Pharmacokinetics of Iodine-123-1MBA for
Melanoma Imaging
Ciaran Nicholl, Ashour Mohammed, William E. Hull, Bernd Bubeck and Michael Eisenhut
Department of Nuclear Medicine, University of Heidelberg and German Cancer Research Center, Heidelberg,

The development of an effective radiopharmaceutical with affinity for
malignant melanoma has been a research goal for some time. The
early detection of melanoma mÃ©tastaseswould greatly improve the
therapy outcome for this disease. This article describes the synthe
sis of radioiodinated IMBA, N-(2-diethylaminoethyl)-3-[123l/131l]iodo4-methoxybenzamide 8, its organ distribution, its comparison with
BZA and other benzamides, and demonstrates the scintigraphic
efficacy of the title compound with three melanoma patients.
Methods: The syntheses and radioiodinationof eight benzamide
derivatives are described. After intravenous injection into C57BI
6-mice subcutaneously transplanted with B16 melanoma, the organ
distribution of the respective benzamides were investigated at 1 and
6 hr. n-octanol/phosphate buffer partition coefficients. The wholebody retention, erythrocyte and serum protein bound fractions of
radioiodinated benzamides were measured. Results: While struc
tural changes in the amide substituents of N-(2-dialkylaminoalkyl)4-iodobenzamides 2-7 resulted in no improvement in organ distri
bution compared with BZA, the 3-iodo-4-methoxyphenyl form of
IMBA showed high melanoma uptake with significantly higher melanoma/nontarget tissue ratios. Compared with BZA the average
ratio improved after 1 hr by a factor of eight and was still four times
better after 6 hr. BZA and IMBA exhibit almost identical n-octanol/
phosphate buffer partition coefficients, however, IMBA has a faster
urinary excretion facilitated by a lower affinity to erythrocytes and
serum proteins; this could explain the improved tissue partinioning
observed. Scintigraphy of patients with melanoma mÃ©tastasescon
firmed the promising characteristics derived from the animal stud
ies. Conclusion: Due to rapid background clearance and high
melanoma affinity, IMBA showed high tumor contrast already at 4 hr
after injection which makes it a promising new radiopharmaceutical
for the scintigraphic detection of melanoma mÃ©tastases.
Key Words: radioiodinated benzamides; melanoma scintigraphy;
buffer partition coefficients; erythrocyte bound fraction; serum pro
tein bound fraction
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Ahe early detection of mÃ©tastasesis an important diagnostic
goal for the successful treatment of melanoma. Therefore, the
development of an effective radiopharmaceutical with mela
noma affinity has been pursued for some time. A biochemical
peculiarity associated with the ontogenesis of the melanoblast
was exploited in the first attempts to design radiolabeled
compounds, which were expected to be taken up into these
cells. Melanocytes originate from the neuroectodermal crest
and, like sympathetic neurons, can take up tyrosine, which they
then oxidize to DOPA and finally to the polymeric pigments.
Initial investigations of the selective uptake of 3H- and I4Clabeled D,L-DOPA in melanotic melanoma of the mouse were
disappointing (1-4). The uptake was <1% of the injected
dose/g (%ID/g) (3,4).
Another approach used the affinity of quinoline and phenothiazine derivatives for the chorioidea; these substances
produced at high-dose therapy an irreversible degeneration of
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the retina. As a result of this finding [ml]chloroquine
and
[131I]chlorpromazine were tested for their affinity to melanoma
cells (5,6) and used for scintigraphy of melanoma (7). Addi
tionally, the selective uptake of the false tyrosine precursor
3[13'l]iodo-a-methyltyrosine
([13II]IMT) (8,9) and 5['31I]iodo2-thiouracil ([I31I]ITU) was tested (10). Both compounds re
vealed about l%ID/g at 1 hr after injection in the melanoma and
0.1%ID/g after 24 hr (Â¡0,11).These values proved to be too low
for scintigraphic imaging of the tumor.
Due to the origin of melanoma from the neuroectodermal
crest, patient studies were performed with the norepinephrine
analog [131I]MIBG and [ In]pentetreotide, which exhibits
affinity for the somatostatine receptor (12). While [' "injpentetreotide showed predominantly positive results, [I31I]MIBG
proved to be ineffective (13).
The latest remarkable development of low molecular weight
radiopharmaceuticals exhibiting melanoma affinity was shown
with several N-(2-dialkylaminoalkyl)-4-iodobenzamide
deriva
tives. Their affinity was accidentally found by the uveal uptake
in pigmented experimental animals. Up to now the highest
melanoma uptake had been observed with B16 melanoma on
C57B16-mice using N-(2-diethylaminoethyl)-4[123I]iodobenzamide ([123I]BZA) (14). The following phase II clinical study
confirmed the efficacy ofthat radiopharmaceutical (15). Shortly
thereafter, [I23I]IBZM, a benzamide for dopamine D2 receptors
imaging, was also shown to be taken up by human melanoma
(16).
The uptake mechanism of the benzamides is a matter of
controversy. On the one hand, secondary ion-mass spectrometry
(SIMS) microscopy, mapping intracellular BZA and the corre
lation with light microscopy images suggested the localization
of BZA in the cytoplasm of tumor cells (75). The heterogeneous
distribution correlated with cells containing melanosomes, in
directly pointing to BZA binding at melanine. On the other
hand, [ I]BZA was found to have affinity for sigma-1receptors and, to a lesser extent, sigma-2-receptors in cultured
melanoma cells (17). Sigma receptors, which are nonopioid,
nondopaminergic binding sites of haloperidol and other neuroleptics, are located in various organs including brain, liver and
gonads. They are also expressed by certain tumors including
melanoma cells. Other investigations using cultured B16/C3
melanoma cells indicate that benzamide uptake is roughly
proportional melanine formation (IS), thus, favoring a nonreceptor uptake mechanism.
This article describes the synthesis, characterization and
biological evaluation of radioiodinated IMBA [N-(2-diethylaminoethyl)-3-iodo-4-methoxybenzamide]
in comparison with
seven other partly new benzamides. The scintigraphic efficacy
of the title compound is also demonstrated.
MATERIALS

AND METHODS

All commercially available chemicals were of analytical grade
and used without further purification. Iodine-123-iodide and 13II~
were obtained in 0.02 M NaOH solution. The melting points (Mp)
were determined in glass capillaries using an electrothermal appa-
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ratus and are uncorrected. HPLC was carried out on LATEK
systems equipped with variable UV and gamma radiation detectors.
Reverse-phase HPLC columns (270 X 4 mm) were Nucleosil C,8
5 jam. The solvents used throughout the experiments were methanol and 0.9% Tris buffer adjusted to pH 2.6 with H3PO4. The
detectors were equipped with a dual-channel integrator C-R5A. All
HPLC data were processed with CLASS-UniPac software (Shimadzu) run under Windows 3.1. 'H and I3C NMR spectra were
obtained with an AC-250 spectrometer (Bruker, Karlsruhe), oper
ating at 'H and "C frequencies of 250 MHz and 62.9 MHz,
respectively, using conventional FT-NMR techniques. Mass spec
tra in El mode were obtained with an MAT 711 instrument
(Finnigan, Bremen). Elemental analyses were carried out at the
Microanalytical Laboratory of the Chemistry Department (Univer
sity of Heidelberg). The syntheses and the spectroscopic data of
unlabeled benzamides 1-8 are summarized in the appendix. These
data were used to identify the respective radiolabeled compounds.
Benzamide Labeling

Radioiodination of benzamides 1-7 was performed by Cu2+catalyzed Br-'31I exchange: 20 /xl of a 0.01 M solution of the
corresponding 4-bromobenzamide, previously isolated as the free
base, in acetic acid was mixed in a small conical glass ampule with
0.4 ju.1CuSO4 (0.05 M in H2O) and 2 ul [13ll]iodide solution (14
MBq in 0.02 N NaOH). After heating for 10 min at 180Â°Cthe
'â€¢"l-labeledbenzamide was isolated using RP-HPLC. For an
efficient separation of the brominated from the 13'l-labeled benz
amide, the following solvent gradient was used: 0% to 100%
methanol in 30 min at 0.7 ml/min. The radiochemical yields ranged
between 70% and 90%. The collected eluate was evaporated to
dryness redissolved in 0.9% NaCl, neutralized and sterile filtered.
Radioiodination of benzamide 8 was performed by mixing 20 /u,l
of a halogen-free solution of N-(2-diethylaminoethyl)-4-methoxybenzamide (10 mM in trifluoroacetic acid) with 10 ju.1 of a
thallium(III)-tris(trifluoroacetate) solution (10 mM in trifluoroace
tic acid). After standing for 5 min at ambient temperature this
mixture was added to previously evaporated 123/13lp. After 5 min
the reaction mixture was evaporated to dryness, dissolved in 50 /ul
methanol and chromatographed using RP-HPLC to yield benz
amide 8 in 80%-98% radiochemical yield. A sterile solution for
injection was prepared as described above.
Biodistribution Studies

Biodistribution time-course studies and tumor uptake measure
ments were performed with C57B16 mice bearing the B16 murine
melanoma. The tumor cells were obtained frozen from the German
Cancer Research Center (Heidelberg), washed with PBS and
transplanted subcutaneously on the left flank by injecting 0.5 X IO6
cells (0.1 ml). After 10-14 days the animals developed palpable
nodules. Each animal, weighing 20-29 g, was given an intravenous
injection (tail vein) of one of I3'l-labeled benzamide derivative
(2-3 MBq dose). The injected volume was determined by weighing
the syringe before and after injection. At specific times postinjection, the animals were weighed, killed by cervical dislocation and
dissected. The organs were blotted dry when appropriate, weighed
and counted along with standards of the injected dose in a gamma
counter with the counting window set to 300 to 400 keV. The
results were expressed as %ID/g tissue.
Excretion Studies

Five MBq of 13'l-labeled benzamides 1 and 8 were injected into
a lateral tail vein of NMR1 mice (29-33 g). The whole-body
radioactivity of the animals were measured in a dose calibrator
immediately after injection and during the following 6 hr. The
results were expressed as %ID retained by the animals as a function
of time. At the end of the measurements urine and feces were
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FIGURE 1. General structuralformula of the radioiodinated benzamides 1-8.
Substituents are listed in Table 1.

collected and counted to determine their relative amount of
radioactivity.
Octanol/Buffer

Partition Coefficient Measurements

The partition coefficient measurements were performed by
shaking 1 ml of a given benzamide solution (10 mM in 0.1 M
phosphate buffer) with 1 ml n-octanol at pH 7.0, 7.4 and 7.8 until
equilibrium was attained (shaking time >2 min). Both phases were
analyzed for benzamide concentration using isocratic HPLC (60%
methanol) at 254 nm. The partition coefficients were calculated
using the peak integrals from the chromatograms and the equation:
log P = log (integraloctanoi/integralbuffer).
Erythrocyte and Serum Protein Bound Fraction

Three MBq of ml-labeled benzamides 1 and 8 were injected
into a lateral tail vein of NMRI mice (29-33 g); 15 min later the
animals were killed by cervical dislocation and about 0.5 ml
arterial blood was collected in heparinized tubes from the decapi
tated animals; 50 /xl samples of whole blood, serum and ultrafiltered serum (Amicon, 30 kD exclusion limit) were counted in a
gamma counter with the counting window set to 300 to 400 keV.
Additional hematocrit (HC) measurements permitted the calcula
tion of the erythrocyte-bound fraction (EBF) according to the
equation:
EBF =

- (1 - HC) * cpmserum]/cpmb,ood

The serum protein-bound fraction (SPBF) was calculated using
the following equation:
SPBF = (cpmscrum- cpmfiimJ/cprnsenm,
Patient Studies

Three patients with diagnosed or suspected melanoma mÃ©tasta
ses were selected for this study and gave their written informed
consent. After pretreatment with sodium perchlorate (0.9 g) 200300 MBq [123I]IMBA (benzamide 8, 90 GBq/ jumÃ³le)were admin
istered intravenously. Scintigraphic examinations were performed
2, 4 and 22 hr later using a double-head gamma camera. The
biological data were evaluated with an Icon-System 5.2 (Siemens,
Erlangen).
RESULTS

The organ distribution data obtained with the radioiodinated
benzamides 1-8 (Fig. 1) and C57B16 mice carrying subcutane
ously transplanted B 16 melanoma are summarized in Table 1.
For benzamides 1-7 differing only in their amide substituents
some variation in melanoma uptake was observed. The highest
one-hour melanoma uptake of 9%ID/g was observed with
benzamide 6. This level was also achieved with benzamide 1
and 4 after 6 hr. Rather low melanoma uptake (ca. 2%ID/g) was
observed with benzamides 5 and 7 (R = 2-pyridyl and amino,
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TABLE 1
Uptake of Radioiodinated Benzamide Derivatives in Selected Organs of C57 Black Mice/B16 Melanoma and n-Octanol/Phosphate
Buffer Partition Coefficients*

P
1hr5.5/9.43.8/2.44.1/5.75.7/9.21.8/1.19.2/8.32.2/1.06.7/3.5Blood*1
hr/6
hr0.68/0.190.49/0.041.00/0.650.53/0.150.91/0.880.57/0.171.95/0.
hr/6
hr1.30/0.240.80/0.020.77/0.101.95/0.320.12/0.
1 hr/6
pH
7.401.4440.8301.2961.441

CompoundBZA1234567IMBA8FfEtjNMe2N1
1131i131

-Pyrrolidyl1-Ethyl-2-pyrrolidyl2-PyridylEt.,NH2NEtjNVHHHHHHH131,XÂ£131|131
1131|131,131

1MeOri*22212332Melanoma*

'Specific activity 90 GBo/fÂ¿mol.
tRefers to structural formula (Fig. 1).
*%ID/g, median of 3 mice.

respectively). The alteration of diethylamino 1 to dimethylamirto 2 led to reduced melanoma uptake after 6 hr, whereas
lengthening of the spacer between amide and amine groups
from ethylene (l, n = 2) to propylene (6, n = 3) did not affect
6-hr uptake significantly. Finally, replacement of the 4-iodophenyl group in BZA by 3-iodo-4-methoxyphenyl
in IMBA
resulted in enhanced 1-hr melanoma uptake but a lower tissue
level compared to benzamide 1 after 6 hr.
The n-octanol/phosphate buffer partition coefficients of the
benzamides for comparison were measured with the corre
sponding melanoma uptake. The results obtained at pH 7.4 are
summarized in Table 1. At log P = 1.30-1.45 high melanoma
uptake was observed with benzamides 1, 3,4 and 8. In contrast,
compound 6, which also showed high uptake, had a log P of
only 0.75 at physiological pH, although it had a longer retention
time than benzamide 1 on a RP-HPLC column run at pH 2.6.
Significantly reduced melanoma uptake values were obtained
with the very lipophilic and hydrophilic benzamides 5 and 7,
respectively.
Brain uptake of compounds 1-7 correlated rather well with
the corresponding n-octanol/phosphate buffer partition coeffi
cients. However, benzamide 8 showed almost no cerebral
uptake. Additionally, the blood values of benzamide 8 proved to
be small as compared with the others.
Melanoma/organ ratios which represent imaging contrast
parameters are summarized in Table 2. In order to characterize
the tumor specificity as a function of structural features the
average melanoma/nontarget ratios (av. organ) were calculated

without weighing individual organs. Compared to the com
pounds 1-7 benzamide 8 (IMBA) is unique in its melanoma/
organ ratios. Already at 1 hr, the ratios were as high as those
which only some of the other benzamides attained at 6 hr. The
6 hr values for IMBA were found to be nearly four times those
obtained with compound 1 (BZA).
Erythrocyte-bound fraction (EBF) and serum-protein-bound
fraction (SPBF) of BZA and IMBA were measured in order to
elucidate the large differences in melanoma/nontarget tissue
ratios. Table 3 shows that at 15 min and 1 hr EBF and SPBF for
IMBA were much smaller than for BZA. The 1-hr blood values
of NMRI mice were comparable to those of C57B16 mice
(Table 1).
Differences in benzamide excretion for BZA versus IMBA
were monitored by whole-body retention measurements per
formed with NMRI mice. Figure 2 illustrates that the radioac
tivity of IMBA cleared much faster from the body than BZA.
The separately collected radioactivity excreted by the animals
within 6 hr after BZA injection consisted of 92.8% urinary and
7.2% fecal fraction. For IMBA fractions of 88.2% (urine) and
11.8% (feces) were found.
The in-vivo stability of the benzamide label proved to be
comparable for both IMBA and BZA. Six hours after injection
the thyroid showed 0.74%ID for BZA and 1.21%ID for IMBA.
Because of the outstanding characteristics of IMBA three
patients with suspected or known melanoma mÃ©tastaseswere
investigated using the 123I-labeled compound. Iodine-123IMBA scintigraphy of Patient 1 (69-yr-old woman) showed a

TABLE 2
Melanoma/Organ Ratios of Radioiodinated Benzamide Derivatives in C57 Black Mice/B16 Melanoma*

Muscle1

CompoundBZA1234567IMBA

t
n*2221233O
hr3/263/462/163/244/5
hr/6
hr8/498/604/911/592/116/491/432/88Heart1
hr/6
hr3/274/422/142/213/35/106/728/70Lung1
hr/6
hr<1/71/191/51/71/11/41/210/43Spleen1
hr/6
hr1/151/301/61/93/32/43/212/67Ã¼ver1
hr/6
hr<1/21/6<1/6<1/3<1/<1<1/<13/32/13Kidney
hr/6
hr<1/7
hr/6 hr 1 hr/6
hr4/395/1205/563/2915/2512/3128/
hr/6
"1HHHHHHH131,X,131131131131131131131Me*

-Pyrrolidyl1
-Ethyl-2-pyrrolidyl2-PyridylEt2NH2NEt2Nv

8R*Et2NMe2N1

2Blood1

6/62<1/13
5/74<1/6
6/25<1/7
6/44<1/1
9/11<1/3
9/402/4
12/175/18
37/123Brain1

'Median of 3 mice.
fRefers to structural formular (Fig. 1).
*Â£(melanoma/organ)/8.
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TABLE 3
Blood Activity, Erythrocyte-Bound Fraction (EBF) and SerumProtein-Bound Fraction (SPBF) of Radioiodinated
Benzamides BZA and IMBA

liver and mÃ©tastasesare summarized in Table 4. All mÃ©tastases
retained [123I]IMBA longer than the liver, which exhibited the
highest nontarget tissues uptake.
DISCUSSION

Since the development of the radioiodinated benzamide
BZA, nuclear medical oncology has a radiopharmaceutical at its
disposal which allows imaging melanoma mÃ©tastases with
IMBA 8Blood*15
1.3/0.28EBF15
0.31/0.13SPBF15 0.17/0.10
previously unattained contrast (75). After the conclusion of
Michelot et al. ( 19) in a recent article, there is still a demand for
"%ID/g, median of five mice.
improvement in pharmacokinetic characteristics of BZA to
achieve enhanced sensitivity at earlier times of investigation.
Up to now investigations of structural variations at benz
positive accumulation in the right proximal femur. This lesion
amide derivatives and their evaluation using melanoma-bearing
was not detectable by conventional radiograph. Subsequent
mice were restricted to amide substituents and the position of
MRI examination proved a bone marrow metastasis. The image
radioiodine on the phenyl ring (Â¡4,17,19). The results obtained
intensity for the metastasis increased between 4 and 23 hr after
here with benzamides 1-7 indicate high melanoma affinity for
injection by a factor of 3.6.
all but compounds 5 and 7 (Tables 1 and 2). In our study, and
Patient 2 (48-yr-old woman) with malignant melanoma (stage
as reported in the literature, variations of the amide substituents
IV) was scheduled for a resection of right inguinal lymph node
could not improve the biological characteristicts of BZA sig
mÃ©tastases. Iodine-123-IMBA scintigraphy proved these le
nificantly. However, the replacement of 4-iodo in BZA by
sions (Fig. 3) and showed additional mÃ©tastasesin the right calf 3-iodo-4-methoxy substituents of IMBA led to pharmacokinetic
and right fossa poplÃ-tea.Therefore, hyperthermal isolated per
improvements. While the melanoma washout of IMBA was
fusion of the right leg with cytostatic chemotherapeutics was
faster than for BZA, the clearance from nontarget tissue
performed in addition to the surgical removal of inguinal lymph
radioactivity was even faster. Consequently the melanoma/
nodes. The resected inguinal lymph nodes consisted of an about
nontarget tissue ratios increased with time (Table 2). The
5 cm in diameter partly brown partly blackish nodule and three
smaller whitish-gray nodules (<2 cm) which revealed in average ratio for IMBA was eight times that for BZA after 1 hr
and still four times better after 6 hr.
histopathological examination predominantly amelanotic mÃ©
The improved melanoma/nontarget tissue ratios for IMBA
tastases.
could
be explained by its faster renal excretion, which was
Patient 3 (64 yr-old man), who was scheduled for chemo
demonstrated by whole-body retention measurements of mice
therapy after surgical removal of a malignant melanoma on the
as a function of time (Fig. 2). The excreted fractions found in
left calf, developed disseminated mÃ©tastaseslater on. Wholethe urine 6 hr after injection were comparable for both BZA
body scintigraphy performed 4 and 20 hr after injection (Fig. 4)
(92.8% of totally excreted radioactivity) and IMBA (88.2%). As
revealed positive uptake in lesions which were mostly un
listed in Table 3, rapid urinary excretion was facilitated by the
known. At just 4 hr after injection of [121I]IMBA the images
lower affinity of IMBA for erythrocytes and serum proteins. In
showed high contrast for a large number of mÃ©tastases.Due to
general,
IMBA was released faster than BZA from blood
low background activity, the 4-hr images allowed discrimina
binding sites (Table 3, 1-hr value). This behavior suggests a
tion of abdominal mÃ©tastases.Later, activity released from the
lower affinity of IMBA for tissue proteins which could explain
liver into the gut obscured this area. All other regions were free
the accelerated clearance from other nontarget tissues.
of disturbing nontarget activity. The melanoma/nontarget tissue
Surprisingly, the n-octanol/phosphate buffer partition coeffi
contrast improved with time as displayed in Figure 4 uncover
cients, which should relate to background-tissue retention, were
ing even very small lesions.
nearly identical for BZA and IMBA. These values should
The biological half-lives of selected ROIs were evaluated
reflect lipophilic benzamide nontarget tissue protein interac
from digitized scintigraphic scans. Values for the whole body.
tions and predict similar in-vivo characteristics. Brain uptake of
BZA and IMBA were radically different; the former showed
rather high uptake while the latter did not cross the blood brain
barrier at all. Thus, the utility of log P as a predictor for
CompoundBZA1

hr1.2/0.65
min/1

hr0.50/0.46
min/1

hr0.83/0.80
min/1

1234
Time

FIGURE 2. Whole-body retention of 131I-BZA 1 and [131I]IMBA8 in NMRI
mice.
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FIGURE 3. Soft-tissue and lymph node mÃ©tastasesof a predominant
amelanotic melanoma located on the right leg and right inguinal region
(arrows) 4.5 hr after injection of [123I]IMBA (Patient 2).
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FIGURE 4. Disseminated visceral, soft-tissue and lymph node mÃ©tastases
4 (A) and 20 hr (B) after injection of [123I]IMBA(Patient 3).

physiological behavior is questionable. For example, the high
est melanoma uptake was obtained with benzamide 6 although
it has a relatively low log P.
Scintigrams of patients, as shown in the examples of Figures
3 and 4, revealed mÃ©tastaseswith high contrast, as predicted by
the results of the animal experiments. Nontarget tissue clear
ance of radioactivity was visualized by the 4 hr and 20 hr
images of Patient 3. A large number of mÃ©tastaseswere more
easily detected at the later time. The biological half-lives
calculated from computerized images revealed that the retention
in melanoma tissue was significantly greater than in liver, the
nontarget tissue showing the highest uptake (Table 4). Possibly
disturbing uptake in other nontarget tissues was not observed.
The relative high whole-body values are attributed to the
contribution of melanoma mÃ©tastases. Within a 24-hr time

frame an optimal time of examination could not be defined
since the time course of individual melanoma/background
activity ratios differed from patient to patient.
CONCLUSION

Among the benzamides presented here and those investigated
sofar (14-19) radioiodinated IMBA showed superior melanoma/nontarget tissue ratios. Based on the promising animal data
this benzamide offers considerable potential for improved
melanoma imaging in patients. Preliminary results of a current
clinical study indicate that this compound may indeed meet the
criteria for routine application. The high imaging contrast for
localizing small mÃ©tastasesthroughout the body and the short
examination time may favor [I23I]IMBA scintigraphy as com
pared to other imaging modalities.
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TABLE 4
Biological Half Lives of lodine-123-IMBA in Selected
Organs of Three Patients
M14.9

Whole body (n = 3)
Liver (n = 3)
11.2
Soft-tissue mÃ©tastases(n =
18.5
Lymph-node mÃ©tastases(n =3)
= 4)Tl/2btol*21 .4

Â±3.7
7.6-14.8
Â±5.1
11.1-30.7
Â±10.6
7.0-55.6
Â±23.0Range12.4-19.1

"Mean Â±s.d. obtained between 4 and 22 hr p.i.
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APPENDIX

Syntheses of 4-lodobenzamide Derivatives 1-7. Two millimoles of the corresponding benzoyl chloride were dissolved in
20 ml diethylether and slowly added to an equimolar amount of
the corresponding amine (in 20 ml Et2O). The benzamides
precipitating as hydrochloride salts were recrystallized twice
from ethylacetate.
N-(2-Diethylaminoethyl)-4-lodobenzamide
I. The reaction of
4-iodobenzoyl chloride and 2-diethylaminoethylamine
gave
HPLC-pure 1 as the HC1 salt (0.69 g, 91%); Mp 188-191Â°C. 'H
NMR of the free base (CDC1,) 8 1.42 ppm (t, 6H, J = 7.3 Hz,
N(CH,CY/3),); 3.16 (q, 4H, J = 7.3, N(O/2CH3)2); 3.24 (m,
2H, NHCH,C7/,);
3.88 (dt,IH,2H,NH).
J = 6.6,
7.82 18).
(m,
4H,
PhH); 9.00" (broad,
MS:NHO/2CH2);
m/z 346 ([AT],

pure 5 as the HC1 salt (0.70 g, 90%); Mp 100-102Â°C. 'H NMR
of the free base (CDC13) 8 3.6 ppm (t, 2H, J = 6.7,
CONHCH2C//2); 4.0 (m, 2H, CONHO/2CH2);
7.7 (m, 6H,
PhH (4H) and PyH); 8.1 (s-broad, IH, NH); 8.2 (m, IH, PyH);
8.5 (d, IH, J = 5.6, PyH). MS: m/z 352 ([M+], 100). Elemental
analysis as the HC1 salt: theoretical (%) C 47.75, H 3.72, N
7.95, Cl/1 36.03; Found (%) C 47.79, H 3.75, N 7.97, Cl/I 36.31.
N-(3-Diethylaminopropyl)-4-Iodobenzamide
6. The reaction
of 4-iodobenzoyl chloride and 3-diethylaminopropylamin
gave
HPLC-pure 6 as the HC1 salt (0.69 g, 87%); Mp 134-136Â°C. 'H
NMR of the free base (CDC13) 5 1.34 ppm (t, 6H, J = 7.3 Hz,
N(CH2C//3),);
2.19 (quint., 2H, J = 6.3, NHCH2C7/2CH2NR2);
3.10 (m, 6H~ NHCH2CH2C7/2N(C7/2CH3)2);
3.64 (dt, 2H, J =
5.8, NHO/2CH2CH2NR2); 7.78 (m, 4H, PhH); 8.5 (s-broad,
IH, NH). MS: m/z 360 ([AT1"],22). Elemental analysis as the
HC1 salt: theoretical (%) C 46.68, H 5.88, N 7.78, Cl/I 35.23;
Found (%) C 46.79, H 5.88, N 7.81, Cl/I 35.43.
N-(3-Aminopropyl)-4-Iodobenzamide
7. The reaction of 4-io
dobenzoyl chloride and a tenfold molar excess of 1,3-diaminopropane gave 7 in 92% yield. After repeated recrystallization
from ethyl acetate 7 was obtained as the HPLC-pure HC1 salt
(0.51 g, 75%); Mp 142-145Â°C. 'H NMR of the free base
(CDC13) 8 1.46 ppm (s-broad, 2H, NH2); 1.70 (quint., 2H, J =
6.0, NHCH2Q/2CH2NH2); 2.90 (m, 2H, NHCH2CH2C//2NH2); 3.60
(m, 2H, NHC7/2CH2CH2NH2); 7.50 (d, 2H, J = 8.6, PhH3 5); 7.8 (d,
2H, J = 8.6, PhH26); 8.00(s-broad, IH, CONH). MS: m/z304([AT],
48). Elemental analysis as the HC1 salt: theoretical (%) C 39.49, H
4.31, N 9.21; Found (%) C 39.40, H 4.31, N 8.91.
N-(2-diethylaminoethyl)-4-Methoxybenzamide.
One gram of
4-methoxybenzoyl chloride (5.87 mmole) dissolved in 50 ml
diethylether was slowly added to a solution of 2-diethylamin
oethylamine in 20 ml Et2O (0.68 g, 5.87 mmole). The precip
itating hydrochloride was filtered and recrystallized twice from
ethyl acetate (1.5 g, 89%); Mp 98-102Â°C.
'H NMR of the HC1 salt (D2O) 8 1.36 ppm (t, 6H, J = 7.3 Hz,
N(CH2C//3)2); 3.35 (q, 4H, J = 7.3, N(CY/2CH3)2); 3.44 (t, 2H,
J = 6.2, NHCH2Q/2N); 3.80 (t, 2H, NHCY/2CH2N); 3.91 (s,
3H, OCH3); 7.10 (d, 2H, J = 9.0, PhH3 5); 7.81 (d, 2H, J = 9.0,
PhH26). MS: m/z 250 ([A/+], 3). Elemental analysis as the HC1

Elemental analysis as the HC1 salt: theoretical (%) C 40.80, H
5.27, N 7.32, Cl/I 42.42; Found (%) C 40.96, H 5.32, N 7.40,
Cl/1 42.40.
N-(2-Dimethylaminoethyl)-4-lodobenzamide
2. The reaction
of 4-iodobenzoyl chloride and 2-dimethylaminoethylamine
gave HPLC-pure 2 as the HC1 salt (0.46 g, 65%); Mp 160162Â°C.'H NMR of the free base (CDC13) 5 2.27 ppm (s, 6H,
N(CH3)2); 2.51 (t, 2H, J = 6.5 Hz, NHCH2C7/2); 3.50 (m, 2H, salt: theoretical (%) C 58.63, H 8.08, N 9.77; Found (%) C
NHC7/2CH2); 6.84 (s-wide, IH, NH); 7.56 (d, J = 8.6 Hz, 2H, 58.65, H 8.11,N 9.67.
PhH3 5); 7.66 (d, J = 8.6 Hz, 2H, PhH26). MS: m/z 318 ([AT1"],
N-(2-diethylaminoethyl)-3-iodo-4-Methoxybenzamide
8. 32
mg of N-(2-diethylaminoethyl)-4-methoxybenzamide
(0.129
19). Elemental analysis as the HC1 salt: theoretical (%) C 37.26,
H 4.55, N 7.90; Found (%) C 36.90, H 4.15, N 7.97.
mmole) were reacted at ambient temperature with 70 mg
N-[2-(l-Pyrrolidyl)ethyl]-4-lodobenzamide
3. The reaction
T1(TFA)3 (0.129 mmole) in 5.2 ml trifluoroacetic acid (TFA).
of 4-iodobenzoyl chloride and 2-(l-pyrrolidyl)ethylamine
gave
After 3 hr, solid Nal (19 mg, 0.127 mmole) was added. Two
HPLC-pure 3 as the HC1 salt (0.59 g, 78%); Mp219-221Â°C. 'H
hours later, the TFA was evaporated, the solid residue dissolved
NMR of the free base (CDC13) 8 2.1 ppm (m, 4H,
in H2O, alkalized, extracted twice with Et2O and dried over
N(CH2O/2)2); 3.3 (m, 6H, RNHCH2O/2N(C//2CH2)2);
3.8 (m, anhydrous Na2SO4. The product was precipitated as the HC1
2H, NHC//2CH2NR2); 7.8 (m, 4H, PhH); 8.8 (t-broad, IH, J =
salt and recrystallized three times from ethyl acetate. (31.8 mg,
5.6, NH). MS: m/z 344 ([AT"], 4). Elemental analysis as the HC1 59.8%); Mp 179Â°C.
'H NMR of the HC1 salt (D2O) 8 1.36 ppm (t, 6H, J = 7.3 Hz,
salt: theoretical (%) C 45.36, H 4.98, N 8.14; Found (%) C
N(CH,CY/3)2);
(q, 4H, J = 7.3,
45.42, H 4.97, N 8.18.
J = *6.2 Hz, 3.35
NHCH2CY/2N);
3.79N(C7/2CH3)2);
(t, 2H, J =3.446.2(t, 2H,
Hz,
(R,S)-N-[(l-Ethyl-2-pyrrolidyl)methyl]-4-Iodobenzamide
4.
The reaction of 4-iodobenzoyl chloride and (N-ethyl-pyrrolidinNHCY/2CH2N); 3.94 (s, 3H, OCH3); 7.03 (d, IH, J56=8.7,
2'-yl)methylamine gave HPLC-pure 4 as the HC1 salt (0.59 g, 75%); PhH5); 7.80 (dd, IH, J56=8.7, J26=2.3, PhH6); 8.19 (d, IH,
Mp 169-171Â°C. Hydrogen-1 NMR of the free base (CDC13) J2,6=2.3, PhH2).
8 1.4 ppm (t, 3H, J = 7.3 Hz, NCH2Q/3); 2.0 (m, 4H,
Carbon-13 NMR of the HC1 salt (broad band decoupled,
RNCH,C//2C//2CH-R'); 3.0 (m, 4H, RNC//2CH2CH2CO/2NHR');
D2O) 8 9.40 ppm (N(CH2C7/3)2); 36.20 (NHC//2); 49.21
3.7 (m, IH, RNCH2CH2CH2O/-R'); 3.8 (m, 2H, RNQ/2CH3); 7.8
(m, 4H, PhH); 8.9 (m-broad, IH, CONH). MS: m/z 358 ([Af1"],6). (N(C//2CH3)2); 52.11 (NHCH2C7/2N); 57.76 (OCH3); 86.12
(PhC3); 112.18 (PhC5); 127.72 (PhC,); 130.57 (PhC6); 139.62
Elemental analysis as the HC1 salt: theoretical (%) C 46.94, H 5.35, N (PhC2); 161.98 (PhC4); 170.22 (CO).
Proof for the 3-iodo substitution was provided by several
7.82; Found (%) C 47.11, H 5.38, N 7.90.
N-[2-(2-Pyridyl)ethyl]-4-Iodobenzamide
5. The reaction of 4- observations: (a) The proton coupled I3C NMR resonance of the
iodobenzoyl chloride and 2-pyrid-2'-yl-ethylamine gave HPLCcarbonyl group showed a triplet of triplets (pseudo quintet)
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which collapsed to one triplet when selective decoupling (3J =
3.6 Hz to two ortho protons H2 and H6) was applied at 3.8 ppm,
the chemical shift of NHC//2CH2N; (b) 'H NMR shift predic
tions based on parameters for substituted benzenes gave values
of H2 (8.17 ppm), H5 (6.67 ppm) and H6 (7.78 ppm) which
agreed well with the measured values. Predictions for the
alternative 2-iodo structure were not consistent with the ob
served values.
MS: m/z 376 ([M+], 2). Elemental analysis as the HC1 salt:
theoretical (%) C 40.74, H 5.37, N 6.79; Found (%) C 40.54, H
5.34, N 6.76.
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Tumor Imaging with Technetium-99m-Labeled
Hydrazinonicotinamide-Fab' Conjugates
Michiel E. Ultee, Gary J. Bridger, Michael J. Abrams, Clifford B. Longley, Charlotte A. Burton, Scott K. Larsen,
Geoffrey W. Henson, Sreenivasan Padmanabhan, Forrest E. Gaul and David A. Schwartz
Cytogen Corp., Princeton, New Jersey; and Johnson Matthey BiomÃ©dicalResearch, West Chester, Pennsylvania

This study compares the in vivo properties of direct versus indirect
"To-labeling
for two Fab' fragments from antibodies that recog
nize tumor-associated antigens. Methods: Fab' fragments of two
lgG2a monoclonal antibodies were either radiolabeled
di
rectly or via the linker bromoacetyl
hydrazinonicotinamide
hydrobromide (BAHNH) conjugated site specifically at protein thiols.
A thiol assay was used to determine the number of thiols in the Fab'
and to monitor their consumption during conjugation with BAHNH.
Both preparations were labeled to > 95% incorporation of 99rnTc,
with the isotope tracking the single 50 kD absorbance peak seen on
size-exclusion HPLC. The labeled preparations were tested in tu
mor-bearing and control mice, with dissections at 4 and 24 hr and
gamma scintigraphy of the tumor-bearing mice. Results: The major
difference between the two labeled preparations for either antibody
fragment was the greater accumulation of isotope in the tumor for
the indirectly labeled preparations. This increase ranged from 1.5and 2.7-fold at 4 hr to 2.6- and 3.2-fold at 24 hr for the two
antibodies, respectively. Since blood clearance was similar for the
two labeling methods, the higher tumor accumulation with the
indirectly labeled fragments resulted in higher tumor to blood ratios.
Tumors could be imaged with both antibodies with either type of
labeling with greater clarity and sensitivity at the 24 hr time point.
Conclusion: While both labeling methods resulted in tumor detec-
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tion through imaging, the images obtained with the indirectly labeled
antibody fragments were more easily visualized due to the combi
nation of higher radioisotope accumulation in the tumor and similar
blood clearances compared to the direct labeled fragment.
Key Words: antibody fragments; technetium-99m; immunoscintigraphy; cancer imaging
J NucÃ-Med 1997; 38:133-138

u/ver

since the introduction of 99mTc as an isotope for nuclear

medicine imaging there has been intense interest in developing
methods to label proteins with this radionuclide. These meth
odologies are the subject of several reviews and can be divided
into two categories: direct and indirect methods (1,2). In the
direct method, the proteins are treated with a reducing agent
(e.g., Sn2+, ascorbate, 2-mercaptoethanol, dithiothreitol, bisul
fite, etc.) that reduces disulfide bridges within the protein
molecule. The resulting sulfhydryl moieties readily bind technetium, consistent with the studies that indicate the high affinity
of the oxotechnetium(V) core for thiolate ligands. Proteins
labeled with 99mTc by direct methods have undergone extensive
clinical evaluation. Indirect labeling involves either the modi
fication of the protein with a technetium binding ligand (e.g.,
metallothionein) and subsequent reaction of this conjugate with
a labile technetium precursor (e.g., Tc-glucoheptonate) or the
reaction of a stable technetium complex containing a protein-
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