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Abstract

99mTc-isonitriles have been shown to be a very promising substitute for Thallium-201 (201TI) for

myocardial perfusion imaging. In this study, the lyophillized kit of Methoxyisobutylisonitrile (MIBI) was

prepared and labeled with 99mTc. Several factors affecting the labeling yield such as the kit's

stannous content, boiling time during labeling, and the volume of 99mTc used during reconstitution were

also investigated. The radiochemical purity (RCP) determination of the labeled product was analyzed

by HPLC, solvent-extraction, TLC, and ITLC-SG chromatographic methods in various systems.

Animal biodistribution study performed in rats indicated the "mTc-MIBI accumulation in the myocardial

is up to 3 hours with little or no redistribution. Toxicity studies performed indicate no clinical signs of

abnormality in mice at injected dose equivalent in amount of 100 times the human dose in proportion

to body weight. Stability studies of the labeled complex performed at room temperature showed no

change in radiochemical purity (> 95%) 6 hours post-preparation. Compatibility and comparative

studies were done using both MINT and commercially available MIBI kits and 99mTc generator eluates.

From the results obtained the MINT produced MIBI kits were found to be comparable in quality to that

of commercials.

INTRODUCTION

Over the years, Thalium-201 (201TI) has been the prime radionuclide for the assessment of the

myocardial perfusion and the diagnosis of coronary artery diseases. However, due to several

drawbacks such as its unsatisfactory nuclidic properties, limited availability, relatively high cost and

biological redistribution, the replacement of 201TI by an agent based on a more suitable isotope has

been a longstanding goal of diagnostic nuclear medicine. 99mTc is the radionuclide chosen not only

because it is readily available and cheap but also it's 140 keV gamma photon is much better suited for

gamma camera imaging. Thus, several 99mTc-cationic isonitrile compounds have recently been

developed to address these problems viz,. Tetrabutylisonitrile, TBI [1], Carbomethylisopropylisonitrile,
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CPI [2] and MIBI [3]. Of these agents 99mTc-MIBI was found the better myocardial agent. It gives

relatively low lung and liver activity with sufficient myocardial retention to give a good target to

background ratio. This 99mTc-MIBI agent has been administered safely to patients and good initial

myocardial uptake has been demonstrated.

Accordingly, the objective of this study was to developed MIBI kit for myocardial perfusion studies.

This study include the determination of the kit's (a) optimum SnCI2 contents (b) boiling time during

labeling with 99mTc (c) optimum volume of 99mTc activity needed for reconstitution (d) radiochemical

purity determination using various system (e) compatibility with various 99mTc generator sources (f)

biological distribution in rats (g) toxicity and (h) comparative study using commercially available kits.

MATERIAL AND METHODS

1. 99m Tc-MIBI Preparation

a) MIBI kit preparation: The MIBI compound used in the preparation of lyophillized MIBI kits was

provided by Greece and Thailand. The MIBI kits were prepared using almost the same composition

as that of Cardiolite (DuPont) kit. 19.5 mg of anhydrous SnCI2 was dissolved in 3.0 ml concentrated

(37%) hydrochloric acid and the solution was then labeled as Solution A.. 10 mg of [Cu(MIBI)4]BF4

was added into 8 ml of water and stirred until it is completely dissolved. Then 10 mg of L-cysteine

hydrochloride monohydrate, 25 mg sodium citrate and 220 mg mannitol were added and stirred

respectively until dissolution. After purging with oxygen-free nitrogen gas for 15 minutes, 0.1 ml of

solution A was added. The final solution was adjusted to pH 5.4 - 5.9 with 1M NaOH. Final volume

was adjusted to 10 Ml with sterile water for injection (SWFI). One ml if the final solution was each

dispensed through 0.22 ^m millipore filter in a 10 ml borosilicate vial. The content of the vials were

then lyophillzed at 0 °C for 30 hours and stored under vacuum.

b) Labeling with 99mTc: Labeling was performed by reconstitution of the lyophillized kit with 1.0 - 3.0

ml 99mTc generator eluate (500 - 6000 MBq). The vial was swirled for a few seconds and placed in a

boiling waterbath for a minimum period of 10 minutes.
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2. Determination of Radiochemical Purity (RCP) of 99mTc-MIBI

The RCP of 99mTc-MIBI was determined using 4 different radiochemical methods.

a) Thin Layer Chromatography (TLC)Method: 2 drops of 99mTc-MIBI solution were applied side by

side on top of a drop of pre-applied ethanol wet spot on TLC plate (7.5 x 2.5 cm). The TLC plate was

developed with ethanol in chromatographic tank. Only the 99mTc-MIBI migrated with ethanol to the

solvent front.

b) Instant Thin Layer Chromatography Silica Gel (ITLC-SG) Method: The ITLC-SG strip ( 1.0 x 9.0

cm) was spotted 2 cm from the bottom, placed in a solvent tank (solvent: acetone/0.9% saline). Each

strip was cut into 3 portions which were assayed separately in a gamma well-counter. 99mTc-reduced

hydrolized remains at the origin in the acetone system and free " T c C v migrate to the solvent front in

the saline system.

c) Solvent Extraction Method: A few drops of 99mTc-MIBI were dropped into a tube containing a

mixture of water: chloroform (1:1). The tube was then vortex for 1 minute, allow to stand for phase

separation. Transfer the top phase into a separate tube. The activity in each phase was measured in

a dose calibrator. The percent bound was calculated as the activity in the organic phase divided by

the total activity in both phases.

d) High Performance Liquid Chromatography (HPLC) Method: The radiochemical HPLC analysis

was done on a VARIAN 9010 using Micropak (MCH15) C18 reverse-phase column. MeOH-

0.5(NH4)2SO4 (95:5) was used as mobile phase with a flow rate of 1 ml/min. isocratic mode and

Nal(TI) crystal as the detection system.

3. Optimum Condition for Kit Formulation and Labeling

a) Effect of stannous chloride on kit labeling: Lyophillized kits were prepared as prescribed

previously with stannous chloride contents varies from 30 to 150 |ig per kit. Labeling with " T c were

done accordingly and their radiochemical purity were determined by ITLC-SG method.

b) Effect of heating time on kit labeling: Reconstitute each of MIBI kits with 2 ml of 99mTc generator

eluate (about 50 mCi). Separately, placed the reconstituted kits in boiling water bath for 2, 5, 10, 15,

20 and 30 minutes, respectively. Controls were left at room temperature. Percent labeling were then

determined by TLC method.
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c) Effect of 99mTc Volume on Labeling: Reconstitute each of MIBI kits with 35 - 37 mCi of 99mTc in

volume varies from 1, 2, 3, 4, 5, 6, 7, 8 and 10 ml per vial. The kits were then placed in boiling water

for 10 minutes. Percent labeling were then determined by TLC method.

4. Compatibility Studies: Radiochemical purity determination and animal biodistribution studies of

MIBI kits labeled with Methyl Ethyl Ketone (MEK) extracted 99nTc were done according to the

procedures described earlier. Results obtained were compared to those obtained using 99mTc eluate

from both the Amersham and MINt produced chromatographic generators.

5. Biodistribution Studies: 40 to 50 nCi in 30 to 40 nL 99mTc-MIBI was injected into the tail vein of

Sprague-Dawley rat. The rats were then sacrificed and dissected at specific time.Tissue samples

were collected, weight, and counted in gamma scintillation counter. Organ distribution ant uptake were

determined in percent injected dose per organ (% ID/organ).and also as % ID per gram of body

weight.

6. Stability Studies: Radiochemical purity determination and its animal biodistribution studies of

99mTc-MIBI labeled compound were done. The labeled 99mTc-MIBI was kept in the lead pot at room

temperature for 6 hours before its RcP determination and animal studies were done.

7. Toxicity Studies: The toxicity study was performed by intravenous injection in male mice of MIBI

kit content in equivalent to 100 times the human dose in proportion to body weight. The animals were

kept under observation over a period of 1 month.

8. Comparative Studies: RCP determination and animal biodistribution studies of labeled 99mTc-

MIBI compound were repeated using commercial kits (Cardiolite). Results obtained were compared

with those obtained using MINT produced kits.

RESULTS AND DISCUSSION

1. 99mTc-MIBI Preparation: Each MIBI kit contains a freeze-dried powder of 1.0 mg [Cu(MIBI)]BF4,

1.0 mg L-cysteine hydrochloride monohydrate, 2.5 mg sodium citrate, 22.0 mg mannitol and 65 ng

SnCI2, anhydrous. Labeling with 99nTc generator eluates gives a labeling efficiency of 95%. A

Minimum of 90% labeling is required for any clinical application.
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2. Radiochemical purity: .All four methods studied was found to give equivalent results (Table 1).

The average time for drying and developing the reference AI2O3 TLC plate was about 23 minutes,

whereas the average time taken for developing the solvent-extraction and ITLC-SG was 5 minutes.

The combination of acetone and saline with lTLC-SG produced results equivalent to the

recommended alumina-ethanol system with TLc system. However, the behavior of 99rTTc-MIBI in this

ITLC-SG system was the opposite to those obtained with the routine polar 99mTc-

radiopharmaceuticals. With this ITLC-SG system, acetone determines 99mTc-colloid and saline

determines free pertechnetate (99mTc02); % 99mTc-MIBI was determined by difference from 100%.

This sort of behavior also explained the lipophilicity of the radiopharmaceutical as has been previously

reported [4].

3a. Effect of SnCI2 on Labeling: The optimum quantity of SnCI2 needed for the kit formulation was

found to be about 65 ng per kit. SnCI2 kit content lower than 50 ^g or higher than 80 jig per kit would

results in labeling efficiency lower than 90%. Human studies required at least 90% labeling.

3b. Effect of Boiling Time: The labeling og MIBI kit required a minimum of 10 minutes heating in

boiling water. Labeling the kit with 99mTc at room temperature or with shorter heating period would

result in very poor labeling efficiency (about 55-85%).

3c. Effect of " T c volume on Labeling: The labeling yield was found to be greatly dependent on

the volume of the 99mTc eluates used for kit reconstitution. Labeling of kit with 99mTc was best done

using activity in the range of 1.0 to 3.0 ml.

4. Compatibility Studies: It has been often reported that kits designed for use with 99mTc from

alumina generator are not compatible with 99mTc obtained by solvent (MEK) extraction. Thus, it is

essential to check the performance of this kit using 99mTc pertechnetate ( "TcCv) from different

specifications in pH, MEK content, Molybdenum content etc. This compatibility study would enable us

to determine whether subtle alterations in kit composition are required in order to achieve high labeling

efficiency. From the results obtained, the MINT produced kits were found to be compatible with all

three 99mTc generators eluates giving a minimum labeling of 97.0% (Table 2).
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5. Animal Studies: The studies performed in rats indicated the 99mTc-MIBI myocardial accumulation

is up to 3 hours. The lack of significant myocardial washout or redistribution could mean that this

agent possibly functions as a chemical microsphere and bound tightly within myocytes. It also gives

relatively low lung and liver activity with sufficient myocardial retention to give a good heart to

background ratio. Tissue distribution data in rats also showed that 99mTc-MIBI is excreted primarily in

the urine and to a lesser extent in the faeces. Approximately 20% of the activity is excreted within the

first 3 hours post-injection. Its rapid blood clearence, rapid and high myocardial uptake, no or very

limited myocardial redistribution, its favorable target/non-target ratios (heart/lung; heart/liver; heart

spleen; heart/blood) has made it an excellent 99mTc labeled compound for myocardial perfusion

studies.

6. Stability Studies: The labeled 99mTc-MIBI complex showed no change in radiochemical purity

(>95%) 6 hours post-preparation (Table 2). The ITLC-SG and TLC methods used for RCP

determination indicated practically no formation of undesirable 99mTc02 and 99mTc04\ The animal

studies done using these labeled compounds indicated similar biological distribution as to those of the

freshly prepared 99mTc-MIBI. Its 6 hours stability post-preparation at room temperature would ensure

its continuous supply for daily routine clinical use.

Table 1 : Radiochemical purity determination

Methods

TLC

ITLC-SG
Solvent
Ectraction
HPLC-RP
C18 (5)

Solvent

Ethanol

Saline/ Acetone

CHCfe/ H2O (1:1)
MeOH/(NHt)2SO4

(95:5)

% Labetinc
10 min.

98.9 ± 0.21

98.4 ±0.31

98.2 ± 0.6

99.5 ±0.2

i (MINT kit)
6 hours

99.0 ± 0.32

98.8 ±0.12

98.1 ±0.54

99.3 ±0.13

% Labelinq (Cardtoiite kit)
10 min.

99.5 ±0.4

98.9 ±0.57

98.8 ±0.7

99.7 ± 0.22

6 hours
99.3 ± 0.62

99.3+0.26

98.3 ± 0.65

99.5 ±0.19

Time (min)

23

5

5

16
Each value is the mean ±SDof5 results

Table 2: Compatibility study of 99rnTc-MIBI

99mTc Sources

Chromatographic generator (Amersham)

Chromatographic generator (MINT)

MEK Extracted T c (MINT)

% Labeling
10 min.

98.7 ± 0.7

98.2 ±0.31

97.9 ±0.13

6 hours

99.1 ± 0.6

98.9 ±0.44

98.9 ±0.44
Each value is the mean ±SD of 5 results
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7. Toxicity Studies: No clinical signs of abnormality was observed over a period of 1 month in mice

injected with a dose equivalent in amount of 100 times the human dose in proportion to body weight.

Similar results were also observed [5] using higher dosage of 900 times the human dose.

8. Comparative Studies: From the results obtained it was found that both MINT and Cardiolite kits

gave equivalent biological distribution and organs uptake in rats. This study indicates that both kits

are comparable in quality.

CONCLUSION

Finding in this study indicated that the MINT produced MIBI kit for myocardial perfusion imaging is

comparable in quality to that of commercials. However, special precaution should be taken during the

kit preparation process in order to achieve satisfactory labeling (>90%) for it to have any clinical

application.
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