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Abstract
Immunoassays employed to measure C-peptide in rat serum neither have high sensitivity nor good range. Hence, the aim of 
this work was to develop a sensitive and specific user friendly immunoradiometric assay (IRMA) utilizing in-house magnetiz-
able cellulose particles for quantification of C-peptide in rat serum. For development of IRMA, detector antibody  (M1*) was 
prepared by chloramine-T method using 125I and capture antibody  (SM2) was prepared by carbonyldiimidazole (CDI) activa-
tion method. The matched pair  M1*-SM2 yielded an assay with adequate sensitivity (0.24 ng/ml) and range (0–20 ng/ml). 
C-peptide concentrations in rat serum samples (n = 30) analyzed using the developed assay ranged between 0.3 and 0.54 ng/
ml. The reported C-peptide range can be used as a reference in impending diabetic research carried out using rat models.

Keywords Magnetizable cellulose particles · Detector antibody · Capture antibody · rat C-peptide · Matched pair · 
Immunoradiometric assay

Introduction

Diabetes mellitus (DM) is a predominantly concerned 
health challenge and becoming a major cause of death 
around the world, affecting the large population both in 
developed and developing countries [1]. According to 
the World Health Organization (WHO), the prevalence 
of DM is increasing. In the year 2019, it was the ninth 
leading cause of mortality, and over 1.56 million deaths 
were reported [2]. DM is a metabolic disorder that occurs 
because of deficient insulin production or the result of 
ineffective use of insulin from the body [3]. C-peptide 
is considered a reliable indicator of endogenous insulin 
synthesis since they are co-released into circulation in 

equimolar concentrations [4]. Unlike other species, rats 
produce two preproinsulins, which undergo cleavage and 
form rat proinsulin I and rat proinsulin II. Though rat 
C-peptide is produced in isoforms, rat C-peptide I and 
rat C-peptide II differ by only two amino acids at the 8th 
and 17th position [5]. The most appropriate measure of 
endogenous insulin secretion and apparent β-cell func-
tion is based on analysis of C-peptide using a standard 
method [6]. Measurement of C-peptide reflects the pan-
creatic insulin secretion rate more accurately than insu-
lin itself. Also, C-peptide concentrations are independ-
ent on exogenous insulin administration and not subject 
to interference from insulin auto antibodies induced by 
therapy with insulin [7]. C-peptide measurements are 
preferable over insulin measurement because of lack of 
hepatic extraction, and slower metabolic clearance rate [8]. 
Comparison studies by Wszola et al. [9] demonstrated the 
superiority of rat models in comparison to mice models 
for diabetes research. A variety of immunoassay methods 
are presently employed to measure C-peptide in rat serum 
[10, 11]. However, an assay with the required sensitivity 
and good range is collectively not available. In addition, 
there is a scarcity of heterologous assays for C-peptide 
measurement in rats and mice separately. Hence, a sensi-
tive and user-friendly immunoradiometric assay (IRMA) is 
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developed with minimum assay steps. Apart from this, no 
assays were reported for rat C-peptide measurement using 
magnetizable cellulose particles as a separation system, 
which have subsequent criteria for application in immuno-
assays. Antibody coupled magnetizable cellulose particles 
form a stable solid phase and enable separation in short 
times using moderate magnetic fields [12, 13]. Kadwad, 
et al. [14] reported that the magnetizable cellulose parti-
cles with average size of 3 µm have a higher tendency to 
sediment in the moderate magnetic field. Rashmi, et al. 
[12] have shown that magnetizable cellulose particles can 
be employed for the development of the human C-peptide 
IRMA. Magnetic particles are accepted as suitable and 
effective separation system in chemiluminescence enzyme 
immunoassay [15], immunoradiometric assay [16], com-
petitive enzyme assay [17] and radioimmunoassay [18, 
19]. The selection of a separation system in IRMA is a 
very crucial step in assay development where the limita-
tion of the PEG separation system in IRMA increases the 
popularity of optimally sized magnetizable cellulose par-
ticles (solid-phase) as a separation system. This work aims 
to develop a sensitive and specific user friendly IRMA 
utilizing in-house magnetizable cellulose particles for 
quantification of C-peptide in rat serum.

Materials

Chemicals

Synthetic rat C-peptide was purchased of purity ≥ 95%, 
purified by HPLC was obtained from Cellmano biotech 
limited, China. Sodium iodide  (Na125I) was provided by 
the Bhabha Atomic Research Centre (BARC), Mumbai, 
India. Chloramine-T, sodium metabisulphite (MBS), 
potassium iodide, 1, 1’-carbonyldiimidazole (CDI), and 
Sephadex G-75 were procured from Sigma Aldrich Com-
pany, USA. Bovine serum albumin (BSA), human serum, 
bovine serum and horse serum are from Hi-Media, India. 
Human serum, bovine serum, rat serum and horse serum 
were treated with charcoal to remove protein components. 
Magnetizable cellulose particles were in-house produced 
in Board of Radiation and Isotope Technology (BRIT), 
Navi Mumbai, [Indian Patent No: 193445]. Monoclonal 
antibodies clones (CC-34 and CII-11) were procured from 
MyBioSource, USA. Trehalose was from Lobo chemicals, 
India. Multi-well gamma counter was purchased from 
Stratec Biomedicals Systems, Germany and single-well 
gamma counter is from Electronics Corporation of India 
Limited, India. Electrophoresis Unit is of Biotech, India 
and Whatman paper strip is from Whatman Pvt Ltd., Eng-
land. Commercial rat sandwich ELISA kit was procured 

from Elabscience, China [E-EL-R3004 Rat C-P (C-pep-
tide) ELISA kit 96 T].

Animals

Wister albino rats (weight = 150–200 g, n = 30) were pur-
chased from the authorized dealer Adita Biosys private lim-
ited, Tumkur, and Institutional Animal Ethics Committee 
(IAEC) (SCP/IAEC/F150/P167/2019 dated 27.12.2019) 
provided approval for the work. Rats were housed in a sepa-
rate room by accommodating three rats per cage and accli-
matized to 12 h light–dark cycle for a week before blood 
collection. The experiment was conducted in the institution's 
animal house with all the precautions and temperature was 
maintained to 25 ± 5 °C with humidity < 70%.

Experimental

Radio‑iodination of anti‑rat C‑peptide monoclonal 
antibody

Radio-iodination was carried out by chloramine-T method 
with slight modifications [20]. The column was prepared 
priorly for the purification of the radio-iodinated reaction 
mixtures of detector antibodies  M1 and  M2. The purification 
was carried out by column chromatography using Sepha-
dex G 75, which was soaked overnight in 0.05 M phosphate 
buffer, pH 7.4, and loaded onto the column. The Sephadex 
column was allowed to settle down for 2 h, saturated with 
BSA (5 mg/ml) and eluted using 0.05 M phosphate buffer 
pH 7.4 as the elution buffer. The radio-iodination proce-
dure followed is given in Table 1. The reaction mixture was 
loaded to the Sephadex G-75 column for purification and 
eluted with elution buffer at a constant flow rate (6 drops/
minute). Purified fraction was collected in the polystyrene 
tube containing 1 ml of 0.05 M phosphate buffer pH 7.4 with 
1% BSA and counted in a single-well gamma counter. Here, 
fractions with the highest counts were pooled and diluted 

Table 1  Radio-iodination procedure followed to radio-iodinate M1 
and M2

Reagents Quantity

Anti-rat C-peptide Monoclonal antibody  (M1/M2) 45 µg
0.5 M  PO4 buffer, pH 7.4 50 µl
Radioactivity  (Na125I) 650 µCi
Chloramine-T 10 µg
Incubation time 60 Sec
0.05 M  PO4 buffer, pH 7.4 500 µl
MBS 20 µg
Potassium Iodide 50 µg
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using the tracer dilution buffer (0.05 M phosphate buffer 
with 0.2% BSA). Counts were adjusted to 70,000 counts per 
minute (cpm), the tracer was dispensed (1 ml) and stored at 
−20 °C for further use.

The prepared tracer was characterized for its specific 
activity, Radiochemical purity (RCP) and immunoreactiv-
ity. The reaction yield and specific activity of the radio-
iodinated reaction mixture was determined by paper chro-
matography. Around 100 µl of reaction mixture was diluted 
with 400 µl of 0.05 M phosphate buffer pH 7.4 and 100 µl 
of potassium iodide. The reaction mixture was spotted on 
the pre-equilibrated Whatman paper strip and allowed to 
run for 1 h at 240 V in the electrophoresis bath. Mobility of 
free iodide was confirmed by streaking the paper strip with 
palladous chloride  (PdCl2) solution. During electrophoresis, 
fastest moving  I¯ (iodide) migrated to about 20 cm from the 
point of spotting. As a result, two radioactive peaks were 
obtained; radiolabeled antibody and the free radio-iodide. 
The percentage radioactivity associated with each peak was 
calculated and percentage yield was determined as follows:

Specific activity is the activity per unit mass and is usu-
ally expressed in mCi/mg or µCi/µg. Specific activity was 
calculated from the percentage yield obtained in the paper 
electrophoresis method as follows:

RCP  is the fraction of the total radioactivity associated 
with the desired chemical form (in the present case anti-
body) of interest. The air-dried strip was cut carefully to 
1 cm length and counted in a multi-well gamma counter. 
The RCP of the purified fraction of desired radio-iodinated 
antibodies was calculated using the paper electrophoresis 
technique as described by Manupriya et al. [21].

Preparation of antibody coupled magnetizable 
cellulose particles

Magnetizable cellulose particles were prepared in-house 
by the process of wet grinding method [14] and found to 
be suitable for the development of an IRMA and RIA assay 
system. The coupling of magnetizable cellulose particles 
with monoclonal antibodies was done by CDI activation 
method with minor modifications. One gram of magnetiza-
ble cellulose particles was used to couple with monoclonal 

(1)

Percentage yield =

Counts associated with antibody zone

Total activity loaded
× 100

(2)
Specific activity =

Percentage yield × Amount of activity taken for the radioiodination

Amount of antibody taken for the radioiodination

antibodies for IRMA. The particles were washed with dou-
ble-distilled water and acetone. After the wash, particles 
were activated with the addition of 500 mg CDI dissolved 
in acetone. The activated magnetic particles were washed 
with acetone by placing on magnet block followed by a 
thorough wash with 0.1 M bicarbonate buffer pH 8.6 until 
the pungent smell of acetone goes off. Washed magnetic 
particles were divided into 500 mg each in 0.1 M bicar-
bonate buffer pH 8.6 and the two monoclonal antibod-
ies  (M1 and  M2) were added and incubated for overnight 
under shaking conditions. After incubation, particles were 
washed alternately with 0.1 M sodium acetate buffer, (pH 
4) and 0.1 M bicarbonate buffer, (pH 8.6). Subsequently 
particles were washed with 0.05 M phosphate buffer pH 
7.4 and assay buffer (0.05 M phosphate buffer contain-
ing 0.2% BSA and 0.1% tween-20). Finally, the coupled 
antibody-magnetizable cellulose particles (solid-phases 
SM1 and SM2) were suspended in assay buffer and stored 
at 4 °C for further use.

Identification of capture‑detector antibody 
matched pair

The following assay procedure of IRMA was carried out 
to determine the optimum assay reagents. Rat C-peptide 
standards 0, 0.625, and 20 ng/mL were used for the stand-
ardization of the initial assay. In each tube, 100 µl of detec-

tor antibody  (M1* and  M2*) was mixed with 200 µl of each 
standard in duplicates followed by the addition of 100 µl of 
solid phases  (SM1 and  SM2). Tubes were vortexed well and 
incubated for 3 h with continuous shaking. After incuba-
tion, the tubes were washed with 2 ml of assay wash buffer 
(0.05 M phosphate buffer pH 7.4, 0.2% BSA, and 0.1% 
tween 20), vortexed well, and kept on a magnetic rack for 
20 min. The washing step was repeated after decanting the 
supernatant. The radioactivity associated with the pellet 
was counted using the gamma counter and the percentage 
binding (% B/T) was calculated.

Standard preparation

A stock of Rat C-peptide standard 1 mg/ml was prepared 
in the 0.05 M phosphate buffer pH 7.4 containing 0.5% 
trehalose. Working standard of 0, 0.625, 1.25, 2.5, 5, and 
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20 ng/ml, and controls at two ends 0.5 and 10 ng/ml were 
prepared using horse serum containing 0.5% trehalose and 
0.1% sodium azide as the matrix. Aliquots of 0.5 ml of rat 
C-peptide standards and controls were dispensed, lyophi-
lized, and stored at 4 °C for further use.

Optimization of assay reagents

The different parameters for optimizing the assay, viz, tracer 
counts, titer of solid-phase, sample volume, incubation tem-
perature and incubation time were studied. The tracer counts 
of 3.5 ×  105, 7 ×  105 and 14 ×  105 cpm/ml and sample volume 
of 25, 50 100, and 200 µl were tested. Solid-phase at a titer 
of 1:2, 1:4, and 1:6 were tested to find the suitable work-
ing concentration of solid-phase for the assay. Furthermore, 
assay performance was tested at various incubation times 
(2, 3, 4 h, and overnight) and at varied temperature (37 °C, 
room temperature, and 4 °C) to obtain an IRMA with ade-
quate sensitivity and stability.

IRMA procedure

To establish a reliable assay, 100 µl of rat C-peptide stand-
ards, 100 µl of solid-phase  (SM2), and 100 µl of detector 
antibody  (M1*) were added to polystyrene tubes in dupli-
cates. The assay mixture was vortexed thoroughly and incu-
bated overnight with constant gentle shaking. The assay was 
separated by adding 2 ml wash buffer (0.05 M phosphate 
buffer, 0.2% BSA and 0.1% tween-20) and placing the tubes 
on a magnetic rack for 20 min. After the separation step, the 
supernatant was decanted and the washing step was repeated. 
The counts associated with solid-phase were counted in the 
multi-well NaI(Tl) gamma counter. The standard curve was 
plotted using log–log graph with the % B/T on the y-axis and 
the concentration of rat C-peptide on the x-axis. Unknown 
C-peptide concentrations in rat serum samples were esti-
mated from the standard curve.

The high dose hook effect was evaluated by running a 
developed IRMA assay with rat C-peptide standard concen-
trations 0, 0.625, 1.25, 5, 20, 40, 80 and 160 ng/ml. After 
separation, the standard curve was plotted using obtained 
percentage binding (% B/T) and a fall in the standard curve 
at certain rat C-peptide concentration was noted.

The developed assay was validated for its quality control 
parameters, viz, recovery, intra-assay and inter-assay vari-
ation, sensitivity, dilution linearity, parallelism, high dose 
hook effect and reagent stability.

Recovery, intra‑assay and inter‑assay variation

Recovery tubes were set up by spiking the sample with a 
known concentration of the standard. The native sample and 

the spiked sample were assayed and recovery was calculated 
as follows:

Intra-assay variation was determined by setting up ten 
replicates of rat serum sample in a single assay. Inter-assay 
variation was determined by setting up rat serum sample rep-
licates in 5 different assays. Mean and SD were recorded and 
the coefficient of variance was calculated using the formula

Sensitivity of the assay

The sensitivity of the assay was statistically calculated by 
setting up replicates of zero standards and expressed as 
mean + 2SD.

Dilution linearity and parallelism

Dilution linearity of the assay was analyzed as follows, the 
pooled rat serum was spiked with 10 ng/ml of synthetic 
rat C-peptide and it was further diluted to 1:2 and 1:4. The 
IRMA was performed by considering spiked serum samples 
(10 ng/ml), 1:2 and 1:4 diluted serums as unknown samples. 
Linearity percentage was calculated using the formula.

To analyze the parallelism of the developed rat C-peptide 
IRMA, three rat serum samples that displayed the highest 
C-peptide concentrations were diluted to a 1:2 ratio and esti-
mated in the optimized IRMA as unknown samples. The 
percentage of obtained C-peptide concentration to expected 
C-peptide concentration was calculated.

Stability of the reagents

Stability of the assay reagents such as solid-phase, detector 
antibody, and standards were determined monthly using the 
developed assay with fresh tracer prepared each month and 
rest of the reagents from same batch.

Sample collection and analysis

Rat blood samples (n = 30) were collected by retro-orbital 
method from the overnight fasted Wister albino rats of both 

(3)Recovery =
Observed value

Expected value
× 100%

(4)

Coefficient of variation(CV) =
Standard deviation (�)

Mean(�)
× 100%

(5)
Percentage recovery

= Observed concentration at dilution
Predicted spike concentration after dilution

∗ 100
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genders and kept at room temperature for an hour. Serum 
was separated by centrifugation at 3000 rpm for 15 min and 
stored at −80 °C until analysis. Analysis of serum samples 
was carried out by using an optimized IRMA assay proce-
dure. The C-peptide concentration obtained by developed 
IRMA was compared with a commercial rat sandwich 
ELISA kit (Elabscience, China).

Data analysis

The data was analyzed and illustrations were drawn using 
Microsoft word 2019 and Originpro 9, USA www. origi nlab. 
com

Results and discussion

Characterization of capture antibody and detector 
antibody

In the radio-iodination process, chloramine-T is used as an 
oxidizing agent to label monoclonal antibody with 125I which 
is a detector antibody in the IRMA assay. The reagent con-
centrations were optimized to 10 µg of chloramine-T and 
20 µg of MBS to target the specific activity of 14 µCi/µg 
by the simple, reproducible and inexpensive chloramine-T 
method. Labeled protein was retained at the point of spotting 
and free iodide moved towards the cathode.  PdCl2 reacts 

Fig. 1  Radio-iodination of anti-rat C-peptide monoclonal antibodies, 
 M1 and  M2: a. Elution pattern of  M1* fractions purified by Sephadex-
G 75 column, b. Determined RCP of  M1* purified fraction by paper 
electrophoresis on the day of radio iodination, c. Elution pattern of 

 M2* fractions purified by Sephadex-G 75 column, d. RCP of purified 
fractions of  M2*was determined by paper electrophoresis on the day 
of radio iodination. M1* = radio iodinated  M1, M2* = radio iodinated 
 M2

http://www.originlab.com
http://www.originlab.com
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with free iodide and gives yellow color at the free iodide 
area. The elution pattern obtained after purification of the 
reaction mixture resulted in two peaks. The first peak in 
Fig. 1a and c are labeled monoclonal antibody whereas sec-
ond peak in these are of free iodide. Radio-iodination yield 
of detector antibody,  M1* and  M2* was 75.32% and 66.32% 
with specific activity 10.83 µCi/µg and 9.53 µCi/µg respec-
tively. The RCP of the purified pooled fraction was deter-
mined by paper electrophoresis which was > 90%. Radio-
iodination results suggested that though the radio iodination 
yield was slightly high for  M1* compared to  M2* but the 
determined RCP was found to be almost similar.

Detector antibody selection was based on its performance 
as a matched pair, here mostly the reaction with solid-phase 
play an important role. The detector antibodies were tested 
against both the solid-phases,  SM1 and  SM2, and examined 
for a compatible matched pair. The selection was based on 
the sensitivity index, non-specific binding, and maximum 
binding at a higher standard concentration. It is analyzed by 
cross matching the solid phase with detector antibodies as 
follows  M1*-SM2 and  M2*-SM1. The  M1*-SM2 combination 
had a greater sensitivity index of 3.61% than the  M2*-SM1 
combination (Table 2), hence, it was recommended as the 
best-matched pair for the IRMA system.

Assay optimization and assay parameters

Rat C-peptide at concentrations of 0, 0.625, 1.25, 2.5, 5, 
and 20 ng/ml were used in the optimized assay technique. 
For higher concentrations (80 ng/ml) hook effect was seen. 
Hence, these lower concentrations were fixed for the assay.

In comparison to 3.5 ×  105 and 14 ×  105  cpm/ml, the 
detector antibody count of 7 ×  105 cpm/ml was well matched 
for the assay.

The assay's maximum percent binding at the highest con-
centration of 20 ng/ml was found to be slightly higher for 
solid-phase dilution 1:2 (28%) than 1:4 (26.4%). However, 
1:4 solid-phase dilutions was an appealing option as slight 
variation does not affect the assay performance and also it 
consumes the least amount of reagent.

For assay system optimization, different sample volumes 
like 25, 50, 100 and 200 µl was tested. Of these, 100 µl 
was found to be more suitable because it gave the desired 

maximum binding and NSB in the developed IRMA assay. 
Hence, sample volume of 100 µl was selected for the assay.

Maximum percent binding (26%) was observed for the 
assay incubated for 3 h with shaking or overnight with 
shaking. However, there was an increase in sensitivity from 
0.46 ng/ml to 0.24 ng/ml when incubated overnight with 
shaking. Hence, overnight incubation with shaking was cho-
sen for the developed IRMA.

The Shewhart chart was used to fix the concentration 
of controls; control 1 (0.50 ± 0.06 ng/ml) and control 2 
(10.4 ± 2.4 ng/ml) for the assay. In all test trials, the control 
values should always fall within the specified range for sam-
ple concentration acceptance.

A typical standard curve obtained by an optimized rat 
C-peptide IRMA is depicted in Fig. 2a.

Recovery studies in an immunoassay are meant to evalu-
ate the ability of the assay in measuring the protein present 
in serum samples [22]. The performed assay is concluded to 
be accurate and acceptable when the observed value comes 
under the range of 80–120% concerning the expected value 
[23]. In the present assay, the obtained recovery range is 
93–109% for tested rat serum samples (n = 4) (Table 3).

In rat C-peptide IRMA, intra-assay variation for two 
samples were 4.4 and 7.1%. The intra-assay variation of 
up to 15% is acceptable for immunoassays [24] The values 
obtained for inter-assay variation were 8.1 and 14.3% which 
falls under the acceptable criteria of < 15% for inter-assay 
variation [25].

The statistically calculated sensitivity of the developed 
rat C-peptide IRMA was 0.24 ng/ml.

Dilution linearity and parallelism studies of the assay 
were observed within the acceptable range as given in 
Tables 4 and 5.

Stability of the assay reagents and rat serum sample 
analysis

The stability studies showed that the detector antibody was 
stable for 45 days at −20 °C from the day of iodination. 
Therefore, a reduction in Bmax from 26% (on the day of 
radio-iodination) to 19% (60th day) was observed at 20 ng/
ml (Fig. 2c).

The shelf life of the solid phase was observed to be more 
than two years at 4 °C (Fig. 2d).

The stability of standards was satisfactory up to 6 months. 
The stability of the C-peptide standard was initially observed 
for only 15 days in plain 0.05 M phosphate buffer pH = 7.4. 
So, an effort was made to improve the stability of rat C-pep-
tide standards using treated human, bovine, rat and horse 
serum as a matrix. Of these, horse serum was found to be a 
good matrix for rat C peptide standard preparation. Further 
C-peptide stability was enhanced up to 6 months by adding 

Table 2  Cross-matching of capture-detector antibody combinations

Rat C-peptide standard (ng/ml) % B/T

M1*-SM2 M2*-SM1

0 0.7 0.9
0.625 2.53 1.55
20 24.5 19.3
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Fig. 2  Experimental scheme of magnetic particle-based rat C-peptide 
IRMA and stability of its reagents: a. Illustration of typical standard 
curve of developed rat C-peptide IRMA using known rat C-peptide 
concentrations, radioactive detector antibody, and magnetic particles 

based capture antibody-the measured radioactivity facilitate to esti-
mate unknown samples, b. Stability of rat C-peptide standards for 
6 months c. Stability of M1* determined for 60 days (frozen stored 
at -20 °C), d. Stability of solid-phase (SM2) of IRMA stored at 4 °C

Table 3  Recovery studies of the 
developed IRMA

Assay parameter Sample no Sample (ng/ml) Standard 
added (ng/ml)

Observed value 
(O) (ng/ml)

Expected 
value (E) (ng/
ml)

Recovery 1 0.32 2.5 1.46 1.41
2 0.43 2.5 1.74 1.465
3 0.74 5 2.76 2.87
4 0.62 5 2.98 2.81

Table 4  Dilution linearity studies of the developed IRMA

Assay parameter Sample no Sample (ng/ml) Observed value (O) 
(ng/ml)

Expected value (E) 
(ng/ml)

Percentage (%)

Dilution linearity 1 Neat – 8.85 – –
2 1:2 – 3.9 4.425 88
3 1:4 – 2.3 2.2125 104
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a protein stabilizer (0.5% trehalose) and finally, lyophilized 
and stored at 4 °C.

The unknown concentration of C-peptide in rat serum 
sample was estimated by the obtained typical IRMA stand-
ard curve Fig. 2a. Obtained results against the standard curve 
suggested that normal concentrations of rat C-peptide ranged 
between 0.15 to 0.48 ng/ml. Developed IRMA assay for rat 
C-peptide was calibrated against commercially available 
kit (Elabscience, China), and the correlation equation of 
y = 0.9949x + 0.0068 with R2 = 0.9657 was obtained (Fig. 3).

Conclusions

Present study is designed for the estimation of the normal 
C-peptide concentration in rat serum and examined C-pep-
tide concentration range can be used as a reference in immi-
nent research. The developed immuno-radiometric assay can 
also provide a sensitive measure of C-peptide in diabetic 
research. Rat C-peptide IRMA has dominance over other 

available methods by a wide standard range (0 to 20 ng/ml), 
economical solid-phase separation system, and prolonged 
standard and solid-phase stability. An attained sensitivity of 
0.24 ng/ml made the developed assay adaptable in diabetes, 
insulinoma and hypoglycemia research.
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