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Abstract

Photodynamic therapy (PDT) is a promising cancer treatment approach with the advantages of low toxicity and noninvasive
characteristics. In this study, a series of metalloporphyrin—indomethacin conjugates tethered with poly(ethylene glycol)
(PEG) chains were prepared and characterized. The singlet oxygen production of the conjugates was evaluated through 2’,
7'-dichlorofluorescin (DCFH) method. Because of the heavy atom effect, the metal porphyrin complexes exhibited the higher
singlet oxygen (102) quantum yield than that of free base porphyrin. The order of 1O2 yield of the synthesized porphyrins
was PtPor > PdPor > ZnPor > Por. The MTT assay using HeLa cells verified the low cytotoxicity of porphyrin—indomethacin
conjugates in the dark. Upon irradiation, the platinated porphyrin (PtPor) showed the highest therapeutic activity among
these conjugates, probably due to its high efficiency of 'O, generation. The cellular uptake and subcellular localization of
the conjugates were further evaluated through a confocal laser scanning microscope. The results showed that the conjugates

were primarily localized in the lysosomes of HeLa cells.
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Introduction

Cancer has become the major threat to human beings’
wellness around the world over the past two decades, and
considerable efforts have been devoted to the cancer treat-
ment. Photodynamic therapy (PDT) is a minimal invasive
therapy that has been clinically approved for the cancer
treatment with selective cell toxicity [1-3]. In photodynamic
therapy, photosensitizers (PSs) are irradiated by a specific
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wavelength of light, which triggers the generation of reac-
tive oxygen species from intracellular oxygen that conse-
quently induce cell death and necrosis of proximal tissues
[4, 5]. Thus, the photosensitizer is the key factor for PDT,
which usually requires high ROS generation yield, and good
water solubility and biocompatibility. The most commonly
used PSs are porphyrin-based molecules. Some of them
have been approved by the multinational governments drug
regulatory authorities and were widely applied in clinic due
to their strong photosensitizing effect, low toxicity and low
side effects to the human body [6, 7]. However, many of
the porphyrin derivates are limited because of poor water
solubility, low bioavailability and no specific targeting to
tumors [8, 9]. Therefore, rational design of porphyrin-based
photosensitizers with good biocompatibility and high singlet
oxygen quantum yield (QY) is very desirable for photody-
namic cancer therapy [10].

Polyethylene glycol (PEG) is a hydrophilic and biocom-
patible polymer chain, which showed little toxicity, and is
easily eliminated from the body intact by either the kidneys
(for PEG < 30 kDa) or in the feces (for PEG > 20 kDa) [11].
It is approved by FDA for use as a carrier for foods, cos-
metics and pharmaceuticals or base [12]. In 2016, Huang
et al. reported that the modification of photosensitizer with
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polyethylene glycol (PEG) could modulate its pharmacoki-
netic properties [13]. Besides, the PEGylation of medicine
allows it to pass through the vascular wall conveniently to
accumulate in tumor tissue, and stay in tumor tissue for a
long time without being cleared up by lymphatic reflux [10].
Thus, the porphyrin compounds functionalized with polyeth-
ylene glycol (PEG) chains could significantly improve their
solubility and biocompatibility.

On the other hand, to enhance the active targeting of
photosensitizers, a common strategy is a direct conjugation
of drugs with targeting ligands, such as monoclonal anti-
bodies, proteins, peptides, and other small molecules [14].
Indomethacin (INDO), as one of the first non-steroidal anti-
inflammatory drugs (NSAID), has been widely used in the
treatment of inflammatory diseases [15, 16], such as rheu-
matoid arthritis, osteoarthritis, gut arthritis, burst, tendinitis,
traumatic synovitis, and ankylosing spondylitis. The previ-
ous reports have verified that indomethacin has antitumour
activity and its conjugates could bind tightly and selectively
to cyclooxygenase-2 (COX-2), which is expressed in only a
few normal tissues, but is found at high levels in inflamed
tissues and many premalignant and malignant tumors [17].

In this context, here we designed and synthesized a
new porphyrin—-indomethacin conjugate tethered with
poly(ethylene glycol) (PEG) chains. Since the heavy metal
ions could enhance the intersystem crossing, which in turn
improves the capacity of singlet oxygen generation [18, 19],
the synthesized porphyrin—indomethacin conjugate was fur-
ther coordinated with Zn, Pd and Pt, respectively, to yield
three new photosensitizers (ZnPor, PdPor and PtPor). As
expected, the platinated porphyrin (PtPor) displayed the
highest singlet oxygen quantum yield among these four
photosensitizers. Finally, the cytotoxicity and subcellular
localization of the porphyrin—indomethacin conjugates were
further evaluated through MTT method and confocal laser
scanning microscope, respectively.

Experiment sections
General

All chemicals were of reagent grade, purchased from Sigma-
Aldrich and used without further purification. All analytical-
grade solvents were dried by standard procedures, distilled
and deaerated before use. 'H NMR spectra were recorded
on a Varian Mercury-VX 300 spectrometer. The UV-Vis
spectra were carried out on a UV-Vis Spectrophotometer
(Shimadzu). The fluorescence spectra were performed on
a PE LS55 fluorescence spectrometer. The chemical shifts
were referenced to tetramethylsilane, TMS (d=0.00). Mass
spectra, reported as m/z, were obtained either on a Bruker
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Autoflex MALDI-TOF mass spectrometer or a Finnigan
TSQ 710 (FAB-MS) mass spectrometer.

Synthesis of 4-(2-ethoxyethoxy)benzaldehyde (1)

To a 250 mL flask, 2-bromoethyl ether (37.62 g, 0.246 mol),
4-hydroxybenzaldehyde (32 g, 0.262 mol), anhydrous potas-
sium carbonate (67.89 g, 0.491 mol) and 120 mL acetoni-
trile were added. The solution was heated to reflux for 24 h.
Then, the solvent was evaporated in vacuo and the residue
was dissolved in H,O and extracted with ethyl acetate. The
organic layers were washed with 2x 100 mL sodium hydrox-
ide solution (1 N) and with 2x 100 mL saturated brine,
respectively. The obtained solution was concentrated to get
the pure product, yield 81%. '"H NMR (400 MHz, CDCl,)
5 9.72 (s, 1H, CHO), 7.68 (m, 2H, benzyl), 6.89 (m, 2H,
benzyl), 4.05 (t, 2H, OCH,CH,0), 3.67 (t, 2H, OCH,CH,0),
3.45 (q, 2H, -CH,CH,), 1.09 (t, 3H, CH;). Mass (ESI): calcd
for C;;H,,0; M+H)*, 195.27; found 195.52.

Synthesis of carboxylic acid ester porphyrin (2)

To a 500-mL three-neck flask, methyl 4-formylbenzo-
ate (7.12 g, 43 mmol), 4-(2-ethoxyethoxy)benzaldehyde
(25.02 g, 129 mmol) and 260 mL propionic acid were
added. The solution was stirred and heated to reflux. Sub-
sequently, 11.34 g (169 mmol) freshly distilled pyrrole was
added dropwise and the resulting solution was refluxed for
another 2 h. The solvent was evaporated in vacuo and the
residue was dissolved in CH,Cl, and washed with saturated
aqueous NaHCO; solution. The organic layer was then
concentrated and the residue was subjected to silica chro-
matography (MeOH in CH,Cl,, 0-1% v/v), yield 5%. 'H
NMR (400 MHz, CDCl;) & 8.84 (s, 8H, p-pyrrole), 8.44
(d, 2H, CH), 8.32 (d, 2H, CH), 8.09 (d, 6H, CH), 7.27 (d,
6H, benzyl), 4.34 (d, 6H, OCH,CH,0), 4.11 (s, 3H, OCHy;),
3.94 (d, 6H, OCH,CH,0), 3.72 (q, 6H, -CH,CH3;), 1.35(t,
6H, -CH,CHj;), — 2.74 (s, 2H, NH). Mass (ESI): calcd for
CsgHsN,Og (M +H)*, 938.05; found 938.26.

Synthesis of carboxyl acid porphyrin (3)

The compound 2 (630 mg, 0.67 mmol) was dissolved in a
mixture of 140-mL tetrahydrofuran and 140-mL 2-N KOH.
After heating to reflux for 24 h, a portion of tetrahydrofuran
and water was evaporated in vacuo. 1-N HCl was then added
to adjust the pH of solution to neutral. The precipitate was
isolated by centrifugation (3700 rpm, 5 min) and washed two
times with water. The solid was dried under high vacuum
(0.4 mbar) for a prolonged period to obtain 483-mg pur-
ple crystalline compound, yield 77%. 'H NMR (400 MHz,
DMSO-dg) & 8.88 (s, 8H, p-pyrrole), 8.37 (d, 2H, CH), 8.30
(d, 2H, CH), 8.12 (d, 6H, CH), 7.22 (d, 6H, benzyl), 4.36
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(d, 6H, OCH,CH,0), 3.91 (d, 6H, OCH,CH,0), 3.75 (q,
6H, ~CH,CH,), 1.32(t, 6H, ~CH,CH,), — 2.88 (s, 2H, NH).
Mass (ESI): calcd for C;Hg,N,Og (M +H)*, 924.06; found
924.50.

Synthesis of indomethacin-conjugated porphyrin
(Por)

The compound 3 (483 mg, 0.523 mmol), Boc-protected
1,4-butanediamine (268.68 mg, 0.628 mmol), DMAP
(128.5 mg, 1.052 mmol) and EDCI (201.7 mg, 1.052 mmol)
were dissolved in 70-mL dichloromethane. The reaction
mixture was stirred overnight under a nitrogen atmosphere.
The solvent was evaporated in vacuo and the residue was
subjected to silica chromatography (MeOH in CH,Cl,,
1-2% v/v) to get 246.9-mg product, yield 35%. 'H NMR
(400 MHz, CDCl,) 6 8.75 (s, 8H, B-pyrrole), 8.12 (s, 2H,
CH), 8.02 (d, 2H, CH), 7.89 (d, 6H, CH), 7.50 (d, 2H,
p-chlorobenzoyl, H-3, H-5), 7.29 (d, 2H, p-chlorobenzoy],
H-2, H-6), 7.13 (m, 6H, benzyl), 6.73-6.84 (m, 3H, indolyl),
6.58 (m, 2H, -NHCH,-), 4.22 (d, 6H, OCH,CH,0), 3.81
(d, 6H, OCH,CH,0), 3.69 (s, 3H, —-OCHj;), 3.60 (q, 6H,
-CH,CH,), 3.5 (s, 2H, -COCH,), 3.44 (t, 2H, -NHCH,-),
3.22 (t, 2H, -CH,NH-), 2.29 (s, 3H, CH;), 1.53 (s, 4H,
-CH,CH,-), 1.23 (t, 9H, -CH,CH,), — 2.85 (s, 2H, NH).
Mass (ESI): caled for CgyH,sCIN,O,, (M +H)*, 1333.97;
found 1334.17.

Synthesis of zinc porphyrin complex (ZnPor)

The indomethacin-conjugated porphyrin (Por) (55 mg,
0.041 mmol) was dissolved in 10 mL dichloromethane and
then heated to 40 °C, followed by addition of zinc acetate
dihydrate (181.14 mg, 0.825 mmol) in 4-mL MeOH. The
solution was refluxed for 3 h, and the completion of metal
insertion was verified by UV-Vis spectroscopy and TLC.
The solvent was evaporated in vacuo and the residue was
subjected to silica column chromatography (40% hexane in
CH,Cl,, v/v). The pure fractions were collected and con-
centrated under reduced pressure, which was then dissolved
in a minimal amount of dichloromethane and precipitated
in hexane to get 47-mg desired complex, yield 77%. 'H
NMR (400 MHz, CDCl,) & 8.81 (s, 8H, B-pyrrole), 8.16 (s,
2H, CH), 8.05 (d, 2H, CH), 7.94 (d, 6H, CH), 7.60 (d, 2H,
p-chlorobenzoyl, H-3, H-5), 7.39 (d, 2H, p-chlorobenzoy],
H-2, H-6), 7.16 (m, 6H, benzyl), 6.79-6.94 (m, 3H, indolyl),
6.66 (m, 2H, -NHCH,-), 4.22 (d, 6H, OCH,CH,0), 3.87
(d, 6H, OCH,CH,0), 3.79 (s, 3H, -OCH;), 3.72 (q, 6H,
—-CH,CH,), 3.67 (s, 2H, -COCH,), 3.52 (t, 2H, -NHCH,-),
3.33 (t, 2H, —-CH,NH-), 2.40 (s, 3H, CH;), 1.63 (s, 4H,
—-CH,CH,-), 1.33 (t, 9H, -CH,CHj;). Mass (ESI): calcd for
CgoH;cCIN,0,(Zn (M +H)*, 1397.33; found 1397.57.

Synthesis of palladium porphyrin complex (PdPor)

The indomethacin-conjugated porphyrin (Por) (56 mg,
0.042 mmol) and palladium acetate (11.31 mg, 0.050 mmol)
were dissolved in 10-mL dichloromethane and then heated
to 70 °C. The completion of metal insertion was verified by
UV-Vis spectroscopy and TLC. The solvent was evaporated
in vacuo and the residue was washed with 3x 100 mL brine
solution and 3x 100 mL H,O, respectively. The organic layer
was dried over Na,SO, and evaporated in vacuo. The resi-
due was purified by silica column chromatography (MeOH
in CH,Cl,: 0-2% v/v) to get 50-mg product, yield 82%. 'H
NMR (400 MHz, CDCl,) & 8.81 (s, 8H, B-pyrrole), 8.16 (s,
2H, CH), 8.05 (d, 2H, CH), 7.94 (d, 6H, CH), 7.60 (d, 2H,
p-chlorobenzoyl, H-3, H-5), 7.39 (d, 2H, p-chlorobenzoyl,
H-2, H-6), 7.16 (m, 6H, benzyl), 6.79-6.94 (m, 3H, indolyl),
6.66 (m, 2H, -NHCH,-), 4.22 (d, 6H, OCH,CH,0), 3.87(d,
6H, OCH,CH,0), 3.79 (s, 3H, —-OCH,;), 3.72 (q, 6H,
—-CH,CH;,, 3.67 (s, 2H, -COCH,), 3.52 (t, 2H, -NHCH,-),
3.33 (t, 2H, —-CH,NH-), 2.40 (s, 3H, CH;), 1.63 (s, 4H,
—-CH,CH,-), 1.33 (t, 9H, -CH,CHj;). Mass (ESI): calcd for
CgoH;cCIN,0,,Pd (M +H)*, 1436.44; found 1436.72.

Synthesis of platinum porphyrin complex (PtPor)

To a 10 mL flask, indomethacin-conjugated porphyrin
(Por) (70 mg, 0.053 mmol), potassium tetrachloroplatinate
(43.62 mg, 0.105 mmol), and 5 mL benzonitrile were added.
The mixture was then heated to reflux for 48 h. The comple-
tion of metal insertion was verified by UV-Vis spectros-
copy and TLC. The solvent was evaporated in vacuo and
the residue was subjected to silica column chromatography
(MeOH in CH,Cl,: 0-2% v/v). The pure fraction was col-
lected and concentrated to give the product 46 mg, yield
78%. 'H NMR (400 MHz, CDCl,) 6 8.77 (s, 8H, p-pyrrole),
8.20 (s, 2H, CH), 8.11 (d, 2H, CH), 8.02 (d, /=8 Hz, 6H,
CH), 7.65 (d, 2H, p-chlorobenzoyl, H-3, H-5), 7.42 (d, 2H,
p-chlorobenzoyl, H-2, H-6), 7.27 (m, 6H, benzyl), 6.69-
6.95 (m, 3H, indolyl), 6.82 (m, 2H, -NHCH,-), 4.37 (d,
6H, OCH,CH,0), 3.97 (d, 6H, OCH,CH,0), 3.81 (s, 3H,
-OCH,), 3.72 (q, 6H, -CH,CHj;), 3.69 (s, 2H, -COCH,),
3.56 (t, 2H, -NHCH,-), 3.36 (t, 2H, -CH,NH-), 2.43 (s,
3H, CH;), 1.61 (s, 4H, -CH,CH,-), 1.35 (t, 9H, -CH,CH,).
Mass (ESI): caled for CgoH,cCIN,0,,Pt (M +H)", 1525.50;
found 1525.83.

UV-Vis absorption and fluorescence spectra
The UV-Vis absorption spectrum and fluorescence spec-

trum of four porphyrin conjugates were measured in DMSO
solution.
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Singlet oxygen detection

Firstly, DCFH-DA was treated by 0.1-M NaOH for 30 min
to convert into dichlorofluorescin. Irradiation of activated
DCFH solutions in the presence of photosensitizer solu-
tions (1 X 107° M in PBS buffer with 0.5% DMSO) results
in the transformation of non-fluorescent activated into highly
fluorescent 2’,7'-dichlorofluorescein with emission peak at
532 nm. The mixed solutions were exposed to light irradia-
tion (xenon lamp, 50 W) for different time intervals. The
fluorescence spectra of DCFH solutions were recorded in
500-580-nm emission range under an excitation of 488 nm.
The PBS buffer was used as control.

Cell viability assays

Human cervical carcinoma (HeLa) cells were cultured in
DMEM (Dulbecco’s Modified Eagle’s Medium) supple-
mented with 5% FCS (Fetal Calf Serum), 100 U/mL peni-
cillin, 100 pg/mL streptomycin at 37 C and 6% CO,. The
MTT viability assay was performed according to a standard
method. In brief, HeLa cells (3 X 103/well) were seeded in
96-well plates for 24 h prior to exposure to drugs. The cells
were treated with samples overnight in the dark. The cyto-
toxicity was determined by the MTT reduction assay. The
cell monolayers were rinsed twice with phosphate-buffered
saline (PBS) and then incubated with 50-uL MTT solution
(0.5 mg/mL) at 37 °C for 3 h. After the media was removed,
100 pL of DMSO was added. The solution was shook for
30 min to dissolve the formed formazan crystals in living
cells. The absorbance was measured at dual wavelength,
540 nm and 690 nm, on a Labsystem Multiskan microplate
reader (Merck Eurolab, Switzerland). Each dosed concentra-
tion was performed in triplicate wells, and repeated twice
for the MTT assay.

The photocytotoxicity of samples was assessed by a simi-
lar protocol. In general, HeLa cells (3 X 10°/well) were incu-
bated in 96-well plates for 24 h prior to exposure to drugs.
The cells were treated with samples in the dark overnight.
Afterwards, the cell was exposed to yellow light (4 J/cm?)
produced from a 400-W tungsten lamp fitted with a heat-
isolation filter and a 500-nm long-pass filter. The fluence
rate was 6 mW/cm?. Cell viability was determined by the
MTT reduction assay.

Confocal laser scanning microscope studies

HeLa Cells were cultured in RPMI 1640 Medium (Gibco™)
containing 10% fetal bovine serum and 1% antibiotics peni-
cillin and streptomycin (P/S) and incubated at 37 °C in a
humidified 5% CO, atmosphere. Cells (6 x 10? cells per well)
were seeded in 6-well plates (a sterile cover slip was put in
each well) and incubated 2 days at 37 °C in a humidified
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5% CO, atmosphere. After refreshed with new medium, the
cells were incubated with photosensitizers at a concentration
of 1.0 uM for 12 h at 37 °C in the. After that, the superna-
tant was carefully removed and the cells were washed three
times with PBS. Subsequently, the slides were mounted and
observed by confocal microscope (Zeiss Laser Scanning
Confocal Microscope; LSM7 DUO) and then the data was
analyzed using ZEN 2009 software (Carl Zeiss).

For co-staining of porphyrin and LysoTracker® Green
DND-26: HeLa cells were first incubated with porphyrin
at 37 °C for 12 h, then further incubated with LysoTracker®
Green DND-26 (10 pg/mL) for 10 min at 37 °C. Before
imaging on the confocal microscope, the cells were washed
with PBS three times.

Results and discussion
Synthesis

The synthesis of indomethacin—porphyrin conjugate and
its metal complexes was demonstrated in Scheme 1. Firstly,
stoichiometric pyrrole was condensed with methyl 4-for-
mylbenzoate and 4-(2-ethoxyethoxy) benzaldehyde to yield
5,10,15-tri-(4-(2-ethoxyethoxy))-20-(4-methyl-phenyl) por-
phyrin. 1,4-butanediamine was mono-protected by BOC
anhydride and the indomethacin derivative (INDO-NH,)
was synthesized following the procedure described in the
literature [20]. The carboxylic acid ester group in porphyrin
(2) was hydrolyzed by a base-catalyzed reaction, affording
5,10,15-tri-(4-(2-ethoxyethoxy))-20-(4-carboxyphenyl) por-
phyrin (3) in 75% yield. Then, the indomethacin terminated
with amine was coupled with porphyrin 3 in the presence of
DMAP and EDCI to yield indomethacin—porphyrin conju-
gate. Finally, the porphyrin conjugate was coordinated with
related metal salts to obtain the corresponding metal por-
phyrin complexes.

Photophysical properties

The photophysical properties of porphyrin—indomethacin
conjugate and its metal complexes were studied in DMSO
solution. The UV-Vis absorption spectrum of free base por-
phyrin conjugate exhibited a sharp Soret band centered at
422 nm and weak Q bands at 519, 555, 593 and 651 nm,
respectively. After metal insertion, the two peaks in the
Q bands of free base porphyrin disappeared, as shown in
Fig. 1a, due to the increase of molecular symmetry. The fluo-
rescence emission of porphyrin—-indomethacin conjugate and
its metal complexes was tested in DMSO solution. As shown
in Fig. 1b, the palladium and platinum porphyrin complexes
(PdPor and PtPor) did not show any significant fluorescence,
while free base porphyrin and zinc porphyrin complex
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Scheme 1 Synthetic routes of Por, ZnPor, PdPor, and PtPor

exhibited intense red emission, with maximum peak around
at 673 and 622 nm, respectively. The excitation spectra in
Fig. 1b indicated that both the two compounds displayed the
similar excitation bands with maximum around at 400 nm.

Singlet oxygen detection

The singlet oxygen generation of photosensitizers was
investigated by a reactive oxygen species (ROS) probe 2’,
7'-dichlorofluorescin diacetate (DCFH-DA). Firstly, DCFH-
DA was treated with NaOH solution to transfer to DCFH
before being used in vitro. The non-fluorescent DCFH
will be rapidly oxidized to a green fluorescent DCF in the
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presence of reactive oxygen species. The green fluorescence
(Aem =532 nm) of DCFH will increase quantitatively upon
reacting with ROS generated from photosensitizers. As
shown in Fig. 2, the fluorescence intensity of DCFH dis-
plays a time-dependent enhancement upon reaction with
ROS, generated from porphyrins when irradiated with a
xenon lamp. Under the same conditions, the fluorescence
intensity of DCFH mixed with platinum porphyrin complex
was enhanced over two hundreds times after irradiation for
8 min, which is apparently higher than that of free base por-
phyrin and other metal porphyrin complexes, suggesting that
PtPor had the highest singlet oxygen quantum yield. Since
the capacity of photosensitizer to generate lO2 is dependent
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Fig.2 The changes of fluorescence intensity at the characteristic peak
of DCFH (525 nm) as a function of irradiation time

on the efficiency of the intersystem crossing (ISC) from
'PS* to *PS*, the higher singlet oxygen quantum yield of
PtPor is probably due to the heavy-atom effect of platinated
porphyrin.

In vitro dark cytotoxicity and photocytotoxicity

To verify the cytotoxic effects of the synthesized porphy-
rins, a MTT assay was performed against HeLa cells. As
shown in Fig. 3, free base porphyrin and its metal com-
plexes all exhibited the low dark toxicity after 24-h incu-
bation with HeLa cells in a dose-dependent manner. When
the concentration of porphyirns was less than 20 pM, they
did not lead to any significant decrease in survival fraction,
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Fig.3 Concentration dependence of the cytotoxicity of Por, ZnPor,
PdPor, and PtPor against HeLa cells, as determined by a MTT assay.
Data represent the mean values from three independent experiments.
Error bars are standard deviations

with cell viability higher than 90%. The photocytotoxic-
ity of synthesized porphyrins was evaluated by a similar
protocol. As shown in Fig. 3, after irradiation, the cell
survival fraction decreased significantly as the concentra-
tion of porphyrins increased from 0 to 50 pM, indicating
that the cell death was only triggered by a combination of
the PSs and light. Besides, the PtPor showed the stronger
photocytotoxicity to tumor cells than that of other por-
phyrin—-indomethacin conjugates, which is consistent with
the trend of singlet oxygen yield of these photosensitizers.
The cell viabilities of PtPor at 50 pM were determined to
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Fig.4 Laser scanning Por
confocal microscopy images
(Aex =405 nm) of HeLa cells
incubated with Por and ZnPor at
a concentration of 2 pM in the
cell culture medium for 8 h. The
lysosomes (green) were stained
with LysoTracker® Green DND-
26 (50 uM). (The scale bar is

20 pm)

ZnPor

be only 7.6% upon irradiation, indicating it is an efficient
antitumor agent for cancer in PDT.

To evaluate the role of indomethacin, we synthesized a
platinum porphyrin complex without conjugation of indo-
methacin (PtPorl) for comparison. As shown in Fig. S1A,
the PtPor and PtPorl showed the similar singlet oxygen
quantum yield under the same condition, indicating that
indomethacin did not affect the generation of singlet oxy-
gen. Moreover, the cytotoxic effects of PtPor and PtPorl
against HeLa cells were also evaluated and compared under
the dark and irradiation condition. As shown in Fig. S1B,
PtPor exhibited a little higher dark toxicity related to PtPorl
at the concentration of 50 pM, which was probably due to
the indomethacin alone had antitumour activity to some
extent, as reported in previous literature [17]. Besides, the
PtPor showed the stronger photocytotoxicity to tumor cells
than that of free platinum porphyrin without indomethacin
(PtPorl) at the same condition. Since the two compounds
showed the similar singlet oxygen quantum yield, the
higher PDT efficiency of PtPor was probably assigned to
the enhanced accumulation of photosensitizer in tumor cells
in the role of indomethacin [20].

Confocal fluorescence imaging

Since the free base porphyrin and zinc porphyrin complex
exhibited significant emission in the visible region, the
cellular uptake and subcellular localization of these two
compounds were confirmed by fluorescence confocal laser

Lyso Tracker

Lyso Tracker

microscopy. As shown in Fig. 4, after incubation of HeLa
cells with 2 pM Por and ZnPor for 8 h, intense red fluores-
cence was observed in the cytoplasm, indicating the accu-
mulation of porphyrins in cancer cells. To further figure out
the localization of Por and ZnPor in HeLa cells, LysoTracker
Green DND-26 staining was applied to visualize the cell
lysosomes. As shown in Fig. 4, the red emission from Por or
ZnPor is almost overlapped with that of green fluorescence
of DND-26, indicating the photosensitizers are primarily
localized in the lysosomes of cells.

Conclusion

In this study, a series of metalloporphyrin—-indomethacin
conjugates tethered with poly(ethylene glycol) (PEG) chains
were synthesized and characterized. The metal porphyrin
complexes exhibited the higher singlet oxygen quantum
yield than that of free base porphyrin, probably due to the
heavy atom effect. The order of !0, yield of the synthe-
sized porphyrins was PtPor > PdPor > ZnPor > Por. The
MTT assay against HeLa cells verified the low cytotoxicity
of porphyrin-indomethacin conjugates in the dark. Upon
irradiation, the platinated porphyrin (PtPor) showed the
highest therapeutic activity against HeLa cells among these
photosensitiers, ascribed to its high efficiency of 'O, genera-
tion. The cellular uptake and subcellular localization of the
porphyrin—indomethacin conjugates were further evaluated
through a confocal laser scanning microscope. The results
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showed that the conjugates were primarily localized in the
lysosomes of cells. An investigation into the application of
these novel porphyrins as selective anticancer photodynamic
therapeutic agents is currently underway.
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