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Background: Atherosclerosis is a major global health concern. Targeting macrophages is hypothesized as
an alternative treatment for atherosclerosis.

Methods: We synthesized alginate-based cisplatin-loaded nanogels (TANgel) as a pH-responsive drug-
releasing theranostic nanoplatform for macrophage cells. Carboxylic acid groups of alginic acid were
modified with iminodiacetic acid (IDA) to enhance chelation of platinum ions. The near infrared (NIR)
fluorophore ATTOG655 was conjugated to the modified alginic acid. Cisplatin was used as an antiproliferation
drug and as a crosslinking agent between alginate molecules to form TANgel. Release behavior of cisplatin
from TANgel was analyzed under different pH conditions. Cellular uptake and therapeutic efficacy of
TANgel were tested in the macrophage cell line J774A.1 and normal human cell lines such as HDMVECn.
Results: The nanogel had a narrow size distribution of approximately 100 nm. The nanogel showed highly
pH-responsive drug release behavior. All incorporated cisplatin was released at pH 5 within 48 h, while less
than 15% was released at pH 7.4. The nanogel was preferentially taken up by J774A.1 cells compared to
normal human cells, enabling selective NIR fluorescence imaging and chemotherapy of macrophage cells. In
addition, the nanogel formulation lowered the therapeutic concentration of the drug with and without low
dose radiation therapy (RT) compared to the free drug form.

Conclusions: This nanogel system may have potential utility for selective NIR fluorescence imaging and
combined chemo/radio therapy of proliferating macrophage cells in atherosclerotic regions, allowing for

reduction of systemic toxicity.

Keywords: Alginic acid; atherosclerosis; cisplatin; combination therapy; macrophage; theranostic

Submitted Aug 29, 2018. Accepted for publication Sep 06, 2018.
doi: 10.21037/qims.2018.09.01
View this article at: http://dx.doi.org/10.21037/qims.2018.09.01

Introduction

Atherosclerosis is a disease where lipids and fibrous elements
accumulate in arteries and is the underlying cause of more
than 50% of deaths in the westernized world (1). The early
stages of atherosclerosis are marked by subendothelial
accumulation of cholesterol-engorged macrophages, later
joined by smooth muscle cells and necrotic debris leading

to plaque formation (1,2). As macrophages play a pivotal
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role in development of atherosclerosis as well as atheroma
plaque destabilization and rupture, which in turn leads
frequently to thrombo-occlusive complications including
strokes and myocardial infarction, macrophages may be
a valuable therapeutic target. Indeed, previous studies
support targeting macrophages as a promising strategy for
atherosclerosis treatment (2).

Recent studies have shown that the majority of
macrophages in atherosclerotic lesions originate from
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Figure 1 Synthesis and mechanism of action of theranostic alginate-based cisplatin-loaded nanogel (TANgel). (A) Synthesis steps of alginate

derivative and TANgel. On the right side, the chelation of platinum to polymer is explained. (B) Schematic diagram of TANgel taken up selectively

by macrophages and releasing cisplatin and fluorescence, enabling selective imaging and combined chemo/radio therapy. IDA, iminodiacetic acid.

local proliferation rather than inflaimmatory monocyte
recruitment from the bloodstream (3). This suggests that
use of antiproliferation agents may be an effective and novel
approach to treat atherosclerosis. Antitumor drugs such as
doxorubicin (4) and photodynamic therapy (5) are examples
of antiproliferation treatments. However, development of
theranostic agents which can selectively target and treat
proliferating macrophages in atherosclerotic regions is an
ongoing challenge.

Cisplatin is a widely used platinum-based drug included
in many standard regimens for cancer treatment, sometimes
in combination with radiotherapy. Cisplatin acts on cells by
crosslinking DNA, resulting in DNA damage. Cisplatin also
has radiosensitizing properties. The tendency of cisplatin
to form crosslinks with carboxyl or sulthydryl groups in
proteins or specific nitrogen atoms in DNA has led to
use in incorporation in polymers (6) and other carriers
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to overcome drug resistance and drug side effects such as
nephrotoxicity (7,8). Alginic acid is a polymer obtained
from seaweed known for being inexpensive, nontoxic,
and biocompatible (9). Alginate gelates in the presence of
cations such as Ca™ (9). However, we demonstrated that it
does not readily gelate with Pt™* for nanogel synthesis.

In this study, we synthesized theranostic alginate-based
nanogels (TANgel) as a pH-responsive drug-releasing
theranostic nanoplatform for macrophage cells (Figure I).
Initially, carboxylic acid groups of alginate were modified
with iminodiacetic acid (IDA) to enhance chelation with
platinum ions (10,11). Near infrared (NIR) fluorophore
ATTOG55 was conjugated to the modified alginic acid.
Then, cisplatin, which functions as an antiproliferation
drug, was used to crosslink alginate molecules to form
TANgel (Figure 14). This was the first synthesis of
TANgel. We hypothesized that TANgel would be stable
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in blood circulation, minimizing systemic toxicity of
cisplatin. As atherosclerotic plaques have leaky vascular
structure resulting in enhanced permeability (12,13),
TANgel can accumulate in leaky regions and be actively
taken up by macrophage cells. In macrophages, release of
cisplatin may be triggered at lysosomal pH (pH 4.5-5.5)
because of pH-dependent decreased affinity of IDA (as
well as carboxylic acids of alginic acid) for metal ions (14).
The sites at which this occurs would then be detected
through NIR fluorescence imaging. In addition, combined
treatment with radiation therapy (RT) may further reduce
the therapeutic concentration of the drug with regard to
reducing macrophage proliferation (Figure 1B). Therefore,
TANgel may be useful for selective imaging and combined
chemo/radio therapy of proliferating macrophage cells in
atherosclerotic regions with reduced systemic toxicity.

Methods
Materials

IDA, sodium alginate (MW =190 kDa), 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC),
ethylenediamine, AT'TO655-NHS ester, cisplatin [cis-
diamminedichloridoplatinum (II)], and o-phenylenediamine
(OPDA) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Dialysis membrane (MWCO =10 kDa) was
purchased from Repligen (Waltham, MA, USA) and dialysis
tubing (MWCO =12 kDa) was purchased from Thermo
Fisher Scientific (Waltham, MA, USA).

Synthesis of IDA-modified alginic acid (Alg-IDA)

IDA was attached to the alginic acid backbone by utilizing
EDC. Sodium alginate (200 mg) was dissolved in 10 mL
of deionized (DI) water. Five milliliters of EDC aqueous
solution (200 mM) was added and the mixture was adjusted
to pH 6 by addition of 0.1 M hydrochloric acid. After
stirring for 45 min, IDA (200 mg) was dissolved in 4 mL
of sodium hydroxide solution (0.1 M), and the solution was
added to the mixture in a dropwise manner. The mixture
was re-adjusted to pH 6 and stirred for 3 h. Following
stirring, the mixture was dialyzed (MWCO =15 kDa) in
1 mM hydrochloric acid for 2 days, in 1 mM hydrochloric
acid +1% sodium chloride solution for 1 day, then in DI
water for 1 day. Finally, the product was freeze-dried and
stored. To synthesize the Alg-IDA-dye conjugate, one-
tenth of the IDA solution was combined with equimolar
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ethylenediamine (11 mg). Two and one-half milliliters of the
resulting product was concentrated to a volume of 0.5 mL
using a centrifugal filter, to which 2 mL phosphate buffer
(pH 8.5) and 1 pmol ATTOG655-NHS ester was added.
The mixture was shaken for 1 h, then dialyzed (MWCO =
10 kDa) in DI water for 2 days. The product was freeze-
dried for storage.

Preparation of TANgel

Cisplatin was dissolved in DI water at 5 mg/mL and
preheated to 90 °C for dissolution. Alg-IDA and Alg-IDA-
dye, at a mass ratio of 9:1, were dissolved in water to a
final concentration of 2 mg/mL. Then 0.2 mL of cisplatin
solution was mixed with 0.8 mL of Alg-IDA/Alg-IDA-dye
solution, and the mixture was incubated at 95 °C for 1 h.
Following incubation, the mixture was cooled on ice for
15 min. The mixture was then dialyzed (MWCO =2 kDa)
in DI water for 4 h.

Characterizations

UV-Vis absorption spectra of free dye, Alg-IDA-dye, and
TANgel were obtained using a UV-Vis spectrophotometer
DU730 (Beckman Coulter, USA). Fluorescence spectra
of the solutions (L., =655 and 710 nm) were obtained
on a multifunctional microplate reader (Safire 2, Tecan,
Switzerland). Scanning electron microscope (SEM) images
of nanoparticles were obtained using a JEM-7800F field
emission SEM (JEOL, Japan). EDS data was obtained using
an X-max (Oxford Instruments, UK) analyzer attached to
a JEM-F200 (JEOL) transmission electronic microscope
(TEM) in scanning TEM mode. Dynamic light scattering
(DLS) and zeta potential analysis were performed on a
Zetasizer Nano-ZS (Malvern Instruments, UK). Inductively
coupled plasma mass spectrometry (ICP-MS) measurement
was performed on a NexION 300 (PerkinElmer, USA).
Cisplatin equivalent concentration was determined using
ICP-MS results and the freeze-dried mass of TANgel.
Fluorescence photographs were taken with iz vitro imaging

system (IVIS) Lumina XR (Caliper Life Science, USA).

In vitro drug release test

Release of cisplatin from TANgel was analyzed at different
pH conditions. TANgel solution (625 pg/250 pL) was
transferred to dialysis microtubes (MWCO =12 kDa) and
immersed in 40 mL of phosphate buffer solutions (0.1 M)
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at pH 7.4 or pH 5 and shaken gently. At each time point
1.5 mL of buffer solution was collected and 1.5 mL of
fresh buffer was added back. The amount of cisplatin in
each sample was determined with a modified version of the
OPDA assay (15). Total cisplatin released was calculated
cumulatively. Experiments were performed in triplicate.

Cell culture

A Murine macrophage cell line (J774A.1), a human primary
dermal microvascular endothelial cell line (HDMVECn),
a human primary dermal fibroblast cell line (HDF), and
a human primary coronary artery smooth muscle cell line
(HCASMC) were acquired from ATCC (American Type
Culture Collection, Manassas, VA, USA). J774A.1 and
HDF cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM; Thermo Fisher Scientific) supplemented
with 10% fetal bovine serum (FBS) and 1% antibiotic and
antimycotic (Thermo Fisher Scientific). HDMVECn and
HCASMUC cells were maintained in vascular cell basal
medium plus microvascular endothelial growth kit (AT'CC).
Cells were incubated in a humidified incubation chamber
containing 5% CO,.

Cell uptake assay

J774A.1 and HDMVECn cells were plated in an 8-well
Lab-Tek II chambered glass (Thermo Fisher Scientific) at a
density of 5x10* cells/well, and incubated for 24 h to allow
cell attachment. TANgel solution was diluted with the
appropriate cell culture medium to achieve a concentration
of 2 uM Cis equivalent. The existing culture medium was
replaced with 200 pL of fresh medium containing TANgel,
and cells were incubated for 24 h. Untreated control cells
were incubated with cell culture medium without TANgel
for 24 h. All cells were washed 3 times with fresh culture
medium and stained with 50 nM Lysotracker Red DND-99
(Thermo Fisher Scientific). Fluorescence images of the cells
(A =633 nm, A, =652-747 nm for TANgel; A, =561 nm,
Aem =579-633 nm for Lysotracker) were obtained using
confocal laser scanning microscopy (LSM 780, Carl Zeiss,
Germany). All fluorescence images for TANgel were taken
using identical settings for comparison.

Cytotoxicity assay

J774A.1 cells were seeded in a 96-well plate at a density
of 5x10° cells/well. HDMVECn, HDF and HCASMC
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cells were seeded in a 96-well plate at a density of 1x10*
cells/well. All cells were incubated for 24 h to allow cell
attachment. TANgel and free Cis were diluted in cell
culture medium to obtain equivalent concentrations of
0.1, 0.2, 0.5, 1 and 2 pM Cis for J774A.1 experiments, and
concentrations of 1 and 2.5 pM Cis for HDMVECn, HDE,
and HCASMC experiments. The existing culture medium
was replaced with 100 pL of the appropriate media. Cells
were incubated for 24 h then washed and the media in each
well exchanged with fresh drug-free cell culture medium.
To evaluate the effect of TANgel on chemo/radio therapy,
J774A.1 cells were treated with TANgel or free Cis in
DMEM described above for 24 h. Following treatment, the
culture media were exchanged with fresh drug-free media.
Cells were then irradiated with ionizing radiation. Radiation
treatments were performed using a XenX irradiator
platform (Xstrahl, UK) to deliver a total X-ray dose of 3 Gy.

Following radiation, cells were incubated for 72 h, and
cell viability was analyzed using a CCK-8 assay kit (Dojindo
Laboratories, Japan). Absorbance of each sample was
measured at 450 nm using a microplate reader. Untreated
control cells were used as a reference for 100% viable
cells, and their medium served as the background. Data are
expressed as mean = SD of 6 data samples.

Live cell proliferation assay

The effect of TANgel or free Cis with or without radiation
treatment on the rate of cell proliferation was evaluated.
Cells were seeded in 96-well plates at a density of 5,000
cells/well and incubated overnight for cell attachment.
Cells were treated with TANgel or free Cis (0.2 or 2 pM,
respectively) for 24 h. Culture media was replaced, and cells
were irradiated with ionizing radiation and were analyzed
every 2 h for 72 h using an IncuCyte ZOOM live cell
analysis device (Essen BioScience, Ann Arbor, MI, USA).
All experiments were carried out in triplicate. Data are
expressed as mean = SD of 4 data samples.

Statistical analysis

Statistical analysis was performed using Student’s 7-test.

Results

"To enhance cisplatin-binding performance of the alginic acid
backbone, we attached IDA to carboxylic acids of alginate
using carbodiimide. Success of the reaction was confirmed
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Figure 2 Characterization of TANgel. (A) Hydrodynamic size distribution and SEM image (inset) of TANgel. (B) EDS map for elements

Pt, C, and O of TANgel. (C) UV-Vis absorption spectrum and fluorescence spectra upon excitation at two wavelengths (655 and 710 nm) of
TANgel. (D) Photographic image and fluorescence images in two different channels (Cy 5.5: A, =630-650 nm, X, =690-730 nm, Cy 7: A, =

710-730 nm, A

nanogels; SEM, scanning electron microscope.

by identification of Alg-IDA by "H-NMR (Figure S1). To
allow for imaging, Alg-IDA was further functionalized with
amine groups via ethylenediamine, to which fluorescent
dye molecules were attached by NHS ester reaction. After
obtaining fluorescent alginate molecules (Alg-IDA-dye),
nanogel synthesis was carried out by mixing cisplatin with
Alg-IDA and Alg-IDA-dye, and heating the mixture at 95 °C
for 1 h. The optimal ratio and concentrations of Alg-IDA
species and cisplatin were determined in a preliminary
experiment (data not shown). After formation, TANgel was
characterized through multiple means. DLS measurements
gave hydrodynamic sizes of 99.3 nm with a polydispersity
index (PDI) of 0.177 and zeta potential of -28.8 mV
(Figure 2A4). To determine cisplatin loading, TANgel was
evaluated by ICP-MS, with a result of 8.96+0.21 wt% of Pt

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

» Tem

, A =770-810 nm) of a blank solution (phosphate buffered saline) and TANgel solution. TANgel, theranostic alginate-based

content, which translates to a cisplatin loading efficiency of
(13.78+0.32)%. Note that the Pt content agrees with the
value obtained from energy-dispersive X-ray spectroscopy
(EDS) which gave 13.99 wt% of Pt. EDS mapping also
showed Pt atoms evenly distributed throughout the nanogel
particle (Figure 2B). In UV-Vis absorbance and fluorescence
spectra, new absorption and emission peaks emerged in the
region of 710 and 740 nm, respectively (Figure 2C). NIR
fluorescence imaging showed that the fluorescence from
TANgel could be detected through a longer-wavelength
channel where free dye molecules showed no emission
(Figure 2D, Figure S2).

Analysis of dispersion stability of TANgel (Figure S3)
showed that the solution remained stable for at least 7 days
under ambient conditions. DLS measurement of the sample
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at day 7 showed no notable changes to the hydrodynamic
size distribution of the nanogels (Figure S3B). Likewise,
nanogels suspended in physiological solution were stable
for at least 10 days (Figure S4). We also evaluated the effect
of exchanging medium with buffer solutions at pH 7.4 and
pH 5, and demonstrated little change in size distribution of
TANgel after 48 h (Figure S5).

Drug release profile was determined by placing TANgel
solutions in dialysis tubes and shaking in phosphate buffer
solutions at pH 7.4 or pH 5 (Figure 3). Cisplatin released
much faster at pH 5, as expected, with all incorporated
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Figure 3 Cisplatin (Cis) release profile of TANgel at pH 7.4 and
pH 5.0. TANgel, theranostic alginate-based nanogels.
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cisplatin released within 48 h. At pH 7.4, less than 15% was
released within 48 h.

We evaluated intracellular uptake of TANgel and its
localization in vitro. As atherosclerosis is characterized by
plaque build-up and macrophage accumulation in arteries,
the J774A.1 macrophage cell line was chosen to model
atherosclerosis. To model normal cells the HDMVECn
human vascular endothelial cell line was used. Both cell
types were treated with TANgel for 24 h. Cells were washed
and NIR fluorescence images obtained (Figure 4). Although
J774A.1 cells clearly displayed fluorescence signals from
TANgel, HDMVECn cells did not display any significant
fluorescence from TANgel. Also, in J774A.1 cells TANgel
fluorescence was mainly coincident with fluorescence
from Lysotracker, indicating that when TANgel is taken
up by macrophage cells they are localized in lysosomes.
As lysosomes have an acidic environment, TANgel can
be expected to release cisplatin reliably because of its pH-
responsiveness.

To test the potential of combination therapy on
macrophage cells, iz vitro toxicity was assessed (Figure 5).
J774A.1 cells were treated with free cisplatin or TANgel
over a concentration range of 0.1-2 pM. Half of the cells
were subjected to RT (3 Gy). Cell viability was assayed after
3 days to evaluate DNA damage resulting from radiation
and chemotherapy. Results showed that while TANgel
showed similar toxicity in concentrations of 0.5 pM and
above, at lower concentrations it was more effective at

Lysotracker Merged

Figure 4 Cellular uptake of TANgel as observed by fluorescence. Confocal microscopy images of J774A.1 and HDMVECn cells were
obtained after 24 h of treatment with TANgel followed by washing. Cells were costained with Lysotracker. TANgel, theranostic alginate-

based nanogels.
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Figure 5 Viability of J774A.1 cells treated with (A) TANgel or (B) free Cis at various Cis equivalent concentrations, with or without
radiotherapy (RT, 3 Gy). **, P<0.01, ***, P<0.001. (C) Viability of normal cell lines (HDMVECn, HDE, and HCASMC) treated with

TANgel at various Cis equivalent concentrations. TANgel, theranostic alginate-based nanogels.

inhibiting cell viability, both with and without RT. Indeed,
the ICs, of TANgel was calculated at 0.12 pM (cisplatin
equivalent), lower than free cisplatin, which had an ICy,
of 0.21 pM. This difference may be explained by the high
uptake rate of TANgel and polymer ligands serving as
protection against platinum drug detoxification by thiol
residues and other chemical reactions. As a measure to
increase the reliability of cytotoxicity data, J774A.1 cells
were treated in a live cell analysis system (Figure 6). The
results were similar to those seen using the more traditional
assay above, including the result demonstrating higher
treatment efficiency of TANgel at 0.2 pM.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

To test selectivity of TANgel treatment, normal cell
lines were treated with TANgel over a concentration range
of 0-2.5 pM. In addition to HDMVECn, two different
suitable primary human cell lines were used: HDF dermal
fibroblasts and HCASMC coronary artery smooth muscle
cells. Results showed no toxicity at 1 and 2.5 pM as the
difference in cell viability compared to the control group
was not statistically significant (P=0.128, 0.171, and 0.157,
respectively). This result, combined with the selectivity
of radiotherapy, signifies that collateral damage to other
normal tissues can be minimized, during treatment with

TANgel.
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Figure 6 Effects of TANgel or free Cis at equivalent concentrations with or without radiation treatment on J774A.1 cell growth and
morphology. (A) Growth measured using live cell imaging system. Cell growth was monitored for up to 72 h after TANgel or free Cis
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Discussion

Macrophages play a pivotal role in development of
atherosclerosis. Proteases secreted from macrophages
degrade the extracellular matrix in the lesions, leading to
plaque rupture which can cause thromboembolic stroke
or myocardial infarction. These characteristics highlight
why development of theranostic agents which can
selectively image and treat proliferating macrophages in the
atherosclerotic region has great therapeutic potential.

We proposed cisplatin-loaded TANgel as a pH-
responsive drug-releasing nanotheranostic for NIR
fluorescence imaging and combined chemo/radio therapy
of proliferating macrophages. Cisplatin was selected as
an antiproliferation drug to treat macrophages and as a
crosslinking agent of polymer backbones, enabling simple
preparation of nanogels. As shown in Figure 24 and
Figure S3, spherical shaped nanogels with a hydrodynamic
size of 99.3 nm were formed, and TANgel was well
dispersed in aqueous solutions without significant changes
in hydrodynamic size for at least 7 d. This result suggests
that cisplatin crosslinked efficiently, supporting the three-
dimensional structure of TANgel.

As the alginate backbone is rich in carboxylic acid groups,
alginate-based nanogels are likely to be pH-responsive. In
a recent example, a doxorubicin-loaded alginate nanogel
was prepared by mixing doxorubicin with alginate to take
advantage of the electrostatic interaction between the
molecules, followed by cross-linking with calcium ions. The
release rate of doxorubicin from the nanogel was faster at
pH 5.0 than at pH 7.4; however, a sizable amount of drug
(~40%) was released after 24 h at pH 7.4 (16). In the current
study, we showed that approximately 80% of incorporated
cisplatin was released from TANgel at pH 5 within 24 h,
while less than 12% was released at pH 7.4 within 24 h.
We hypothesize that this results from use of an additional
chelating moiety with pH-sensitivity and use of platinum
ions in lieu of calcium ions. The difference in pH sensitivity
supported the hypothesis that cisplatin will be preferentially
released from TANgel in the acidic environment of
intracellular lysosomes, but not at normal physiological pH
(Figure 1B). Indeed, good therapeutic efficacy was obtained
in TANgel-treated macrophages while no cytotoxicity was
observed with up to 2.5 pM cisplatin equivalent treatment
of various normal cells. This shows the potential utility of
TANgel as a highly efficient pH-responsive drug delivery
system for treatment of disease.

Recently, NIR fluorescence imaging has emerged as a
promising technique for real-time visualization of sentinel

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

lymph nodes, tumor tissue, and vital structures during
intraoperative procedures, allowing for accurate guidance
during surgery. Interestingly, the conjugated NIR dye
ATTOG655 in TANgel has additional excitation and emission
wavelengths at a much longer NIR wavelength range
compared to free AT'TO655 dye. We speculate that this is
due to J-aggregation of dye molecules inside TANgel (17).
This shift in both the peak absorption and emission
wavelength allowed us to take fluorescence images in the
longer NIR wavelength region, where TANgel exhibited
strong emission but the original dye molecules did not
(Figure 2D and Figure S2). As TANgel was preferentially
taken up by macrophage cells compared to normal vascular
endothelial cells (Figure 4), TANgel may be useful in
selective NIR fluorescence imaging of macrophage cells in
atherosclerotic lesions.

In this article, we presented a theranostic nanoplatform
in which the crosslinker doubles as a chemotherapy
drug and a radiosensitizer. Synthesis of this theranostic
nanoplatform was accomplished using a dramatically
simplified novel approach. Synthesis of this nanogel is
simple and proceeds under mild conditions. Our product,
TANgel, was shown to have a good size distribution,
stability, excellent pH-responsiveness, selective uptake, and
interesting imaging properties owing to the shift in peak
wavelengths. Simple components, practically consisting of
only alginate derivative and cisplatin, would be beneficial
for clinical use. In the future, additional drugs can be loaded
onto this nanogel to target other ailments.
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Figure S1 Proton nuclear magnetic resonance (NMR) spectrum of Alg-IDA in D,0. NMR measurement was carried out on Avance 600
(Bruker, Germany) with operating frequency of 600 MHz. IDA, iminodiacetic acid.
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Figure S2 Optical properties of free ATTO655 dye. (A) UV-Vis absorption spectrum and fluorescence spectra of free ATTO655 dye
upon excitation on two wavelengths (655 and 710 nm). (B) Photographic image and fluorescence images in two different channels (Cy 5.5:
A =630-650 nm, A, =690-730 nm, Cy 7: A, =710-730 nm, A, =770-810 nm) of a blank solution (phosphate buffered saline) and free
ATTOG655-NH2 solution. No fluorescence signal was observed in Cy 7 channel.
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Figure S3 Stability of TANgel in deionized water. (A) Photographs of TANgel solution over time after synthesis. (B) Hydrodynamic size
distribution of TANgel solution after 7 days. TANgel, theranostic alginate-based nanogels.

Figure S4 Stability of TANgel at physiological pH condition. Photographs of TANgel dispersed in phosphate buffered saline (pH 7.4, 0.5x)
over time. TANgel, theranostic alginate-based nanogels.
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Figure S5 Hydrodynamic size distribution of TANgel solution after 48 h of dialysis at (A) pH 7.4 and (B) pH 5. TANgel, theranostic
alginate-based nanogels.



	qims-08-08-733
	qims-08-08-733-附录

