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| mpacts of particle shape on cellular uptake and tumor
imaging application of ultra-pH sensitive micelles

WANG Zeng-hui, CHEN Bin-long, YIN Qing-ging, YAN Yue, LIU De-chun,
ZHANG Qiang, WANG Yi-guang’

(School of Pharmaceutical Sciences, Peking University, Beijing 100191, China)

Abstract: This study was designed to investigate the impacts of particle shape of micelles on cell uptake and
tumor imaging applications. We designed and synthesized an ultra-pH sensitive PEG-iPDPA diblock polymer,
and prepared it into wormlike micelles and spherical micelles by thin-film dispersion method and modified solvent
evaporation method, respectively. Firstly, the pH responsiveness of two kinds of micelles was investigated
invitro. Both forms of micelles responded to pH sensitively, and each of them could reach 100 times of ON/OFF
fold after conjugated with BDP fluorescent probe. Moreover, the cellular uptake of two forms of micelles
depended on the concentration and incubation time. However, the amount of cellular uptake of spherical
micelles was much higher than that of the wormlike micelles, which proved that the shape of nanoparticles had
agreat influence on the cellular uptake. The results of in vivo imaging revealed that the spherical micelles had
a better tumor accumulation as well as tumor imaging outcomes. Finally, the biosafety of micelles was tested
by MTT assay and H&E staining, which indicated that none of the two kinds of micelles had obvious toxicity.
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Collectively, these results suggest that the spherical micelles could be a better carrier compared with worm-
like micelles in terms of cellular uptake, tumor accumulation and tumor detection.
Key words: micelles; ultra-pH sensitive; fluorescence; diagnosis
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Figure1 HNMR of PEGs-iPDPA (A); pH-titration curves of PEGs-iPDPA polymer and its corresponding monomer 2-(diisopropyl
amino)ethyl methacrylate (iDPA-MA) (B); particle size and polydispersity (PDI) analysis of wormlike micelles (WMs) with different

ultrasound time (C); particle size and PDI of WMs with different polymer concentrations (D).
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Figure 2 Preparation and characterization of fluorescent nanoparticles with different shapes. A and B: Transmission electron micro-
scope (TEM) images of spherical micelles (SMs, A) and wormlike micelles (WMs, B) prepared with PEGsk-iPDPA2o block copolymer.

Scale bars, 200 nm; C and D: pH-dependent fluorescence spectra of SMs-TMR (C) and WMs-TMR (D).

Each sample was excited at

545 nm, and emission spectrum was collected from 560 nm to 660 nm; E and F: pH-dependent fluorescence spectra of SMs-BDP (E) and
WMs-BDP (F). Each sample was excited at 488 nm, and emission spectrum was collected from 500 nm to 600 nm; G and H: Normalized
fluorescence intensity (NFI) of SMs (G) and WMs (H); | and J: pH-dependent fluorescence images of SMs (1) and WMs (J); K: Stability
of SMs-BDP and WMs-BDP in the presence of fresh mouse plasma.  FI: Fluorescence intensity; TMR: Tetramethyl rhodamine; BDP:
BODIPY-FL; SMs-TMR: SMs conjugated with TMR; WMs-TMR: WMs conjugated with TMR; SMs-BDP: SMs conjugated with BDP;

WMs-BDP: WMs conjugated with BDP
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Figure 4 In vivo pharmacokinetics and fluorescence imaging analysis of different shaped micelles. A: Normalized concentration (ID
%) of micelles in plasma after i.v. injection of SMs-BDP or WMs-BDP into 4T1-bearing mice at a dose of 20 mg-kg™. n=5, Xzs;
B and C: Ex vivo fluorescent images (B) and organ to muscle ratios (O/M ratio) (C) at 48 h post-injection of SMs-Cy7.5 or WMs-Cy7.5.
BALB/c mice were treated with micelles at a dose of 20 mg-kg™; D: In vivo fluorescence images of 4T1-bearing mice treated with
SMs-Cy7.5 or WMs-Cy7.5 at predetermined time points at a dose of 20 mg-kg™*; E and F: FI (E) and tumor to normal tissue ratio (T/N
ratio) (F) as functions of time after injection of SMs-Cy7.5 or WMs-Cy7.5 at a dose of 20 mg-kg™. Cy7.5: Cyanine 7.5; SMs-Cy7.5:
SMs conjugated with Cy7.5; WMs-Cy7.5: WMs conjugated with Cy7.5. n=2, X+s
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Figure5 Cytotoxicity of SMsand WMs under the concentration gradients of 2.5 pg-mL™ — 1 mg-mL ™ against 4T1 cells for 4 h (A);
H&E staining of heart, liver, spleen, lung and kidney excised from 4T 1 tumor-bearing mice treated with SMs, WMs or normal saline (B).
Scale bars, 100 um
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