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Abstract

1,4 Benzodiazepine derivatives have been largely used in Medicine since 1960.

Chlordiazepoxide (7-Chloro-2-(methyl amino)-5-phenyl-3H-1.4 benzodiazepine 4-oxide)

has been mostly used and the oldest one after diazepam.

The aim of this study is labeling of chlordiazepoxide (CDZ) with 1-131 and

investigation of radiopharmaceutical potential as a benzodiazepine receptor agent. Iodogen

has been used as iodination agent. Labeling yields have been determined by ITLC (Instant

Thin Layer Chromatography) and Paper Electrophoresis. pH and iodogen amount effects

to labeling yields have been examined to obtain optimum reaction conditions. Labeling

yield was 90% for 1 mg chlordiazepoxide, 1 mg iodogen, 1 pH, 15-20 minutes at room

temperature.

Radiopharmaceutical potential of 1-131 labeled chlordiazepoxide was searched in

vivo experiments carried out on rabbits by using Sophy DX Gamma Camera. 1-131 labeled

chlordiazepoxide of specific activity 690 MBq/mmol has been injected ear vein of rabbit

and static perspectives were taken by pointed time intervals. Brain activity has increased

after the injection, reached to maximum in 20th minutes and has not decreased during the

imaging time (90 minutes).

Obtained results have shown that 1-131 labeled chlordiazepoxide can be used as a

benzodiazepine receptor radiopharmaceutical for SPECT studies of brain.

•'Also: Center for Drug Research Development and Pharmacokinetic Applications.
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INTRODUCTION

Increasing in the use of SPECT and PET in clinical diagnosis depend on

developing and presentation of new radiopharmaceuticals to clinicians. Radiolabeling of

some ligands like acethylcholine, dopamine, serotonin, benzodiazepines and other ligands

may provide more knowledge about brain chemistry.

Kung reported in 1990 "Indeed a number of successful receptor binding agents for

a various receptor binding agents for various receptors have been developed. Potential

CNS receptor imaging agents labeled with radioactive iodine for SPECT imaging have

been reported. However, the clinical potential for these agents for measuring changes of

receptor concentration in humans remains to be investigated" [1].

According to this consideration development of new radipharmaceuticals are

necessary. An ideal brain radiopharmaceutical should contain below properties:

The agent should be labeled with a short half-life radionuclide and can be prepared

in a short time.

The agent should be prepared with high specific activity.

The agent should freely cross blood brain barrier.

The agent should distribute itself proportionally to the cCBF (regional

cerebral blood flow).

The agent should fix itself long enough time in brain. This requires nearly 20-40

minutes.

The redistribution should be weak or not be occurred.

The agent should have a high brain /blood ratio.

The agent should be neutral.

The agent should be lipophilic.

The agent should be kinetically stable and has to remain undissociated at

physiological pH.

The agent should be below < 500 dalton molecular weight.

The agent should be inexpensive.
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The purpose of this work is to label of chlordiazepoxide that is a benzodiazepine

receptor agent might be an efficiently brain radiopharmaceutical. 1.4 Benzodiazepine

derivatives are in use in clinical works widely since 1960. They have antianxiolytic and

anticonvulsan effects. There are a set of benzodiazepine derivative drugs have already been

used. Chlordiazepoxide is one of them. Fig. 1 shows molecular structure of

chlordiazepoxide. Chlordiazepoxide has been synthesized by Steinback and coworkers in

Roche Laboratory in 1955 [2]. Food and Drug Administration has approved it with

Librium name [3 ].

Iomazenil and flumazenil are the most common benzodiazepine antogonist

compounds [4]. Iomazenil has been labeled with ^3 j [5] Qn the other hand, diazepam and

flunitrazepam are the agonist compounds. Flunitrazepam has been labeled with C-ll[6].

Saji and coworkers have synthesized ^5j labeled benzodiazepine and they obtained 2'-

125I-diazepam [7]. Diazepam has also been labeled with 131I by iodogen method [8,9].

IHCH3

Figure-1 Molecular Structure of Chlordiazepoxide.

EXPERIMENTAL

Chlordiazepoxide was obtained from Center for Drug Research Development and

Pharmacokinetic Applications. Na131I was taken from Department of Nuclear Medicine.

Iodogen was purchased from Sigma Co. All other chemicals were purchased from Merck

and they were reactive grade.

Equipment

ITLC (Instant Thin Layer Chromatography) Conditions:

ITLC Support Material: Merck 0.1 mm Cellulose F
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Developing Mediums:

ITLC 1: [N-Buthanol-Water-Acetic Acid (4/2/1)].

ITLC2:[Isopropyl Alcohol-n-Buthanol-0.2NAmmonium hydroxide (2/1/1)].

ITLC Time: 2.5 Hours.

Every ITLC sheet was covered by cello-band after its development and was cut into

0.5 cm wideness. Then those were counted by using a Nal(Tl) detector in a multi-channel

analyzer after signed 364 keV y-pick of 131I.

ITLC chromatograms were obtained from these figures by plotting counts versus

distance. Rf values and labeling efficiencies were gotten from these figures. The

dependence of the labeling yield on the iodogen amount, pH and reaction time were

experimented.

Electrophoresis Conditions: Electrophoresis was done with a Gelman

Electrophoresis Chamber supply using cellulose acetate strips. Cathode and anode poles

and application points were indicated on cellulose acetate strips and these strips were

moistened by buffer solution [n-Buthanol-Water-Acetic Acid (4/2/1)]. They were placed in

electrophoresis chamber after the samples set on the strips. Standing time and applied

voltage for two hours and 250 volts. Developed strips were dried and cut into one cm

pieces. They were counted by a well-type Nal(TI) scintillation detector of multichannel

analyzer after marking 364 keV y photons of 131I. Electrophoresis diagrams were obtained

from these counts.

Table -I Rf values of Na131I and 131ICDZ in different developing medium.

ITLCl:[n-Buthanol-Water-Acetic Acid (4/2/1)].

ITLC2:[Isopropyl Alcohol-n-Buthanol-0.2NAmmonium hydroxide (2/1/1)].

Rf values

Na131i
131ICDZ

ITLC1

0.19-0.38

0.86-1.00

ITLC 2

0.20-0.40

0.80-1.00
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Preparing Iodogen Coated Tubes: Milligram amount of iodogen was dissolved in

CH2CI2 and transferred to closed tubes. CH2CI2 was evaporated by air flow and iodogen

was deposited on the walls of glass tubes as a thin film. These tubes were stored at 0°C

until use.

Labeling Procedure: One milligram chlordiazepoxide was dissolved in 50 ul 50 %

HC1 solution (v/v) and volume was adjusted to one ml. Chlordiazepoxide solution was

added to iodogen coated reaction tube, then approximately 37-74 MBq (1-2 mCi) carrier-

free Na I was added. The mixture was separated from the tube at the end of the reaction

and 0.2 N Na2SC>3 solution (100 (j.1) was added to reduce non-incorporated iodine.

Labeling efficiencies were determined by ITLC and paper electrophoresis. Rf values are

shown in table-1.

Labeling efficiency was 90%.

Preparation of iodinated chlordiazepoxide in inactive conditions:

Chlordiazepoxide was iodinated in inactive conditions using iodogen method. Product was

precipitated by phosphate buffer then 0.2 N Na2SO3 solution was added. Precipitate was

allowed in refrigerated temperature for one day the dried after centrifuged. This sample

was used to take GC-MS spectrum.

Influence of Different Parameters: The dependence of the labeling yield on the

different parameters like iodogen amount and pH were investigated. pH of

chlordiazepoxide solution was adjusted to 3, 5, 7 by NH4OH before labeling to determine

pH effect. Iodogen films were prepared with 0.1 mg, 0.5 mg and 1 mg iodogen to

determine iodogen amount.

Scintigraphic Studies on Rabbits: 131I labeled chlordiazepoxide has been

sterilized by passing through a 0.22 u.m membrane filter. Then it has been injected from ear

vein of male rabbit. Static images have been taken by Sophy DX Gamma Camera.

RESULTS AND DISCUSSION

The dependence of the yield of 131ICDZ on different labeling parameters is shown

in fig. 2 and fig. 3. According to these results optimum reaction conditions are pointed out

in table-II.
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131-1Figure-2 pH effect to labeling yield of 1J1ICDZ

iodogen amount (mg)

Figure-3 Iodogen amount effect to labeling yield of ICDZ.

Table -II Optimum conditions for labeling of chlordiazepoxide with 1-131.

CDZ amount

iodogen amount

PH

reaction time

Stability of 131ICDZ

1 mg

1 mg

1

15-20 min.

19-20 hours
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Table-IU: Some of the molecular fragments peaks of chlordiazepoxide and iodo

chlordiazepoxide Mass Spectra.

fragments

M+-0
M+-(O- A)
M+-(O A-Cl)
M+-(O A-Cl)- B
M+-(O A-B)
M +

B + I

m/z

282

252

218

140

175

298
203

Figure 4: Molecular fragments of chlordiazepoxide.

0 10 2 0 3 0 4 0 5 0 6 0 7 0 8 0

time (minutes)

Figure-5: Biodistribution of injected radioactivity for some selected organs.
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According to GC-MS spectrum iodination take place by electrophilic substitution

on the aromatic ring. As a result of GC-MS spectrum A and B fragments separate from

molecule (fig. 4). Table-EI shows main fragments of mass spectra of ICDZ. Although

molecular ion peak of chlordiazepoxide is 298, we couldn't see iodinated molecular peak

at 424 in GC-MS. The reason might be too heavy mass of iodinated chlordiazepoxide.

For this reason we couldn't see this peak but other iodinated fragments were seen.

In fig. 5, the biodistribution in counts per pixel of injected radioactivity for some

selected organs are given for chlordiazepoxide. The highest accumulation occurs in liver

and kidneys 10 minutes after injection. Within 1 hour, excretion occurs from kidneys and

bladder. Brain reaches the highest activity in 30 minutes and elimination is slow during the

90 minutes.

Verhoeff and coworkers labeled iomazenil with 131I and they studied

benzodiazepine receptor density in human cerebellum and cerebral cortex by SPECT. In

this work, they repeated the same experiment after receptors were saturated with inactive

flumazenil and activity distributions in organs were determined. Highest activity has been

seen in bladder, then brain, kidneys and heart for unsaturated cases. We have seen similar

distribution for 131I labeled chlordiazepoxide in rabbits [10].

Kuhl and coworkers obtained SPECT images of human brain with 123I labeled

(iodobenzovesamicol). Highest activity was seen in liver, lungs and brain as count per

pixel. Activity was decreased for all organs in four hours then remained constant. In 131I

labeled chlordiazepoxide brain activity was increased for 20 minutes then didn't change so

much up to 90 minutes [11].

As conclusion, > obtained results show that chlordiazepoxide can be used as

benzodiazepine receptor radiopharmaceutical. Iodogen is a fast and efficient method to

label chlordiazepoxide. Labeled product is stable during the working period at room

temperature. It has some advantages like that to be obtainable easily and cheap as a brain

radiopharmaceutical.
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