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Abstract Developing biocompatible, multifunctional and in-situ labeling nanoplatform is high challenging for molecular
imaging. Organic derivates melanin nanoparticles (MNPs) holds great potential to be multimodal contrast agents, and have
been used for photoacoustic imaging, magnetic resonance imaging, and **Cu PET imaging with simple modifications. In
order to extend MNPs application in molecular imaging, here a novel radio-nuclide was applied to in-situ labeling of MNPs.
Large numbers of active dihydroxyindole/indolequinone groups and natural binding ability of MNPs enabled them to have
the ability to label different types of radionuclides which have unique half-life and functions, especially long-life elemental
nuclide. This project explored the in-situ labeling methods of organic melanin nanoparticles with a promising diagnostic ra-
dionuclides named Iodine-124 ('*I), and using this novel multifunctional organic nanoparticles for preliminary molecular
imaging studies. Generally, ultrafine particle size melanin nanoparticles (5.5 nm in diameter) were prepared by ultrasoni-
cation method using naturally occurring melanin, then PEG3s00 which had amino group at both ends was used as a stabilizer
agent to obtain PEG-MNP nanocarriers (7.5 nm in diameter) with better water solubility and stability. The nanoparticles were
full characterized by dynamic light scattering (DLS), transmission electron microscope (TEM) and 'H NMR, respectively.
Then, one kind of elemental nuclide was labeled. Classic iodine labeled method with N-Bromo Succinimide (NBS) was used
as oxidant to oxidize active dihydroxyindole/indolequinone ring of PEG-MNP for electrophilic substitution reaction labeling
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124 (100.8 h). This reaction rate is extremely fast (60 s reaction time) and high labelling yield (>99%). The '*I was labeled
successfully and in-situ labeled PEG-MNP nanocarriers were obtained. After that, 1247 and "**I-PEG-MNP were used to fur-
ther preclinical evaluation by micro-PET imaging. Micro-PET images were collected at 2 h, 24 h and 48 h after intravenous
injection 7.4 MBq '**I and '**I-PEG-MNP in normal Kunming mice (n=3). The ROI target area of heart, liver and thyroid
were delineated for semi-quantitative analysis. Then, in order to verify the imaging ability of '**I-PEG-MNP in solid tumor.
We built human pancreatic cancer BxPC3 xenograft model (»=3), and Micro-PET scans were performed at different time
points. Results showed that the labeling rate of "I on PEG-MNP was 99.9%. And the radiochemical purity in vitro stability
of "*I-PEG-MNP in 96 h was more than 90%. Micro-PET images showed that '**[-PEG-MNP had no obvious thyroid uptake
which indicated no de-marking in mice. The radio-distribution of '** and "**I-PEG-MNP was substantially different in liver
and thyroid (P<<0.001). In vivo semi-quantitative analysis showed that the radio uptakes of organs were consistent with the
distribution of nanoparticles. And the PET imaging of xenograft mice showed that '**I-PEG-MNP can utilize the enhanced
permeability and retention effect (EPR) to be significantly enriched at the tumor and retained in the tumor site for more than
48 h. PEG-MNP has the ability to label long half-life nuclide '**I. This research provides an experimental basis for further

construction of long-circulation multimodal imaging probes.

Keywords melanin nanoparticles; polynuclear labeled; molecular imaging; in-situ labeling; Micro-PET
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Bl 1 MNPs & PEG-MNP &E&iafactt, NASIGIRICAA) 1
mg/mL MNPs Ji\ LuCl;*6H,0, (2) 1 mg/mL MNPs Jji \ CuCl,*2H,0,
(3) I mg/mL PEG-MNP I\ LuCl;*6H,0, (4) 1 mg/mL PEG-MNP JIIA
CuC12'2H20

Figure 1 The stability of metal bonded MNPs and PEG-MNP. From left
to right (1) 1 mg/mL pristine MNPs with LuCl;*6H,0, (2) 1 mg/mL pris-
tine MNPs with CuCl,*2H,0, (3) 1 mg/mL PEG-MNP with LuCl;*6H,0,
(4) 1 mg/mL PEG-MNP with CuCl,*2H,0
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Figure 2 DLS of MNPs (a), diameter =554 1.5 nm. DLS of
PEG-MNPs (b), diameter=7.5+1.5 nm
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Figure 3 TEM of PEG-MNP, scale bar=>50 nm and 10 nm
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Figure 4 FTIR Spectra of MNPs and PEG-MNP
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Figure 5 Radio-TLC of nuclear labeling rate, '**I-PEG-MNP

222 AFIEERIMEE AR
FERRICT VDN H A N PR 2 1T, RTEAT RSN E
PERSIN. B 6 AT, "**I-PEG-MNP 23] 0.01 mol/L
PBS % #i(pH=7.4) % 5% HSA (human serum albumin)
BT 96 h NITRTF RIFFE5E, Radio-TLC iR
TCAIAE PR BTl BE S5 PR HFAE 90% LA E.

100 —a—HSA
—o— PBS
90
2
o4
@)
o
804
70

0 20 40 60 8 100
Time/h

Bl 6 '*I-PEG-MNP 7f PBS Fll 5% HSA ¥ - K4 &M 8 P R
Figure 6 I vitro stability of '**I-PEG-MNP in PBS and 5% HSA buffer
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Figure 7 Micro-PET imaging of KM mice with I (a) and
[LPEG-MNP (b), from left to right, 2 h PET imaging, 24 h PET imaging
and 48 h PET imaging, respectively
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Figure 8 Radio-distribution of KM mice with '*I-PEG-MNP (a) and
[ (b), from left to right, 2 h PET imaging, 24 h PET imaging and 48 h
PET imaging, respectively
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Figure 9  Micro-PET imaging of BxPC3 xenograft model with
'[LPEG-MNP, from left to right, 4 h PET imaging, 24 h PET imaging
and 48 h PET imaging, respectively
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FURAR ROI /)i, 23] = Ff 88 B U AR N 0 A R
K. % SPSS22.0(IBM, Chicago, IL, USA)¥ it 4T
Guit i, PO AR T R IR AE [R)— B )
R Counts {H 22 5, Suil R AMSIFEA t K156, P<
0.001 £nZEr A G ¥R .
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