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Abstract

A recommended simple technique for preparation of

* — *

radioiodinated [ I ] meta-iodobenzylguandine (M IBG) is

presented. The technique is based firstly on a schematic

procedure for the synthesis of inactive MIBG using meta-

iodobenzoic as substrate, results with a chemical yield of

80% as pure as MIBG 0.5 sulphate, then recrystalized from

water-ethyl alcohol as crystalline powder of M.P. 165°C~

167 C, secondly the radioiodination process is performed

through out an isotopic-exchange reaction between the

inactive MIBG and radioiodine as iodide ion ( I~) in 0.2 M

acetate buffer pH 4.2-4.25 at 100°C within 3 0 min in the

presence of metal ion as exchange catalyst. Following of

these processes the reaction solution is allowed for purifi-

cation by passing it through an AgCl-impregnated filter to

remove the unreacted radioiodine as Ag I (5%). According of

these results and reaction conditions, it is possible to

develop a technology for the radiopharmaceutical production

of radioiodinated M IBG using the currently used short-lived

radioiodine nuclides by a simple kit like-type technique,

where the radiochemical yield % is 95-99% as pure as M IBG.
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Introduction

Meta-iodobenzyl guandine MIBG (Fig.la) is an analog of

the adrenergic neuron bloking drug Guanthedine(Fig.lb) which

currently used in medicine as antihypertensive. It is

accumulated by the adrenergic cells and this characteristic

allows radioiodinated M IBG to usefully label a variety of

organs and tissues including medulla (1)/ heart (2), as well

as detection neuroblastoma (3) and pheochromocytoma (4,5) .

123Recently, attempts have been made to use I-MIBG to

localize the myocardium regions depletted catecholamine

stores due to infarction (6).

In this work a Kit like type formulation technique for

the preparation of radioiodinated MIBG has been described.

The technique basically depends on an isotopic exchange

reaction between the inactive MIBG which has been prepared

according to the chemical scheme represented on Fig.(2), and

radioactive Na I. The isotopic exchange reaction is

4+accelerated by platinum ion (Pt as H2PtClg-xH2O as exchange

catalyst and by decreasing the pH of the reaction medium up

to 4.2 (using 0.2 M acetate buffer). The technique offers

advantages over the techniques previously investigated for

radioiodination of MIBG (7-9), since conventional prepara-

tions requiring 1.5 hours reaction time to achieve maximum

saturated labelling yield of 60-80% (10). The exact mechanism

4+Pt ion (i.e., H2PtCl- x H^O) catalysis is probably that at

first step of the isotopic exchange reaction, an organo-
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1) Meta-Iodobenzyl Bromide

11) Hexamine

2) HC1

2) Meta-Iodobenzyl Ammonium Chloride

1) Cyanamide

2) KHCO3J
3) Meta-Iodobenzyl-Guanidinium-Hydrogen Carbonate

m.p. 124OC - 126°C

J 2N H2SO4

4) Meta-Iodobenzyl Guanidine

0.5 Sulphate m.p. 165° C - 167° C

Fig.(2): Chemical Scheme of the Organic Synthesis of Inactive
MIBG 0.5 Sulphate
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metal complex of MIBG with Pt is taking place, which leads

to lability of the iodine atom handing to the aromatic ring

of the MIBG molecule, followed by hydrolysis of this complex

to give to M IBG. Where the isotopic exchange reaction can

be expressed as follows:

MIBG + Pt4 — > MIBG - Pt (1)

MIBG-Pt + * I ~ — — — — ¥ M*IBG ~ Pt (2)

M*IBG - Pt *Y**°lUiS-+ M*IBG (3)

The radiochemical yield % of the isotopic exchange

reaction and the quality control of the final product have

been determined by thin-layer chromatography (TLC). Although

[ I] - MIBG has also been used in the detection of neuro-

blastoma (11), the ultimate purpose of our use of Na I

(t./0= 8.0 days) in this study is to set the conditions of

the chemical reaction as well as to set the conditions of

stability and storage.

The method of labelling is simple and gives rapid and

quantitative incorporation of radioiodide ion ( I ) into a

pharmaceutical acceptable pure product of M IBG.

Experimental

Materials and Experiment

1) Materials

MIBG has been synthesized in our department according

to the chemical scheme presented in Fig.(2) IR, UV, and M.P.
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analysis methods were used to determine the chemical

composition of the final product as pure as MIBG 0.5

sulphate. Also, charomatographic analysis either by thin

layer chromatography or by HPLC were used to identify the

131final radioiodinated M IBG as radiopharmaceutical product.

Unless otherwise noted all chemicals were reagent grade

BDH except PdCl- was carlo-Erba Product. Na I in 0.1 N

sodium hydroxide was delivered from Amersham having 7.4 GBq/

ml, and iodide >99.0% as determined by paper chromatography

(12). .

2) Thin layer chromatography analysis have been performed on

silica gel 60 aluminium backed sheets Merck. The radio-

chemical yield (%) was radiochromatographically determined

using a developing system consists.

Ethyl alcohol — ammonia (3:1)

Rf of
 131i™ » 0.90 and (13)

Rf of M
131IBG « 0.15

3) HPLC analysis has been performed using UV detector

operating at 254 nm and mobile phase consists of methanol:

Water: acetic acid: trimethyl amine (57 : 53 : 0.5 : 0.5) at

1.0 ml/min (14), showing only one peak at t = 7.2 min for

M131IBG.

4) Also IR analysis (IR(KBr)) of MIBG 0.5. sulphate showed

3420 and 3160 bands for (NH), 1630 and 1630 bands for (C-N),
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1120 bands for (S=O), 770 and 690 cm 1 (1,3 disubstituted

benzene) as shown in Fig.(3).

5) Thermal analysis verified that the compound MIBG. 0.5

sulphate is thermostable to a temperature up to 307°C as

shown in Fig.(4).

6) AgCl impregnated filter preparation: A filter paper of
2

Wt. No. 3 (0=5 mm and t=0.33 mm and basis weight 185 gm/m )

was immersed into a 0.5 N aqueous solution of silver nitrate

After drying in the dark, the filter was immersed into 1 N

HC1, then repeatedly washed by distilled H2<D up to neutral

reaction and kept in darkness up to use (15).

131

Synthesis of [ra- I] MIBG:

2-10 mg MIBG 0.5 sulphate was placed in the V-shaped

bottom 5 ml serum vial and dissolved in 2 ml of 0.2M acetate

buffer pH 4.2 - 4.5, where dissolution was accelerated by

warming in boiling silicon oil bath and the vial was gently

swirled to ensure homogeneity. The vial was then sealed with

a Teflon-lined rubber septum and aluminium cap. The concen-

trated 1M chlorplatinic acid in 0.2M acetate buffer pH 4.2-

4.5 is diluted in such away that 10 jil of 1 M solution is

added to 1 ml 0.2M acetate buffer and then 2-10 jil of this

later solution is injected into the vial by microliter

syringe and then the vial was swirled to ensure homogeneity

again. Then 50-100 ul Na I in 0.05M NaOH were added
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FILE NAME

THERMAL ANALYSIS DATA
Nl .000

IX
104.3

2.

/a ;B
-ID

|TG

07.X

•I0.06X

l ^ v H V M j | ^ ^ ^

100

DATE 9S/0S/28

MEASURING CONOITIOMS

SAMPLE NAME U I B G

SAHPtE SIZE 7 660 «.g

Temp. 600*C

(10*C/mlD. Rate),

200 300 409 500

t I

600 |C)

: MIBG 0^5 sulphate thermal analysis showing the

s tab i l i ty of the compounds to a temperature

up to 3O7°C ~ 313°C.
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exactly after 1 min in sucession according to the specific

activity required (pH must be not less than 7, also by

another microliter syringe. In let and outlet cannuli were

inserted and a gentle stream of nitrogen gas was applied to

ramove air from the vial to prevent the formation of

platinum chloride hydrolytic product. The vial partially

immersed in silicon oil bath at 100°C~120°C for 30 min. then

take off the vial from the silicon oil bath and then the

vial was subjected to cool in ice bath. Using a microliter

syringe about 10 jutl probes were taken from the vial and put

on the start line of thin-layer chromatograms and allowed

for analysis. Then the whole volume of the vial was trans-

ferred into a syringe connected with filtration holder

containing wt. No. 3 AgCl impregnated filter and the

solution was filter into pencillin vial with a velocity of 1

drop/sec and the pH was adjusted with NaOH to pH 6.8 and the

final solution, was subjected for sterilization by auto-

claving or by passing it throughout 0.22 Jim millipore filter,

Results and Discussion

The results reported herewith have been revealed that

the isotopic exchange reaction methods are the most appro-

priate methods which satisfy the desired' requirements for

incorporation of radioactive iodine (as radioactive iodide)

nuclei into the MIBG molecule. Where the reaction is

1—4 +
accelerated with a heavy metal ion (Me ) which recently

used as isotopic exchange catalysis (16) for this type of
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nucleophilic exchange reaction (17).

The reaction course is influenced by temperature, time

of the exchange, reactants concentrations as well as the pH

of the medium of exchange (the optimum pH value required

must be not more than 4.2 to prevent the hydrolysis of the

H2PtCl-.x H20 in aqueous solution), where the hydrolytic

products have no catalytic effect, therefore the H2PtClg.xH2O

must be diluted in a short time before use. Also, it is

necessary to add the Na I solution to the reaction mixture

4-f
after the bonding of Pt ion with MIBG (10-15 min) molecule

but not the way round. Although the labelling yield is not

any time higher than 90-95% at 100°C within 30 min,a maximum

yield of 95-99% can be achieved by increasing the tempera-

ture of the reaction up to 120°C using silicon oil bath.

As a consequence, considerable reaction data has been

accumulated on this type of isotopic exchange reaction such

as reaction temperature as shown in Fig.(5) where the radio-

chemical yield % increases by increasing the reaction

temperature. Also, our results on the system I for

127M IBG isotopic exchange in 0.2M acetate buffer pH 4.2-4.5

in term of I bound to the MIBG molecule without addition

of the Me ion to the reaction course revealed that as shown

in Table (1) the radiochemical yield % is of the order of 5%

determined by TLC as M IBG. On the other hand, a high

radiochemically yield % on the order of 99.0% has been

2+afforded by using Pd ion as isotopic exchange catalysis

but it is excluded due its biotoxicity (16), and found to be
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M IBQ % Yield
100

60

45 50

Time in min

Tomp.26 °C

Tomp.1OO°C

Tomp.60 °C - • - Tomp.86 °C

Tomp.120°C

• (5) * Apparent influence of the temperature on the
% y ie ld of Z^-1^1!^ M^G using Pt(IV) ion as
exchange catalyst 50-60 ug/10 mg MIBG and 2 ml
acetate buffer of pH value 4.2-4.75•* a s P u r e

as



Table (1): Maximum saturated radiochemical yield % of

pure M. IBG which have been obtained within

30 min using different metal ions as exchange

catalysts at 120°C and pH 4.50-4.75.

Me ion Radiochemical
0.01 ml of 0.01M . .. -
sol./lO mg MIBG yield, s

Cu2Cl2 81.6

Cu Cl2 77.3

H_PtCl..x H o 0
2 96.8

PdCl 99.0

x has been calculated as 10.
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the using of Pt ion as isotopic exchange catalysis fulfils

the desired requirements and equally successful and thus may

be applicable in concentration of 50-60 uq of H_PtClg.x H O /

10 mg MIBG, 0.5 sulphate, as shown in Table (2). Also, the

results obtained have been revealed that the pH value of

this type of nucleophilic isotopic exchange reaction playing

a dominant value to achieve the highest radiochemical yield

% as shown in Table (3).

On the other hand, the molarity of Na I NaOH solution

in which most of radioiodine are currently dispensed on it

has a remarkable influence on the rate of the isotopic

exchange reaction, where high NaOH concentration leads to

form hydrolytic platinum chloride product which inhibits Pt-

MIBG complex formation which leads to decrease on the radio-

chemical yield %, (18). Basically, a kit-type method can be

technologically established as thus heavy metal ion MIBG

formed and the addition of radioiodide ion followed by

heating and hydrolysis the radioiodinated M IBG readly formed

with the desired radiochemical purity suitable for nuclear

medicine used for adrenal gland and myocardium measurements

(10,11). Consequently this Me ion and MIBG complex can be

kept stable in dry state after lyophilization for some week

without any degradation at -4°C - 5°C. The final radioactive

iodine M IBG must be kept at a recommended storage tempera-

ture of -10°C and the expiration data found to be 1 week

after calibration.
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4+ .
Table (2): Apparent catalytic influence of the Pt ion

concentration on the radiochemical yield (%)

of M131IBG within 30 min at 120°C and reaction

pH of 4.5-4.75.

H.PtCl-.x H_O Radiochemical
£. O /,

pg/10 mg MIBG y i e l d , (%)

0.0 5.0

10.0 61.0

20.0 68.4

30.0 71.0

40.0 86.8

50.0 96.8

60.0 93.4

70.0 79 .0
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Table (3): Apparent influence of the pH value of the

isotopic exchange reaction on the radio-

chemical yield (%) M131IBG within 30 min

at 120°C.

„ Radiochemical

yield, (%)

4.00 81.00

4.20 87.00

4.50 91.80

4.75 96.80

6.00 76.00

7.00 67.00
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