insulin f rom its b ind-  
ing to liver m e m b r a n e s .  This  pe rcen tage  was ob ta ined  
by  re fe rence  to the immunoreac t iv i ty  of  proinsul in in 
the insulin r a d i o i m m u n o a s s a y  system; it decreased  to 
abou t  4 % ,  on  a mo la r  basis, when  the  lower  (approx.  
50 %,  see above)  affinity of proinsul in  to insulin anti- 
body  was t aken  into account .  

Assay on Fat Cells. T h e  dose responses  of  glucose 
oxida t ion  in isola ted fat  cells (Fig. 2, top)  were  l inear  
with ra t  insulin ( p < 0 .001)  and  ex t rac ted  insulin (p < 
0.01).  T h e  slopes of the regress ion  lines were  not  
significantly different  for  the rat  insulin and the ex- 
t rac ted  insulin. H o w e v e r  the y in te rcept  of  the extrac-  
ted  insulin was significantly lower  (p < 0.05) than  tha t  



M. Labur the  et al.: Glucag0n and Insulin from Rats  521 

of the rat insulin. Half-maximal stimulation was ob- 
tained with a higher concentration of extracted insulin 
(0.27 ng/ml) than of rat insulin (0.19 ng/ml). The ratio 
extracted insulin to produce half-maximal effect is 

insulin 
equal to 1.4 and is in good agreement with that ob- 
served in the radioreceptorassay ( i. e., 1.5). 

The slope of the regression lines of extracted PLF 
and of rat insulin did not differ significantly (Fig. 2, 
bottom). However, their y intercepts were signifi- 
cantly different (p < 0.001) and extracted PLF was 
only 10% as potent as rat insulin in stimulating glu- 
cose oxidation. This percentage decreased to about 
5%, on a molar basis, when extracted PLF was ex- 
pressed in terms of rat proinsulin instead of IRI equi- 
valents. This weak bioactivity of PLF compares well 
with its low binding affinity (4 % that of insulin) to the 
insulin receptors. 

II - Glucagon 

Radioimmunoassay. The slopes of the regression 
lines of extracted glucagon and of pork glucagon were 
not significantly different with the two immune sera 
used (Fig. 3, top). Thus extracted glucagon gave the 
same dilution curves as pork glucagon in these two 
systems. In agreement with previous data [28], the two 
antisera produced the same result in measuring the 
glucagon content of pancreas. 

Receptor- Binding Assay. The logit transformation 
of the data gave a significant regression line with pork 
glucagon (p < 0.01) and with extracted glucagon (p < 
0.01) within a range of 3-150 ng/ml (Fig. 3, bottom). 
The slopes and the y intercepts of the two regression 
lines did not differ significantly. Thus extracted gluca- 
gon was as potent as pork glucagon in displacing the 
~25I-glucagon from its binding to liver plasma mem- 
branes. 
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; )  and the  glucagon extracted from pancreases  of lean rats (~k- . . . .  i ) .  
Equat ions  of the  regression lines and correlation coefficients were as follows: Rad io immunoassay  with ant iserum K: y = - 0 . 9 8 4  x ,  r 
= - 0 . 9 8 6  (p < 0.001) for the  s tandard glucagon and y = - 0 . 8 5 3  x , r = - 0 . 9 9 8  (p < 0.001) for the  extracted glucagon. Radiorecep- 
torassay y = - 0.690 x + 0.628, r = - 0.989 (p < 0.01) for the s tandard glucagon and y = - 0 .67)  x + 0.373, r = - 0.999 (p < 0.02) for 
the extracted glucagon. Bioassay: y = 144.124 x + 164.216, r = 0.998 (p < 0.001) for the s tandard glucagon and y = 152.477 x + 

37.454, r = 0.960 (p < 0.01) for the extracted glucagon. Each point  is the mean  of triplicate determinat ions 
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Stimulation of Adenylate Cyclase. When the 
glucagon concentration is plotted on a logarithmic 
scale, the dose response of cyclic AMP production was 
linear (Fig. 3, bottom)with pork glucagon (p < 0.001) 
and with extracted glucagon (p < 0.01). The slopes 
and the y intercepts of their regression lines were not 
significantly different. Thus extracted glucagon and 
pork glucagon had the same potency in stimulating the 
adenylate cyclase activity of rat liver plasma mem- 
branes. Comparison of maximal accumulation of 
cAMP revealed that both materials also had similar 
efficacy. 

B - Properties of Insulin and Glucagon from Obese 
and Lean Rats 

I Biological Parameters 

Body weights of the 20 week-old obese rats were 
about twice those of controls (Table 1). The plasma 
insulin level was about 7 times higher and the pancreas 

insulin content 3 times higher in the obese than in the 
lean rats. However, rats from both groups showed 
similar plasma glucose level, plasma glucagon-like- 
immunoreactivity (GLI), and pancreas glucagon 
content. 

Table 1. Biological data from genetically obese rats and their lean 
controls 

Obese Lean 

Animal number 12 11 
Body weight 511 + 18 269 + 16 
Plasma Insulin (~xU/ml) 260 _+ 4 36 _+ 3 
Plasma Glucagon (ng/mt) 0.38 + 0.12 0.32 + 0..I8 
Plasma Glucose (mg/100 ml) 117 + 3 112 + 2 
Pancreas Insulin (U/g )  a 3.90 + 0.09 139 + 0.02 
Pancreas Glucagon (Fg/g)~ 7.95 + 0.15 6.95 + 0.38 

Except for the body weights, all values are the mean of triplicate 
determinations on pooled pancreases or plasmas + SEM. 

a Values are expressed as Units of insulin or ~tg of glucagon per  
gram of wet weight of pancreas. 
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Fig. 4. Top - Comparison between the insulin extracted from obese rat pancreas (+ . . . . . .  -F) and the insulin extracted from lean rats 
pancreas (&- . . . . .  ~ ) .  Equations of the regression lines and correlation coefficients for insulin from lean rats were as indicated in the 
legend to fig. 2 (top). Those for insulin from obese rats were as follows: Radioimmunoassay: y = - 1.131 x ,  r = - 0 . 9 8 4  (p < 0.001). 
Radioreceptorassay: y = - 0.711 x + 1.762, r = - 0.999 (p < 0.001). Bioassay: y = 52.698 x + 169.272, r = 0.980 (p < 0.01) B o t t o m -  
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mean of triplicate determinations 
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II - Insulin and Proinsulin-Like Fraction (PLF) 

Gel.Filtration. Two peaks of IRI were observed after 
gel filtration of the pancreatic extracts from obese rats 
(Fig. 1, top). A minor peak was eluted slightly ahead 
of the lZSI-proinsulin marker and is referred to as the 
proinsulin-like fraction (PLF). The major peak, which 
is referred to as the insulin fraction, was eluted ahead 
of the ~31I-insulin marker�9 Besides these two peaks, 
some IRI was found in the void volume, accounting 
for only 0.09% of total IRI (not shown in the figure). 
This gel filtration pattern was similar to that observed 
with extracts from lean rats (Fig. 1, bottom). 

Radioimmunoassay. Insulin from obese rats had the 
same dilution curve as insulin from controls (Fig. 4, 
top) and as rat insulin, since the logit transformation 
of the data showed no significant difference between 
the slopes of their regression lines. Likewise, PLF 
from obese and lean rats followed the same dilution 

curve (Fig. 4, bottom) since the slopes of their regres- 
sion lines did not differ significantly. Insulin and PLF 
from obese and from lean rats could be measured in 
terms of IRI equivalents by reference to rat insulin. 
The percentage of PLF in the pancreas of obese and 
lean rats was similar: 2.2% and 2.0% of total IRI, 
respectively. When this percentage was calculated on 
a molar basis by reference to rat proinsulin, it was 
4.8% and 4.4% for obese rats and lean rats, respec- 
tively. 

Receptor - Binding Assay�9 The regression line of 
insulin from obese rats was identical to that from 
controls, since their slopes and y intercepts did not 
differ significantly (Fig. 4, top). Thus, insulin from 
obese rats was as potent as insulin from controls in 
competing with the binding of 125I-insulin. Likewise 
the slopes and the y intercepts of the regression lines 
of PLF from obese and lean rats were not significantly 
different (Fig. 4, bottom). PLF from obese or from 
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Fig. 5. Comparison between the glucagon extracted from obese rat pancreases (+  . . . . .  + ) and the glucagon extracted from lean rat 
pancreases (Ik- . . . .  -A). Equations of the regression lines for glucagon from lean rats were indicated in the legend to fig. 3. Those for 
glucagon extracted from obese rat pancreases were as follows: Radioimmunoassay with antiserum K: y = - 1.042 x ,  r = - 0 . 9 8 9  (p < 
0.001). Radioimmunoassay with antiserum K 47: y = - 1.055 x ,  r = - 0 . 9 9 2  (p < 0.01). Radioreceptorassay: y = - 0 . 6 5 9  x + 0.509, r 
= - 0 . 9 9 9  (p < 0.01).Bioassay: y = 136.625 x + 194.535, r = 0.969 (p < 0.01). Each experimental point is the mean of triplicate 
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lean rats exhibited 5.5 % of the potency of their insulin 
on a molar basis. 

Assay on Fat Cells. The slopes and the y intercepts 
of the regression lines of insulin from obese and lean 
rats did not differ significantly (Fig. 4, top), indicating 
that insulin from obese rats is as potent as insulin from 
lean rats in stimulating glucose oxidation by isolated 
rat fat cells. The slopes and the y intercepts of PLF 
from obese and lean rats were identical (Fig. 4, 
bottom). PLF from obese and from lean rats exhibited 
about 6% of the potency of their insulin, on a molar 
basis. These results agree well with the lower ability of 
proinsulin to bind to liver plasma membranes and they 
confirmed previous observations [6, 17] that the re- 
duced biological potency of proinsulin can be entirely 
accounted for by a reduced binding affinity. 

I I I -  Glucagon 

Gel Filtration. Immunoreactive glucagon (IRG) of 
pancreatic extracts from lean rats eluted as a major 
peak coincident with the nSI-glucagon marker (Fig. 1, 
bottom). Small amounts of IRG, detected in the void 
volume and ahead of the main peak, accounted for 
only 0.4% and 1.1% of total IRG, respectively. A 
similar elution pattern was observed with the pancre- 
atic extract from obese rats (Fig. 1, top). 

Comparative Studies of  Glucagon from Obese and 
Lean Rats. The slopes of the regression lines of gluca- 
gon from obese and from lean rats did not differ 
significantly regardless of the antiserum (K or K 47) 
used (Fig. 5, top). Nor were there any differences 
between glucagon from either origin, whether in the 
receptor - binding assay or in the stimulation of the 
adenylate cyclase (Fig. 5, bottom). 

Discussion 

The present studies confirm that the values found 
by ra.dioimmunoassay are not necessarily related to 

t he  actual concentration of biologically active hor- 
mone. Thus, rat proinsulin which is half as potent as 
insulin with the antibody used, is 20-25 times less 
potent than insulin in the radioreceptorassay and in 
the bioassay. These results are similar to those ob- 
served in studies of proinsulin interactions withinsulin 
receptors in rat liver membranes [17] and in studies of 
biological activity [17, 29, 30] and binding affinity 
[31] of proinsulin in isolated rat fat cells. 

Insulin extracted from the pancreases of lean rats 
was relatively less effective in the radioreceptorassay 
and in the bioassay than in the radioimmunoassay. 
This could be due to overestimation of the concentra- 

tion of the extracted insulin, possibly related to the 
presence of some component which would be more 
immunoreactive than the standard insulin used as re- 
ference [32]. Another explanation is that the extrac- 
ted insulin contains molecules that are immunological- 
ly active, but which have lost their biological activity. 
Desalanine - desasparagine - insulin, which is prob- 
ably eluted coincidently with insulin on gel filtration, 
has only 1.5% of the bioactivity of native insulin, but 
retains about 15% of the immunological reactivity 
with an anti-insulin antibody [6]. It cannot be ruled 
out that the extraction procedure employed may have 
modified the insulin as compared to the extraction 
procedure used in the preparation of the standard rat 
insulin. Whatever the explanation, the difference ob- 
served between the extracted insulin and the refer- 
ence insulin emphasizes the need to study insulins that 
have undergone similar extraction procedures when 
comparing hormones extracted from animals in differ- 
ent states. 

Glucagon extracted from rat pancreas behaved 
identically to porcine glucagon in radioimmunoassay, 
radioreceptorassay and bioassay. This could be ex- 
pected since rat and pork glucagon have the same 
aminoacid composition [33] and also indicates that the 
extraction procedure used in the present study does 
not alter the glucagon molecule. 

Recent studies have suggested that the insulin re- 
sistance observed in obesity may be related to a de- 
crease in the number of insulin receptors [34, 35]. 
Studies of insulin-receptor interactions in isolated 
hepatocytes from fa/fa rats indicate that there is only a 
slight decrease in the number of insulin receptors and 
this is mainly observed in the fasting state 1. An alter- 
native explanation for the insulin resistance in fatty 
rats is that the proportion and/or the properties of 
endogenous proinsulin and insulin components are 
altered in such a way that the bioactivity of total 
endogenous insulin is decreased. Our data show that 
the percentage of proinsulin in the pancreas of obese 
and lean rats is similar. Thus, the modifications of 
pancreatic islets in the Zucker rat, which are consis- 
tent with a hyperfunction of the B-cell [36], are not 
associated with a modification of the proinsulin/insu- 
lin ratio. Furthermore, neither insulin nor proinsulin 
from obese and lean rats show any difference in all 
three assay systems. Since the amino acid sequences 
explored by these assays are distinct [6], this identity 
of response strongly supports the presence of identical 
insulin and proinsulin molecules in the pancreas of 
both types of rats. A difference related to a mic- 
roheterogeneity of the insulin in obese and lean rats 

1 Broer, Y., Freychet, P., Rosselin, G.; unpublished data. 
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cannot, however, be excluded. There are two insulins 
in the rat which differ by their charge [37] and which 
cannot be separated by standard gel filtration. How- 
ever, the rat insulin used as standard is probably a 
mixture of the two insulins and it seems reasonable to 
assume that if there are some immunoreactive forms 
of insulin without biological activity, they are in the 
same proportion in the pancreases of obese and lean 
rats and are likely to react similarly in the three assay 
systems. Our results clearly indicate that insulin of 
obese (fa/fa) rats is as potent as insulin of lean rats. 
They extend to the Zucker rat similar observations 
made in other obese rodents (ob/ob mouse, New 
Zealand obese mouse and goldthioglucose-treated 
mouse) where no discrepancy was found between the 
immunoreactivity and the bioactivity of pancreas in- 
sulin [38]. Our data also exclude the possibility that 
the proinsulin or insulin component might behave as 
an antagonist of insulin since, with the proinsulin as 
well as with the insulin fraction from obese rats, there 
was an excellent agreement between the biological 
potency and the binding affinity. 

The obesity of the Zucker rat is associated with high 
levels of free fatty acids [39], of triglycerides [40] and 
cholesterol [41]. Since glucagon inhibits the synthesis 
of triglycerides [42] and of free fatty acids in vivo [43] 
and in vitro [44], possibly through cAMP, it has been 
suggested that endogenous hyperlipemia might result 
from glucagon resistance [45]. Since the glucagon con- 
tent of the obese rat pancreas is normal [46] and since 
the GLI content of plasma appears to be similar in 
obese and lean rats, hyperlipemia cannot be explained 
by a lack of glucagon. A possible cause of glucagon 
resistance would be the synthesis of biologically inac- 
tive - or less active - glucagon. This possibility is ruled 
out by the present study since glucagon of obese rats is 
indistinguishable from glucagon of lean rats in its 
capacity to bind to the glucagon receptors and to 
stimulate the adenylate cyclase. 
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