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ABSTRACT

The [Cu(MIBI)4 BF, complex was g/nthesized and different formulations for lyophlized kits that could be st-
effectively used with different routines in nuclear medicine labaratorieswere investigated. In one preparation the Kt
components were kept similar to the Cardiolite[J, except that the SrCl,.2H,0 concentration was increased to 0.150
mg. In a second formulation, component concentrations were reduced to 1/5 of the original value and the
SrCl,.2H,0 concentration was adjusted to 0.04 mg. These products were labeled with maximum activities of 55.5
GBq and 8.14 GBq, respectively, and have shoamn anaverage radiochemical purity of 95 %. Biodistribution o the
prodicts was assesed by dissection in mice and in rabbits and dd not show any dtatistical difference when
compared to Cardiadlite/J. In the synthesis of [ Cu(MIBI)4] BF4 a new procedure was introduced for the synthesis of
N-(2-methyl-propenyl)-formamide, with the use of microwave radiation as heat source. This modification reduced
the reaction time to 25semnds, whil e maintaining a yield of 68%.

Key words: [®™Tc]technetium, [[**"Tc](MIBI)¢]", radiopharmaceutical, biodistribution

INTRODUCTION

Nuclear Medicine had a great development in the
19805, when new classes of compounds, such as
the tetraamines, aminethiols and isonitriles, were
synthesized and evaluated as posdble new
[®™T c]technetium radiopharmaceuticals (Jurrison
e al., 1993. In the isonitrile class prepared by
Jones (Jones et al., 1984), 1-isociane-2-methoxy-
2-methyl-propane, currently named MIBI,
exhibited excellent characteristics for use in
myocardial perfusion studies (Piwnica-Worms
e al., 1989), with a quality superior to that of

" Author for correspondence

(°'TI) thallium (Tail lefer et al., 1997). Also, it was
indicated for use in breast cancer detection and
parathyroid scanning (Bagni et al., 2003 Geatti et
al., 1994). Because of these important appli cations
and the high cost of the commercial product
Cardiolited, several nuclear medicine laboratories
have introduced routines to make the product cost-
effedive, such as labding the product with higher
activities than that established by the manufacturer
or using a cold kit fractionation technique,
allowing labeling d fractions in different times
(Lazarus & al., 1998, Millar, 1999. However,
because of the low concentration of stannous ion
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(S?") in the formulation (max 0.075 mg), the use
of these procedures can lead to a failure in the
labeling process resulting in a product with low
radiochemical purity (Fleming et al., 1992
Deaistoforo e al., 199%; Kumar, 199%. An
alternative for those procedures is the production
of an in-house kit, with kit components being
adjusted to the clinical demand according to the
number of studies performed per day. A limitation
in this case is that MIBI, the ligand to
[®™Tc]technetium, is a non-commercial product
and neeals to be synthesized (Van Wyk e al.,
1991 Muradian et al., 1992 Ferro Flores et 4.,
1994 Lee @ al., 199%; Deicas et al., 1997), a task
that cannot be easily accomplished in all localities.
In this paper a modified synthesis of MIBI is
presented, introducing the use of microwave
radiation in one step o the synthesis. Two
formulations will also be presented, one
preparation being named FULL, to be labeled with
high activities, and another named FRACTION, to
be labeled with low activities. This procedure
furnishes a cost-effedive product to be used in the
routine of nuclear medicine laboratories of various
sizes.

MATERIALS AND METHODS

Domestic microwave (Panasonic-model NN
555@) was used as a heat source in the synthesis
step. 'H-NMR spectra were recorded (Brucker
AC-200 system) using TMS as internal reference
and the chemical shifts wereregistered in d (ppm).
Lyophilizations was performed in a Lyophilizator
Supermoddy  (Edwards-BOC). Radioactive
samples were measured in a dose calibrator
(Victoreen - mod 34-056) and in a wel counter
(Gamma Nuclear). Animal imaging was acquired
in a planar gamma-camera (Siemmens - mod
LEM) using a low energy al purpose (LEAP)
collimator. The [*™Tc]O, was obtained from
“Mo/*Tc generator (IPEN/CNEN-Brazil). All
the chemical products were used under analytical
grade and without purification, except POClI; that
was destillated. Animal experiments were
performed in compliance with regulations of this
Ingtitution and approved by the Ethical
Committee. Statistical analyses were performed
using the Student t test with 5 % level of
significance.

Synthesis of [Cu(MIBI)4]BF,4

The synthesis of 1-isociane-2-methoxy-2-methyl-
propane (compound 3), as a cooper complex
(compound 4), was performed using a previously
pubished synthetic route (Van Wyk & al., 1991)
and adaptations pulished later (Muradian et al.,
1992 Deicas et a., 1997, as shown in fig 1. A
modification was introduced in the preparation of
[2-methyl-propenyl]-formamide (Step 1) as
described below.

In a round bottomed pyrex glassflask, fitted with a
dry ice condenser, 2-methyl-propenylamine
hydrochloride (5.35 g — 50 mmols) and formamide
(3.38 g — 75 mmols) were mixed and irradiated at
the center of a domestic microwave oven at 240 W
for 25 seconds. The flask was cooled in a water
bath, 10 mL of CHCI; was added, the mixture was
filtered, and the solid was washed with 5 mL of
CHCl,. The filtrate was concentrated in a rotary
evaporator, the crude product distilled at reduced
presaure (0.9 mmHg) and the product colleded at
72-6°C, yielding 3.36 g (68.0%). 'H-NMR (200
MHz, CDCl3/d pm) 1.72 (s, 3H, CH3); 3.77 (d, 2H,
Jwn 6.05 Hz, CH,); 4.85 (d, 2H, HC=); 6.94 (br s,
1H, NH); 8.19 (s, 1H, CHO).

Kit preparation

L-Cysteine hydrochloride monohydrate,
[Cu(MIBI)4]BF4, SnCl,.2H,0, sodium citrate and
mannitol were disolved in water previously
flushed with nitrogen, and the pH was adjusted to
6.0 using NaOH (0.1N) to dbtain two types of
solution with the final concentration (per mL)
presented below. FULL content: 1.0 mg o
[Cu(MIBI)4]BF4, 0.15 mg o SnCl,.2H,0, 1.0 mg
of L-cysteine hydrochloride monohydrate, 2.6 mg
of sodium citrate and 20.0 mg d mannitol.
FRACTION content: 0.2 mg o [Cu(MIBI)4BF,,
0.04 mg o SnCl,.2H,0, 0.2 mg of L-cysteine
monohydrate hydrochloride, 0.41 mg o sodium
citrate and 4.0 mg o mannitol. The solutions were
sterilized by membrane filtration (0.22 pum) and
lyophilized for 24 haurs.

Radiochemical labeling

The lyophilized products were reconstituted using
fresh [*™Tc]O, solution from generators euted
previously at 24, 48 ar 72 h, using activities below
55.5 GBq, for FULL content, and below 8.14 GBq
for FRACTION content. The vials were heated on
a boiling water bath during 10 minutes.
Cardiolitell] was labeled according to the
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manufacturer’s instructions, except for the
activities that reached 18.5 GBq.

L abeling efficiency assessment

Labding efficiencies (LE) of [[*™Tc](MIBI)¢]*
preparations were determined by ascendant
chromatography o by solvent extraction. In the
former procedure, a drop of labeled product was
applied to the TLC-Al,O; Baker-Flex
chromatographic strip (7.5x20 cm) and the
product was developed using ethand as mobile
phase. The strips were dried, cut in three equal
parts and the radioactivity was measured in a wdll
counter. The [[*™Tc](MIBI)¢* was found at Rf =
0.3-0.6. In the latter procedure, a drop of labeled
product was added to a test tube containing 3 mL
CHCI; and 3 mL NaCl 0.9 % solution. The
mixture was saken and 1 mL of each phase was
removed and transferred to two new tubes and
radioactivity was measured in a dose calibrator
(the radiopharmaceutical must be in the CHCl;
phase).

Animal biodistribution

Quantitative  biodistribution  studies  were
performed in Swiss mice (male, seven weeks old,
about 45 g). Unanesthetized animals were injeded
with 0.37 MBq o [[*"Tc](MIBI)¢* via the tail
vein. At 5, 30 and 60 minutes post-injection, the
animals were anesthetized with eher and
sacrificed by decapitation. The organs of interest
(heart, liver, lungs, kidneys and blood) were
removed and weighed. The radioactivity was
assayed in a well counter and expressed as mean
injeded dose/gram + SD (n = 6 for each time
paint).

Also, dynamic imaging studies were performed in
male, threeyear-old, New Zdand white rabhits
(about 3.5 kg). Immobilized animals were injected
with 185-37.0 MBg/kg o [[*"Tc](MIBI)¢]* in the
marginal ear vein and 56 serials images (30
sedframe - matrix 256x25¢ were immediately
collected in a planar gamma-camera. A ROl was
drawn over the heart, lung and liver and time-
activity curves were aobtained with background
subtraction.

RESULT S

Ligand synthesis

The complex [Cu(MIBI),BF; was g/nthesized
using a route established (Van Wyk & al, 1991
with  previously  described  modifications
(Muradian et al., 1992; Deicas et a., 1997) in an
overall yiedld o 9.38%. A new approach
introduced in the reaction between N-(2-methyl-
propenyl)-amine hydrochloride and formamide
permitted the attainment of a product in 68% yield,
with a maximum reaction time of 25 seconds.
Spectral data and physical chemical characteristics
of al compounds were in agreement with
previously pulished results.

Kit preparation, labeling and quality control.
The change in kit composition was focused on
Sn?* augmentation. Compared to the Cardiolited
kit, the FULL content kit had twice the maximum
concentration d Sn** the reducing agent and the
FRACTION content kit had the equivalent of 1.6
times more These modifications permitted
labeling with activities that ranged from 3.7 GBq
to 555 GBq for FULL cortent and 1.11 GBqg to
8.14 GBq for FRACTION content, giving a
labeling efficiency yidld, in 40 samples each, of
96.66+1.48% and 96.45+1.67%, respectively. The
maximum activities were achieved using fresh
eluate from 24 h previously €luated generator. The
maximum activities for other duition profile are
shown in table 1. Chromatographic and extraction
methods for determination o labding efficiency
were compared in 40 samples, obtaining values of
95.46+1.38% and 96.72+1.71%, respectively.

Animal biodistribution

Quantitative biodstribution studies performed in
mice showed nostatistical diff erence, at the p<0.05
significance levd, for the concentration d the three
products in the organs of interest (Table 2).
Compounds showed fast clearance from the lung
and blood, considered background compartments,
and concentration in the heart, liver and kidneys,
these last two being argans of excretion. The ratio
of heart/liver activities (around 1.09% ID/g argan)
and heart/lung activities (around 11.07% ID/g
organ) at 30 minutes after product administration
showed a product with good characteristics for
image purposes.
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Figure 1 — Synthesis scheme for [Cu(MIBI) 4] BF, complex.

Table 1 —Labeling efficiency (LE) of the [[*™Tc](MIBI)¢]" complex, expressed as mean + SD, for six samples for
each time and product, as a function of the product characteristic, interval between elution of the generators and
maximum activiti es used.

Product Previous generator Activity LE (%)
elution (h) (GBQ)
FULL 24 555 9750+ 0.78
48 444 9595+ 1.13
72 333 97.30+ 1.40
FRACTION 24 814 97.02+1.53
48 629 96.29+2.24
72 481 94.65+ 1.65
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A dynamic gamma-camera imaging study,
peformed in rabbits, pemitted a direct
comparison o pharmaookinetics for different
products. The time-activity curve (Fig. 2) from the
rabbits image showed a fast accumulation o the
compounds in heart, liver and kidneys, followed
by a moderate flushing from the hepatobiliary
system and kidneys and a fast transit of the

material through the lungs. After the dynamic
study, a dtatic acquisition evaluated the
relationship between heart and the badkground
organs, liver and lungs, as expressed in Table 3.
The heart/liver ratio o around 1.1 was identical
for rabhits and mice. The same was not true for the
heart/lung ratio, whose value in mice was around
11.6 and, in rabbits, was 4.1.
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Figure 2 - Time-activity curve for fasted and non-anesthetized rabhbit during 3 minutes
after i.v. administration of the [[**"Tc](MIBI)g]* obtained from the FULL
content kit. Regions of interest are normaized to counts/pixel.

Table 2 - Biodistribution of [**"Tc]technetium complexes with Cardiolitel], FULL and FRACTION content kits,
expresed as % injeded dose/g of organs + SD for six mice, and the heart/liver and heat/lung ratios at 5, 30 and 60

minutes after injedion.

5min 30min 60min

Cardiolite FULL FRACTION Cardiolite FULL FRACTION  Cardiodlite FULL FRACTION
Heart 4.38+0.37 4.40£0.39 452+0.35 4.08+0.20 411+0.34 413+0.30 407+0.38 4.05+0.28 4.08+0.33
Liver 4.10+0.28 4.29+0.47 442+0.42 371+0.26 380£0.29 374+0.41 362+0.33 350£0.40 335+£0.30
Lung 1.05+0.16 0.97+0.09 110+0.11 0.36+£0.09 037+0.11 0.39£0.07 0.28+0.06 0.27+0.04 0.27+0.03
Kidneys 1239+116 1322+130 1401+0.78 1144+201 1158+119 1217+173 1127+120 1233+150 1173+0.68
Blood 0.15+0.03 013£0.02 0.20£0.03 0.06£0.02 0.04+0.03 0.09£0.05 0.09£0.03 0.04+£0.02 0.06£0.02
Heart/liver 1.07+0.08 103+0.09 104+0.17 110+0.06 109+0.15 112+0.16 114+0.17 117+0.17 123+0.16
Heart/lung 4.22+0.55 453+0.30 418+0.64 1179+2.69 1162+2.75 1107+2.41 15.05+2.65 1515+2.80 1522+1.85

Table 3 - Heart/liver and heat/lungs ratios expressd as mean + SD of the ountg/pixel from the image of three
rabhits obtained at 30 minutes after injedion of [[**"Tc](MIBI)g]".

Product Heart/liver ratio Heart/lung
ratio
Cardiolite” 1.22+0.25 4,01+0,19
FULL 1.39+0.20 4,11+ 0,22
FRACTION 1.24+0.35 4,09+ 0,20
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DISCUSSON

Although MIBI synthesis is not an aigina
problem, since it has been performed by several
routes, our contribution in this work was to
introduce the microwave radiation as a heat
source, in the reaction between N-(2-methyl-
propenyl)-amine hydrochloride and formamide
in a system without solvent. This modification
reduced the reaction time to 25 seconds, with a
yield o 68%, a value similar to those obtained
in previous works, where the reaction between
N-(2-methyl-propenyl)-amine hydrochloride and
formamide was performed in refluxing toluene
for three hours (Van Wyk et al., 1991) and in a
non-solvent system, heating the sample for 30
minutes in an oil bath (Muradian & al., 1992.
Although the results have shown a great
advantage in the use of microwave radiation
over other heating techniques or reaction
condtions, care must be taken when microwave
radiation is used in arganic synthesis, because
several variables need to be considered, for
instance, the power of the equipment, the
position o the sample inside of the microwave
oven, the sample geometry, among ahers
(Stone-Elander and Elander, 1991). Thus, to
scale up the synthesis from that established in
this work, new reactions conditions nead to be
found. Other reaction steps were performed
according to the previously pulished procedure
(Muradian & al., 1992), except for the copper
complex [Cu(MIBI)4]" that, instead of using CI’
as the counter-ion, was obtained as the BF, salt
(Deicas & al., 1997. This modification
furnished a product with better characteristics
and stability.

A critical iswue with the Cardiolite® lyophilized
kit is the low Sn?* content (maximum 75 pg and
minimum 25 ug) that could permit the labeling
of the product using activities below 5.55 GBq,
as established by the Cardiolite® manufacturer,
although it is known that activities sich as 18.5
GBq could be used with reative seaurity (Hung
e al., 1996. However, care nedls to be taken
since, depending on the generator €ution
intervals, age of duted solution and activity
used, the Sn?* content might not be sufficient to
completely reduce the [®"Tc]O, (Marques
e al., 2001, and the Sn* content may be
diminished even more during the cold
fractionation technique. Thus, the addition o
extra S in an “in-house’ prepared Kkit,

permitted labeling o the products using
activities as high as 55.5 GBq with fresh luate
from a generator eluted after 24 hours, and this
maximum activity deaeased to 33.3 GBq when
the generator was eluted after 72 haurs. This
activity is related to the increase in [*Tc]
technetium isomer content, which does not
contribute with gamma radioactivity, but is
chemicaly equal to [*"Tc]technetium and
reacts with kit components. Although the
content of the FRACTION product had been
reduced five-fold, an addtional quantity of Sn*
was necessary to permit the use of an activity
equivalent to that used in the FULL product
(Table 3). The final concentration of Sn** in the
FRACTION product (40 pg) was smilar that
presented in the literature for other fractioned
preparation procedures (Chowdhury and Hung,
1995. Labding efficiency evaluated by
chromatography and by the extraction procedure
confirmed that the | atter furnished results smilar
to the chromatographic method, indication that
both could be used in ruclear medicine
laboratories. However, when wusing the
extraction procedure, extra care neels to be
taken, due the personal and place contamination
risk.

Modification of the kit content and use of large
amounts of [*Tc + **™Tc]technetium could gve
a product with different  biological
characteristics (Ikeda & al, 1977. Thus, the
[[*™Tc](MIBI)¢]" complex was assssed by two
distinct techniques and animal moddls, since it is
known  that biodistribution o the
[®™T c]technetium isonitrile complex can change
in different animal species (Kronauge € al.,
1992 Barbarics et al., 1994). The assssment of
biodistribution in mice permitted absolute
guantification o the concentration d the
[*"Tc](MIBI)¢* in the target organs
demonstrating that the products obtained from
modified formulations behaved similarly to that
obtained from Cardiolite®. This result was in
agreement with results obtained by Barbarics
(Barbarics e al, 1994), but with characteristics
different from that obtained by Bouquillon
(Bouquillon & al., 1995. Imaging assssment
permitted comparison o the pharmakinetic
behaviour of the radiopharmaceuticals and
quality of diagnostic with these compounds. The
heart/liver ratio doserved in this work was
similar that established in the literature
(Barbarics et al., 1994, around 0.9-1.4, but the
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heart/lung ratio was different. Barbarics et al.
(1994 observed a ratio of 1.6 to 1.8, aratio o
approximately 4 was observed in this study. This
difference could be related to a lack of
background correction in Barbaric’s work.

CONCLUSION

The introduction o microwave radiation in
MIBI synthesis was an interesting approach
since the reaction time in that step could be
deadeasec  drastically. Changes in kit
composition introduced in this work did not alter
the biological behaviour, when compared with
Cardiolite®, but presented the advantage of
being labded with high activities or of being
used as fractionated a preparation.
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RESUMO

Neste trabalho sdo apresentados dados relativos
a sintese do complexo [Cu(MIBI)4BF; e a
utilizagdo do mesmo para producdo de kit
liofilizado para obtencdo do radiofarmam
[[*"Tc](MIBI)¢]*. No proces® de sintese foi
utilizado radiagdo de microordas como fonte de
aguecimento em uma etapa do pProcesso,
permitindo que a reacdo fosse exeautada em 25
segundos, obtendo rendmento de 68 %. Na
preparacdo dos kits liofilizados, um deles
denominado FULL, nos quais a quantidade dos
componentes foi mantida igual ao produto
comercial Cardiolite®, e outro denominado
FRACTION, nos quais as quantidades foram
reduzidas a 1/5 do total, foram adicionadas
guantidades extras de SnCl,.2H,0O. Deste modo,
tornou-se possivel marcar os kits liofilizados
com atividades maximas de 555 GBq e 8,14
GBq, respedivamente. A biodistribuicdo dos
produtos marcados, em camundongps e coel hos,
ndo mostrou dferenca estatistica (p>0,05), para
0 teste t de Student, quando comparada ao

produto ddtido pela reconstituicdo do
Cardiolite®.
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