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ABSTRACT

A simple, quantitative micro-ELISA (Enzyme-Linked Immunosorbent
Assay) has been developed for rat insulin. The micro-ELISA is a
solid phase, indirect, competitive immunoassay. The useful range
of the micro-ELISA was superior to that of a commercial RIA for
rat insulin (e.g. 0.4 to 46.0 ng/ml for the ELISA; 0.2-8.6 ng/ml
for the RIA). The ELISAss sensitivity (the lower limit of detect-
ion) was 1.0 ng/mi + 0.13ng/ml, (mean, + SEm; 9 assays) or 20 +
2.6 pg/determination, and compared favorably with the sensitivity
of a radioimmunoassay (RIA) for rat insulin (0.38 + 0.10 ng/ml; 4
assays). The ELISA measured pure rat insulin standards
accurately. Correlation experiments showed that the results of
the ELISA agreed with those of the RIA (r=0.91), when rat insulin
was assayed in crude extracts of isolated pancreatic Islets of
Langerhans. When the standard curve was plotted as a log of the
dose response curve, a sigmoidally shaped curve was obtained which
could be transformed into a straight line relationship with a
logit~-log program. The goodness of fit of the transformed
standard curve to a straight line relationship was excellent
(r=0.97 to 0.99: n=4 ELISAs). The transform facilitated dose
interpolation, tests of parallelism, and quality control. Tests
of parallelism showed that the ELISA was specific for rat insulin.
The precision of the ELISA was superior to the precision of the
rat insulin RIA tested. The intraassay precision of the ELISA was
always <10% (CV%), and its interassay precision was always < 15%
(CV%). The micro-ELISA is versatile, since it can be used to
measure human, porcine, rat, and probably mouse insulin.
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INTRODUCTION

Since experimental Diabetes research frequently employs
isolated rat Islets of Langerhans (1,2), measuring rat insulin
quantitatively is important. At present. rat insulin is usually
measured with competitive radioimmunoassays (RIAs) (3,4,5).
Although RIAs are sensitive, accurate, specific, and precise (6),
they have several disadvantages. RIAs employ radiocactively
labeled molecules whose activity decays continuously.
Consequently, the 125-1 labeled insulin must be replaced
frequently. and each new batch of 125-I insulin must be
recharacterized. RIAs are also time-consuming, costly, and
potentially hazardous to perform. These disadvantages can be
circumvented by using an Enzyme—linked Immunoassay (EIA) which
employs enzyme-labelled antibodies or antigens (7,8,9,10,11). The
activity of enzymes is less susceptible to change during storage.
Although ELISAs have been developed to measure porcine, and human
insulin (13,14,15,16,17,18.19), a quantitative ELISA for rat

insulin has not been reported.

The development of a quantitative ELISA for rat insulin
represented a challenge since rat insulin is only available in
limited quantities. To be practical, an ELISA for rat insulin had
to use 10-100 times less antigen (rat insulin) than is commonly
used in most ELISAs, and yet, still remain quantitative.

The aims of this research were: to develop a simple, solid
phase micro-ELISA for rat insulin, to show that this ELISA is
quantitative (i.e. precise, accurate, sensitive and specific), to
compare the results of the ELISA with those of an RIA for rat
insulin, to test the ELISA's ability to measure insulin in
experimental samples (extracts of isolated islets), and to
demonstrate the feasibility of applying this assay to other

insulins including human and porcine insulin.
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MATERIALS AND METHODS

icals a ljes:

Ortho-phenylenediamine dihydrochloride (OPD) and RIA grade
bovine serum albumin (BSA) were obtained from Sigma Chemical Co.
(St. Louis, MO USA). Hydrogen peroxide was obtained from
Mallinckrodt (Paris, Kentucky USA). Tween-20 was obtained from
Fisher Scientific Company (Atlanta, GA USA). Human albumin
(#126658) and trasylol were obtained from Calbiochem Behring (San
Diego, CA USA). All chemical salts used in the buffers were
obtained from Fisher Scientific Company (Atlanta, GA USA) or Sigma
Chemical Company (St. Louis, MO USA). In addition, deionized,
glass distilled water was used in all buffers and reagents. Type
I Immunoplates (Nunc, Denmark) were used throughout this study and

were obtained from Gibco Laboratories (Grand Island, NY USA).

ELISA Plate Reader:

A modified, solid state color densitometer (ESECO Speed-
master, Model No.T85D; Eseco, Cushing. Oklahoma USA) equipped with
a 490 to 510 nm interference filter (Ealing Corporation, Soutn
Natick, MA USA) was used to measure the optical density of
samples. The maximum optical density was measured with a Biotek

ELISA plate reader.

Buffers;

The composition of the phosphate buffered saline (PBS) was
137mM, 1.1mM KH2PO4 8.1lmM Na2EPO4, 2.7mM KC1l, pH 7.2-7.4. The
wash buffer contained 0.05% Tween-20 in PBS. The sample buffer
for samples containing insulin contained 6.1% human (or 1% bovine)
serum albumin. 0.05% Tween-20, 0.1% Trasylol, a protease
inhibitor, 1OmM HEPES buffer and 0.01% merthiolate (vol/vol) in
PBS. The competition buffer contained the same components, but

lacked merthiolate, HEPES, and Trasylol.
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Reagents:
Insulins:

Purified rat insulin (>95% pure), and purified, biosynthetic
human insulin (25 uU/ng) was kindly provided to us by Dr. Mary
Root and Dr. R.E, Chance of Lilly Research Laboratories (Div. Eli
Lilly Co., Indianapolis, Indiana USA). Pro-insulin free rat
insulin was purchased from Novo Research Institute (Bagsvaerd,
Denmark). In all the experiments reported in this paper, the Novo
rat insulin (20pU/ng) was used as the solid phase antigen on the
plate and as the liquid phase insulin in the standards. Rat
insulin from both sources behaved well in this ELISA. For the
purpose of this research the rat insulin standards were prepared
s0 as to be compatible with both RIAs and ELISAs so that the
performance of both assays could be compared directly.
Crystallized porcine insulin was obtained from Sigma Chemical
Company (24ulU/ng; St. Louis. MO USA). Human insulin standards
were obtained from the World Health Organization (London,
England). The final insulin concentrations of the human insulin
standards were confirmed with an independent RIA for human insulin

(Cambridge Diagnostics, Cambridge, MA, USA).

Anti-insulin Serum

Guinea pig anti-insulin serum (Lot No. 623 ) with an insulin
binding capacity of 1.3 IU/ml serum) was purchased from the
Department of Pharmacology, University of Indiana School of
Medicine (Indianapolis, IN, USA). Wright et al. showed that,
guinea pig anti-insulin serum crossreacts with rat insulin, and
can be used to assay rat insulin (3). This polyclonal pig
antiserum (AIS) is specific against porcine insulin and exhibits
an extremely low cross-reactivity with porcine glucagon
(1/10,000). The antisera was reconstituted, divided into 100pl
aliquots, and stored at -200C. The optimum dilution of the AIS
was found to be 1:6400 for the rat insulin ELISA. The second

antibody, horseradish peroxidase labeled rabbit anti-Guinea pig
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IgG (whole molecule) was purchased from Miles Scientific (Div.
Miles Laboratories, Naperville, IL USA; Lot No E056). The enzyme
conjugate was stored at ~700C in 20ul aliquots of competition
buffer in tubes precoated with 1%BSA/ PBS for 2 h at +370C. The

optimum dilution of this second antibody was 1:2000.

Enzyme Substrate and Stopping Solution:

The photosensitive substrate solution was made just before
use and was shielded from light. It consisted of fresh 3%
hydrogen peroxide, 25mg ortho-phenylenediamine (OPD) in 50ml of a
buffer containing 126mM NaHP04, and 37mM citric acid (pH 6.6).
The enzyme substrate, hydrogen peroxide was diluted from a
concentrated 30% stock solution stored at 40C. The stopping

solution consisted of 5N H2S04.

Procedure

This micro-ELISA is an indirect, competitive, solid phase
immunocassay (20). The final optimized procedure used throughout
this report is illustrated in Figure 1. Optimization studies were
carried out for each component of the rat insulin micro-ELISA,
that is, for the primary and secondary antibodies and for the rat
insulin concentration. The optimum values mentioned in this
report are the final values for the most sensitive, precise, and
economical assay. Since the 72 h incubation gave the most precise
results, all of the results reported here were performed at that

time interval. Precision was adversely affected by overfilling

wells, and by washing the wells too vigorously. Wells were washed

with a gentle stream of washing fluid from a plastic wash bottle.

ELISA measurements:
Unless otherwise indicated, each immunoplate contained the
following: quadruplicate wells for each insulin-containing sample,

quadruplicate wells for each of the non-specific binding controls
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BIND Rat Insulin to solid phase (SP-RI)
(12.5ng/ml, 16-18H, 40C)

!

Wash 3X with w-buffer

BLOCK Non-Specific Binding with B~buffer
(1h, 370C)

Wash 3X with W-buffer
COMPETE unknown insulin (or Standard,LPRI) with

SP-RI for anti-insulin serum AIS
(72h, 370C)

Wash 3X with W-buffer

BIND 2nd Enzyme-labeled Antibody to Ab-Ag complex
(2h, 370C)

Wash 3X with W-Buffer
ADD chromogenic SUBSTRATE and react (70 min, 200C)
STOP enzyme reaction
READ optical density at 492nm
PROCESS data with computer programs

Figure 1. Outline of rat insulin Micro-ELISA.
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(NSB) (lacking primary anti-insulin antibody, and sample or liquid
phase insulin), quadruplicate wells of a reference blank (lacking
peroxidase labeled antibodies) and triplicate wells for each of
four accuracy standards (1.0, 1.75, 3.0. 10.0 ng/ml of purified
rat insulin), and twelve replicate wells for the zero insulin
samples (i.e. zero liquid phase insulin sample). Little color was
produced in the nonspecific binding wells, i.e. 0.2 optical
density units were produced in NSB wells compared to a total 1.3
optical density units in wells with no insulin (i.e. zero sample,

liquid phase insulin).

Standard Curve for the ELISA:

To facilitate direct comparisons between the RIA and the
ELISA. ELISA data were plotted as a log of the dose response
curve (i.e., as a % response versus the log of the insulin
concentr- ation). The percent response for each well was
determined by obtaining the optical density of each well,
correcting it for non-specific binding (NSB), and expressing the
optical density as a per cent of maximum binding corrected for
nonspecific binding (at the zero insulin concentration). Outliers
> 1+ 3 SD of the mean optical density at the zero insulin
concentration were omitted from the calculations.

Statistical Analvsis:

A computer program was written to perform the initial data
reduction and statistical analysis of both ELISAs and RIAs. The
program calculates the mean, standard error of the mean, standard
deviation, and variance of each set of replicate measurements. It
corrects all values for non-specific binding, and retains an
uncorrected mean %B/Bo value for later use in the curve-fitting
programs. The results are expressed in optical density units. and
as a percent of the maximum bound value $B/Bo. In addition, the
program prints the number of replicates (n) for each data point,

and the inter-replicate coefficient of variation for each set of
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replicates. Using this program, it was possible to define the
shape of the ELISA competition curve, which is an important
criterion for selecting an appropriate curve fitting program. All
data analysis was performed on an Intertec SuperBrain (64K) or an
IBM-Personal Computer (512K). A logit-log program, originally
written for the analysis of sigmoidally shaped RIA curves (Dr. D.
Rodbard, National Institues of Health, USA) was adapted for use

with this type of ELISA.

RIA;

A commercially available RIA for rat insulin (Novo, Denmark)
4) was used to determine how well ELISA results correlated with
those of an RIA. 1In the experiments reported here, the RIA was
pertormed according to the manufacturer's recommendations with a
few minor exceptions. To facilitate direct comparisons between
the RIA and the ELISA, the 125-I radioactivity in the immuno-
precipitates was counted (rather than the radioactivity in the
supernatants). Like the ELISA results, the RIA results were
expressed in tems of %B/Bo (corrected for non-specific binding),
and plotted as a log of the dose response curve, like the ELISA
results. All radioactive samples were counted with a gamma

counter optimized for 125-I (Beckman Instruments, Inc., Fullerton

CA USA).
Islets of Langerhang; Igolation and Insulin Extraction

Rat pancreatic islets were isolated from 150-250g Long Evans
Hooded rats according to the method of Lacy and Kostianovsky (1),
as modified by Taylor (21). 1Insulin was extracted from the islets
with the following procedure., Groups of 20 similarly sized islets
were placed in one ml of the sample buffer, and insulin extraction
was carried out by hypotonic lysis of the islet cells (0-40C) in
the presence a protease inhibitor (0.1% Trasylol). To ensure

complete disruption of cells, osmotic disruption was followed by 3
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cycles of freeze-thawing between 0OC and -280C. Subsequently, the
samples were restored to isotonicity with the addition of cold
concentrated (10X) solution of sample buffer, then the samples
were centrifuged (5 min, 13,000 g) to remove large cellular
debris. The supernatants were stored at -200C until assayed.

The same ELISA can be used for porcine, and human insulin, if
the coating and competing standard insulin are the same. The
optimized values for porcine and human insulin ELISAs are given in

figqure 3A to 3C.

SENSITIVITY

In this report the sensitivity is defined as the lower limit
of detection (LLD) of the assay. That is, the sensitivity is that
insulin concentration that lies two standard deviations away from

the zero insulin concentration on the standard curve.

CORRELATION EXPERIMENTS

In the correlation experiments, rat insulin was measured in
crude extracts of isolated rat islets. The rat insulin was
extracted from eight groups of isolated islets (20 islets/group; 2
isolations), and the insulin concentration of each stock extract
was determined with an RIA. Then, these 8 extracts were diluted
further to form a total of 26 experimental samples with a wide
range of insulin concentrations. All samples were measured in

quadruplicate by each assay.

Useful range

The useful range of the micro-ELISA for rat insulin was
greater than that of the RIA tested. For example, the micro-~ELISA
for rat insulin in Figure 2A had a useful range of 0.4 - 46.0

[

ng/ml, while the RIA in Figure 2B had a useful range of 0.2-8.6
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ng/ml. Typically, the useful range of the RIA was between 0.3-3.0

ng/ml.

Sensitivity

The lower limit of detection (sensitivity) of nine separate
ELISAs performed over five months was 1.02 + 0.13ng/ml (+ SEM; See
Table 1). This corresponds to value of 20 + 2.6 pg per
determination, or 175 + 23 femtomoles/ml, or 3.5 + 0.46
femtomoles, or 0.4 * 0.05 pU/determination, The mean sensitivity

of four separate RIAs was 0.38 + 0.10 ng/ml (mean, + SEM), which

was slightly better than that of the ELISA.

Accuracy and correlation

Table 2 shows that the ELISA measured three highly purified
rat insulin standards accurately over a range of insulin
concentrations in six separate ELISAs. Subsequent minor
modifications to the washing procedure have increased the

precision of the assay without comprimising its accuracy.

To determine how well the results of the micro-ELISA for rat
insulin agreed with those of the RIA when rat insulin was present
in crude extracts of isolated islets, the mean insulin
concentrations of 26 samples were determined and plotted on a
scattergram. A linear regression gave a correlation equation of Y
(ELISA) = 0.8X (RIA) + 0.5ng/ml, and a correlation coefficient of

0.91.

Precision

The precision of the ELISA and RIA were compared directly.
The coefficients of intrassay and interassay variation were
calculated with the same computation for the same standards using
the same number of replicates (Table 3). In general, the rat

insulin ELISA was more precise than the RIA tested. The
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TABLE 1
ELISA
a
SENSITIVITY
Assay Sensitivity (ng/ml)

ELISA 1 1.6
" 2 1.4
" 3 0.7
" 4 1.0
" 5 0.7
" 6 1.2
" 7 1.3
" 8 0.9
" 9 0.4

Mean = 1.02 (+ 0.13, SEM) ng/ml
b

175 (+ 23.0, SEM) femtomoles/ml

= 3.5 (+ 0,46, SEM) femtomoles/well

3.5 (+ 0.46, SEM) femtomoles/determination

a Lower Limit of Detection of ELISA

b Assumes a8 M.W. of 5,700 daltons for rat insulin

145
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TABLE 2
ELISA
ACCURACY

Accuracy Standards

No. [Rat Insulin]
1.0 1.75 3.0 (ng/ml)

1) 1.65 2.39 2.81 (30)
2) 1.42 1.88 3.63 (30)
3) 1.02 3.12 3.18 (30)
4) 1.68 2.80 3.07 (30)
5) 1.11 1.80 3.37 (3)
6) 1.12 1.42 2.24 (3)

Grand Mean = 1.33 2.24 3.05

coefficients of intrassay variation for the optimized ELISA were
>10% (CVs%), while the coefficient of intrassay variation were
always less than or equal to 15% (CV8). The coefficients of
intraassay variation for the RIA were less than or equal to 11.3%
(CV¥), while the coefficients of interassay variation were less

than or equal to 39% (CV%).

To compare the precision between two very different assays,
having two different useful ranges, the precision was compared at
or near the midpoints (on a logarithmic scale) of the standard

curves. This is the region of the standard curve where the

BANK
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TABLE 3

ELISA PRECISION

Nominal No. (%4 CcvZ
(Insulin] No. Replicates/ Intra- Inter-
(ng/ml) Assays Assay Assay Assay
1.75 6 3 8.47 14.87
3.0 5 3 5.5% 15.07
10.0 5 3 5.32 13.67%

RIA PRECISION
Nominal No. (4 cvi
[Insulin] No. Replicates/ Intra- Inter-
(ng/ml) Assays Assay Assay Assay
1.0 4 3 11.1% 31.72
3.0 4 3 11.3% 397

147
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precision of both assays will be best. The coefficients of
intraassay and interassay variation for the RIA at 1.0ng/ml near
the midpoint of 1.25 + 0.105 ng/ml (mean +SE; 4 RIAs) were 1ll.1%,
and 39%, respectively. The coefficients of intraassay and
interassay variation for the ELISA at 10.0 ng/mé (near the
midpoint of 7.6ng/ml #* 0.69 ng/ml on a log scale) were 5.3% and
13.6%, respectively. Thus, the ELISA was more precise than the

RIA tested.

Shape of the standard curve:

To analyze the performance of this assay, the standard curve
was transformed into a straight line relationship, where the
slope, intercepts, and statistical parameters of assay pertormance
could be calculated easily. The choice of an appropriate
transform required the knowledge of the true shape of the standard
curve, Figqure 2a illustrates the shape of the ELISA's standard
curve. The error bars in figure 2a show the + 2 standard
deviations of the mean of 30 replicates at each insulin
concentration. Thus. the approximate 95% confidence limits for
the shape of the standard curve show that the ELISA is sigmoidally
shaped. This finding was confirmed with three other equally

extensive ELISAs.

Since the ELISA,s standard curve was sigmoidally shaped, it
could be transformed into a straight-line with a logit-log
transformation., The transformed ELISA standard curves resulted in
excellent fits to straight line. Correlation coefficients of the
goodness of fit for four separate ELISAs were 0.97, 0.98, 0.99,
and 0.99. The goodness of fit of RIA standard curves to straight
line relationships were not quite as good as those for the ELISAs
(figures 2d; r=0.90). Nonetheless, it is apparent that both the
ELISA and the RIA curves are similarly shaped, and when the log of
the dose response curves (figures 2a and 2b) are transformed with

a logit-log transformation (figures 2c and 2d), the performance of
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these two assays are easily compared, thus simplifing the
quantitative analysis of specificity. That is, it is much easier
to test for parallelism between straight lines than between

sigmoirdally shaped curves.

Specificity

In addition to using antigens of known purity, and antibodies
of known specificities, the specificity of the ELISA was verified
by testing the experimental and standard curves for parallelism.
To adequately test for parallelism, 12-15 different insulin
concentrations between 0.4 and 30 ng/ml (8.0-600 ul/ml) were
assayed for each curve. The curves were transformed with an
unweighted logit-log analysis and the slopes of the transformed
curves were computed. The slopes of the transformed experimental
curves were the same as the mean slope of the standard curve,
within_+2 standard errors of the mean. The slopes of the
transformed curves were: -0.95 (+ 0.55 SEM), -0.82 (+ 0.60 SEM),
and -0.77 (+ 0.13 SEM). Since experimental curves are parallel to
standard curves, and the experimental samples behave like the
purified, pro-insulin free rat insulin over a wide range of

insulin concentrations, the assay is specific.

Applicability to other insulins:

Figures 3 A-C demonstrate the feasibility of using the micro-
ELISA to measure other insulins including, porcine (fig. 3B), and
human insulin (fig. 3C). Figure 3A shows the log of the dose
response curve for a different ELISA for rat insulin than is shown
in Figure 2A. sSimilar results were obtained for both assays.
Figure 3B shows the log of the dose response curve for the porcine
insulin micro-ELISA. The sensitivity of the porcine insulin ELISA
was the greatest of the three ELISAs shown in figure 3 (0.05-
0.lng/ml or 1.3-2.5uU/ml). This corresponds to 0.026 to 0.05uU0/

per determination. Figure 3C shows the log of the dose response
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2A

ELISA (RAT INSULIN)
COAT 125 NG/ML RAT INSULIN (R1)
COMPETE AMTI - INSULIN SERUM 1 /6400
[nu FOR 0% - 30 NG /ML (N-10)

SECOND ANTIBODY 1/ 2000

EAROR BARS - ¢ 25D

%B/Bo

odos 00s o os 1
og [insulin] ng/mi

500

BANK

Figure 2A. Log of the dose responsive curve for an ELIS2 assay (rat
insulin). The ELISA curve is sigmoidally shaped, and its useful
range (90%-10% B/Bo) is greater than that of a commercial RIA for rat
insulin shown in Figure 2C. The error bars for the ELISA curve
(Figure 2A) represent the + 2 SD of 30 replicate determinations for
the error bars

each data point between zero and thirty ng/ml. tThus,
approximate the 95% confidence limits of the standard curve.

ELISA (RAT INSULIN)

o0 8y~ 0.527
2 N - 0.0338
B ogit (m- 3.0 - 13eL0a(x) s
* 0.010 «0.70
ERAON BARS - 96, CONFIDENCE '3
3 LIMITS
204 n:--0.98 2
- USEFUL MANGE
80y (%07 - 107 8/8,)
O 70 1.8 — 44.3 NG/ML et
M oo
. somfrecccmvcrescemranccerces e ccssnna- = 0
[« H
]
R 0= ' -1
20 EDSO - 9.0 £ 0.42 NG /ML H
' -
10 : p=-2
:
¥ -3
1]
[
[]
H =4
H
L § v ¥
0.1 1 10 100

Iog10 [Insulllﬂ ng/ml

logit-log

Pigure 2B. The logit log transformations for the rat insulin ELISA

is illustrated.
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2c

-
b |
[e] -
9 L7 ] Ria(RAT INSULIN)
) COMPETE ANTI - INSULIN SERUM 1/17700
. 1] rom o3 - 20 nG/mL (N-4)
* ‘J EARON BARS - ¢+ 2 SEm
o -
R |

0008 o5 S 3 L P sbo
log [Inculln] ng/ml

Pigure 2C. Log of the dose response for a single RIA (rat insulin)
showing that the standard of the RIA for rat insulin is sigmoidally
shaped. Each error bar represents + 2 SEM of four replicates. This
RIA has the largest useful range of all the assays tested. Typically
its useful range was between 0.03, and 3.0ng/ml.

RIA (RAT INSULIN)

Ll 8g - 7754
2 N - 224 -
D oair W-08, , = o.4700(8)
EAROR BARS : 957 COMFIDENCE -3
LTS
0= N--0.90 o2
ESTIMATED USEFUL RANGE
o0y (707, - 407, 8/8g) o
O 1o 0.6 - 8.75 NG/WL k' O
m —
- J - | 1
R 40 : o
30 ' by O
209 €080 - 3.7+ 0.07 NG/ML :
1o : -2
]
[} -3
'
1
: e
'

ot ! k
log 4 [insutin] ng/mi

Figure 2D. The logit log transformations for the rat insulin RIA
(fig.2C) is illustrated. all 4 curves (figures 2A-2D) were corrected
for non-specific binding, and were plotted on similar axes to permit
direct quantitative comparisons between the performance of the
assays.
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100"

20

801

78/8¢

ELISA  (RAT INSULIN
ERROR BARS * 28D N-:IO/PT)

409

20 *
" 3a

NG/ML ,000S .005 .08 5 5 20 500

Figure 3. Versatility of the micro—-ELISA. Figures 3A through 3C
show that the same ELISA can be used to measure other insulins with
only minor changes in procedure.

Figure 3A. The figqure shows the log of the dose response curve for a
rat insulin ELISA. The data are from a different ELISA than that shown

in Figure 37, however the results are similar.

curve for the human insulin micro-EL1SA. The sensitivity of the
human insulin ELISA was 0.4 ng/ml. This micro-ELISA accurately
measured three human insulin standards (10, 50, 150uU/ml) obtained
from the World Health Organization (London). The final
concentration of each human insulin standard was verified
independently with an RIA for human insulin. Since standard
curves of each micro-ELISA from Figures 3A to 3C are sigmoidally

shaped, the same computation methods could be used.

DISCUSSION

A simple, quantitative micro~ELISA for measuring rat insulin
has been developed. The assay is accurate, specific, sensitive,
and precise. The results of the micro-ELISA correlate well with
those of a comparable RIA, and it measures rat insulin in

purified, standards and in extracts of islets. The micro-ELISA is
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Figure 3B.

The figure shows the log of the dose response curve for a

Porcine insulin ELISA. 1In this assay, porcine insulin was used both as
the solid phase (coating) and liquié phase (competing) antigen.

10

Figure 3C.

ELISA (HUMAN INSULIN) WHO-50

STANDARDS :
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HUMAN INSULIN IMMUNOASSAY :
WHO = 10 = 10,U/ML = 0.43 NG/ML
WHO — S0 = 50,U /ML = 2.13 NG/ML
WHO ~ 150 = 150 ,U /ML= 6.4 NG/ML

- WHO-150
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The figure shows the log of the dose response curve for

Human insulin ELISA. In this assay, porcine insulin was used as the
solid phase (coating) antigen, and biosynthetic human insulin (Eli

Lilly Co.)

was used as the competing antigen. The three human insulin

immunoassay standards (courtesy of the World Health Organization,
London, England) indicate that human insulin was measured accurately by

the assay.
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versatile since it measures human and porcine insulin.
Furthermore, the ELISA can be used to measure mouse insulin, since
the amino acid sequence of mouse insulins I and II are identical

to those of rat insulins I and II (2).

The ELISA's sensitivity is only slightly less than that of a
commercial RIA for rat insulin. The sensitivity of the micro-
ELISA for rat insulin is sufficient to measure the insulin content
of a single islet in 5.0ml of buffer or to measure the amount of
insulin secreted by a single islet into 1.0 ml buffer (assuming
that 20% of the insulin in an isolated islet is secreted during a

60 minute static challenge with 11mM glucose).

Since this is the first report of the development of an ELISA
for rat insulin, the pertormance of this ELISA cannot be compared
directly with another rat insulin ELISA. However, other enzyme
immunoassays (EIAs) have been developed for human and porcine
insulins and comparisons can be made with these ELISAs. 1In
general, the lower limit of detection (3.5 femtomoles) for rat
insulin compares favorably with the lower limits of detection of
other ELISAs for human and porcine insulin. e.g. 2.1 (14), 3.5
(15), and 5.0 femtomoles (16). When compared with colorimetric
EIAs for human insulin, the colorimetric rat insulin micro~ELISA
is more sensitive than two assays (13,16), and slightly less
sensitive than another (17). The rat insulin ELISA is somewhat
less sensitive than fluorimetric ELISAs for human insulin (18,19).
The sensitivity of the rat insulin micro-ELISA (0.4uU/well) is
equal that of one fluorescent EIA for porcine insulin (14), and

slightly less sensitive (2X less) than another (16).

The sensitivity of the porcine insulin micro-ELISA shown in
figure 3B is more sensitive than two fluorescent EIAs for porcine

insulin (19,21), while the human insulin ELISA in fiqure 3C is
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less sensitive than the most sensitive fluorescent ELISA for human

insulin (19).

Three observations support the conclusion that this micro-
ELISA measures rat insulin accurately. First, the ELISA
accurately measured highly purified (>95%) rat insulin standards
accurately. Second, the ELISA measured rat insulin obtained from
extracts of islets accurately and its results correlated well with
those of an RIA. Third, the ELISA measured the amount of
insulin/rat islet accurately since the insulin/islet values fell

within the range of values reported in the literature (22,23,24).

The useful range of the ELISA was consistantly superior to
that of the RIA tested. One possible explanations for the smaller
useful range of the rat insulin RIA may lie in the fact that the
RIA uses 125-I labeled porcine insulin as a tracer antigen, and
rat insulin may not displace all of the labeled porcine insulin.
Since the ELISA uses rat insulin for both the bound (solid phase
insulin) and free phase (liquid phase), the rat insulin should be
able to displace all of the anti-insulin antibody bound to the
solid phase rat insulin. One of the practical advantages of the
greater useful range of the ELISA is that fewer dilutions and

remeasurements of samples are needed.

The precision of the micro~ELISA was superior to that of the
rat insulin RIA tested, but equivalent to that of RIAs known to be
precise (17). To enable comparison of precision both RIA and
ELISA standards were drawn from the same batch of rat insulin, the
same number of replicates were used, the same computational
methods were used and both curves were corrected for non-specific
binding. The precision of the Elisa was superior to that of the
RIA. The ELISA is versatile, since it can be used to measure rat,

pércine, and probably mouse insulins. Since the ELISA is a
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micromethod, it will be useful in applications where large numbers
of precise, quantitative determinations are needed, e.g. in
perifusion studies of the kinetics of insulin release, and in
studies of the molecular biology, biosynthesis, secretion, and
metabolism of rat and mouse insulin. Since World Health
Organization human insulin standards are measured accurately with
the same type of micro-ELISA as the one for rat insulin, in the
future, both clinical and experimental samples may be assayed with

essentially the same procedure.
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