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ABSTRACT

In this work, dendritic, water-soluble, and nonaggregated axially substituted silicon phthalocyanines (EA-TD-Si and EA-TD-SiQ)

were synthesized and characterized. Then, the supercoiled pBR322 plasmid DNA damage properties of EA-TD-Si and EA-TD-SiQ
were examined using agarose gel electrophoresis without light irradiation. In addition, the cytotoxicity and phototoxicity of EA-
TD-Si and EA-TD-SiQ on human endometrium adenocarcinoma (HEC-1B) cells were investigated using an MTT assay. The results
indicated that EA-TD-SiQ had high photodamage properties via singlet oxygen depending on the light dose, while EA-TD-Si did
not show any DNA damage without light. In addition, EA-TD-SiQ had higher phototoxic effects than EA-TD-Si on HEC-1B cells
according to the MTT assay. These results revealed the potential of EA-TD-SiQ to be used as a PDT agent in endometrial cancer.

1 | Introduction

Endometrial cancer (EC) is one of the most common gynecologic
malignancies that can be seen in women around the world. It has
been reported that more than 400,000 women were diagnosed
with EC in 2020 and 100,000 women died due to this disease [1, 2].
It is known that the incidence and mortality of the disease are in-
creasing day by day. Genetic predisposition, age, obesity, and in-
sulin resistance-like factors make EC a multietiological disease. It
can be divided into two types according to the prognosis and histo-
pathology [3]. While Type 1 is caused by unopposed estrogen and is

diagnosed at a young age, early-stage or low-grade patients can be
treated surgically. Type 2 occurs with atrophic endometrium, and
it has a poor prognosis since it can be diagnosed at an advanced
stage in the elderly [4]. In general, ~80% of cases are diagnosed
early, while 3%-14% are diagnosed before the age of 40 [5]. Once
diagnosed, the first step of the EC treatment is surgery, but in cases
of disease progression and relapse, other treatment methods such
as chemotherapy and radiotherapy can also be used. In addition,
the use of immunotherapy and targeted therapies, which are two
novel methods, have become more effective and interesting meth-
ods after the first step of treatments in recent years [6]. Compared

Abbreviations: °C, degree Celsius; BEAS-2B, human bronchial epithelial cells; D,0, deuterium oxide; DMF, dimethylformamide; DMSO-d6, dimethyl sulfoxide-d6; DNA, deoxyribonucleic
acid; EA-D-CI, 3,3'-[[5-(chloromethyl)-1,3-phenylene]bis (oxypropane-3,1-diyloxy)|bis(N,N-diethylaniline); EA-TD-OH, {3,5-bis[(3,5-bis{3-[3 (diethylamino)phenoxy]propoxy}benzyl)oxy]
phenyl}methanol; EA-TD-Si, Silicon (IV) phthalocyanine; EA-TD-SiQ, Water soluble silicon (IV) phthalocyanine; EC, endometrial cancer; FDA, Food and Drug Administration; g, gram;
HEC-1B, human endometrium adenocarcinoma cells; HeLa, human cervical carcinoma cells; IR, infrared; KOH, potassium hydroxide; MB, methylene blue; min, minutes; mL, milliliter; mp,
melting point; MTT, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide; m/z, mass-to-charge ratio; NaH, sodium hydride; NaN;, sodium azide; NMR, nuclear magnetic resonance;
PDT, photodynamic therapy; ppm, parts per million; PSs, photosensitizers; SiPcCl,, silicon phthalocyanine dichloride; SOCI,, thionyl chloride.
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to classical methods, photodynamic therapy (PDT) has gained
more attention from researchers due to its minimal invasiveness,
high tumor selectivity, low systemic toxicity, and ability to induce
cell death without causing drug resistance [7, 8].

PDT is a Food and Drug Administration (FDA)-approved ther-
apy that is being investigated in preclinical and clinical settings
for managing various diseases and cancer types [9]. Among these
types, it has been reported to be effective for gynecological ma-
lignancies such as cervical and vulvar cancers, as well as early-
stage EC [5]. In this method, reactive oxygen species are formed
as a result of the reaction of a nontoxic photosensitizer (PS) excited
by a specific wavelength of light with molecular oxygen. These
molecules are cytotoxic and induce cell death by causing oxida-
tive damage in cancer cells [10]. Cell death resulting from PDT can
take the form of apoptosis, necrosis, or autophagy. The type of cell
death is determined by the dose of the PS and the light used [11].

PSs are crucial in the application of PDT for EC treatment. Raab
et al. found that hematoporphyrin derivatives had a lethal effect
on EC cells (HEC1-1A) [12]. In a study by Schneider-Yin et al.
using the same cells, 5-aminolevulinic acid and hypericin were
applied alone and in combination [13]. It was observed that their
combinations showed higher phototoxic effects. In another study,
Ziotkowski et al. treated Grade 1 cancerous tissues with hema-
toporphyrin derivatives [14]. The results showed an increase in
necrosis and a decrease in proliferation and epidermal growth
factor. In another study, Choi et al. demonstrated that the appli-
cation of PDT to young patients with early-stage EC may be an
effective preventive treatment method to preserve fertility [15]. In
a different study, Godoy et al. applied Photofrin II, a hematopor-
phyrin derivative, to a group including EC patients and then ex-
posed the tumor tissue to 630nm of visible light [16]. There are
several side effects, such as burning sensation, pain, and edema,
that have been observed in the PDT treatment. For this reason,
the search for alternative drug molecules with a low side effect
profile continues.

Ideally, PSs should possess features such as ease of obtainment,
pure chemical form, solubility and stability in physiological en-
vironments, minimal toxicity in the dark, and rapid excretion
from the body after treatment [17]. Phthalocyanines are second-
generation PSs with an 18- electron system that exhibit strong
absorption in the visible region of the electromagnetic spectrum
[18]. Phthalocyanines are considered good candidates due to
their high absorption at 600-850 nm, which is referred to as the
“phototherapeutic window,” and their high capacity for singlet
oxygen production [19]. Nevertheless, their hydrophobic struc-
ture, low solubility, and tendency to aggregate limit their use.
This situation is attempted to be overcome by adding substitu-
ents to their structure or by changing the central metal ion [20].
In this paper, we investigated the potential of EA-TD-Si and EA-
TD-SiQ for PDT in the EC treatment.

2 | Materials and Methods

The materials, equipment, DNA damage properties, and cyto-
toxicity/phototoxicity determined by the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay of the com-
pounds were presented as supporting information.

2.1 | Synthesis

2.1.1 | Synthesis of 3,3’-[[5-(Chloromethyl)-1,3-
Phenylene]Bis (Oxypropane-3,1-Diyloxy)]
Bis(N,N-Diethylaniline) (EA-D-CI)

EA-D-OH (1g, 1.82mmol) was dissolved in 10mL of chloroform
in a 100mL glass flask. 0.3 mL (3 mmol) of SOCI, was added with
the aid of a dropping funnel at room temperature and refluxed
at 65°C for 1day. The reaction mixture was cooled to 0°C, and a
50% KOH solution was added to make it basic. The mixture was
extracted with chloroform and water. For the purification pro-
cess, the column was made of aluminum oxide by using chlo-
roform as a solvent. Yield: 700 mg (68%). IR (ATR), v/cm~': 3087
(Ar-H), 2963-2850 (Aliph. C-H), 1594, 1499, 1461, 1375, 1354,
1287, 1259, 1214, 1165, 1063, 1015, 790, 752, 713, 686. 'H NMR
(400MHz, DMSO-d,), (8): 6.9 (t, 2H, Ar-H), 6.59 (d, 2H, Ar-H),
6.47 (s, 2H, Ar-H), 6.22 (m, 2H, Ar-H), 6.14 (m, 3H, Ar-H), 4.57
(s, 2H, CH,-Cl), 4.10-4.05 (m, 8H, CH,-0), 3.27-3.22 (q, 4H,
CH,-N), 2.11-2.08 (m, 4H, CH,), 1.02 (t, 12H, CH,). 3C NMR
(100MHz, DMSO-d,), (8): 160.20, 160.10, 154.84, 149.14, 130.25,
107.68, 105.17, 105.15, 101.17, 98.61, 67.78, 64.87, 64.11, 44.28,
29.15,12.87. MS (ESI), (m/z) calcl. 568.31; found: 569.36 [M + H]*.

2.1.2 | {3,5-Bis[(3,5-Bis{3-[3 (Diethylamino)Phenoxy]
Propoxy}Benzyl)Oxy]Phenyl}Methanol (EA-TD-OH)

3,5-Dihydroxy benzyl alcohol (89 mg, 0.6 mmol) and dry potas-
sium carbonate (900mg, 6.4 mmol) were dissolved in 90mL of
acetone. Then, EA-D-CI (700mg, 1.23mmol) and 18-crown-6
(186 mg, 0.71 mmol) were added to the reaction mixture. The re-
action mixture was refluxed for 2days at 70°C under a nitrogen
atmosphere. The crude EA-TD-OH was purified with column
chromatography on silica gel by using chloroform as a solvent.
Yield: 400mg (54%). IR (ATR), v/cm™': 3456 (OH), 3085 (Ar-H),
2968-2875 (Aliph. C-H), 1702, 1593, 1499, 1450, 1374, 1356, 1287,
1213, 1161, 1062, 952, 829, 747, 686, 616. 'H NMR (400 MHz,
DMSO0-d,), (8): 6.98 (t, 4H, Ar-H), 6.58 (d, 4H, Ar-H), 6.54 (s,
3H, Ar-H), 6.45 (s, 4H, Ar-H), 6.22 (m, 4H, Ar-H), 6.14 (m, 6H,
Ar-H), 5.14 (s, 1H, ~OH), 4.94 (s, 6H, CH,-0), 4.09-4.02 (m, 16H,
CH,-0), 3.26-3.21 (q, 16H, CH,-N), 2.10-2.07 (m, 8H, CH,), 1.02
(t, 24H, CH,). 3C NMR (100 MHz, DMSO-d,), (8): 160.18, 160.15,
159.68, 149.14, 145.51, 139.96, 130.24, 106.28, 105.59, 105.36,
105.16, 101.19, 100.65, 98.58, 69.37, 64.76, 64.12, 44.07, 29.14,
12.81. MALDI-TOF-MS (m/z) calcl. 1205.56; found: 1205.33 [M]™.

2.1.3 | Silicon (IV) Phthalocyanine (EA-TD-Si)

EA-TD-OH (100mg, 0.083mmol) was dissolved in 10mL dry
toluene, silicon phthalocyanine dichloride (24 mg, 0.040 mmol),
and a small amount of NaH was added. The reaction mixture
was refluxed at 110°C under a nitrogen atmosphere for one
night. The crude EA-TD-Si was purified with column chroma-
tography on silica gel by using chloroform/methanol (250:5) as
a solvent system. Yield: 75mg (61%). mp>300°C. IR (ATR), v/
cm™!: 3078 (Ar-H), 2965-2871 (Aliph. C-H), 1733, 1593, 1498,
1449, 1428, 1373, 1354, 1289, 1262, 1212, 1122, 1060, 910, 808,
736, 685. 646. 'H NMR (400MHz, CDCL,), (8): 9.57 (bs, 8H, Pc-
H,), 8.24 (bs, 8H, Hy), 7.10 (t, 10H, Ar-H), 6.30-6.24 (m, 40H,
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Ar-H), 4.14-4.11 (m, 32H, CH,-0), 3.99 (s, 8H, Ar-CH,-0),
3.30-3.29 (q, 32H, CH,-N), 2.24 (m, 16H, ~CH,-), 1.12 (t, 48H,
CH,), —0.68 (s, 4H, Si-O-CH,). 13C NMR (100MHz, CDCL,),
(8): 160.21, 160.18, 160.00, 158.23, 149.43, 149.19, 139.18, 135.97,
134.28, 130.91, 129.88, 123.57, 105.80, 105.42, 105.15, 100.75,
100.52, 98.89, 68.88, 64.65, 64.22, 44.36, 29.44, 12.63. UV-Vis
(DMF) Amax (loge): 679 (4.99), 611 (4.28), 353 (4.56). MALDI-
TOF-MS (m/z) calcl. 2949.72; found: 2949.03 [M]*.

2.1.4 | Water Soluble Silicon (IV) Phthalocyanine
(EA-TD-SiQ)

EA-TD-Si (23 mg, 0.007 mmol), 3mL of chloroform, and 2.5mL
of iodomethane were mixed in a 50mL flask at room tempera-
ture in the dark for 6days. The reaction mixture was filtered
through a glass crucible, washed with chloroform and ethyl ac-
etate, and dried in a vacuum. Yield: 20mg (63%). mp > 300°C.

IR (ATR), v/cm~: 3021 (Ar-H), 2967-2877 (Aliph. C-H), 1590,
1452, 1387, 1334, 1291, 1255, 1122, 1058, 910, 871, 833, 759, 688.
UV-Vis (DMF) Amax (loge): 673 (4.96), 608 (4.25), 356 (4.54).
MALDI-TOF-MS (m/z) calcl. 4085.23; found: 383.99 [M-8I]*3.

3 | Results and Discussion
3.1 | Synthesis and Characterization

The synthesis of targeted EA-TD-Si and EA-TD-SiQ is shown
in Figure 1. Firstly, EA-D-OH [21] was mixed in chloroform
in the presence of SOCL,, and thus, the benzylic OH group was
chlorinated to obtain the EA-D-CI1. EA-TD-OH was synthesized
by a nucleophilic substitution reaction by mixing EA-D-CI and
3,5-dihydroxybenzylalcohol in acetone at reflux temperature
in the presence of potassium carbonate and 18-crown-6. EA-
TD-Si was prepared from EA-TD-OH, SiPcCl,, and NaH as a

N .o
- - - I RO
;3 0
RO
RO OH
0
EA-TD-OH
RO

3,5-Dihydroxybenzyl alcohol

FIGURE1 | Synthesis pathway of targeted compounds. (i) SOCI, and CHCL,. (ii) Acetone, 18-crown-6, and K,CO,. (iii) NaH and toluene. (iv) CH,I

and chloroform.
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base in toluene at 110°C. To synthesize the water-soluble axially
disubstituted silicon compounds (EA-TD-SiQ and EA-TD-Si),
CH,I was mixed in chloroform in the dark for 4days. The new
EA-D-Cl1, EA-TD-OH, EA-TD-Si, and EA-TD-SiQ were char-
acterized by the necessary spectroscopic methods (‘H-NMR,
13C-NMR, FT-IR, MS, MALDI-TOF, and UV-Vis). In the IR spec-
trum of the EA-D-CI, the benzylic -OH stretching vibration was
eliminated as a result of the chlorination reaction. Additionally,
aromatic sp? and sp?® carbon vibrations were observed at 3087
and 2963-2850cm™!, respectively. In the "H-NMR spectrum of
the EA-D-CI, the peak of the —OH proton of the EA-D-OH dis-
appeared. Looking at the 13C-NMR spectrum, aromatic carbons
and aliphatic carbons of the EA-D-CI appeared in the range
of 160.20-98.61 ppm and 67.78-12.87 ppm, respectively. In the
mass spectrum, the molecular ion peak at m/z 569.36 as M+ H

supported the proposed structure. In the IR spectrum of EA-
TD-OH, unlike EA-D-CI, a stretching vibration belonging to
the —~OH group was seen at 3456 cm~. In the 'H-NMR spectrum
of EA-TD-OH, the —~OH proton was seen at 5.14ppm, and its
presence was supported by exchange with D,0. The aromatic
and aliphatic protons were seen in the range of 6.98-6.14 ppm
and 4.94-1.02 ppm, respectively. Looking at the 3C-NMR spec-
trum of EA-TD-OH, aromatic carbons appeared at 160.18-
98.58 ppm, and aliphatic carbons appeared at 69.37-12.81 ppm.
In the MS spectrum of EA-TD-OH, the molecular ion peak was
seen at m/z 1205.33 as M*. When the FT-IR spectrum of the
EA-TD-Si was examined, aromatic C-H at 3078 cm™, aliphatic
C-H stretching vibration bands at 2965-2871cm™!, and char-
acteristic Si-O-C vibration at 1060cm~! were observed. In the
'H-NMR spectrum of EA-TD-Si (Figure 2), the characteristic 8
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FIGURE2 | (a) 'H-NMR spectrum of EA-TD-Si. (b) 3C-NMR spectrum of EA-TD-Si.
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alpha and 8 beta protons of the phthalocyanine ring were seen
at 9.57 and 8.24ppm, respectively, as well as aromatic protons
at 7.10-6.24 ppm. Protons belonging to the O-CH,, CH,-N, -
CH,-, and CH, groups appeared at 4.14-3.99, 3.30, 2.24, and
1.12ppm, respectively. Additionally, it was observed that the
protons belonging to the Si-O-CH, group were at —0.68 ppm
(s, 4H) due to magnetic anisotropy [22]. In the mass spectrum
of EA-TD-Si, the molecular ion peak was seen at m/z 2949.03
[M]*. In the IR spectrum, no differences were shown between
EA-TD-Si and EA-TD-SiQ. Also, the molecular ion peak of EA-
TD-SiQ was shown at m/z=383.99 [M-8I|*8. The UV-Vis spec-
tra of EA-TD-Si and EA-TD-SiQ were taken in DMF (Figure 3).
The Q bands of EA-TD-Si and EA-TD-SiQ were shown at 679
and 673nm. The B bands of EA-TD-Si and EA-TD-SiQ were
displayed at 353 and 356 nm, respectively.

3.2 | DNA Damage/Photodamage
of the Compounds

In this study, the supercoiled pBR322 plasmid DNA damage/
photodamage effects of EA-TD-Si and EA-TD-SiQ were exam-
ined depending on both concentration and light dose using the
agarose gel electrophoresis method. The results are presented
in Figure 4. In the work, methylene blue (MB) was used as a
positive control. Compounds were dissolved in a final volume of
0.5% DMSO, freshly. Firstly, as shown in Figure 4a, the plasmid
DNA damage effects of both compounds were examined due
to concentration without light irradiation, and it was revealed
that no remarkable DNA damage was observed in the pres-
ence of EA-TD-Si and EA-TD-SiQ against the control group
(Figure 4a, Lane 1). Then, photodamage activities on plasmid
DNA were examined for 5, 15, 30, and 45min of light exposure
to the presence of EA-TD-Si and EA-TD-SiQ. In 5min of light
stimulation, no photodamage was observed at the used concen-
trations of EA-TD-Si (1, 10, and 50 uM), while the percentage of
Form I decreased and the percentage of Form Il increased in the
presence of EA-TD-SiQ (10 and 50uM) (Figure 4b). In 15min
of light exposure, plasmid DNA was completely degraded in
the presence of EA-TD-SiQ at 50 uM (Figure 4c, Lane 7). In the
presence of MB used as a positive control at the same concentra-
tion, the percentage of Form II of plasmid DNA was calculated

= 673 nm

147 - 679 nm EA-TD-SiQ
< 121
g 107
S 081
-g 0.6 EA-TD-Si
2 044
< 0.2

00 T T T T T

300 400 500 600 700 800
Wavelength (nm)

FIGURE3 | UV-Visspectra of EA-TD-Si and EA-TD-SiQ in DMF.

at 100% (Figure 4c, Lane 10). When the light treatment time
was increased to 30min, plasmid DNA was completely de-
graded at 10uM as well as 50 uM in the presence of EA-TD-SiQ
(Figure 4d, Lanes 6 and 7). On the other hand, no photodamage
was observed in the presence of EA-TD-Si. Finally, when the
light exposure time was 45min, plasmid DNA was completely
degraded at all concentrations of EA-TD-SiQ (Figure 4e, Lanes
5-7), while EA-TD-Si did not show any photodamage on plas-
mid DNA (Figure 4e, Lanes 2-4). The results revealed that EA-
TD-SiQ caused stronger damage to plasmid DNA compared to
MB. This is thought to be due to the higher solubility of EA-TD-
SiQ in water and its higher reactive oxygen species generation
in the buffer.

There are studies in the literature showing that silicon (IV)
phthalocyanines containing different substitute groups cause
DNA photodamage. In one of these, Giimiisgoz Celik et al. re-
ported that axially symmetric and unsymmetric silicon (IV)

(a)

b UL S TR T— ‘wwu

1 2 3 4 56 78 9 10

(b)

J o o o y

1 2 345 6 7 89 10

(d)

L TR (-
.

1 2 3 4 5 678 9 10

(e)

1 2 3 45 67 8 9 10

FIGURE 4 | Plasmid DNA damage effects of compounds (a) 30 min
at dark, (b) 5min of light irradiation, (c) 15min of light irradiation, (d)
30min of light irradiation, and (e) 45min of light irradiation (light:
white; dose: 17.5mW/cm?). Lane 1: DNA control; Lanes 2-4: DNA + EA-
TD-Si (1, 10, and 50uM, respectively); Lanes 5-7: DNA + EA-TD-SiQ
(1, 10, and 50uM, respectively); Lanes 8-10: DNA+MB (1, 10, and
50uM, respectively).
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phthalocyanines bearing anti-inflammatory groups showed ex-
cellent nuclease activity on plasmid DNA [23]. In another study,
Farajzadeh et al. reported that quaternized axially disubstituted
silicon (IV) phthalocyanines (1-3SiQ) cleaved the supercoiled
form into nicked form in the dark [24]. In our group's study,
1-acetylpiperazine substituted silicon (IV) phthalocyanine had
significant photo nuclease actions on plasmid DNA [25]. All
these studies revealed that silicon phthalocyanine bearing dif-
ferent substituted groups can cause damage to plasmid DNA
without light exposure.

1 2 345 6 7 8

FIGURE 5 | Supercoiled pBR322 plasmid DNA nuclease in the
presence of DMSO and NaN;, in the absence and presence of EA-TD-
SiQ in the buffer (Tris-HCl pH 7.0). Lane 1: DNA control; Lane 2:
DNA control+30min light; Lane 3: DNA +DMSO (0.4mM); Lane 4:
DNA +NaN, (0.4mM); Lane 5: DNA +DMSO (0.4mM)+ 30min light;
Lane 6: DNA+NaN; (0.4mM)+30min light; Lane 7: DNA+DMSO
(0.4mM) +EA-TD-SiQ (10uM)+30min light; Lane 8: DNA+NaN,
(0.4mM) + EA-TD-SiQ (10 M) + 30 min light.

3.3 | DNA Photodamage Mechanism in
the Presence of the Compounds

In this study, DMSO (hydroxyl radical scavenger) and NaN,
(singlet oxygen scavenger) were used to determine the reactive
oxygen species that cause plasmid DNA photodamage in the
presence of EA-TD-SiQ with light irradiation. The results are
shown in Figure 5. As can be seen in Figure 5, DMSO and NaN,
did not show any damage to plasmid DNA without light expo-
sure. In Figure 5, Lanes 7 and 8, the band intensity was analyzed
after the addition of 10uM of EA-TD-SiQ followed by 30 min of
light irradiation. The results indicated that the band intensity
completely disappeared (Figure 5, Lane 7), while Form I was
observed in Figure 5, Lane 8. This revealed that EA-TD-SiQ
showed photodamage on DNA by generating singlet oxygen in
the presence of light irradiation.

3.4 | Cytotoxic and Phototoxic Properties
of the Compounds

In this work, the cytotoxic and phototoxic properties of EA-
TD-Si and EA-TD-SiQ were investigated using an MTT assay
on HEC-1B (HTB-113™, ATCC) human endometrium adeno-
carcinoma. In this study, BEAS-2B (human bronchial epithe-
lial cells) (CRL-9609™, ATCC) was used as a healthy cell line.
The results are presented in Figure 6, and MB was used as a
positive control. Cells were treated with various concentrations

(a) HEC-1B
100 = = E MB
E3 MB w/ light
- 80 = Bl EA-TD-Si
}. E=E EA-TD-Si w/ light
= 60 Hl EA-TD-SIQ
2 E& EA-TD-SiQ w flight
3 40 =
o
20—
o | :
Ctrl 1 1 0.010.01 0.1 01 1 1 10 10 0.010.01 0.1 0.1 1 1 10 10
L ] L J L J
MB (uM) EA-TD-Si (uM) EA-TD-SIQ (uM)
(b)
BEAS-2B
100 =y e
80—
=*
£ 60
Z
s
2> 40
Q
o
204
0=
Ctrl 1 1 0.01 0.01 01 0.1 1 1 10 10 0.01 0.01 0.1 0.1 1 1 10 10
—_ L 1 L ]
MB (1M) EA-TD-Si (uM) EA-TD-SIQ (uM)

FIGURE 6 | Cytotoxicity/phototoxicity profile of the compounds in HEC-1B (a) and BEAS-2B (b) cells for 24 h. Statistical differences between
control vs. groups *p <0.01; **p <0.0001. Ctrl: control (DMSO 0.5%, v/v); MB: methylene blue. (Light: white; dose: 17.5mW/cm?; time: 60 min.).
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(0.01-10 uM) of EA-TD-Si and EA-TD-SiQ, freshly diluted with
cell culture medium containing 0.5% (v/v) DMSO. As a positive
control, MB (Isolab, Germany) was used at 1uM in a dissolved
DMSO as described previously. According to the MTT assay, ex-
posure to the highest tested concentration of EA-TD-Si (10 uM)
for 24h to HEC-1B (Figure 6a) and BEAS-2B cells (Figure 6b)
showed significant phototoxicity when the cells were exposed to
light irradiation (white, 17.5mW/cm?, 60 min) compared to the
nonirradiated group. However, 0.1 and 1M EA-TD-SiQ expo-
sure to BEAS-2B cells showed higher phototoxicity compared
to the same concentration exposure in HEC-1B cells. Moreover,
the phototoxic action of 10uM EA-TD-SiQ was statistically not
significant compared to the nonirradiated group in BEAS-2B
cells, though there was a notable decline in the cell viability
(Figure 6b). In addition, for EA-TD-SiQ, 1uM exposure in
HEC-1B cells exhibited reduced cell viability when light irradi-
ation was applied. These results showed that EA-TD-SiQ had
higher phototoxic activity on the HEC-1B cell line than both the
positive control and EA-TD-Si at a concentration of 1 uM. The
reason why EA-TD-SiQ shows higher efficiency can be thought
to be its better solubility, thanks to the ammonium groups in its
structure.

While research has revealed that there are no studies on phtha-
locyanines and EC cells, it has been revealed in the literature
that there are many studies on gynecological cancer cells.
Hodgkinson et al. reported that the effect of PDT in the presence
of sulfonated zinc phthalocyanine Ps (ZnPcS_; ) was examined
by irradiating cervical cancer (HeLa) cells with light (8J/cm?,
673nm). The results showed that the cell viability decreased by
25% with light irradiation in the presence of ZnPcS . [26]. In
another study, Goksel, Durmus, and Biyiklioglu reported that
the water-soluble silicon (IV) phthalocyanine derivatives ex-
hibited cytotoxicity on HeLa cells [27]. Yurttas et al. reported
the cytotoxic effect and molecular basis of L1ZnPc (2,9,16,23-
tetrakis(4-carboxyethylsulphanyl)phthalocyaninatozinc  (I1))
on HelLa cells [28, 29]. The cell viability was about 30% in the
presence of L1ZnPc with light exposure (5mJ/cm?), and HeLa
cells were driven to death through apoptosis. All these studies
revealed that phthalocyanines are promising candidates for the
treatment of gynecological diseases. In this study, the effects of
EA-TD-SiQ on HEC-1B cells formed an idea about its usability
in the treatment of this disease.

4 | Conclusion

In summary, we synthesized axially bis-{3,5-bis[(3,5-bis{3-[3
(diethylamino)phenoxy]propoxy}benzyl)oxy]phenylimethoxy
group substituted silicon phthalocyanine and its water-soluble
derivative. The supercoiled pBR322 plasmid DNA damage ef-
fects of EA-TD-Si and EA-TD-SiQ were examined using aga-
rose gel electrophoresis without irradiation. Then, the reactive
oxygen species produced by the EA-TD-SiQ in the presence of
light were determined. Finally, the cytotoxic and phototoxic
activities of EA-TD-Si and EA-TD-SiQ on HEC-1B cells were
examined using the MTT assay. The results determined that
EA-TD-SiQ showed high photodamage properties depending
on the light dose. It has also been determined that EA-TD-SiQ
damaged DNA by producing singlet oxygen in the presence of
light. According to the MTT assay, when EA-TD-SiQ (1 uM) is

exposed to light, cell viability decreases to approximately 20% in
HEC-1B cells. This result was found to be quite high compared
to EA-TD-Si. In light of all these results, it is thought that the
EA-TD-SiQ has the potential to be used in EC treatment, and
the mechanism can be elucidated with detailed studies.
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