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Abstract

A substitution of iodine to the insulin molecule will easily lead to a
decreased hormonal activity. Nevertheless it cannot be concluded
without further investigation that several of the tyrosyl groups are
directly involved in the hormonal reaction. A correlation between the
degree of iodination and the loss has been demonstrated by many
workers. However a monosubstitution of iodine two tyrosyl groups is
possible without loss of biological activity.

The new modification employed in this work includes loading of
chloramin-T on gilter paper disc thus minizing denaturation of the
hormone, the modificalion also involves omitting the step of sodium
metabisulfite & prolongation of iodination time to 7 min thus
overcoming possibly of protein denaturation and adding to the accuracy
of the technique.

In present study, erythrocyters binding capacity for insulin has been
performed for 75 subjects. Including 25 normal control subjects, 25
non-insulin dependent diabetic and 25 insulin dependent diabetic
patients.

Introduction

Insulin influences most metabolic functions of the body. Its best
known action is to lower the blood glucose concentration by increasing
the rate at which glucose is converted to glycogen in Ihe liver and
muscles and to fat in adipose tissue, by stimulating the rate of glucose
metabolism and by depressing gluconeogenesis

When iodinating insulin, iodine is readily taken up by the four
tyrosyl groups. In each tyrosyl group iodine may be mono- and di -
substituted in orthoposition relative to the phenotic hydroxyl group. A
substitution of iodine into the insulin molecule will easily lead to a
decreased hormonal activity. That a correlation between the degree of
iodination and the loss of activity exists has been demonstrated by many
workers (Fraenkel - Conrat and Fraenkel - Contrat 1950 and de Zoenten
and Van strik, 1961).

Insulin receptors form a very small number of the total protein
molecules embedded in the surface membrane of target cells. In tissues
such as liver and fat, which provide major targets for the action of
insulin (Kahn, 1976).
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In the present work we aimed to develop a sensitive accurate
simplified and economic radiolabelling technique for peptide
hormones. Also to investigate the various radiolabelling problems that
encounter the runing assays procedure.

Reagents

1- Reagent for the determination of insulin radiolabelling

1.1 The radioactive material 1 2 5 I provided from Amersham
Radiochemical Center U.K as a carrier free Na 125I solution
without preservatives or reducing substance containing 5
mci/50 u.1.

1.2 Chloromine - T supplied from Cambrian Chemicals Co.

1.3 Sodium metabisulfite is supplied from Mallinckrodi Inc.

1.4 Phosphate buffer 0.5 M (pH 7.4).

1.5 Bovine serum albumin is provided from Sigma Chemical Co.

1.6 Sephadex G-50 is supplied from Pharmacia Fine Chemicals.

1.7 Purified porcine insulin is proyided by Sigma Chemical Co.

2- Reagent needed for erythorocytes preparation for binding studies:

2.1 Physiological saline is prepared (9g Nacl/ L diss. Water)

2.2 Hypaque (33.9%), Ficoll (9%) mixture is supplied from
Gallard Schlesinger Chemical MLg.

2.3 Buffer G, (pH 8.0).

2.4 Dibutyl phthalate is provided from fisher Scienlific Co.

3- Reagents needed for determination of 1 2 5I labeled insulin
concentration in the elute by immunenzymatric assay technique:

These reagents are packaged in a commercial kit provided by
Medgenix Diagnostic Co.

Methods

The modified direct insulin iodination technique is conducted
according to the following steps

1. A mixture of 5 mg of insulin in 5 |il/ 0.1 M phosphate buffer (pH
7.4) was placed on a very small hole made in a waxy cup (glass
cup filled by wax).
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2. The necessary ml of 125I solution needed was calculated and
transferred into the same wax Cup hole.

3. on a filter paper disc, with a size just to cover the glass waxy cup,
20JLL 1 of cholaramine - T were loaded then the paper disc was
placed on a glass slide.

4. The paper disc was then placed upside down with the slide on the
waxy cup and a 100 gm weight was placed on the top of slide, as
shown in Fig (1).

5. The timer which was previously set for 7 min. was immediately
started.

6 Exactly after 7 min; the reaction was stopped by get out the filter
paper disc from the cup.

7. With a Pasteur pipette, the iodinated insulin was carefully
transferred to the column for the fractionation.

8. By the same pipette the waxy cup was washed using 50 ^1 0.05M
phosphate buffer wasting repeated three times, then the buffer in
each time was transferred to the column.

9. The collection was started using glass test tubes precoated with 2-3
drops of bovine serum albumin in 0.05 M phosphate buffer

100 9 M«lght
-JO. ̂ - "

clncn allde

Filter pnpar

lodtnntlon chnmber

Fig (1) : Modified chloramin - T method

10. 1 ml fractions were collected per each tube and out of which,
50JLII were thereafter counted in the gamma counter.

11. The elution pattern was plotted using counts / min. against the
fraction volume /ml, as shown in (Fig 2,3). The elution pattern
showed one peak.
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rig. [%i H u t ion pattern of i-labelled Insulin

(conventional chloranin-T method).

Friction la «i.

Fig. (2): Elution pattern of 125I-labelled insulin (conventional
chloramin-T method).

If
4 (BOdlfled chlor««ii>-T

ractloa la al

Fig. (3): Elution pattern of 125I-labelled insulin (modified
chloramin-T method).

12. The fraction tubes corresponding to the one peak were separately
pooled, then subjected to identification using paper
chromatography.

13. The iodinated insulin pooled fractions were subjected to
quantitation by immunoenzymatic assay technique.

14. Then the fractions corresponding to the peak of iodinated
monomer insulin were stored at-25 °C till used.

Comparison between the two iodination techniques are shown in
table I.
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Table I: Comparison between the direct iodination reaction and
modified one.

Parameter

1 Quantities of insulin used (u.g)

2. Duration of the reaction (min)

3. Reaction temperature

4. Inorganic salts addition

5. Specific activity of labelled
insulin

6. Final quantities of lablled
insulin (u.g).

7. Percentage of recovery.

Direct Iodinalion
reaction

5

1

Cold room

Sod. metabisulfite to

stop reaction

175 Ci/g

4

-80 %

Modified direct
lodination reaction

5

7

Room temperature

Not needed

185 Ci/g

4.6

-92%

This table shows the advantages of the modified direct iodination
reaction insulin over the non modified one.

As shown from table II the labelled insulin provided from the
modified techniques was used in the radioreceptor studies.
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Table II:

Tube
N o .

Blank

2

3
4

5
6
7

8

9
10

Buffer
G Hi

475

75

25
65
50

35
25
25

25
25

Protocol for the Radioreceptor Assay

Cone, of
stock insulin

st. ng jxl

0

0

0.01
0.10
0.10

0.10
0.10

1.00

10
1 mg/ml

Vol. of
ins. st. to

be added fil

0

0

50
10
25

40
50
50

50

50

Final ins.
Cone. *
ng/ml

0

0.2
1
2
5

8
10
100

1000
100000

125|_

ins.|il

25

25

25
25
25
25
25
25

25
25

Cell
Suspe

Hi

0

400

400
400
400

400
400

400

400
400

Final
Vol.^1

500

500
500
500

500
500
500
500

500
500

3. Discussion

This study is concerned with the evaluation of an optimized
technique for the principle chloramine - T method used for iodination
with some modifications as indicated in material and methods mostly
valid in determination of insulin radioreceptor assay. In order to assess
the advantage of the modified technique over the classical one, the main
characteristics technique clarifies the most important advantages items:

1. In the newly modified iodination methods, chloramine -T is only
loaded on a filter paper disc for the subjection of reacting materials
(Insulin and labelled I25I) content, while in the classical method it is to
be mixed with these reactants, which leads to the noticed denaturation of
the hormone.

2. Omitting the step of sodium metabisulfite which is a strong agent,
this overcoming the possibility of protein denaturation).

3. Time of the reaction is the newly introduced modification is 7 min,
while it is only 1 min. in the old procedure, thus this advantage allows
more accuracy and better technique.

4. This modified method can be carried out under normal conditions
of room temperature, while classical one necessitates the labelling
procedure to be carried out at 4°C. Which is not available in most
laboratories.
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5. Also as shown in Fig (2), the classical method gives an elute
pattern with different peaks in contrast to the modified method which
gave one and main peak Fig (3), this could be attributed to the fact
which may be due to the presence of different levels of the active
hormonal in the sample, thus producing a labelled hormone with
varying affinities.

In the present study, erythrocytes - insulin binding capacity has been
performed for 25 insulin - dependent diabetic patients. The insulin
binding curves for both pretreated and treated - dependent diabetic
patients are shown in Fig (6), as well as, a Scatchard analysis of the
binding data for pretreated and post - treated (Fig. 7). The results
showed that the pretreated insulin-dependent diabetic patients had a non
- significant increase in the mean values of 125I- insulin specific bound
percentage at both zero and 2ng/ml of unable insulin concentration
(16.3 ±3.6 and 11.6 ±2.5%), that reached 6.5% and 12.6% respectively
compared with their normal controls (Gr. I NC) (15.3 ±3.5 and 10.3 ±
2.3 %) respectively. Also, all cases of pretreated insulin - dependent
diabetic patient group have non - significant increase in the mean value
for both ID 50 and receptor number per cell (6.6 + 3.21 ng/ml and
116.8 ± 22), that only reached 6.5 % and 2.8% respectively, compared
with the normal control group (6.2 ±3.15 ng/ml and 113.6 - 32)
respectively. These results are in agreement with those of Fantus et al.
(1981) who reported that, insulin binding capacity in insulin dependent
diabetic patients is normal or somewhat etevated.

While the mean values of 125T_ insulin specific bound percentage in
the same patients after insulin treatment, recorded a significant decrease
at both zero and 2 ng/ml of unlabelled insulin concentrations (12.6 ±
4.3 and 8.1 ±4.5%) that reached 17.6 % and 21.4 % respectively
compared with their normal controls (15.3 ± 3.5 and 10.3 ± 2.3%)
respectively (P< 0.05) with decrease reached 22.7% and 15.5%
compared with their pretreated patients of the same group (16.3 ± 3.6
and 11.6 ± 2.51 %) respectively (P<001). As well all treated subjects of
insulin dependent diabetic patients (IDD) have a highly significant
increase in the concentration of unlabelled insulin required to inhibit
tracer binding by 50% (ID50), (8.4 ±3.15 ng/ml, p< 0.01), and a
significant increase that reached 27% when compared with pretreated
patients (6.6 ± 3.31 ng/ml) (P< 0.05) for the receptor number per cell in
treated patients (109.2 ±16) a non-significant decrease was noticed
compared with both the normal controls, and pretreated patients group
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(113.6 ±32 and 116.8 ±22) respectively, while a significant decrease in
both low and high affinity for receptors to bound 125I-Insulin (0.069 x
108 and 0.98 x 108 M-l) (p< 0.05), and also showed a significant
decrease when compared with the normal controls Gr I NC (0.82 x 108

and 1.33 x 108 M"1). (p< 0.05).

Insulin - dependent diabetic patients has a non - significant
correlation between maximum 125I - Insulin bound and fasting plasma
insulin. These are in harmony with the view of Robert et al. (1981) who
reported that a significant decrease in affinity of receptor to binding
after 10 days of insulin therapy in a group of insulin - dependent
diabetic patients with initially high binding, and stated that the changes
in receptor number may be preceded by changes in receptor affinity.

Psroant l-lnsulln bound

10 1OO
Imulln concentration (ng/ml)

Fig.(4): Competition curve of I25i_insulin specifically bound for Gr.l NC
Bound / Five l-in»u»n (x1O~*>

insulin bound (ng'ml)

Fig. (5) : Scatchard plot of mean values from competition-inhibition
studies for Gr.l NC

Fig.(6): Competition curve of I-insulin specifically bound for Gr.lll
IDD before and afer treatment.
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Bound / Fim» J-lnaultn (:( 10 )

— Balot* treatment
- Alter treatment

1.8 2 2.8 3 3.8 4 4 6 5

Fig.(7): Scatchard plot of mean values from competition - inhibition
studies for Gr. Ill IDD before and after treatment

Percent (-Insulin bound

Insulki conoentratlon (no/ml)

Fig.(8) : Competition curve of I-insulin specifically bound for Gr.IV
NIDD

125 ~z
Bound / Free Hinulin (xiO )

Insulin bound (no/ml)

Fig.(9): Scatchard plot of mean values from competition - inhibition
studies for Gr. IV NIDD.
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Erythrocytes insulin binding capacity has been also performed for
25 non-insulin dependent diabetic patients (Gr IV NIDD 15 males and
10 females). The competition curve of 125I-insulin specifically bound as
well as a Scatchard analysis for the insulin binding data in non - insulin
dependent diabetic group are shown in Fig. 8 and Fig. 9 respectively.
The results showed that in all cases of non - insulin dependent diabetic
patients the mean values of erythrocytes 125I-insulin specific bound
percentage at both 0 and 2 ng/ml of unlabelled insulin concentrations
were (13.4 ± 2.6 and 7.6 ± 11.2%) with highly significant decrease of
14.4% and 12.6% respectively (P< 0.01) compared with normal control
group (15.3 +3.6 and 10.3 ±2.3%) respectively. Also, non-insulin
dependent diabetic patients have a highly significant decrease in the
mean value of receptor number per cell (93.5 ±2.0) that reached 18%,
(p< 0.01) compared with their normal controls (113.6 ± 32) while
non-insulin dependent diabetic patients have a non-significant change in
the mean value of ID50 (6.1 ± 2.25 ng/ml) compared with normal
control group (6.2 ± 3.2 ng / ml).

These results are in agreement with the view of Mollar, et al., (1980)
who reported that insulin binding on erythrocytes from non insulin
dependent diabetic patients is significantly lower than in normal
subjects. The results are also in harmony with those of Shimada et al.,
(1990), who reported insulin binding in normal subjects was higher than
in non - insulin - dependent diabetic patients and stated that changes are
due to variation in receptor concentration. In the present study, a
significant negative correlation is found between insulin binding and
fasting plasma insulin levels, suggesting that, insulin might also regular
the erythrocyte insulin receptor, and the ability of insulin to modulate its
receptor is based primarily on studies in vitro, as well as situations in
which insulin receptor variations do not appear to be related to
insulinemia. Non-insulin - dependent diabetes mellitus is associated with
a loss of insulin receptors on the erythrocyte membrane.

Conclusion

Reaction between antigen and antibody in radioimmunoassay (RIA),
Immunoradiometric assay (IRMA) and radioreceptor assay (RRA) is
detected by radiation emitted from a radioisotope incorporated into the
antigen or antibody molecule. Ideall^ the radiolabelled molecule has an
immunoreactivity identical to the natural molecule and this behaves in
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the same way as in the assay procedure.

Oxidation of 125I - iodide gives rise to the '2 5I - iodination which at a
mildly alkaline pH (7.5) reacts with the phenolic benzene ring of
tyrosine and tyrosyl residues by a process of electrophilic attack.

This work is concerned with the evaluation of a new optimized
technique for the principle of chloramine - T method used for insulin
iodination by 125I radioisotope with some modifications. The modified
procedure can be carried out under normal conditions of room
temperature, employed longer reactions times and omitted the addition
of inorganic reducing salts mainting efficient iodination and avoiding
denaturation to obtain labels of exceedingly high specific activity and
small quanlities of insulin for in vitro usage in the investigation of
human erythrocytes I25I - insuliln binding capacity in normal and some
disease status.
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