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The synthesis, labeling, and biodistribution of four 1251 radio- 
pharmaceuticals designed to localize in melanoma were 
tested. Uptake in tumors was demonstrated by autoradiog- 
raphy of whole-body sections and quantitated by measure- 
ment of radioactivity of selected tissues and tumors using 
melanoma-bearing mice. N-(2-diethylaminoethyl)-.4-iodoben- 
zamide was selected for its highest melanoma uptake: 60 min 
after IV injection of 6.5% and 4% ID/g, respectively for murine 
B16 and human melanotic melanoma. Tumor uptake showed 
the highest values of all analyzed tissues from 6 to 24 hr after 
injection. High uptake in melanotic tumor tissue with relatively 
low uptake in blood, muscle, brain, lung, and liver tissue 
resulted in high tumor/nontumor ratios (at 24 hr for B16, 
tumor/blood = 37, tumor/brain = 147, tumor/muscle = 95). 
This agent was compared with iodoamphetamine. Scinti- 
graphic images of the tumor confirmed that external detection 
of melanoma is possible with this new radiopharmaceutical. 

J Nucl Med 1991; 32:1573-1580. 

O w i n g  to the aggressive nature of malignant mela- 
noma, early detection of invasion and metastatic process 
is of paramount importance (1,2). In an effort to meet the 
objective of early detection, researchers and clinicians have 
used radiolabeled monoclonal antibodies (MAb) that bind 
to specific melanoma associated antigens. This process of 
radioimmunoimaging has been reported extensively in the 
literature (3-9). However, a basic understanding of the 
kinetics and tumor localizing properties of MAb and as- 
sociated fragments has yet to be clearly articulated. 

The radiopharmaceutical most widely used for tumor 
detection has been [67Ga] citrate, a nonspecific tumor 
imaging agent (10,11). In experimental tumors, imaging 
with [67Ga] citrate has been performed with both melanotic 
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and amelanotic melanoma, but results in patients have 
been modest. 

Radiopharmaceuticals with affinity for melanin have 
been developed but to date none has achieved clinical 
application for the early detection of metastases (12-14). 
Because of a known melanotropic affinity and selective 
localization in the pigmented structures of the eyes, iodo- 
quinoline derivatives labeled with 12~I or 12JI have been 
tested in animal models, but, again, the detection of skin 
and ocular melanoma has had limited success (15,16). 
Thiouracil has been shown to be selectively incorporated 
into the melanin pigment of melanoma by serving as a 
false melanin precursor. Coderre et al. (17) observed io- 
dothiouracil incorporation into remote secondary metas- 
tases using a metastatic melanoma cell line. A recent 
patient study testing the efficiency of radioiodine labeled 
5-iodo-2-thiouracil as a diagnostic agent was carried out 
by van Langevelde (18). However, preliminary results did 
not warrant continued use of this radiopharmaceutical. N- 
isopropyl-p-iodoamphetamine (IMP) used primarily for 
brain imaging, is found to be associated with eye uptake 
in animals. Recent works by Wada e1 al. (19) and Cohen 
et al. (20) reported detection of both primary and met- 
astatic malignant melanoma with [~23I]IMP. 

In a previous work (21) concerning new brain-seeking 
radiopharmaceuticals, we developed a series of aromatic 
iodinated amino compounds labeled with [1251] (Fig. 1). 
Autoradiographic study performed after intravenous injec- 
tion of the molecules in pigmented C57BL6 mice showed 
selective localization, for four derivatives (Fig. 2): 1(c)- 
4(c), of the radioactivity not only in the brain, but also in 
the melanoid structures of the uveal tract. This phenom- 
enon, which is not observed in Wistar albino rats, 
prompted us to focus our attention upon their possible 
uptake in melanoma. We have investigated the in vivo 
distribution of murine melanoma and human malignant 
melanoma heterotransplants after the intravenous admin- 
istration of the four iodinated compounds and established 
a comparison between one of them and IMP. Athymic 
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FIGURE 1. Structure of iodinated compounds: R = CsHs; H 
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nude mice served as the animal  model from which the 
study of human  tumor  affinity could commence.  Xeno- 
grafted human  tumors grown in a thymic nude mice main- 
tain their karyotype, histologic appearance and most bio- 
chemical characteristics (22. 23 ). 

Therefore, the general purpose of the present research 
is to establish the effectiveness of new radiopharmaceuti-  

cals (24) labeled with 3,-emitters as a noninvasive tech- 
nique of malignant  melanoma and metastasis visualiza- 
tion. 

MATERIALS  AND M E T H O D S  

Radiopharmaceut ica ls  
The radioiodinated derivatives were prepared from the corre- 

spondent amines by the dediazoniation procedure (25). The 
Sandmeyer reaction was used for compounds l(c), 2(c), 4(c) and 
the Wallach triazene method for 3(c), using the following se- 
quence reactions. 

R 
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~' CH 2 CH-, 

CH~, CH a 
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FIGURE 2. The four iodinated compounds selected for animal 
experimentation and their synthesis intermediates: (a) R = NO2; 
(b) R = NH~; (b') R = N-'-N(C2Hs}2; and (c) R = 1251. 

Synthesis of Nitroderivatives l (a)-4(a). The starting nitroeth- 
ers l(a) and 2(a) were synthesized according to a method de- 
scribed by Benedict et al. (26) by the reaction of 2-diethylami- 
noethanol with respectively 4-nitrodiphenyl bromomethane and 
4-nitrobenzyl bromide, in dimethyl sulfoxide, in the presence of 
potassium hydroxide. The nitroether 3(a) was obtained by react- 
ing 4-nitrophenol with 2-diethylamino ethyl chloride in acetone- 
water with potassium carbonate as a base. The synthesis of 4(a) 
was performed by treatment of 4-nitrobenzoic acid chloride with 
2-diethylaminoethyl amine in tetrahydrofuran at room tempera- 
ture. 

Synthesis ~?f the Amino Intermediates l(b)-4(b). The nitro 
group of l(a) and 2(a) was reduced with tin chloride in concen- 
trated hydrochloric acid at 0°C. The conversion of 3(a) and 4(a) 
to the correspondent amines was accomplished by catalytic hy- 
drogenation with 5% palladium on charcoal in absolute ethanol 
under normal pressure. 

Synthesis ~?['the J~-~l-Labeled Compounds 1 (c)-4(c). The above 
amino agents were diazotized using sodium nitrite and concen- 
trated hydrochloric acid at 0*C. Then the diazonium salts gener- 
ated from l(b), 2(b), and 4(b) were decomposed by treatment 
with a solution containing potassium iodide and sodium iodide- 
ZZSl. The resulting radioiodinated substances were isolated with a 
radiochemical yield of 38% for l(c), 35% for 2(c), and 45% for 
4(c) after purification by low-pressure liquid chromatography. 
The diazonium salt prepared from 3(b), on coupling with a slight 
excess of diethylamine, gave the expected triazene 3(b'). Treat- 
ment of 3(b') with trimethylsilyl iodideJ2~I (produced in situ by 
the reaction of trimethylsilyl chloride with sodium iodide J251) in 
acetonitrile at 60°C resulted in the formation of 3(c) in 65% 
radiochemical yield after column chromatography. 

The four iodinated substances obtained as free amines were 
converted into hydrochlorides after treatment by anhydrous ethe- 
real hydrochloric acid solution, and dissolved in physiologic saline 
for animal experiments. 

Thin-layer chromatographic analysis (TLC) (Merck Kieselget 
60F254 plates) developed with the different solvent mixtures, 
chloroform-methanol (80:20 and 50:50) showed them to be 
identical to the authentic nonradioactive compounds and to be 
free of significant radiochemical impurities. Specific activity was 
in the range of 2.3 mCi (85 MBq)/mM. 

Synthesis 0/4(c) hy Isotopic Exchange Procedure. Nonradioac- 
tive N-(2-diethylaminoethyl)4-iodobenzamide was obtained by 
reacting 4-iodobenzoyl chloride with 2-diethylaminoethyl amine 
in tetrahydrofuran at room temperature (21). 

Radiolabeling: To a solution of the above compound (10 mg) 
in 0.05 M citrate buffer at pH 4 (0.5 ml) were added 1 mCi (37 
MBq) of Nat25I (no-carrier-added in NaOH: CIS bioindustries) 
and 0.5 mg of copper sulfate used as a catalyst. The reaction 
mixture was heated at 150"C for 35 min. Radiochemical purity 
was determined by silica gel over pressure TLC with the mixture 

"chloroform-methanol-formic acid (80:20:0.5) as eluant (Rf 4(c) 
= 0.45, Rr (~2~1) = 0.1 ) and confirmed by high-performance liquid 
chromatography (HPLC) (Hewlett-Packard HP 1090) using the 
following system: reverse-phase column Whatman 5 OD S 3 (125 
mm x 2 mm) mobile phase constituted of a gradient starting 
from A:B (60:40: A = 0.05 M sodium acetate, B = methanol) to 
100% B in 8 min, followed by 100% B, at a flow rate of 1.5 ml/ 
min (Rt 4(c) = 11.3 min, Rt (~2~I) = 1.8 min). Compound 4(c) 
was shown to contain less than 5% of inorganic iodide and no 
trace of other radiochemical impurities. Thus a further purifica- 
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tion was not necessary and the crude mixture could be directly 
utilized for animal studies after dissolution in physiologic saline. 
Specific activity was in the range of 36 mCi (1.33 GBq)/mM. 
['251lIMP was provided by CIS bioindustries. 

Animal Model and Experimental Procedure 
Tumor uptake was studied in C57BL6 male mice (lffa Credo, 

France) beating the B I6 melanoma and in outbred Swiss nu/nu 
male mice (Iffa Credo, France) bearing two human melanoma 
heterotransplants. 

Transplantable B I6 mouse melanotic melanoma was origi- 
nally obtained from ICIG (Villejuif, France) and was maintained 
in our laboratory by serial transplantations at 3- or 4-wk intervals 
into 6-wk-old male C57BL6 mice. Two weeks after tumor trans- 
plantation, mice were used as donors. The tumor was first dis- 
sociated in saline solution and next filtered. Then l0 n cells in 0.1 
ml saline solution were injected subcutaneously (s.c.) on the left 
flank. Ten days later, the tumors became palpable, the percentage 
of tumor take being was 98-100%. 

Six-week-old outbred Swiss nu/nu male mice were used for 
xenografts. Bedding material was sterilized before use and the 
cages were covered by an air filter (Isocap, Iffa Credo). The 
human melanoma cell lines M3Dau (amelanotic) and M4Beu 
(melanotic) were established in the laboratory of J.F. Dot6 (IN- 
SERM U 218, Centre Lron Brrard, Lyon, France) from met- 
astatic tumors, and have been previously characterized as tumor- 
igenic in nude mice (27,28). Both cell lines were maintained in 
vitro as monolayers in McCoy 5A and RPMI 1640 tissue culture 
medium, respectively, supplemented with 10% fetal calf serum, 
2 mM glutamine, 100 I.U./ml -r penicillin and 50 ug ml -~ strep- 
tomycin; 2.106 viable human melanoma cells in 0.1 ml PBS were 
inoculated s.c. in the abdomen of nude mice. Tumor growth rate 
was determined by weekly measuring of two perpendicular di- 
ameters of the tumor for about 4 wk. Tumor showed encapsulated 
growth. Local or distant metastases were never observed. 

Autoradiography 
At intervals, tumor-bearing C57BL6 or nu/nu mice injected 

with L~SI-labeled compounds were frozen at -180°C under ether 
anaesthesia. They were subjected to whole body sectioning ac- 
cording to the methodology described by Ullberg (29). The sec- 
tions were exposed to X-ray film type Hyperfilm 3H (RPN 535 
Amersham, UK). 

Biological tissue distribution of l=SI-Labeled 
Compounds 

Following the intravenous injection (i.v.) in the tail vein of 6 2 
pCi (0.22 MBq) l~SI-labeled compounds (2.6 pmol), mice (n = 5) 
were killed after given time intervals. Aliquots of different tissue 
were weighed and immediately measured for radioactivity. Sam- 
ples were counted in a gammatrac I 191 Tracor analytic counter. 
The tissue distribution was determined by calculating the relative 
concentration of ~251 activity in tissue. The time course of radio- 
activity was evaluated in terms of percentage of injected dose per 3 
g of tissue (%ID/g). Tumor/blood and tumoral/normal tissue 
ratios were also calculated. 

Imaging 
BI6 melanoma-bearing C57BL6 mice or nude mice xeno- 

grafted with human melanomas were injected with 60 uCi/mice 
4(c) (2.2 MBq) and used for imaging studies. Mice were anesthe- 
tized with pentobarbital 5% diluted to 1/5 in isotonic saline (0.1 

ml intraperitoneal per mouse). They were scanned during 10 min 
with a gamma camera (gammatome II) fitted with a pinhole 
collimator of 3.36-mm aperture (sensitivity I. l x l0 -4) set at 80 
mm from the animal. Images were taken from l to 24 hr 
postinjection and developed most of the time without additional 
background subtraction of computer enhancement. In addition 
to analog images, static views were acquired on a computer system 
(Sopha Medical, Buc, France) and stored on a disk for later 
analysis and display. 

Statistical Analysis 
The results of each point of our work were analyzed separately. 

Analysis comprised two or three factors of analysis of variance 
(ANOVA) (for independent series and with different subjects for 
each group), followed, where necessary, by Newman-Keuls post- 
hoc analysis. Significance levels were p < 0.05. 

RESULTS 

Autoradiography 
Figure 3 presents autoradiograms obtained at 1 hr and 

4 hr after intravenous injection of 4(c) to mice bearing 
B16, M4Beu or M3Dau melanomas.  

Tumoral Localization of the Four 1=51-Labeled Com- 
pounds 

Compound Stud.;,. B 16 me lanoma  uptake of each com- 
pound  is shown in Figure 4. Values are expressed as 
percentage of injected dose per g of  tumor.  Data analysis 
gave a significant difference for C o m p o u n d  and Time and 

the post-hoe analysis showed these effects could be attrib- 

FIGURE 3. Autoradiograms of mice bearing B16 melanoma 
(1) or human melanoma heterotransplants (2, M4Beu and 3, 
M3Dau) at 1 hr (left) and 4 hr (right) after i.v. i~ection of 4(c). 
Autoradiograms are presented as positive prints, which means 
that a white area corresponds with high activity in the section. 
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FIGURE 4. Tumoral concentration of four iodinated com- 
pounds in mice bearing Bt6 melanoma. The % ID/g tumor was 
determined from 15 to 360 min after i.v. injection. 

15 ~o P2o 240 360 

FIGURE 6. Tumor concentration of 4(c) in mice bearing mudne 
melanoma and in nude mice bearing human heterotransplant 
melanoma, either melanotic M4Beu or amelanotic M3Dau. The 
%fD/g tumor was determined from 15 to 360 min after i.v. 
injection. 

uted to the following ( /means  significant difference, and 
m is the average value of the corresponding factor): 

4(c) (m = 5.08)/I(c) (m = 3.47). 

Tumor-to-blood ratios of the four compounds are 
shown in Figure 5. The statistical analysis gave 

4(c) (m = 8.63)/[1(c)(m = 1.36)-2(c) 

• (m = 1.31)-3(c)(m = 1.10)] 

Tumor Study. Tumor uptake of compound 4(c) for the 
two human melanoma heterotransplants compared to the 
uptake in the murine tumor is shown in Figure 6. Data 
were analyzed, and we obtained a significant difference for 
tumor and for time: 

B 16 (m = 5.07)/M4Beu(m = 2.84)/M3Dau(m = 1.07) 

The tumor-to-blood ratios are shown in Figure 7. The 
studies showed 

Bl6(m = 8.63)-M4Beu(m = 7.82)/M3Dau (m = 1.58). 

Tissue Distribution of [~251]-N-(2-Diethylaminoethyl) 
4-1odobenzamide 

The results of biodistribution experiments evaluating 
4(c) in mice carrying three models of melanoma are pre- 
sented in Tables 1-3. Metabolites may be involved, but 
only total radioactivity was measured in the various tissues 
so that the total of '25I containing moities was estimated. 
For the three analyses of variance, one for each time (6, 
12, and 24 hr), we observed (about percentages of injected 
dose per g of tissue): melanotic melanomas/(all the other 
tissues). 

Comparative Study Between [12Sl]lMP and [~251]-N-(2- 
Diethylaminoethyl)-4-1odobenzamide 

Table 4 gives the tumor-to-tissue ratios for the three 
tumor models after injection of[~251]IMP, same ratios after 
injection of 4(c) appear in Tables 1-3. The main statistical 
results of all analyses of variance (one for each tumor) 

7 ° I  []  c.=~<,,,~ 4 

i ~ o ~  .-, 
• ~ , . ~  ,3 

,011 
' 
. .  

t l  

15 6o IZO ~i0 3SO 

FIGURE 5. Tumor-to-blood ratios from 15 to 360 min after i.v. 
injection of the four iodinated compounds in mice bearing B16 
melanoma. 

~ S  60 I~0 240 360 

FIGURE 7. Tumor-to-blood ratios from 15 to 360 min after i.v. 
injection of 4(c) in mice bearing murine melanoma and in athymic 
mice bearing human heterotransplant melanoma, either melanotic 
M4Beu or amelanotic M3Dau. 

1576 The Journal of Nuclear Medicine • Vol. 32 • No. 8 ° August 1991 



Biodistr ibut ion and Some 
TABLE 1 

Tumor-to-Organ Ratios of [1251]lodobenzamide in C57BL6 Mice Bearing B16 Melanoma at Various 
Times After Injection (%lD/g;  mean ___ s.e.m., n = 5) 

Tissue 
I 

Melanoma 
Bkx)d 
Plasma 
Liver 
Kidney 
Gut 
Stomach 
Lung 
Brain 
Thyroid* 

1 hr 2 hr 4 hr 6 hr 12 hr 24 hr 
II I I  i i  | i i  iiiii | l l |  iiii 

6.75 ± 0.67 6.04 ± 0.47 4,82 ± 1.19 3.53 ± 0.31 1.01 ± 0.51 0.79 ± 0.09 
1.04 ± 0.09 0.74 ± 0.04 0,54 ± 0.07 0.21 _ 0.02 0.06 ± 0.004 0.02 ± 0.01 
0.82 _+ 0.07 0.55 ± 0.03 0.45 _+ 0.03 0.21 ± 0.02 0.06 ± 0.006 0.02 _ 0.01 
6.04 ± 0.40 4.02 ± 0,22 2.46 ± 0.52 0.95 ± 0.08 0.22 ± 0.01 0.16 _+ 0.01 
8.56 - 0.43 5.93 _+ 0.58 3.67 ± 0.58 1.10 ± 0.09 0.15 ± 0.01 0.07 _+ 0.01 
5.22 ± 0.23 3.94 ± 0.32 2.80 _ 0.58 0.75 ± 0.13 0.10 ± 0.01 0.02 ± 0.01 
6.03 ± 0.75 3.87 ± 0.85 2.35 ± 0.59 1.14 ± 0.25 0.14 ± 0.02 0.07 ± 0.01 

10.99 _+ 0.97 6.12 ± 0.42 4.29 ± 0.85 1,99 ± 0.41 0.12 _+ 0.008 0.05 ± 0.01 
2.67 ± 0.31 1.40 _+ 0.07 0.70 ± 0.08 0.32 ± 0.03 0.02 _+ 0.002 0.005 ± 0.001 

0.066 _ 0.006 0.044 ± 0.004 0.036 ± 0.005 0.033 ± 0.004 0.01 ± 0,00 0.020 ± 0.001 

Ratios 
Tumor/Blood 6.55 ± 0.60 8.23 ± 0.68 8.57 _+ 1.21 17.58 ± 2.16 19.00 ± 10.54 37.33 _+ 6.88 
Tumor/Liver 1.12 ± 0.10 1.31 + 0.25 1.98 _+ 0.26 3.83 _ 0.48 4,65 + 2.46 4,94 ± 0.65 
Tumor/Lung 0.62 _+ 0.05 0.99 ± 0.06 1.15 _+ 0.16 2.13 ± 0.55 9,39 _+ 5.30 15.82 _+ 2.61 
Tumor/Brain 2.57 ± 0.23 4.35 _ 0.35 6.85 ± 1.16 11.50 ± 1.45 46,11 ± 26.83 146.96 ± 13.17 
Tumor/Muscle 4.72 _+ 0.82 5.38 ± 0.41 7.32 _+ 0.85 18.92 ± 2.38 48.04 ± 26.16 94.56 ± 13.36 

* %lD/organ. 

were a significant difference for compound and for time 
(6, 12, 24 hr): 

4(c) IMP 

B16 m = 32.97 m = 2.67; 
M 4 B e u m = 9 . 8 0  m = 2 . 6 3  

For M3Dau, the analysis did not make clearer the 
significant differences that we observed for each factor. 

Imaging Study of [1251]-N-(2-Diethylaminoethyl)4-1o- 
dobenzamide 

Figure 8A shows a posterior view of C57BL6 mouse 
bearing a B 16 melanoma on the right flank 6 hr postinjec- 
tion of 4(c). Figure 8B is the tumoral image of the same 
animal on the same position at the same time. Figures 9 
and 10 present anterior view of athymic nude mice bearing 
human melanotic melanoma heterotransplants at 4 and 

TABLE 2 
Biodistr ibut ion and Some Tumor-to-Organ Ratios of [12Sl]lodobenzamide in Nude Mice Bearing Human Melanotic Melanoma 

(M4 Beu) Xenografts at Various Times After Injection (%lD/g; mean _+ s.e.m., n = 5) 

Tissue 1 hr 2 hr 4 hr 6 hr 12 hr 24 hr 
I B I I I  I 

Melanoma 3.51 _+ 0.40 3.17 _ 0.40 3.25 + 0.17 1.96 ± 0.24 0.36 _ 0.05 0.07 ± 0.01 
Blood 0.87 _+ 0.02 0.53 _ 0.06 0.32 ± 0.03 0.13 ± 0,02 0.02 _+ 0.01 0.010 ± 0.002 
Plasma 0.46 __+ 0.02 0.35 _+ 0.06 0.20 ± 0.02 0.12 _ 0.03 0.02 + 0.01 0.010 ± 0.002 
Liver 5.27 _ 0.22 3.50 ± 0.33 2.28 ___ 0.16 0.94 _+ 0.09 0.28 ± 0.03 0.13 _ 0.02 
Kidney 7.63 + 0.23 5.90 _+ 0.69 4.28 ± 0.61 0.99 _ 0.14 0.10 _ 0.02 0.06 ± 0.02 
Gut 3.76 +_ 0.35 2.35 _ 0.30 1.56 ± 0.20 0.52 _+ 0.12 0.08 _+ 0.03 0.03 ± 0.01 
Stomach 2.49 _ 0.07 1.51 _+ 0.24 1.16 ___ 0,12 0.49 ± 0.07 0.07 ___ 0.02 0.04 _ 0.01 
Lung 7.77 _+ 0.17 4.71 ± 0.62 3.60 _+_+ 0.27 1.25 ± 0.15 0.08 ± 0.02 0.05 ± 0.01 
Brain 1.66 _+ 0.10 1.13 + 0.13 0.78 ___ 0.05 0.28 __+ 0.03 0.010 _ 0,002 0.006 ± 0.001 
Thyroid* 0.058 - 0,005 0.064 _+ 0.009 0.050 -+ 0.009 0.075 ± 0.009 0.066 _+_ 0.005 0.078 _+ 0.002 

Ratios 
Tumor/Blood 5.14 _+ 1.15 6.25 _+ 0.94 9.65 + 1.06 15.58 _+ 3,84 18.89 ± 1.90 6.24 _ 1.93 
Tumor/Liver 0.86 _+ 0.20 0.94 + 0.15 1.38 ± 0.15 2.06 _+ 0.07 1.24 _ 0.11 0.59 _ 0.13 
Tumor/Lung 0.58 _+ 0.14 0.73 _ 0.12 0.88 ± 0.11 1.89 ± 0.20 5.04 + 0.71 1,84 ± 0.63 
Tumor/Brain 2.67 _ 0.53 2.95 _ 0.45 4.12 + 0.43 6.94 _ 0.25 21.20 _ 2.11 15.00 ± 5.22 
Tumor/Muscle 3,49 + 0.81 3.69 ___ 0.67 6,19 _+ 0.82 4.63 _ 0.54 25.31 + 2.88 7.21 _+ 2.57 

* %ID organ. 
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TABLE 3 
Biodistr ibut ion and Some Tumor-to-Organ Ratios of [1251]lodobenzamide in Nude Mice Bearing Human Amelanot ic 

Melanoma Xenografts (M3 Dau) at Various Times After Injection (%lD/g; .... mean ___ s.e.m., n =  5) 

Tissue 1 hr 2 hr 4 hr 6 hr 12 hr 24 hr 

Melanoma 1.51 ± 0.07 1.29 ± 0.30 0.45 ± 0.03 0.23 ± 0.02 0.07 ± 0.02 0.009 _ 0.001 
Blood 0.89 _ 0.05 0.52 _+ 0.04 0.29 _ 0.02 0.23 ± 0.02 0.06 +_ 0.01 0.008 +_ 0.001 
Plasma 0.55 ± 0.04 0.33 ± 0.03 0,24 ± 0.02 0.24 ± 0.02 0.06 _+ 0.01 0.007 +_ 0.001 
Liver 5.68 ± 0.62 3.35 ± 0.26 2.10 _+ 0.28 1.10 +_ 0.04 0.30 _+ 0.01 0.10 +_ 0.01 
Kidney 8.39 ± 0.91 5.12 +_ 0.46 2.15 _ 0.30 0.78 _ 0.03 0.14 _+ 0.01 0.03 _+ 0.01 
Gut 3.74 ± 0.34 2.67 __+ 0.33 1.10 ± 0.17 0.42 ± 0.04 0.27 + 0.12 0.01 _ 0.01 
Stomach 2.32 _+ 0.17 1.85 ± 0.17 1.36 _ 0.35 1.17 ± 0.02 0.38 _+ 0.09 0.03 _ 0.01 
Lung 6.88 + 0.84 5.63 ± 0.65 2.84 _ 0.39 0.76 ± 0.09 0.11 ± 0.01 0.02 ± 0.01 
Brain 1.40 _+ 0.11 0.99 ± 0.08 0.51 + 0.06 0.20 _ 0.01 0.02 ___ 0.01 0.002 ± 0.001 
Thyroid" 0,060 + 0.003 0,046 _+ 0.002 0.044 ± 0.005 0.068 _ 0.010 0.044 +_ 0.002 0.050 + 0.010 

Ratios 
Tumor/Blood 1.70 ± 0.03 2.47 ± 0.48 1.58 ± 0.14 0.97 ± 0.08 1.32 ± 0.49 1.17 _+ 0.11 
Tumor/Liver 0.28 ± 0.03 0.37 ± 0.06 0.23 ± 0.03 0.23 _+ 0.02 0.26 ± 0.10 0.09 __. 0,01 
Tumor/Lung 0.23 ± 0.02 0.24 ± 0.03 0,16 ± 0.01 0.30 ± 0.02 0.78 ± 0.34 0.38 ± 0.06 
Tumor/Brain 1.09 ± 0.05 1.27 _ 0.20 0.91 ± 0.11 1.11 ± 0.11 2.86 ± 0.90 4.42 ± 0.59 
Tumor/Muscle 1.19 ± 0.07 1.60 ± 0.28 1.44 ± 0.13 2.02 _ 0.19 3.41 _+ 1.01 1.47 ± 0.16 

* %lD/organ. 

24 hr postinjection of 4(c) (highest activity is correspond- 
ing to white). 

DISCUSSION 

Qualitative studies of autoradiography in B16 mela- 
noma-bearing mice showed tumoral localization of radio- 
activity after injection of the four iodinated compounds. 
Compound 4(c) produced the most intense tumoral im- 
ages at each time interval postinjection (Fig. 3-1). High 
concentration was also observed in the other melanotic 
melanoma, M4Beu at 1 and 4 hr after injection of 4(c) 
(Fig. 3-2). M3Dau only displayed a low activity 1 hr post- 

injection (Fig. 3-3). For the three tumor models, hetero- 
geneous concentration of radioactivity corresponded to 
areas of necrosis of the tumor (with absence of uptake). 

The first step of the tumoral B16 localization showed 
tumor uptake of the same order of magnitude for the four 
iodinated compounds. The highest tumor uptake (6.5% 
ID/g) was observed at 1 hr for compound 4(c). The statis- 
tical analyses only allowed us to separate the compound 
4(c) from compound I(c) as extremes. For tumor-to-blood 
ratios, a significant difference appeared between 4(c) and 
the three other compounds: 4(c) quickly cleared from the 
blood and gave higher ratios from 1 to 6 hr postinjection. 
This explained the good autoradiographic images obtained 

TABLE 4 
Tumor-to-Organ Ratios After Intravenous Injection of [1251]IMP in Mice Bearing Either B16 Melanoma or Melanot ic and 

Amelanotic Human Melanoma Heterotransplants 

Ratios 1 hr 2 hr 4 hr 6 hr 12 hr 24 hr Melanoma 

Tumor/Blood 7.35 ± 0.75 9.95 ± 1.23 7.19 ± 0.78 3.36 _+_ 1.62 5.27 ___ 1.03 4.57 _+ 0.94 
Tumor/Liver 0.70 ±_ 0.07 0.71 +_ 0.05 0.74 + 0.06 0.46 _+ 0.22 1.22 + 0.18 1.63 _ 0.43 
Tumor/Lung 0.49 _+ 0.05 0.52 ± 0.02 0.47 ± 0.07 0.30 ± 0.18 0.48 ± 0.09 0.49 + 0.14 
Tumor/Brain 0.56 ± 0.05 0,70 ± 0.05 0.80 ± 0.07 0.52 +_ 0.29 1.40 _ 0.15 1.79 _+ 0.53 
Tumor/Muscle 2.70 ± 0.35 3.31 ± 0.22 3.65 ± 0.27 2.13 ± 1.07 5.58 __+ 0.65 6,35 ± 0.54 

Tumor/Blood 4.01 _ 0.46 6.97 + 1.46 6.87 +_ 0.85 5.81 ± 1.02 3.30 + 0.32 3.59 _+ 0.78 
Tumor/Liver 0.24 _ 0.03 0.45 +_ 0.14 0.72 _ 0.06 0.74 +_ 0.08 1.09 + 0.12 1.29 + 0.15 
Tumor/Lung 0.21 ± 0.01 0.39 _ 0.15 0.49 _ 0.07 0.42 ± 0.10 0.37 _+ 0.04 0.39 ± 0.03 
Tumor/Brain 0.26 _ 0.02 0.50 ± 0.12 0.78 _ 0.08 0.79 +_ 0.09 1.05 - 0.10 1.29 _ 0,18 
Tumor/Muscle 1.62 _ 0.13 3.06 ± 0.68 4.56 _ 0.33 4.83 ± 0.65 5.94 ± 0.72 8.38 _ 1.12 

Tumor/Blood 4.03 +_ 0.18 4.14 _ 0.29 3.27 ___ 0.16 2.59 _ 0.22 1.44 _+ 0.10 1.03 _ 0.09 
Tumor/Liver 0.21 -4- 0.02 0.23 +_ 0.02 0.30 _ 0.02 0.31 _ 0.01 0.33 + 0.02 0.36 +_ 0.02 
Tumor/Lung 0.18 _ 0.03 0.22 _+ 0.02 0.19 _ 0.01 0.20 ± 0.03 0.16 _ 0.02 0.14 _+ 0.01 
Tumor/Brain 0.26 ± 0.01 0.29 + 0.01 0.32 ± 0.01 0.35 _ 0.01 0.35 _ 0.01 0.37 _+ 0.02 
Tumor/Muscle 1.51 +_ 0.14 1.77 _+ 0.09 1.80 _+ 0.07 2.26 + 0.10 2.26 + 0.10 2.19 _ 0.13 

B16 

M4 Beu 

M3 Dau 
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FIGURE 8. (A) Scintigram of a C57BL6 mouse bearing B16 
melanoma in the right flank. Images were obtained with a pinhole 
collimator 6 hr postinjection. (B) Tumoral image at the same time 
showing preferential radioactive concentration of 4(c) within the 
zones of the tumor itself. 

after injection of compound 4(c). The preliminary screen- 
ing prompted us to perform more experiments with 4(c). 

We observed on Figure 7 that after injection of 4(c) the 
tumoral uptakes are separated in two groups: the melanotic 
tumors, (BI6 and M4Beu) and the amelanotic one 
(M3Dau). This has been confirmed by statistical analysis. 
This major uptake difference between pigmented and non- 
pigmented tumors suggests that the localization could be 
partly dependent on the synthesis of melanin. 

In order to visualize malignant melanoma and metas- 
tases, a potential radiopharmaceutical must meet two cri- 
teria: high %ID/g tumor and high tumor/tissue ratios 
(blood, muscle, brain, liver or lung). One hour after intra- 
venous injection of 4(c), the 125I activity was distributed 
over most tissues with preference for kidney, liver, lung 
and digestive tracts. We noted (Tables 1 and 2) a high 
amount of radioactivity in the melanotic tumors. Then a 
fast elimination was observed with a preferential retention 
of radioactivity in the melanomas. The statistical analysis 
showed a significant difference from 6 to 24 hr postinjec- 
tion [% ID/g for B16 and M4Beu higher than %ID/g for 
all analyzed tissues]. The tumor versus blood ratios 

FIGURE 9. (A) Scintigram of a nude mouse xenografted with 
a human melanotic melanoma in the right flank. Images were 
obtained with a pinhole collimator 4 hr postinjection. (B) Tumoral 
image at 4 hr postinjection. 

I f 
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FIGURE 10. (A) Scintigram of a nude mouse xenografted with 
a human melanotic melanoma in the right flank. Images were 
obtained with a pinhole collimator 24 hr postinjection (B) Tumoral 
image at 24 hr postinjection. 

reached a maximum for M3Beu at 12 hr postinjection and 
a maximum for B I6 at 24 hr. A difference of kinetics 
appeared between the murine and human melanotic tu- 
mors. We also noted that ratios of tumor uptake to uptake 
in selected organs, which could be the location of metas- 
tases, were all greater than 1 from 6 to 24 hr. 

Table 3 shows that M3Dau tumoral uptake was low at 
each time postinjection. We only noted particular values 
at I and 2 hr, which was probably related to blood activity. 
This confirmed the images obtained on autoradiography. 
The tumor/tissue ratios were always low due to the poor 
tumoral concentration. 

It appeared from the tissue distribution that 4(c) has 
potential as a melanoma imaging agent, firstly with high 
%ID/g melanotic melanomas, (with the same percentages 
significantly higher than those of all analyzed tissues) and 
secondly with high tumor/tissue ratios. The statistical anal- 
yses also allowed us to find the range of potential imaging 
times which seemed the best. 

After intravenous injection of t25I-IMP we observed a 
slow blood clearance. Until 24 hr post-injection the uptake 
in almost all analyzed tissues was higher than tumor. The 
statistical analysis of ratios in Table 4 comparatively to 
the same ratios after i.v. injection of 4(c) (Tables 1 and 2) 
showed a significant difference between 4(c) and IMP (for 
B 16 and M4Beu). The differences were partly due to the 
quick blood clearance of 4(c) versus the slow blood clear- 
ance of IMP. Therefore these comparative studies between 
IMP and 4(c) at equivalent molar doses indicated than 
4(c) was a better radiotracer with in vivo models. 

Until 24 hr after injection of IMP, the high radioactivity 
in all tissues made it impossible to obtain melanoma 
images with good contrast. Because of the accumulation 
of 4(c) within the melanotic melanomas, it was possible 
to image the tumors with a noninvasive procedure. We 
noted a substantial accumulation of radioactivity in the 
digestive tract, in the bladder and in the tumor during the 
first hours postinjection (Fig. 9), but from 6 to 24 hr a 
quick blood clearance and the adequate tumor uptake 
resulted in a clear delineation of the tumor masses from 
other tissues (Fig. 8). The 24-hr scintigram (Fig. 10) pro- 
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rides a clear view of  the tumor with virtually no blood or 
intestinal radioactivity. As we noted on autoradiographs, 
we had no uptake into areas of  necrosis. This preferential 
localization within the zones of the tumor itself is of  
particular interest for clinical imaging. 

CONCLUSION 

N-(2.diethylaminoethyl)4-iodobenzamide is a new type 
of radioiodinated compound which is significantly taken 
up by melanotic melanomas. The mechanism of tumor 
uptake is presently under investigation. It remains to be 
seen whether ~2~l-labeled compound would show similar 
results. It is obvious that only studies in man would 
elucidate these points. Preclinical toxicology studies and 
analytical expertises have been performed. The study has 
received the approval of  our Institutional Ethical Com- 
mittee. The preliminary clinical evaluation of the ~~I 
radiopharmaceutical provides evidence that it represents a 
useful imaging agent for detection of primary malignant 
melanoma and metastases. 
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