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Insulin-like activity (ILA) of serum or 
serum protein fractions has been measured 
by using different immunoassay techniques 
and comparing the activity against fat pad 
assay method (1, 2 ) .  Goetz (3) attempted a 
comparison of insulin activity in plasma 
using different bio- and immunoassay techni- 
ques and has concluded that each method is 
valid only for the determination of relative 
rather than absolute amounts of insulin Val- 
ues. The data presented by him appeared to 
indicate that there was a greater similarity 
between the values obtained by mouse hypo- 
glycemia, rat epididymal adipose tissue, and 
rat diaphragm technique while in general the 
immunoassay method gave considerably low- 
er values. 

Similarly it has been noted by us that the 
insulin values in the pancreas as determined 
by the fat pad technique are appreciably 
higher than those determined by the immun- 
oassay technique. We have therefore, under- 
taken a study to compare the “insulin” con- 
tent of the islet tissue obtained from rat and 
goosefish as determined by these methods. In 
addition, using the fat pad method we have 
also studied the effectiveness of insulin anti- 
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bodies produced in guinea pigs (to beef in- 
sulin) in neutralizing these various islet in- 
sulin preparations. 

Materials and Methods. The procedures 
for microdissecting the rat pancreatic islets, 
weighing, and subsequent insulin assay by 
the fat pad method were carried out as previ- 
ously described (4) ; the immunoassay was 
carried out by the two-antibody method of 
Morgan and Lazarow (5,6) .  

Approximately 20 microdissected rat islets 
(weighing between 0.42 and 1.37 pg) were 
suspended in 10 or 20 ml of a bicarbonate 
buffer medium (pH 7.4) containing 200 
mg/100 ml gelatin and 100 mg/100 ml glu- 
cose. One-milliliter aliquots of these prepara- 
tions were used in replicate determinations 
for assay by the two methods. 

Samples of principal islets of the goosefish 
(Lophius piscatorius) were homogenized in 

0.25 M sucrose solution and then frac- 
tionated by differential centrifugation as pre- 
viously described (7). The various cell frac- 
tions were assayed for “insulin” content. 

The insulin content of rat and goosefish 
islet preparations was determined also by the 
fat pad method after the addition of various 
amounts of normal guinea pig serum 
(NGPS) and anti-insulin (to beef-pork) 
guinea pig serum (AIS-GP) (8). 

Results. Figure 1 illustrates a linear corre- 
lation between the insulin content of various 
rat islet preparations as determined by the 
epididymal fat pad and immunoassay techni- 
que, using crystalline beef insulin as the 
standard. The value for “insulin” content, as 
measured by the epididymal fat pad method 
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FIG. 1. Comparison of insulin content of rat islet 
as measured by fat pad and immunoassay techni- 
ques. 

was approximately four times that obtained 
by immunoassay. The degree of correlation 
( I )  between the two methods was 0.81 [ 1.0 

being a perfect correlation (9) ;  this result 
was highly significant ( p <  .OOl) 1. 

Insulin content of the various subcellular 
fractions of goosefish islet homogenates deter- 
mined by the immuno’assay and fat pad meth- 
ods is shown in Fig. 2. In  a sucrose homoge- 
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FIG. 2. “Insulin” content of goosefish islet subcel- 
lular fractions with or without acid-alcohol extrac- 
tion. 
nate of 53 mg of islet, only 1.73 mU of insu- 
lin (or 0.0133 units/g) was determined by the 
immunoassay method. This was distributed 
evenly in the four fractions (Fig. 2A). When 
the fractions were extracted with acid-alcohol, 

fraction I1 which consisted predominantly of 
mitochondria and secretion granules, showed 
an eightfold increase in.  insulin, while other 
fractions showed lower quantities (Fig. 2A). 
Approximately 84% of the total insulin was 
found to be present in fraction 11. After the 
acid-alcohol extraction, the insulin content of 
the four fractions isolated from 53 mg of 
islets totaled 4.4 mU (or 0.083 unitsJg of 
islets). 

In  experiment B, the fractions isolated 
from 72 mg of islet tissue were extracted with 
acid-alcohol and the insulin was determined 
by the fat pad bioassay. A total of 7.4 U of 
insulin were recovered which is equivalent to 
103 U/g of islet tissue. Approximately 74% of 
the total insulin was found in fraction I1 
(Fig. 2B). When the immunoassay method 
was used to determine the insulin content of 
these fractions (after acid-alcohol extrac- 
tion) about 3.1 mU of insulin were recovered 
that is equivalent to 0.043 units/g of islet 
tissue. (These values are not shown in the 
figure). Using goosefish islets, the epididymal 
fat pad method measures approximately 
1600-fold more insulin activity than does the 
immunoassay technique. Despite this thou- 
sand-fold difference in absolute amount of 
insulin the relative distribution of insulin in 
these subcellular fractions was similar irre- 
spective of the assay method used. 

We then compared the capacity of anti 
(beef-pork) insulin serum (produced in 
guinea pigs) to neutralize beef, rat, and 
goosefish insulin preparations. Varying quan- 
tities of the AIS-GP and/or NGPS were 
added to the media containing the different 
insulin preparations and the amount of un- 
bound insulin remaining was determined by 
the fat pad method. As shown in Fig. 3, a 
medium containing 500 pU of beef insulin 
plus 10 pl of NGPS prorduced a 25% in- 
crease in glucose oxidation (by the epidi- 
dymal fat pad) as compared to medium con- 
taining only insulin. By substituting 0.3 pl of 
AIS-GP for equal amounts of NGPS, the 
enhancing effect of NGPS was abolished and 
instead there was a 64% decrease in glucose 
utilization (as compared with the medium 
containing 500 pU of insulin plus NGPS). 
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FIG. 3.  In vitro neutralization by anti-insulin 
serum. (Comparison of bovine, rat, and goosefish 
insulin as measured by epididymal fat pad method). 

One microliter of AIS-GP completely blocked 
the effect of 500 pU of beef insulin. 

Using a rat (islet) insulin preparation, 
three-tenths, and 1 pl of antiserum neutral- 
ized 40 and 94% respectively of the insulin 
effect. By contrast, only 8% of the goosefish 
insulin activity was neutralized by 1.0 pl of 
AIS-GP; when 5.0 pl of the antiserum was 
used, approximately 96% of the goosefish 
insulin activity was neutralized. Thus more 
than five times the amount of antiserum is 
required to neutralize equivalent amounts of 
goosefish insulin (as compared to rat and 
bovine insulin). 

Discussion. In  these studies, the insulin 
content of rat islets, as determined by the fat 
pad assay, was four times greater than that 
determined by immunoassay. A similar 
discrepancy between these two methods has 
been noted by others (10) using various 
mammalian insulin preparations. Since the 
intraperitoneal injection of insulin antiserum 
(to beef-pork insulin) into rats produces 
severe diabetic symptoms, the antiserum 
reacts with biologically active endogenous rat 
insulin (8, 11). As demonstrated in Fig. 3, 
this antiserum can also effectively react with 
and thus neutralize the rat insulin in vitro. 

The fat pad assay method, which is based 
on the evolution and determination of 14C- 
labeled carbon-dioxide, is not specific for in- 
sulin, since many other compounds are 
known to similarly affect the fat pad 
(12-16). Further, we have observed that the 
epididymal fat pad tissue of rat responds to 
insulin obtained from different species of ani- 
mals; namely, beef, sheep, pork, dog, and 
human to the same extent (not shown here). 

Further, the fact that in depancreatized dia- 
betic dogs considerable amounts of insulin 
can be detected in the plasma using the fat 
pad method (17-19), also indicates lack of 
specificity of this method for insulin assay. 

On the other hand, when the immunoassay 
method is used, some of the biologically 
inactive insulin may be immunologically reac- 
tive and conversely some biologically active 
insulin may not react with insulin antibody 
and thus give false values by the immunoas- 
say method. Likewise, the variable cross reac- 
tivity of insulin from different species (20, 
21) precludes the assignment of absolute in- 
sulin values when the samples are measured 
by the immunoassay procedure unless the 
corresponding species-specific insulin was 
used in setting up the standard curve. Since 
quantitative recovery of added beef insulin 
from rat plasma has been reported (22), the 
immunological differences between beef in- 
sulin and extracted rat insulin observed by 
Karam and Grodsky (23) need further inves- 
tigation. I t  should be emphasized, however, 
that the high degree of correlation between 
the two assay methods over a considerable 
concentration range, suggests that either 
method should be useful in measuring rela- 
tive differences in the insulin content of rat 
tissues provided that the analyses are carried 
out under carefully controlled conditions. 

Using the goosefish secretion granule frac- 
tion, acid-alcohol extraction markedly in- 
creased the apparent insulin content as mea- 
sured by the immunoassay method. This sug- 
gested that the insulin contained in the secre- 
tion granules was not available to react with 
insulin antibodies ; presumably the acid-alco- 
hol extraction either modifies the secretion 
granule membrane to make the insulin more 
soluble or it activates the insulin molecule by 
releasing i t  from a complex within the secre- 
tion granule. 

Steinke et al. (19) have observed that ex- 
tracted serum obtained from depancreatized 
dogs was ineffective on the rat diaphragm, 
whereas after acid-alcohol extraction this 
serum has significant insulin-like activity, 
thus indicating that acid-alcohol extraction 
alters endogenous insulin. 

By contrast there was no increase in the 
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apparent insulin content when the fat pad 
assay method was used after acid-alcohol ex- 
traction of goosefish islet fraction I1 
(consisting of mitochondria and secretion 
granules). (These results are not shown in 
the text.) We have also found that the in- 
sulin released in vitro from toadfish islets 
(24) reacted directly with rat epididymal fat 
pad without prior acid-alcohol extractions. 
Thus, the fat pad may release insulin from 
the secretion granule, or i t  may activate the 
native form of insulin which is contained in 
the secretion granule. The immunoassay 
method, on the other hand, may be depen- 
dent upon the presence of free insulin. 

The 1600-fold difference which we ob- 
served in the apparent insulin content of 
goosefish islet tissue fractions (when an- 
alyzed by the two methods), is considerably 
greater than that observed by other investiga- 
tors (10). There are marked immunological 
differences between certain fish (e.g. ,  cod, 
pollack, and catfish) and mammalian insulins 
(25). Thus 40 times the amount of antibody 
(horse anti-bovine insulin serum) was re- 
quired to neutralize cod insulin as compared 
to bovine, horse, or whale insulins (26). I t  is 
of interest, however, that despite the more 
than 1000-fold difference in absolute value, 
the relative amounts of insulin detected in 
the various subcellular goosefish islet frac- 
tions was the same when determined by ei- 
ther immunoassay or the epididymal fat pad 
methods . 

I n  using the fat pad assay method we 
found that, the addition of lo/$ of NGPS 
augmented the effect of 500 pU of bovine 
insulin. Power and co-workers (27) also 
demonstrated that the addition of 2 mg of 
globulin (isolated from normal human 
serum) similarly augmented the effect of 
crystalline insulin on the fat pad. Assuming a 
globulin concentration of approximately 4 
g/100 ml the 10 pl of the NGPS added 
would then contain 0.4 mg of the globulin. 
We do not know whether this amount of 
globulin would account for the 30% increase 
in insulin activity observed in Fig. 3. What- 
ever the cause of this potentiation, 1 p1 of 
AIS-GP almost completely neutralized the 
effect of bovine and rat insulin (Fig. 3).  

Since a t  least five times the quantity of anti- 
insulin serum was required to block the effect 
of goosefish insulin, the anti-( beef-pork) in- 
sulin serum does not appear to react so readi- 
ly with goosefish insulin as i t  does with beef 
or rat insulin. Furthermore, the goosefish in- 
sulin is almost ineffective in displacing beef 
1311 insulin from its combination with the 
antibody, and hence the assay of goosefish 
insulin by the immunoassay method gives 
considerably lower values. 

I n  assaying the insulin content of rat tis- 
sues by the immunoassay method anti-beef 
insulin serum may be used but i t  is advisable 
to use rat insulin for the standard curve. On 
the other hand, in analyzing goosefish tis- 
sues by the immunoassay method, it is neces- 
sary to prepare an antiserum to highly 
purified goosefish insulin in addition to using 
a goosefish insulin for the standard curve. 

Summary. The insulin content of microdis- 
sected rat islets when measured by the two- 
antibody immunoassay method was approx- 
imately one-fourth that obtained when the 
epididymal fat pad method was used. Insulin 
content of the subcellular goosefish islet frac- 
tions after acid-alcohol extraction was ap- 
proximately 103 U/g when measured by the 
fat pad method, as compared to 0.063 U/g 
when measured by the immunoassay method. 
Thus there is a 1600-fold difference in the 
values obtained using these two methods. 

About 84% of the total insulin contained 
in goosefish islets (estimated by the immun- 
oassay method, after acid-alcohol extraction) 
was recovered in the mitochondria plus 
secretion granule fraction. Using the fat pad, 
74% of the total insulin was found in this 
subcellular fraction. Acid-alcohol extraction 
of the secretion granule plus mitochondria, 
produced an eightfold increase in apparent 
insulin content when measured by the immu- 
noassay method; thus most of the insulin 
contained in the secretion granule was not 
available to react with the insulin-antibody 
until it was extracted or modified by the 
acid-alcohol extracted and unextracted sub- 
cellular fraction. 

One microliter of antiserum (to beef-pork 
insulin) was able to completely neutralize the 
effect of 500 p U  of either bovine or rat 
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(islet) insulin as measured by the fat pad 
method. However, five times this amount of 
antiserum was needed to neutralize the same 
quantity of goosefish insulin. The observed 
1600-fold difference in insulin content of 
goosefish islet tissue when measured by the 
fat pad and immunoassay methods indicates 
that goosefish insulin is hardly able to dis- 
place beef 1311 insulin from its combination 
with the (beef-pork) antibody, whereas in 
the absence of a competing insulin only five 
times the quantity of antiserum is required to 
neutralize the effects of goosefish insulin. 
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