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Abstract

Several peptides are being used as radiopharmaceuticals for receptor imaging scintigraphy. The
peptide receptors are found in the tumours of various sites [1] in the human body. Somatostatin is one
of those, which is expressed by a variety of tumours say in brain cortex, medullary carcinoma of
thyroid, adrenal glands, pancreas and gut [2]. Therefore neuropeptides based on somatostatin
analogues are labelled with different radionuclide, 123I and l uIn [3]. Efforts are underway to label RC-
160 (an analogue of somatostatin) with 99mTc because of its favourable radiation dosimetry, short half-
life, low price, high count rate and better diagnostic efficacy. In this project various methods of
labelling RC-160 with different radionuclides 125I and 99mTc have been studied in detail.
Radioiodination of Re-160 was tried with 125I using the iodogen method [4] as directed and then with
Chloramine T method [5]. Labelling of RC-160 peptide with 99mTc was done using two different
aspects [7]. Direct labelling with 99mTc and indirect labelling with 99mTc using double chelating agents.
Radiochemical quality control was carried out applying instant thin layer chromatography using ITLC-
SG strips in 85% of methanol[5]. Later the HPLC analysis was used for its evaluation. To label RC-
160 with 99mTc the approach of direct labelling was attempted first. 46% labelling could be achieved
with 95% of radiochemical purity. The biodistribution of 99mTc-RC-160 complex in rats has also been
studied to determine uptake in various sites of somatostatin receptors [6]. Eventually, attempt was
made to synthesize biomolecule by conjugating Boc protected RC-160 with benzoyl MAG-3. As a
result 80% of Boc-RC-160 went under conjugation with benzoyl MAG-3.

1. MATERIALS

RC-160 peptide (3.5 mg) and Boc-RC-160 (72.5 mg ) were obtained from IAEA.
HATU, DIPEA, iodogen and chloramine-T were obtained from Prof. Dr. Helmut Macke,
Institute of Nuclear Medicine, Kantonspital Basel, Switzerland. Benzoyl MAG-3 was
synthesized locally at PINSTECH. 125I was obtained from Amersham, (90-100 mCi/mL).
Ascorbic acid (Aldrich), Na dithionite (Aldrich) and HAS from Sigma were used, while the
99mTc generator used was from Amersham and Mallinckrodt.

2. METHODS

Radioiodination was done according to the procedures recommended by Mather and
Macke [4,5]. Direct labelling of RC-160 with Tc was carried out as prescribed by
Thakur [7].

2.1. Radioiodination of RC-160 using iodogen method

2.1.1. Preparation of Reagents

— Iodogen (l,3,5,6-tetrachloro-3a, 6a-diphenylglycouril) (1 mg) was dissolved in 25 mL of
dichloromethane. 20 p,g/500 \xL of the prepared solution was pipetted out into
polypropylene tubes. The tubes were left in dark fume hood for 2 h and were then stored
in a freezer at —8 C.
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— RC-160 (100 jag) was dissolved in 0.1 M acetate buffer pH4.2 (1 mL). Each 100 jaL
aliquot was dispensed in 1 mL siliconized glass vials and stored in a freezer at -8°C.

— Preparation of normal saline solution acidified with 0.1M acetic acid to pH4.5.
— Preparation of phosphate buffer 0.5 M pH7.5.

2.1.2. Protocol of1251 labelling

Radioiodine 125I (200 uCi), 100 uL of RC-160 (10 jug) and phosphate buffer
0.5MpH7.5(100 JJL), were pipetted into 20 jag of iodogen tube in rapid succession. The
reaction mixture was shaken well in a vortex mixer for 30 s and incubated for 30 min at room
temperature. Normal saline acidified with acetic acid to pH4.5 (300 jaL) was added to the
reaction mixture and was again shaken in a vortex mixer for another 30 s.

2.1.3. Preparation ofSEPPAK C-18 column

The C-18 cartridge was washed five times with 70% ethanol (5 mL) and then with
2-propanol (5 mL).

2.1.4. Purification of the iodine labelled peptide

The reaction mixture was loaded on the washed column and slowly eluted through the
cartridge by pushing the syringe. The filtrate was collected in a vial No.l. The column was
washed successively with a) 5 mL deionized water, b) 5 mL 0.5 M acetic acid, and then
washed with three fractions of 9 mL 95% ethanol with the eluants collected into separate
labelled tubes. At the end of each elution the air was pushed through the cartridge for
complete extraction.

2.1.5. Radiochemical quality control

The radiochemical purity of the product was checked with ITLC-SG strips 5 x 0.7 cm
developed in 85% methanol, once before purification and then after passing through SEPPAK
and Dowex DC ion exchange resin. After SEPPAK purification the HPLC analysis was carried
out using C-18 reverse phase column, 5 jam 4.5 x 250 mm, at a flow rate of 1 mL/min using
solvent A: AcCN and solvent B:0.1% TFA solution. A gradient used was from 0-3min 0%
AcCN, 3-13 min 50% AcCN, 13-23 min 50% AcCN, 23-30 min 50% AcCN and 30 to 35
min was again 0% AcCN.

2.2. Radioiodination of RC-160 using chloramine-T method

2.2.1. Preparation of reagents

(1) 284 juM chloramine-T solution: 6.5 mg of chloramine-T was dissolved in 20 mL of
phosphate buffer pH7.5, 0.5 M. The pHof chloramine-T solution was then lowered to
5.8 with 0.5 M acetic acid solution and the total volume was adjusted to 100 mL.

(2) Solution of RC160: RC-160 (100 jag) was dissolved in 0.5M acetate buffer pH4.2
(1 mL). Each 50 jaL aliquot was dispensed in 1 mL siliconized glass vials and was
stored in a freezer at-8°C.

(3) 7.5% HAS solution: 7.5 mg of HAS was dissolved in 10 mL of phosphate buffer 0.5 M,
pH7.2.
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2.2.2. Protocol of labelling

To 50 uL of RC-160 (5 ug, 50 uM) radioiodine 125I (200 uCi/100 uL) was added,
followed by freshly prepared chloramine-T solution (20 uL = 284 uM, pH5.8). The reaction
mixture was shaken well in a vortex mixer for 30 s. Reaction was stopped two minutes later
by adding 7.5% HAS solution (100 uL). Then SEPPAK filtration was carried out as described
above in the iodogen method.

2.2.3. Radiochemical quality control

The radiochemical purity was checked with ITLC-SG strips 5 x 0.7 cm developed in
85%, after the SEPPAK purification.

For the HPLC analysis a bit higher activity was required to label RC-160. Radioiodine
125I (8 m Ci200 pL) and freshly prepared chloramine-T solution (800 uL = 284 uM, pH5.8)
were to 2 mL of RC-160 (200 ug, 2 mM). The reaction mixture was shaken well in the vortex
mixer for 30 s. The reaction was stopped 2 min later with the addition of 7.5% HAS solution
(4 mL). Then SEPPAK filtration was carried out as described above in the iodogen method.

2.3. 99mTc labelling of RC-160

2.3.1. Preparation of Reagents

The formulation was carried out under nitrogen. Deoxygenated distilled water was used
for the preparation of all reagents:
— 0.1 M Sodium Acetate buffer pH4.2
— 0.1 M Sodium Acetate buffer pH7.2
— Sodium ascorbate solution pH6.2 (ascorbic acid 10 mg/mL in 1 N, NaOH solution)
— Sodium dithionite solution in Acetate buffer pH7.2 (6 mg/1 mL, i.e. 600 |ug/100 |aL).
— 100 |ag of RC-160 was dissolved in 1 mL of 0.1 M acetate buffer, pH4.2.

2.3.2. Labelling protocol

100 uL aliquot of RC-160 (10 ug) was pipetted out into a siliconized glass vial. Sodium
ascorbate solution (1 mg/100 uL) was added to it. The vial was shaken in a vortex mixer. Na
pertechnetate solution was pipetted into a reaction vial (50 mCi/600 uL) followed by an
addition of sodium dithionite (2400 ug/400 uL). The vial was heated in a boiling water bath
for 15 min. Then the vial was cooled to room temperature and SEPPAK purification was
carried out.

2.3.3. Radiochemical analysis

The radiochemical purity of the product was checked with HPLC after SEPPAK
purification. The ethanol fractions eluted were injected on HPLC to find the radiochemical
purity of the complex. Bondapak, C-18 ODS 5 12 urn 4.5 x 250mm reversed phase column
was used at a flow rate of 1 mL/min, Solvent A was 99.9% acetonitrile and solvent B was
0.1% TFA. A gradient used was from 0-3 min 0% AcCN, 3-13 min 50% AcCN, 13-23 min
50% AcCN, 23-30 min 50% AcCN and 30 to 35 min was again 0% AcCN.
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2.4. Biodistribution studies of 99mTc RC-160 complex

RC-160 was labelled with a specific activity of 500 ?Ci per ?g of RC-160. and was
diluted to a concentration of 2 5 ?L. The selected group of Sprague Dawly rats was not
injected with a cold peptide to block the somatostatin receptors the tumour was not induced
with AR-4-2J cell tumours. A group of 3 x 3 non-fasting male rats with an average body
weight of 100 g were injected with 20 ?Ci.2OO ?Lof the complex. One group was sacrificed at
1 h p.i. and the second group was sacrificed at 2.5 h p.i. The percentage of activity was found
high in liver spleen, kidney and gut, while low in blood, pancreas, heart and adrenal gland.
The activity in the organs rich in the somatostatin receptors, i.e. brain, adrenals and pancreas
was also determined.

2.5. Conjugation reaction between Boc-RC-160 and MAG-3

2.5.1. Preparation of Boc-benzoyl MAG-3 RC-160

Following solutions were prepared in dry glass vials under nitrogen. Solvents used in
the conjugation reaction were free of oxygen and water contents.

A: 55 mg of benzoyl MAG-3 in dry DMF (2.5 mL).

B: 12.5 mg of HATU[8] in dry DMF (2.5 mL).

C: 20 ?L Diisopropylethylamine in dry DMF 600 ?L.

Solution I: To a solution A (2.5 mL) in a dry glass vial were added solution B 2.5 mL
and C (500 ?L), and these reactants were allowed to react for 15 min.

Solution II: 10 mg of Boc-RC-160 was dissolved in (1.13 mL) of DMF in a siliconized
glass vial. To this solution was added Solution I (1 mL) after the 15 min reaction time. The
combined solution was allowed to react for 18 h.

An aliquot from the reaction mixture was injected to the FIPLC system using Solvent
system B at UV-220 nm to find the occurrence of the reaction. 80% of the Boc-RC-160 got
conjugated with benzoyl MAG-3. Then the peak for Boc-RC160-MAG-3 complex was
isolated through HPLC with the same reverse phase column mentioned above (C-18, 5 ?m
4.5 x 250 mm). The elution collected at 25? 5 min was concentrated on rotary evaporator and
was again injected on HPLC. The reaction peak at 25 min appeared in addition to the other
peaks, which were not collected.

The SEPPAK mini cartridge was activated by washing with 5 mL of ethanol followed
by 5 mL of water. 5 mL of air was pushed through the cartridge to dry it off. The conjugation
reaction was repeated followed by HPLC analysis. The isolation of the reacted Boc-RC-160-
MAG-3 complex was then undertaken. 1 mL water was added to the reaction vial and then
transferred the solution on the SEPPAK cartridge, The reaction vial and the cartridge was
washed with 3-4 mL of water and 5 mL air was pushed through the cartridge. Then the
cartridge was eluted with two fractions of acetonitrile (1 mL). The acetonitrile was then
reduced on rotary evaporator to 500 uL. To it 450 ? L of TFA and 50 uL of water was added
and allowed to react for 5 min. Then TFA was dried off on rotary evaporator by adding three
fractions 500? L of acetonitrile in every 10 min.
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3. RESULTS

Iodine labelling of RC-160 was done using iodogen method (Mather). The
radiochemical purity of the complex was determined before purification of the reaction
mixture and was found to be 20? 5%.

To get rid of unreacted 125I various methods of purification were tried. It was found that
purification done by using Dowex IX ion exchange resin did not give good results as no
activity was recorded in the filtrate and the maximum activity was retained on the column.
However when SEPPAK C-18 cartridge was used, the results were found satisfactory because

i oc

very good purification was observed and 100% yield of I-RC-160 could be obtained
(Table I.). The radioiodination of RC-160 was tried with chloramine-T method to improve the
labelling yield. A comparison of the iodination yield by the two methods is given in Table II.

TABLE I. ACTIVITY REGISTERED AFTER SEPPAK PURIFICATION AT VARIOUS
STEPS

Activity in vial

Activity left in empty vial and syringe.
"Total activity" filtered in C2H5OH fraction C

Iodogen method
210 |iCi

17(iCi
185 jiCi

TABLE n. RADIOCHEMICAL ANALYSIS OF 125I RC-160
METHANOL

Sep Pak C18 cartridge Activity % of free 125I & its Rf

Chloramine-T method
198 |iCi

14 nCi
174 fxCi

WITH ITLC IN 85%

% of 125I RC-160 & its Rf

Iodogen method
Filtrate (t.l)
(8% of the total activity)

chloramine-T method
No activity (t.l)

14.5|aCi 100/1 0/0

Iodogen method
Deionized H2O (t. 2) 22 |^Ci
(12% of total activity)

chloramine-T method 10 p.Ci
6% of total activity (t.2)

100/1

100/1

0/0

0/0

Iodogen method
0.5M acetic acid (t.3)

chloramine-T method
7% of total activity (t.3)

0 cpm 0 cpm

Iodogen/chloramine-T
method 95% ethanol A, B
fr. (t.4,5)

Ocpm 0 cpm 0 cpm

Iodogen method
95% ethanol C (t.6) 135
(75% of the total activity)

chloramine-T/86% of 150
total activity (t.6)

0/1

0/1

80/0

90/0
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FIG. 1. Comparison of the HPLC Chromatogram of
iodogen/chloramine-T methods.

125, RC-160 labelled with

A direct labelling method was attempted to label RC-160 with 99mTc. The results of
instant thin layer chromatography in Table III are found to be good. But this method did not
differentiate between hydrolyzed TcC>2, colloid complex and mTc RC-160 complex.
Therefore, HPLC was finally used to evaluate the radiochemical purity of the complex.
Before HPLC analysis, SEPPAK purification of the labelled complex was done. Direct 9 mTc
labelling was carried out using high specific activity followed by the SEPPAK purification.
The results in Table IV show 46% labelling yield. However, HPLC analysis gave 95%
radiochemical purity (ethanol fractions).
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FIG. 2. HPLC Chromatogram of""'Tc-RC160 in ethanol fraction C.

In order to increase the labelling yield, indirect labelling through bifunctional chelates
was attempted. The first step was the conjugation of Boc RC-160 with benzoyl-MAG-3.
Several experiments were carried out to achieve conjugation of benzoyl-MAG-3 with Boc-
RC-160 and then deblocking of conjugate benzoyl-MAG-3-Boc-RC160. HPLC analysis of
the reaction mixture showed that the conjugate benzoyl MAG-3-Boc-RC160 was formed (Fig.
3). HPLC purification of the benzoyl-MAG-3-Boc-RC160 was done. However, conjugation
could not be achieved in total and some starting material left unreacted as scan in
chromatogram. Hence efforts are underway to achieve better conjugation.
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FIG. 3. HPLC chromatogram after conjugation reaction prior to purification (benzoyl MAG-
S-Boc-RC-160 complex at 26 min).
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FIG. 4. HPLC chromatogram of conjugation reaction after purification (benzoyl MAG-3-Boc
RC-160 complex at 26 min, Boc RC-160 at 22 min).
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TABLE IE. 99mTc RC-160 USING ITLC IN 85% METHANOL B BEFORE SEPPAK
PURIFICATION

Instant thin layer
chromatography ITLC-SG

mini strip 85% methanol

14 cm 85% methanol

%offree99mTcO"4/Rf

1.3/1

1.8/1

%of99mTc-RC-160/Rf

98.7/0

98.2/0

TABLE IV. ACTIVITY REGISTERED FOR 99mTc-RC-160 AFTER SEPPAK
PURIFICATION AT VARIOUS STEPS

Total activity in vial

Activity left in emptied vial

Activity left in emptied syringe

Activity left in SEPPAK filter after elution

Filtrate (t.l)

Deionized H2O (t. 2)

0.5M acetic acid (t.3)

95% ethanol A (t.4)

95% ethanol B (t.5)

95% ethanol C (t.6)

50mCi

l lmCi

1.7 mCi

12mCi

2.2 mCi

1.1 mCi

OmCi

1.1 mCi

1.9 mCi

20mCi

4. CONCLUSION

It can be concluded from the results obtained that labelling of RC-160 with 125I can be
achieved satisfactorily in >95% yield. However, direct labelling of RC-160 with 99mTc gave
only 46% labelling yield with some lipophilic impurities which resulted in increased
background of liver; however, purification of the reaction mixture through SEPPAK column
yields a fraction with 90% 99mTc labelled RC-160. This fraction will be used for
biodistribution studies in the future. For carrying out indirect labelling through bifunctional
chelators, it was necessary to have the conjugate of Boc RC-160 with any of the chelators like
MAG-3, HYNIC or adipic ester. We tried to make conjugate of MAG-3 with Boc RC-160 but
100% conjugation could not be achieved so efforts are underway to improve the conjugation
yield and then it will be labelled with 99mTc.
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