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ABSTRACT: Subphthalocyanine (SubPc) macrocycles are known as an interesting class of nonplanar
aromatic dyes. Despite documented high fluorescence and singlet oxygen quantum yields, the properties
of SubPcs in photodynamic therapy (PDT) are underestimated, because their absorption bands do not
reach a significant wavelength range. With this in mind, we combined a SubPc ring and a SubPc ring
by introducing a common benzene ring and obtained a SubPc dimer (2) and trimer (3) with the Q-band
at the near-IR region, owing to the expansion of the 7 electron conjugated system. In this study, we
reported 'O, generation abilities of 2 and 3 based on the applied absolute singlet oxygen quantum yields
(D bsonte)- Subsequent research revealed that 2 and 3 showed the potential to generate 'O, to not only
in toluene but also in DMSO. Although the photocytotoxicity of 2 and 3 were investigated upon photo-
irradiation with a low light dose of approximately 1.5 J/cm?, 2 and 3 showed almost negligible toxic
properties toward HEp2 cells.

KEYWORDS: subphthalocyanine dimer and timer, singlet oxygen generation, photocytotoxity,
photodynamic therapy.

INTRODUCTION

Subphthalocyanines (SubPcs) are macrocyclic com-
pounds composed of three diiminoisoindole units and
central boron atoms. While many phthalocyanine metal
complexes having several metal ions at their central
vacancy have been known, only SubPcs boron complexes
have been reported since the serendipitous discovery of
Meller and Ossko in 1972 [1]. SubPcs have non-planar
cone-shaped structures which are greatly distorted
and differ from phthalocyanines (Pcs) with a high
planar structure. SubPcs have 14w electron conjugated
system and have received much attention owing to their
characteristic non-planar structure and unique spectral and

electronic properties. Recently, SubPcs have developed as
functional materials in a variety of fields such as organic
photovoltaics, organic LEDs, chemical sensors, organic
thin film transistors, and non-linear optical materials [2].
The absorption bands of SubPcs feature a Q-band and
a Soret-band similar to those of Pcs. The absorption bands
of SubPcs shift to shorter wavelengths because of -conju-
gated system, which is smaller than that of Pcs. The wave-
length of the Q- and the Soret-band are at around 560 nm
and 300 nm, respectively. The typical molar extinction
coefficients (€) of the Q- and the Soret-band are also in the
case of SubPcs compared to Pcs and the typical € values
of the Q-band of SubPcs are approximately 10* M-'cm™,
whereas those of Pcs are approximately 10° M'em™ [3, 4].
One of the most valuable applications of Pcs
derivatives is as photosensitizer in photodynamic therapy
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(PDT) for cancer and other diseases. PDT related
research has been actively pursued by many researchers
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since PDT treatments are minimally invasive procedures
[5-7]. It is well known that Pcs derivatives are suitable
for photosensitizers used in PDT owing to the Q-band
absorption in the near-IR region (670-750 nm) which
can penetrate deeply into tissues. [8, 9]. In the photo-
reaction mechanisms of PDT, the photo irradiations
produce triplet state photosensitizers via intersystem
crossing (ISC). The triplet state photosensitizer reacts
with oxygen to generate reactive oxygen species (ROS),
such as singlet oxygen ('O,) and free radicals. Significant
damage to the cancer cells is obtained at great depth by
ROS [5, 10, 11].

In the application of water-soluble Pc derivatives as
photosensitizers in PDT, the aggregation behavior of Pcs
arises as a result of highly planar structure and limits their
efficiency as photosensitizers in PDT [12-14]. SubPcs
have a nonplanar cone-shaped structure, high molar
extinction coefficients (€) of the Q-band, and a long
triplet state lifetime. Therefore, these properties of the
SubPcs could improve the efficiency of photosensitizers
derived from the SubPcs compared to those derived from
Pcs. However, a photosensitizer derived from SubPcs
has a wavelength that does not reach the near-IR region.
In 2002, Torres et al. and Kobayashi et al. combined a
SubPc ring and a SubPc ring by introducing a common
benzene ring and obtained a SubPc dimer and trimer with
the Q-band at the near-IR region, owing to the expansion
of the & electron conjugated system [15, 16].

Herein, we synthesized a SubPc dimer (2) and trimer
(3), which are substituted chloride atoms around 2 and
3, as shown Scheme 1. The absorption and fluorescence
spectroscopy of the synthesized SubPc monomer

SubPc Monomer (1)

Ne ¢l Ne cN BCl3 in p-xylene
+ p-xylene
Ne cl Ne cN stir at 145 °C for 3hrs

under Ny

(1), dimer (2), and trimer (3) were measured. We also
confirmed the photo-generation of 'O, by means of UV-vis
and obtained the absolute singlet oxygen quantum yields
measured in absorption spectra of 'O,. We assumed the
cytotoxicity of 1-3 using human HEp2 cells.

EXPERIMENTAL

Measurements

All reactions were induced under N, atmosphere.
Elemental analyses for carbon, hydrogen, and nitrogen
were conducted using a Yanako CHN CORDER MT-6.
UV-vis absorption spectra were recorded on a Shimadzu
UV-3100 spectrometer. Recyclable preparative high-
performance liquid chromatography (HPLC) was carried
out on a Japan Analytical Industry Model LC9110
(JAIGEL-2H and 2.5H columns) using CHCI; as an
eluent. Photoluminescence (PL) spectra were recorded
on a Shimadzu RF-5300PC spectrofluorometer. 'H NMR
spectra were recorded on a JEOL delta ECX-500 spectro-
meter operating at 500.1 MHz. Chemical shifts for 'H
NMR spectra were referenced to CDCl, (8 = 7.26 ppm).
Mass spectra were recorded on a Bruker microTOF using
positive mode ESI-TOF method for acetonitrile solutions
by using sodium formate as reference. MALDI-TOF-MS
spectra were recorded on a Bruker microflex using
Dithranol as matrix. Fluorescence quantum yields were
evaluated using an absolute PL quantum yield measure-
ment apparatus (C9920-02, Hamamatsu Photonics). A
Xenon lamp (Asahi Spectra, MAX-301) was used as a

SubPc Dimer (2)

Cl

SubPc Trimer (3)

Scheme 1. Synthesis route of subphthalocyanine 1-3
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light source to induce photosensitized singlet oxygen
evolution reaction. Light intensities were measured with
an optical power meter (ADCMT, 8230E) equipped with
an optical sensor (ADCMT, 82311B).

Synthesis
Standard Procedure for the Synthesis od SubPce 1-3

4,5-Dichlorophthalonitrile (1.0 g, 5.3 mmol) and 1,2,-
4,5,-tetracyanobenzene (0.4 g, 2.0 mmol) were dissolved
in 2 mL of p-xylene under N,. The 2 mL of p-xylene
solution of Boron trichloride (12.5~14.5 w/w%) were
added, and reaction mixture was heated for 3 h at 145°C.
The resulting dark purple slurry was evaporated under
vaccuo. The insoluble crude products were removed by
silica gel column chromatography with CHCl /hexane as
an eluent. Further purification was achieved by recycling
preparative HPLC using CHCIj, as an eluent.

SubPc Monomer (1)

Red purple powder. Yield, 0.33 g (2.8%). Anal. Calc.
for C,,HBCIL,N,: C; 45.23, H; 0.95, N; 13.19. Found: C;
45.26, H; 0.73, N; 13.01%. ESI-TOF : Found 678.9143
m/z. (calcd. for [M+ 2H + CH,CN]*=678.9143). UV-vis
(toluene): A, (¢ mol'dm’cm™) = 314 (3.7 x 0%, 530
(2.8 x 10%), 555 (4.9 x 10%, sh) and 574 nm (1.0 x 10%). 'H
NMR (CDCl,): 6 =8.93 ppm (s, o-H).

SubPc Dimer (2)

Dark blue powder. Yield, 6.5 mg (0.30%). Anal. Calc.
for C,,H,,B,Cl,(N,,: C; 47.65, H; 0.95, N; 15.88. Found:
C; 47.48, H; 1.02, N; 15.59%. MALDI-TOF: Found
1057.4 m/z. [M]" (calcd. for C,,H,,B,Cl,,N,, 1057.8).
UV-vis (toluene): A, (€ mol'dm’cm™) = 327 (6.4 x
10%), 446 (1.6 x 10%), 598 (5.2 x 10, sh), 613 (7.1 x 10%),
648 (5.5 x 10%), 677 (5.8 x 10*) and 709 nm (2.2 x 10°).
'H NMR (CDCL,): & = 10.35 (s, 2H, benzo-H), 8.99 (s,
4H, o-H) and 8.91 ppm (s, 4H, a-H).

SubPc Trimer (3)

Blue powder. Yield, 3.2 mg (0.053%). Anal. Calc. for
CeoHuB;Cl 3N C; 48.69, H; 0.95, N; 17.03. Found:
C; 48.42, H; 1.101, N; 16.82%. MALDI-TOF : Found
1479.4 m/z. [M]* (caled. for C¢H,,B;Cl;Ng 1479.8).
UV-vis (toluene): A,,,, (€ mol'dm’cm™) =329 (8.6 x 10%),
602 (5.5 x 10%, 647 (5.3 x 10%, 673 (7.8 x 10%,
710 (6.4 x 10%), 736 (4.6 x 10%), and 777 nm (1.7 x 10°).
"H NMR (CDCl,): 6 = 10.35 (s, 2H, benzo-H), 10.26 (s,
2H, benzo-H), and 8.93 ppm (m, 10H, o-H).

The singlet oxygen generation

The absolute singlet oxygen quantum yields (@, ,o1tc)

The singlet oxygen generation of 1-3 via photoir-
radiation was demonstrated in toluene or dimethyl

Copyright © 2020 World Scientific Publishing Company

sulfoxide (DMSO) described in the literature [17].
Sample slutions in quartz cuvette were irradiated
with monochromatric light (570, 700 and, 770 nm)
through a band-pass filter (Asahi Spectra, MX0570,
MX0700, and MX0770 ) from Xe lump (Asahi Spectra,
MAX-300). Sample preparation was carried out in
the dark. 1,3-Diphenylisobenzofuran (DPBF) was
used as scavenger of active oxygen species in toluene
or DMSO. Sample solutions contains 1.5 mL of
subphthalocyanine solution at 2.0 x 10°® M and 1.5 mL
of DPBF solution at 2.0 X 10 M. The photochemical
reactions were followed spectrophotometrically by
observing the decrease of absorption peak at 417 nm of
DPBF. Quantum yield of decomposition of scavenger
(® ) was defined as

Aabsolute

_ (number of decomposed scavenger molecules)

Aabsolute

(number of absored photon)
ey

and then number of adsorbed photon was calculated from
following equation

(number of adsorbed photon) = AhE_% (2)
c

where AE was adsorbed energy calculated from power
of irradiated light and transmitted light measured with
an Optical power meter (ADCMT, 8230E) equipped with
an optical sensor (ADCMT, 82311B). A is wavelength of
irradiated light, & is Planck constant and ¢ are speed of
light, respectively.

The relative singlet oxygen quantum yields (® g q5ive)

The relative singlet oxygen quantum yield (P jzive)
is a relative value determined using the standard value
of singlet oxygen quantum yield by the ZnPc in DMSO
(®pqq = 0.67) [18-21]. This standard value is generally
used in many papers discussing the ®,,.,. of Pcs and
their derivatives [22-25]. The ®,,ive Of ZnPc is used
as a reference for comparison with other results. The
following shows the calculation method of the ®
The ® was defined as

Arelative*

Arelative

RI:
i iy 3)

abs.

Arelative

where @, , is the singlet oxygen quantum yield for
ZnPc in DMSO (®,,, =0.67), R and R** are the decom-
pose rates of DPBF in the presence of the SubPc
samples and ZnPc, respectively. I, and Ly are the

rates of light absorption by the SubPc samples and
ZnPc, respectively.
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Cell study

All cell culture medium and reagents were purchased
from Invitrogen (Carlsbad, CA). HEp2 cells were
purchased from ATCC and cultured using 50:50 DMEM/
Advanced MEM augmented with 10% fetal bovine
serum (FBS) and 1% antibiotic (penicillin-streptomycin).
A 32 mM stock solution of each SubPc complex
was prepared by dissolving in DMSO containing 1%
Cremophor EL [26, 27].

Dark Cytotoxicity: HEp2 cells were plated in a Corning
Costar 96-well plate and allowed to grow for 48 h at
37°C under 5% CO,. The 32 mM 1-3 stock solutions
were diluted with culture medium to concentrations of 0,
3.125,6.25,12.5, 25, 50, 100 and 200 uM. The cells were
treated with 1-3 at the different concentrations (100 puL/
well), for 24 h at 37°C under 5% CO,. Immediately
following incubation the loading medium was removed,
and the cells were washed with phosphate-buffered saline
(PBS) to remove any residual Pc. The cells were then fed
medium containing 20% CellTiter Blue (CTB) (Promega,
Madison WI) and incubated for 4 h. Cell viability was
determined by fluorescence intensity at 570/615 nm
using a BMG FLUOstar OPTIMA microplate reader.
Cell dark cytotoxicity is expressed as a percentage of
viable cells.

Photocytotoxity: HEp2 cells were plated and allowed
to grow as described above. The SubPc concentrations
used for testing phototoxicity were 0, 3.125, 6.25, 12.5,

(a) monomer 1

25, 50 and 100 uM. As for the dark toxicity assay, the
cells were treated with 1-3 and incubated at 37 °C under
5% CO, for 24 h. Immediately following incubation
the loading medium was removed and the cells were
washed with PBS to remove any residual SubPcs. The
cells were then fed fresh medium and exposed to light
for 20 min using a 600W Quartz Tungsten Halogen lamp
(Newport Corporation, Irvine CA) to generate a light
dose of approximately 1.5 J/cm?®. During light exposure,
the plate was chilled using an Echotherm IC50 chilling/
heating plate (Torrey Pines Scientific, Carlsbad CA) set
to 5 °C to maintain ambient temperature. Following light
exposure the cells were incubated for another 24 h, after
which the media was removed and replaced with medium
containing 20% CTB and subsequently incubated for
4 h. The cell viability was determined by fluorescence
intensity at 570/615 nm using a BMG FLUOstar
OPTIMA microplate reader. The cell phototoxicity is
expressed as a percentage of viable cells.

RESULTS AND DISCUSSION

Synthesis and characterization

SubPc monomer (1), dimer (2) and trimer (3) were
prepared from commercially available 4,5-dichlorophth-
alonitrile, 1,2,4,5,-tetracyanobenzene, and BCl; com-
pounds into a p-xylene solution using the method

9.5

9.0 8.5 8.0

11.0 10.5 10.0
3 /ppm
(b) dimer 2
f L R | L LR B L B 1
11.0 105 10.0 9.5 2.0 8.5 8.0
3 /ppm
(c) trimer 3
JM.
— 7t T rrrrrr T T ™1
11.0 105 10.0 9.5 2.0 8.5 8.0
5 /ppm

Fig. 1. '"H NMR spectra of SubPcs 1-3 in CDCl,

Copyright © 2020 World Scientific Publishing Company
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(a) SubPc monomer 1
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(c) SubPc trimer 3
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0.5
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Fig. 2. Absorption spectra of SubPcs 1-3 in toluene and DMSO.

(black line : in toluene, blue line : in DMSO)

previously described in the literatures [15, 16, 28]. The
macrocyclization reaction of 1-3 was performed in
p-xylene, and produced crude products were subsequently
purified by silica gel column chromatography. Final
isolation and purification were achieved by the recycling
preparative HPLC wusing CHCI; as an eluent. The
isolated yields of 1, 2 and 3 were 2.8, 0.30 and 0.053%,
respectively. SubPcs 1-3 show high solubility in organic
solvents such as CH,Cl,, CHCL,, and toluene. They also
dissolve in polar solvents such as methanol and DMSO.
Elemental analysis and spectroscopic data ("H NMR
and MALDI-TOF mass spectra) confirmed the assigned
structures for 1-3. The results of these analyses were
consistent with the assigned structures, as shown in the

Copyright © 2020 World Scientific Publishing Company

Scheme 1. The 'H NMR spectra of 1-3 are shown
in Fig. 1. The "H NMR spectrum of 1 was measured
in CDCI; at R.T. and showed only the sharp singlet
signal of the o-proton of the SubPc ring at 8 = 8.93
ppm. In the '"H NMR spectrum of 2 in CDCl,, the
o-proton signals of the SubPc ring units appeared as
two signals at = 8.99 and 8.91 ppm with an integral
value of 4 protons, respectively. In addition, a sharp
singlet signal for the benzo ring which links two
SubPec ring units are observed at 8 = 10.35 ppm with
an integral value of 2 protons. The ' H NMR spectra of
3 was also measured in CDCl; and showed multiplet
signal at § = 8.93 ppm with an integral value of 10
protons of the SubPc ring units. Also, two singlet
signals at & = 10.35 and 10.26 ppm, respectively
with an integral value of 2 protons of benzo ring
which links two SubPc ring units. Upon purification
of 2 and 3, the measurment of the '"H NMR spectra
showed that 2 had one of the two isomers (syn or
anti) and 3 had several isomers [15, 16].

900

Absorption and Fluorescence spectra

The UV-vis spectra of 1-3 in toluene are shown
in Fig. 2. The results of the UV-vis and fluorescence
spectra of 1-3 in toluene are listed in Table 1. In 1.5 x
10° M, the Q-bands of 1 were observed as a sharp
absorption band 574 nm and fluorescence emission
of 1 appeared at 584 nm. In Dimer 2. The Q-bands and
fluorescence emission of 2 were observed at 709 nm
and 712 nm, respectively. In Trimer 3, The Q-bands
of 3 were observed at 777 nm with significant red
shifts in comparison with 1 and 2 and fluorescence
emission of 3 were appeared at 784 nm. The red shifts
of absorption and fluorescence spectra in SubPcs
1-3 are owing to the expansion of ® conjugated
system in core units. The absolute fluorescence
quantum yield (®y) of SubPcs 1-3 also measured,
@, values were 39.0 for 1, 25.9 for 2 and 18.9%
for 3, respectively. These spectroscopic properties
of 1-3 were consistent with the characteristics of
previously reported SubPc analogs [15, 16, 28].

UV-vis spectra of 1-3 measured at 1.5 x 10° M
in DMSO are shown in Fig. 2. These results were
compared to those of the absorption spectra measured in
toluene, which exhibited large decreses of absorbance

900

Table 1. Photophysical and photochemical parameters of
SubPcs 1-3 in toluene at 1.5 x 10° M

Comp. Apex (M) Ag, (nm)  SS (nm)  Dp (%)
Monomer 1 574 584 10 39.0
Dimer 2 709 712 3 25.9
Trimer 3 777 784 7 18.9
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(a) 1 and DPBF in toluene ( 0 - 60s )
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(b) 1 and DPBF in DMSO (0 - 120s )
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Fig. 3. The absorption spectral changes of SubPcs 1-3 during photo irradiations in toluene and DMSO. (Wavelength of irradiation
lights; SubPc 1 (a and b): 570 nm, SubPc 2 (b and ¢): 700 nm, SubPc 3 (d and e: 770 nm)

levels in the spectra. In the case of highly planar Pcs, such
a decrease in absorbance level is due to the formation
of aggregates in the solvent. In addition, when using an
aggregate of Pcs, new absorption bands are observed.
However with SubPcs, no absorption bands derived
from the aggregate are observed [15, 16]. Actually, due
to the steric structure of the subphthalocyanine rings, it
is very difficult for the subphthalocyanine rings to form
aggregates in the solution.

In order to clarify the differences between the
absorption spectra in DMSO, the absorption bands were
measured at concentrations from 2.0 X 10° M to 2.0 x
107 M, respectively. The results of changes in absorption

Copyright © 2020 World Scientific Publishing Company

bands due to concentration are shown in S2. SubPcs 1-3
were found to obey Lambert-Beer’s law in DMSO up to
2.0 X 10° M. From these results, we conclude that the
difference between the absorption spectra in toluene
and the absorption spectra in DMSO were due to the
difference in their solvent polarities.

Singlet oxygen generation properties

Scheme 2 shows the PDT photo reaction mechanisms.
The Type I reaction leads to the formation of free radicals
such as the superoxide anion radical (O,*) and the
hydroxyl radical (OH"). On the other hands, the Type II

J. Porphyrins Phthalocyanines 2020; 24: 216-219
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Scheme 2. The reaction mechanism of PDT

reaction leads to the formation of singlet oxygen. Finally,
The generated reactive oxygen species (ROS) via photo
reaction attacks the tumor cells [9-11].

The singlet oxygen ('O,) generation abilities of
1-3 upon light irradiation via a Type II mechanism
were measured to evaluate those efficiencies of 1-3 as
PDT photosensitizers. The evaluations of 'O, genera-
tion abilities of 1-3 were applied absolute singlet
oxygen quantum yields (@) The values of
D, psome Were determined by a chemical method using
1,3-diphenylisobenzofuran (DPBF) as 'O, scavenger.
The @, Obtained from the oxidative decomposition
of DPBF by the 'O, generated through photoirradiation of
1-3. The @, Was calculated using Eq. (1) taking into
account the number of molecules of decomposed DPBF
and the photon number absorbed by 1-3. The number of
molecules of decomposed DPBF was calculated from
the slope of absorbance derived from DPBF. The slope
was applied the value in range where keeps a linear. The
photo reactions of 1-3 were performed in toluene and
DMSO. They were performed by irradiating with 570,
700, and 770 nm light corresponding to each Q-band.
The observed changes of the UV-vis spectra during
irradiation for sample solutions are shown in Fig. 3. The
values of the @, Of SubPcs 1-3 are listed in Table 2.
The details of the slope of absorbance derived from
DPBEF are shown in supporting information (S1).

In the reaction between 1 and DPBF in toluene, the
absorption band at around 417 nm derived from DPBF
was observed greate decrease of intensity of absorbance
during photo irradiation. In the photo reactions with
same reaction manner of 2 and 3 having red-shifted
Q-band absorption up to near-IR region, greate decrease
of absorption band around at around 417 nm also were
observed. These results indicated that the light irradiation
of 1-3 induces the generation of 'O, and decomposition
of DPBF. @, ... for DPBF in toluene were calculated
to be 20.4 for 1, 15.8 for 2 and 14.6% for 3, respectively.
As a result of calculations of ®,,, ;... of SubPcs 1-3 for
DPBF in toluene, it is founded that ®,, .. decrease
with increments of size of molecules. The energy

Copyright © 2020 World Scientific Publishing Company

Table 2. The values of the absolute singlet oxygen
quantum yields (D,,p.oe) Of SubPcs 1-3

SUbPC Solvent (I)Aabsolulc [%] (I)An:lativc [%]
Toluene 20.4 —
Monomer 1
DMSO 8.65 56
Toluene 15.8 —
Dimer 2
DMSO 7.75 50
Toluene 14.6 —
Trimer 3
DMSO 2.38 15
ZnPc DMSO 10.3 67*

?Data from Ref. [21].

loss due to the non-irradiation process such as molecular
vibration could be suggested a factor for the decrease of
D papsorute [17]-

The photo reactions between 1-3 and DPBF also
occered in DMSO. In DMSO of 1-3, the absorption
intensities of 1-3 were lower than those of the toluene
solution. Only 1 or 2 combined with DPBF in DMSO
showed a decrease of the absorption band at around
417 nm derived from DPBF during photo irradiation. On
the other hand, 3 combined with DPBF in DMSO showed
a decrease of the absorption band derived from DPBF
and of the Q like-band of 3. This result indicates that the
trimer is unstable to irradiation in DMSO. The @, ue
for values for SubPcs 1-3 were calculated to be 8.65 for
1, 7.75 for 2 and 2.38% for 3, respectively. The @,y o
values for non-substituted zinc phthalocyanine (ZnPc)
have been reported 10.3% in similar reaction conditions
[17]. Comparison of the @, ... values showed the
D, comee Values of 1-3 to be lower than @, ;. Value of
ZnPc. The smaller ®,, ... values obtained for SubPcs
1-3 could be caused by the decrease in the intensity of
the absorption band due to the more polar solvent DMSO.

We also calculated the relative singlet oxygen
quantum yields (D, 1.ive) Of 1-3 using a standard value
for the oxidative decomposition of DPBF by ZnPc
through photo irradiation. The calculation method of
D, rive Was used the method previously described in the
literature using the standard value (®,,, =0.67) [18-21].
This standard value is generally used in many papers
discussing @, ... Of phthalocyanine. This method is
generally used obtaining the ®@,,.,.. of Pcs [23, 24]. The
D, puive Of 1=-3 were 56 for 1, 50 for 2 and 15% for 3,
respectively. Regardless of formation of aggregations,
the @, .1.ive Values of monomer 1 and dimer 2 are similar
to those reported for non-aggregated metal Pc complexes
[29-31].

3.4 Cytotoxicity

The dark toxicity and photocytotoxicity of 1-3 were
evaluated in human carcinoma HEp2 cells using the Cell
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Fig. 4. The cytotoxicity of SubPcs 1-3 for HEp2 cell. e: SubPc 1, =: SubPc 2, A: SubPc 3

Titer Blue assay [17, 26, 27]. Various concentrations
of 1-3 up to 100 uM were evaluated in this study. The
results of these studies are summarized in Fig. 4. The dark
toxicity results for 1-3 showed that all compounds are
nontoxic toward HEp2 cells in the dark. The phototoxicity
of 1-3 were investigated using photo-irradiation with
a low light dose of approximately 1.5 J/cm? and also
showed the almost negligible toxic properties of 1-3
toward HEp2 cells. We assumed that 1-3 lack sufficient
solubility to penetrate HEp2 cells.
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