Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2014

Supplementary Information

In Vivo Visible Light-Triggered Drug Release
From an Implanted Depot
Carl-Johan Carlinga, b, Mathieu L. Vigera, b, Viet Anh Nguyen Huub, c, Arnold V. Garciaa, b
and Adah Almutairi* a, b, c, d
a

Skaggs School of Pharmacy and Pharmaceutical Sciences, University of California, San
Diego, 9500 Gilman Dr., La Jolla, California 92093, USA.
b

KACST-UCSD Center of Excellence in Nanomedicine and Engineering, Institute of

Engineering in Medicine, University of California, San Diego, 9500 Gilman Dr., La Jolla,
California 92093, USA.
c

Department of Nanoengineering, University of California, San Diego, 9500 Gilman Dr.,
La Jolla California 92093, USA.

d

Department of Materials Science and Engineering, University of California, San Diego,
9500 Gilman Dr., La Jolla, California 92093, USA.

1

* Corresponding author: Adah Almutairi, 9500 Gilman Dr., La Jolla, California 92093,
USA. Phone: (858) 246-0871, E-mail: aalmutairi@ucsd.edu
General methods and instrumentation
All chemicals and solvents were purchased from Sigma-Aldrich and used as received
unless specified. Compound 4 was synthesized according to a published procedure.1
Anhydrous solvents were acquired from a solvent purification system (LC Technology
Solutions Inc., SP-1). Silica gel flash column chromatography was performed using an
automated CombiFlash® Rf 200 system. Polymer 1 was analyzed by GPC using a Waters
e2196 Series HPLC system equipped with RI and PDA detectors and a Waters Styragel
HR 2 size-exclusion 22 column with 0.1% LiBr/DMF as eluent and flow rate of 1
mL/min at 37 ˚C. Monodisperse poly(methyl methacrylate) (PMMA) standards were
used to determine the molecular weight and PDI of polymer 1. 1H NMR and 13C NMR
spectra were acquired using a Varian spectrometer working at 600 MHz and 150 MHz
respectively. Chemical shifts (δ) are reported in ppm relative to TMS, and coupling
constants (J) are reported in hertz. High-resolution mass spectra were acquired using an
Agilent 6230 ESI-TOFMS in positive ion mode. Low-resolution HPLC-MS
chromatograms of model compounds 2 and 3 and corresponding irradiated samples and
irradiated samples of polymer 1 were acquired on an Agilent Technologies 1260/1290
Infinity HPLC-MS equipped with a ZORBAX 1.8 µm (2.1x50 mm) SB-C18 column and
6120 Quadrapole detector and run in a gradient of water and acetonitrile with 0.1%
formic acid. UV-visible absorption spectra were collected using a Shimadzu UV-3600
UV-Vis spectrophotometer. Fluorescence spectra were acquired using a Horiba Jobin
Yvon spectrofluorometer. Particles were imaged using an Agilent 8500FE scanning
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electron microscope. Changes in particle diameter were measured using a Multisizer™ 4
Coulter counter®. Polymer 1, model compounds 2 and 3 and particle samples P-1-NR, P1-Dex and P-1 were irradiated with visible light using a high pressure 200 W Mercury
vapor short arc lamp in an OmniCure S2000 system filtered through a 400-500 nm
bandpass filter. The output power of the OmniCure system was set to 10% and the light
beam was focused on the sample via a light guide. The light power was measured using a
Newport 1936-R optical power meter.

Experimental procedures

Scheme S1. Synthesis of polymer 1 and model compounds 2 and 3.
Synthesis di-tert-butyl 2-(5-bromo-2-nitrophenyl)succinate (5)
An oven-dried round-bottom flask under argon was charged with compound 41 (10.89
g, 34.44 mmol, 1 eq.), Bu4NBr (2.22 g, 6.89 mmol, 0.2 eq.) and anhydrous K2CO3 (14.28
g, 103.33 mmol, 3 eq.). The system was evacuated and backfilled with argon twice.
Anhydrous CH3CN (300 mL) was added and the reaction heated to 84 °C. The solution
gradually turned dark purple. After 10 min, tert-butyl-bromoacetate (10.17 mL, 68.89
mmol, 2 eq.) was added. The reaction promptly changed color to light yellow. The
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reaction was refluxed overnight, the light yellow suspension was allowed to cool. The
suspension was vacuum filtered and the light yellow solid was washed several times with
EtOAc. The filtrate was subsequently concentrated to yield an oil. The title compound 5
was purified by silica gel column chromatography (220 g column, 5% EtOAc in hexanes)
to yield a viscous light yellow oil (10.27 g, 23.86 mmol, 69% yield). The compound was
stored at room temperature.
1

H NMR (600 MHz, CDCl3) δ 7.86 (d, J: 8.6 Hz, 1H), 7.60 (d, J: 1.9 Hz, 1H), 7.56 (dd, J:

1.9, 8.6 Hz, 1H), 4.51 (t, J: 7.2 Hz, 1H), 3.14 (dd, J: 7.4, 16.6 Hz, 1H), 2.74 (dd, J: 7.0,
16.6 Hz, 1H), 1.40 (s, 9H), 1.39 (s, 9H)
13

C NMR (150 MHz, CDCl3) δ 170.19, 147.90 169.94, 135.79, 134.00, 131.55, 128.13,

126.76, 82.58, 81.49, 45.12, 38.12, 28.12, 27.92
HRMS (ESI-TOFMS) calc. mass (C18H24BrNO6Na)+ [M+Na]+ 452.0679 g/mol,
experimental mass [M+Na]+ 452.0680 g/mol, delta ppm: 0.2
Synthesis of 2-(5-bromo-2-nitrophenyl)butane-1,4-diol (6)
An oven-dried round bottom flask and drop funnel under argon was charged with
compound 5 (5.6 g, 13.01 mmol, 1 eq.) in anhydrous THF (4 mL). Anhydrous THF (100
mL) was added and the resulting solution was cooled to 0 °C. DIBAL-H (91.1 mL, 91.1
mmol, 7 eq., 1M in THF) was added dropwise to the reaction over 30 min. The reaction
was stirred at 0 °C for 3.5 h. The reaction mixture was poured into water, which led to
gas and heat evolution. The resulting sludge was extracted with EtOAc (4 x 200 mL) and
the combined organic extracts were dried over MgSO4, vacuum-filtered and concentrated
to a light yellow solid. The title compound 6 was purified by silica gel column
chromatography (80 g column, gradient 20% → 50% EtOAc in hexanes) to yield a light
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yellow solid (1.65 g, 5.69 mmol, 44% yield). The mono-reduced isomer was also isolated
as a light yellow oil (1.85 g, 5.13 mmol, 39% yield). The compounds were stored at
ambient temperature in a foil-wrapped vial.
Melting point: 120-122 °C
1

H NMR (600 MHz, CD3OD) δ 7.79 (d, J: 2.1 Hz, 1H), 7.70 (d, J: 8.6 Hz, 1H), 7.60 (dd,

J: 2.1, 8.6 Hz, 1H), 3.75 (d, J: 6.7 Hz, 2H), 3.54-3.42 (m, 3H), 2.09-2.04 (m, 1H), 1.921.86 (m, 1H)
13

C NMR (150 MHz, CD3OD) δ 151.35, 141.00, 133.20, 131.09, 126.92, 126.30, 66.10,

60.44, 40.07, 35.79
HRMS (ESI-TOFMS) calc. mass (C10H22BrNO4Na)+ [M+Na]+ 311.9842 g/mol,
experimental mass [M+Na]+ 311.9844 g/mol, delta ppm: 0.6
Synthesis of 2-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)butane-1,4-diol (7)
A two-neck round bottom flask equipped with a condenser was charged with 6 (447
mg, 1.54 mmol, 1 eq.), 4-Dimethylaminophenylboronic acid (267 mg, 1.67 mmol, 1.05
eq.), Na2CO3 (1.63 g, 15.4 mmol, 10 eq.), Toluene (8 mL), EtOH (1.5 mL) and H2O (2.6
mL). The resulting dispersion was deoxygenated by bubbling argon over 25 min.
Pd(PPh3)4 (89 mg, 0.077 mmol, 0.05 eq.) was added, the system purged, wrapped in foil
and heated to 90 °C in an oil bath. After 18.5 h the reaction was cooled and diluted with
H2O and EtOAc. The phases were separated and the aqueous phase extracted with EtOAc
(3 x 50 mL). The combined organic extracts were dried over MgSO4, vacuum-filtered and
concentrated to an orange solid. The title compound 7 was purified by silica gel column
chromatography (40 g column, gradient 40% → 60% EtOAc in hexanes) to yield an
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orange solid (490.5 mg, 1.48 mmol, 96% yield). The compound was stored at ambient
temperature in a foil-wrapped vial.
Melting point: 149-151 °C
1

H NMR (600 MHz, CDCl3) δ 7.85 (d, J: 8.8 Hz, 1H), 7.61 (d, J: 1.3 Hz, 1H), 7.52-7.50

(m, 3H), 6.82 (bs, 2H), 3.91 (d, J: 6.2 Hz, 2H), 3.76-3.73 (m, 1H), 3.68-3.63 (m, 2H),
3.03 (s, 6H), 2.18-2.12 (m, 1H), 2.04-1.98 (m, 1H)
13

C NMR (150 MHz, CDCl3) δ 150.9, 148.6, 148.6, 146.2, 138.2, 128.7, 126.2, 125.8,

125.0, 113.2, 67.4, 61.6, 40.9, 40.2, 36.4
HRMS (ESI-TOFMS) calc. mass (C18H23N2O4)+ [M+H]+ 331.1652 g/mol, experimental
mass [M+H]+ 311.1652 g/mol, delta ppm: 1.8
Synthesis

of

2-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)butane-1,4-diyl

diacrylate (8)
An oven-dried round bottom flask under argon was charged with 7 (332 mg, 1.0 mmol,
1 eq.). 7 was first dissolved in anhydrous DMF (3 mL) and then diluted with anhydrous
CH2Cl2 (13 mL). The resulting orange solution was wrapped in foil and cooled to 0 °C.
Et3N (0.42 mL, 3.01 mmol, 3 eq.) was added and acroyl chloride (0.18 mL, 2.21 mmol,
2.2 eq.) was added dropwise over 3 min. The reaction was removed from the cold bath
and stirred over night, then poured into H2O and extracted with CH2Cl2 (5 x 50 mL). The
combined organic extracts were dried over MgSO4, vacuum-filtered and concentrated to
an orange oil. The title compound 8 was purified twice by silica gel column
chromatography (40 g column, 1st: 20%, 2nd: 10% EtOAc in hexanes) to yield an orange
solid (335.9 mg, 0.77 mmol, 77% yield). The compound was stored at ambient
temperature in a foil-wrapped vial.
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Melting point: 96-98 °C
1

H NMR (600 MHz, CDCl3) δ 7.87 (d, J: 8.5 Hz, 1H), 7.58 (d, J: 1.9 Hz, 1H), 7.53 (dd, J:

1.9, 8.2 Hz, 1H), 7.49 (d, J: 8.9 Hz, 2H), 6.79 (d, J: 8.9 Hz, 2H), 6.34 (dt, J: 1.2, 17.0 Hz,
2H), 6.10-6.01 (m, 2H), 5.82-5.78 (m, 2H), 4.48-4.45 (m, 1H), 4.41-4.39 (m, 1H), 4.234.21 (m, 1H), 4.12-4.09 (m, 1H), 4.01-4.00 (m, 1H), 3.03 (s, 6H), 2.30-2.24 (m, 1H),
2.22-2.16 (m, 1H)
13

C NMR (150 MHz, CDCl3) δ 166.3, 166.2, 151.1, 148.7, 148.7, 146.4, 136.2, 131.7,

128.6, 126.2, 126.1, 125.5, 113.1, 68.0, 62.5, 40.9, 36.1, 31.6 (Peak at 148.7 is 2 distinct
carbons as revealed by HSQC and HMBC)
HRMS (ESI-TOFMS) calc. mass (C24H27N2O6)+ [M+H]+ 439.1864 g/mol, experimental
mass [M+H]+ 439.1866 g/mol, delta ppm: 0.5
Synthesis of poly-2-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)butane-1,4-diyl
bis(3-(piperazin-1-yl)propanoate) (polymer 1)
A 4-dram vial equipped with a stir bar was charged with 7 (161 mg, 0.367 mmol, 1 eq.)
and piperazine (31.6 mg, 0.367 mmol, 1 eq.). Acetone (2 mL) was added and the
resulting suspension was sonicated until all solids were solubilized. The vial was
wrapped in foil, charged with Et3N (0.25 mL, 1.835 mmol, 5 eq.), capped and purged
with argon. The reaction was stirred at ambient temperature for 4 d, at which point the
orange dispersion was concentrated under reduced pressure, taken up in CH2Cl2 (1 mL)
and crashed into ice-cold EtOH (10 mL). The suspension was centrifuged (5250 rpm, 15
min, 4 °C) and the light yellow supernatant was discarded. The orange pellet was
dissolved in CH2Cl2 (1 mL) and the purification procedure was repeated thrice more. The
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purified polymer 1 was obtained as an orange solid (148 mg, 75% yield, Mw: 31.7 kDa
(PMMA standard), PDI: 2.7).
1

H NMR (600 MHz, CDCl3) δ 7.84 (bd, J: 8.4 Hz, 1H), 7.54 (s, 1H), 7.52-7.48 (m, 3H),

6.78 (bd, J: 7.7 Hz, 2H), 4.37-4.35 (m, 1H), 4.31-4.29 (m, 1H), 4.10-4.07 (m, 1H), 4.023.98 (m, 1H), 3.93-3.88 (m, 1H), 3.01 (s, 6H), 2.60-2.49 (m, 4H), 2.43-2.35 (m, 8H),
2.16-2.10 (m, 2H)
Synthesis

of

2-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)butane-1,4-diyl

Diacetate (2)
An oven-dried round bottom flask under argon was charged with 7 (44.5 mg, 0.135
mmol, 1 eq.) and DMAP (49.4 mg, 0.404 mmol, 3 eq.). Anhydrous THF (8 mL) was
added and the solution cooled to 0 °C. Acetic anhydride (38.2 μL, 0.404 mmol, 3 eq.)
was added and the reaction was removed from the cold bath and stirred for 2 h. The
reaction was concentrated and the crude material was taken up in CH2Cl2 and
concentrated onto silica. The title compound 2 was purified by silica gel column
chromatography (12 g column, 20% EtoAc in Hexanes) to yield an orange oil (53.2 mg,
0.128 mmol, 95% yield). The compound was stored at ambient temperature wrapped in
foil.
1

H NMR (600 MHz, CDCl3) δ 7.85 (d, J: 8.5 Hz, 1H), 7.55 (d, J: 2.0 Hz, 1H), 7.52 (dd, J:

2.0, 8.5 Hz, 1H), 7.51 (d, 9.3 Hz, 2H), 6.83 (bs, 2H), 4.39-4.36 (m, 1H), 4.29-4.26 (m,
1H), 4.09-4.07 (m, 1H), 4.00-3.98 (m, 1H), 3.97-3.92 (m, 1H), 3.04 (s, 6H), 2.22-2.16
(m, 1H), 2.13-2.07 (m, 1H), 2.02 (s, 3H), 1.98 (s, 3H)
13

C NMR (150 MHz, CD3OD) δ 171.2, 171.1, 151.1, 148.8, 146.3, 136.1, 128.5, 126.1,

126.0, 125.4, 113.1, 67.9, 62.3, 40.7, 35.7, 31.6, 21.3, 21.1
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HRMS (ESI-TOFMS) calc. mass (C22H27N2O6)+ [M+H]+ 415.1864 g/mol, experimental
mass [M+H]+ 418.1867 g/mol, delta ppm: 0.7
Synthesis of 2-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)butane-1,4-diyl bis(3(4-methylpiperazin-1-yl)propanoate) (3)
A 4-dram vial equipped with a stir bar was charged with 8 (58.2 mg, 0.133 mmol, 1
eq.). Acetone (2 mL), Et3N (0.092 mL, 0.664 mmol, 5 eq.) and methyl piperazine (0.044
mL, 0.398 mmol, 3 eq.) was added. The vial was capped, purged with argon, wrapped in
foil and stirred at ambient temperature during 2 days at which point the reaction mixture
was poured into sat. NaHCO3 and extracted with EtOAc (4 x 20 mL). The combined
organic extracts were dried over MgSO4, vacuum filtered and concentrated to an orange
oil. The crude material was taken up in CH2Cl2 and concentrated onto silica. The title
compound 3 was purified by silica gel column chromatography (12 g column, gradient
10% → 30% MeOH in CH2Cl2) to yield a viscous orange oil (76.1 mg, 0.12 mmol, 90%
yield). The compound was stored at ambient temperature wrapped in foil.
1

H NMR (600 MHz, CDCl3) δ 7.84 (d, J: 8.5 Hz, 1H), 7.54 (s, 1H), 7.52 (d, J: 8.5 Hz,

1H), 7.49 (d, J: 8.9 Hz, 2H), 6.79 (d, J: 8.9 Hz, 2H), 4.39-4.36 (m, 1H), 4.32-4.29 (m,
1H), 4.13-4.09 (m, 1H), 4.02-3.98 (m, 1H), 3.94-3.91 (m, 1H), 3.03 (s, 6H), 2.63 (t, J: 7.3
Hz, 4H), 2.58 (t, J: 7.3 Hz, 4H), 2.49-2.35 (m, 16H), 2.26 (s, 3H), 2.24 (s, 3H), 2.21-2.15
(m, 1H), 2.13-2.08 (m, 1H)
13

C NMR (150 MHz, CDCl3) δ 172.3, 151.1, 148.6, 146.1, 135.9, 128.2, 126.0, 125.7,

125.5, 125.1, 112.7, 67.4, 62.1, 55.3, 53.5, 52.9, 46.2, 40.5, 35.7, 32.3, 31.2
HRMS (ESI-TOFMS) calc. mass (C34H51N6O6)+ [M+H]+ 639.3865 g/mol, experimental
mass [M+H]+ 639.3868 g/mol, delta ppm: 0.5
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Photochemical synthesis of 3-(4'-(dimethylamino)-4-nitro-[1,1'-biphenyl]-3-yl)but-3en-1-yl 3-(4-methylpiperazin-1-yl)propanoate (3a)
A round bottom flask was charged with 3 (8.7 mg, 0.0136 mmol) and dissolved in
CH2Cl2 (6 x 10-5 M). The flask was wrapped in foil and the light was directed into the
flask from the top via a light guide. The solution was irradiated with visible light (λex =
400-500 nm, 0.18 W, 0.21 W/cm2) for 2 h and 20 min, at which point the orange solution
was concentrated. The crude orange oil was purified by silica gel column
chromatography (4 g column, gradient 50% → 100% MeOH in CH2Cl2) to yield the title
compound 3a as yellow/orange oil (1 mg, 0.0021 mmol, 15%) along with unreacted
starting material 3 (1.2 mg, 0.0019 mmol, 14%). Orange material, likely 3b, remained on
the column.
1

H NMR (600 MHz, CDCl3) (3a) δ 8.03 (d, J: 8.6 Hz, 1H), 7.58 (dd, J: 2.1, 8.6 Hz,

1H), 7.53 (d, J: 8.9 Hz, 2H), 7.42 (d, J: 2.1 Hz, 1H), 6.78 (d, J: 8.9 Hz, 2H), 5.26 (s, 1H),
5.10 (s, 1H), 4.22 (t, J: 6.6 Hz, 2H), 3.03 (s, 6H), 2.76 (t, J: 6.6 Hz, 2H), 2.63 (t, J: 7.3
Hz, 2H), 2.42 (t, J: 7.3 Hz, 2H), 2.48-2.38 (m, 8H), 2.25 (s, 3H)
HRMS (ESI-TOFMS) calc. mass (C26H35N4O4)+ [M+H]+ 467.2653 g/mol, experimental
mass [M+H]+ 467.2656 g/mol, delta ppm: 0.6
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Figure S1. 1H NMR spectroscopic analysis of polymer 1 upon irradiation in CDCl3 (3
mg/mL, 0.55 mL) reveals the initial formation of the photo-unstable nitro-alkene
photoproduct, as compared to the spectra of 3a. Upon prolonged irradiation a precipitate
was formed in the NMR tube, which is why the peaks decrease in intensity and broaden.
Secondary photoproducts are also produced due to the photo-instability of the nitroalkene photoproduct and competing photoreactions (see Figure 2c-d).
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Figure S2. Polymer 1 becomes soluble in MeOH upon complete photoconversion
(middle) in CH2Cl2 (6 x 10-5 M). Left, unirradiated polymer. The photoproducts are also
partially soluble in water containing 1% w/v Pluronic® F127 (right panel).

Figure S3. Polymer 1 photodegrades into smaller molecules upon irradiation in CH2Cl2.
HPLC-MS analysis of MeOH-soluble material from Figure S2. Masses correspond to the
mass of the smallest theoretical segment anticipated. However, the peaks do not
correspond to the structure, as this photo-unstable product is further photodegraded into
multiple isomers with the same mass (see Figure 2c-d).
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Hairless mouse skin preparation
Hair removal cream (Nair) was spread over the entire dorsal and ventral area of the
mouse (Balb/C). After 5 min the cream/hair was gently removed using a paper towel. The
mouse was euthanized by CO2 asphyxiation followed by cervical dislocation. To remove
the skin, a superficial longitudinal cut was made along the ventral side from the posterior
to the anterior end, and the skin was peeled down to the tail and subsequently cut off the
mouse and placed in a 50 mL polypropylene tube filled with PBS until it was mounted
(Figure S3). The skin was mounted on the same day of skin removal.
A glass objective cover slip (Fisher Brand #1.5, 24 x 60 x 0.17 mm) was taped into a
cardboard frame (cut to fit: 51 x 79 mm, with a 20 x 53 mm window). Hairless mouse
skin was cut to fit a cover slip using a razor blade and placed on top of the cover slip
previously wetted with PBS. The mouse skin was further wetted with PBS and a second
coverslip was placed over the skin. The edges were dried with a paper towel and the
cover slip was taped into using paper tape. Air bubbles were pressed out before the
sample was completely sealed. Irradiation experiments using the mouse skin tissue filter
were performed on the same day as tissue collection.
Irradiation studies of polymer 1 through mouse skin tissue filter
Aliquots of a solution of polymer 1 in CH2Cl2 (0.04 mg/mL, 10 mL) were transferred to
a quartz micro cuvette (0.04 mg/mL, 0.5 mL) and used for the corresponding experiment.
The initial absorbances of the polymer 1 samples were measured by UV-vis
spectroscopy. The samples were subsequently irradiated directly or through the tissue
filter for 15 min with visible light (λex = 400-500 nm, 0.18 W, 0.21 W/cm2) and the
changes in absorbance were monitored at regular intervals over time. The tissue filter was
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attached to the cuvette holder using tape and the light beam was focused on the cuvette
(Figure S4). To quantify reaction completion, those samples that did not reach
completion were further irradiated directly with visible light. Irradiation power was
measured before and after passage through glass and the glass/mouse skin tissue filter
(Table S1).

Figure S4. Visible light penetrates mouse skin. (a) Tissue filter (0.45 mm mouse skin
between two glass coverslips). (b) Visible light irradiation through the tissue filter.
Table S1. Light power attenuation by glass slides and glass/mouse skin.
Wavelengths

Initial powera

Power after penetrating
two glass cover slipsa

Power after penetrating
glass and mouse skina

400-500 nm

0.18 W

0.15 W

0.03 W

a

Light beams were focused into the light meter, then glass cover slips or glass/mouse
skin filters were taped directly onto the light meter and optical powers were measured.

Formulation of P-1-NR by electrospray
Polymer 1 (10 mg) and Nile red (1 mg, 10% w/w) were dissolved in CHCl3 (0.200 mL)
and diluted with DMF (0.05 mL). The resulting solutions were taken up in a 1 mL
syringe equipped with a Teflon tube and a 25-gauge blunt needle, which was then placed
14

in a syringe pump (KD Scientific) and connected to a high voltage power supply (Gamma
High Voltage, ES30). The mixture was electrosprayed at 25 kV at a flow rate of 0.2
mL/hr. Samples were collected onto glass slides on an aluminum foil-covered aluminum
plate collector connected to the power supply (ground) at a distance of 25 cm from the
needle. Particles (~0.8-1 mg/slide) were removed from the slides by scraping with a
spatula into PBS containing 1% w/v Pluronic® F127 (50 mL, 37 °C) followed by
sonication. Particles were centrifuged (5250 rpm, 15 min), supernatant (45 mL) was
removed, and particles were re-dispersed in new solvent by sonication. This washing
procedure was repeated twice more to finally disperse the particles in 5 mL of
solvent. The glass slide was weighed before and after removal of particles to calculate the
mass of particles collected. Particle morphology was examined by SEM and release
behavior was examined by fluorescence spectroscopy and by centrifuging the particles
after irradiation to quantify release. Characteristic SEMs of the electrosprayed Nile redloaded particles before and after irradiation are shown in Figure S5.

Figure S5. Representative SEM images of P-1-NR before (left) and after (right) 90 min
of visible light irradiation.
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Encapsulation efficiency of Nile red
The amount of Nile red incorporated into the particle samples was determined using
UV-vis spectroscopy. Two samples of P-1-NR (0.22 mg/ml, 0.25 ml) were concentrated,
dried, and dissolved in CHCl3 (1 mL). The absorbances at 542 nm of the two samples
were measured and the dye concentration was quantified by linear calibration against
solutions of known Nile red concentration (Y = 33613X, R2 = 0.998). The concentration
of Nile red in the photoresponsive particle P-1-NR was determined to be 5.6% w/w.
Nile red release experiments from P-1-NR
Six samples of P-1-NR (0.08 mg/ml, 0.5 ml) in PBS (1X, pH = 7.4) containing 1% w/v
Pluronic® F127 were prepared in plastic UV-vis cuvettes that were capped and
subsequently sealed with parafilm. Fluorescence spectra of all samples were recorded
before irradiation (λex = 550 ± 1.5 nm). Following irradiation with visible light (λex = 400500 nm, 0.18 W, 0.21 W/cm2), fluorescence was recorded at regular intervals, as was that
of control samples stored at ambient temperature wrapped in foil. After 90 min of
irradiation, samples and controls were transferred to 1.5 mL centrifuge tubes and
centrifuged (13500 rpm, 15 min) to separate particles from solvent and released payload.
Supernatants and pellets were concentrated, dried overnight under vacuum, dissolved in
CHCl3 (0.5 mL), and the fluorescence of each sample was measured in a micro quartz
cuvette. To compare the relative amount of released Nile red versus the amount retained
inside particles, the fluorescence intensity at 588 nm of both the pellet and supernatant
for each sample was measured and the percentage of Nile red released or retained was
calculated by the following formula: released Nile red = (Fsupernatant/(Fsupernatant+ Fpellet))*100.
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Figure S6. Particle photolysis. (a) Changes in the UV-Vis spectra of P-1-NR (0.08
mg/ml, 1 ml) in water as it is irradiated with visible light (λex = 400-500 nm, 0.18 W, 0.21
W/cm2). (b) Changes in absorbance at 490 nm of P-1-NR over time as it is irradiated with
visible light. (c) Changes in the UV-Vis spectra of P-1 (0.08 mg/ml, 1 ml) in water as it is
irradiated with visible light (λex = 400-500 nm, 0.18 W, 0.21 W/cm2). (b) Changes in
absorbance at 490 nm of P-1 over time as it is irradiated with visible light.
Formulation of P-1-Dex by electrospray
Polymer 1 (10 mg) particles containing dexamethasone (2 mg, 20% w/w) and IR780
(0.01 mg, 0.1% w/w) were formulated as above, with the following variations:
CHCl3 (0.200 mL)-dissolved samples were diluted with DMSO (0.075 mL), voltage was
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28 kV, and the flow rate was 0.1 mL/hr. Characteristic SEM of the electrosprayed Dexloaded particles (P-1-Dex) is shown in Figure S6. The volume of the particle dispersion
was subsequently adjusted by centrifugation to yield a final concentration of 8 mg/mL for
use in animal experiments. Freshly suspended particles were used for each experiment.

Figure S7. Representative SEM image of P-1-Dex and size distribution from SEM
(middle graph) and DLS (right graph).
Encapsulation efficiency of dexamethasone by HPLC
The amount of dexamethasone incorporated into particles was determined using
HPLC-MS chromatography. A P-1-Dex sample (0.8 mg) was dispersed in PBS (40 mL)
by sonication and centrifuged (5250 rpm, 15 min). The pellet was washed three times in
PBS (40 mL) and dissolved in CHCl3 (5 mL, 0.16 mg/mL). An aliquot (1.5 mL) was
dried and dissolved in MeOH (0.5 mL) (requiring sonication, heating in a water bath and
a second sonication, as polymer 1 does not dissolve appreciably). The MeOH dispersion
was spun through a 3k spin-filter (13.4 krpm, 15 min) and an HPLC filter and run on the
HPLC (5 μL injection). The absorbance of dexamethasone at 254 nm was compared to
known concentrations of dexamethasone and the loading was determined to be 1% w/w.
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In vivo release of dexamethasone
The protocol was approved by the IACUC committee at the University of California
San Diego. C57BL/6 male mice (purchased from Harlan Sprague Dawley, San Diego,
CA, USA) weighing 25-30 g were housed according to NIH guidelines for 3 d prior to
experiments to acclimatize to laboratory conditions.
Animals were randomly divided into 7 groups: P-1-Dex+light (200 μg, 2 μg Dex), P-1Dex (200 μg, 2 μg Dex), DPBS, DPBS+light, Dex (2 μg), P-1 (200 μg) and pre-irradiated
P-1 (200 μg); n=3 for each group except DPBS, for which n=6. Formulations in 25 μL
DPBS were injected in the skin area subcutaneously just above the hock of the left hind
paw 1 h before carrageenan injection (see Figure S9a). Injections were performed in
lightly anesthetized (isoflurane) animals using a 50 μL gas-tight Hamilton syringe (#705)
with a 31-gauge needle.
Acute inflammation was produced by injecting 25 μL of 2% (w/v) carrageenan (lambda
form) solution in DPBS into the sub-plantar region (~3 mm deep) of the left hind paw 1 h
after administration of polymeric particles or control formulations. The right control hind
paw footpad was injected with 25 μL DPBS.
After carrageenan injection, treated paws of mice in the P-1-Dex+light and DPBS+light
groups were exposed to light while mice were under light anesthetia (isoflurane) for 40
min (see Figure S9b). Light exposures were alternated with 20 min of free activity where
the mouse was allowed to move around the cage and eat and drink.
For all groups, hind paw thickness was measured at 0, 1, 2, 3, 4, 5, 6, 7 and 8 h with a
digital caliper (No. 547-526, Mitutoyo) (see Figure S9c). Each paw was measured 4
consecutive times at each time point and these values were then averaged to ensure
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accurate data. Paw thickness increases were calculated by subtracting the thickness of the
right non-inflamed control paws. Hind paw thickness measurements were performed on
the conscious mouse.
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Figure S8. Distribution of NIR fluorescent depots in P-1-Dex+light (● mark on tail) and
P-1-Dex (●●● mark on tail) mice (3 mice per group) over time as visualized by IVIS
imaging (λex = 780 nm, λem = 800 nm). Numbers indicate the time after carrageenan
injection.
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Figure S9. In vivo procedures. (a) Injection of the P-1-Dex depot in the hind hock. (b)
Irradiation of the depot. (c) Measurement of the hind paw using a caliper.
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Figure S10. Inflamed hind paw thickness over time of all experimental groups. The skin
just above the left hind hock was injected subcutaneously with the indicated solution (25
µL; the P-1-Dex dose was 200 µg containing 2 µg Dex; free Dex dose was 2 µg; P-1 dose
was 200 µg). n=3 for all groups except DPBS, for which n=6. Materials were injected 1 h
before injection of carrageenan (2% w/v in 25 µL DPBS) in the left hind footpad. Hind
paw thickness increases are relative to non-inflamed right hind paws (injected with 25 µL
DPBS). P-1-Dex + Light and DPBS + Light mice were irradiated 40 min per hour
throughout the experiment as indicated by the blue boxes. Error bars are standard error of
mean.
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Figure S11. Representative photographs of mice 24 h after injection of carrageenan.

Figure S12. Oedema in DPBS + Light mouse after light exposure for 3 h. Swelling
resolved within 1 d.

Cytotoxicity assay
P-1 and pre-irradiated P-1 (irr. 90 min in DPBS) in DPBS (4 mg/mL) and
polymer 1 and pre-irradiated polymer 1 (irr. 90 min in CH2Cl2) in sterile DMSO (4
mg/mL) was prepared. The stock samples were diluted to the indicated concentrations in
Dulbecco’s modified eagle serum (DMEM) media without phenol red (990 µL,
Invitrogen) supplemented with 10% fetal bovine serum (FBS, HyClone). Raw 264.7 cells
were seeded on a tissue culture-treated 96-well plate (Corning, USA) at a density of
20,000 cells/well in DMEM media. The cells were washed twice with 100 µL PBS at 37
°C using a multichannel pipette and incubated with the polymer suspensions in triplicate
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for 24 h at 37 °C and 5% CO2, and again washed twice with 100 µL PBS. Cells were then
incubated with the MTT reagent for 3 h and formazan crystals were solubilized according
to the assay instructions (Life Technologies). 1% Triton-X was used as a positive
apoptosis control. To quantify mitochondrial activity, absorbance at 570 nm normalized
to background absorbance at 690 nm was measured using a SpectraMax M5 plate reader
(Molecular Devices).
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Figure S13. Effects of P-1 and polymer 1 on cell metabolism in Raw 264.7 mouse
macrophages by MTT assay. (a) P-1 before and after irradiation (90 min). (b) Polymer 1
before and after irradiation (90 min).
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