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ABSTRACT

In recent years, much effort has been devoted to the devel-
opment of effective anticancer agents. In this manner, the
utilization of water-soluble sulfonated phthalocyanines is
crucial for many cancer cell lines. In this study, phthaloni-
trile and metallophthalocyanine compounds linked by ben-
zenesulfonic acid groups have been prepared. Antimicrobial
behaviors of those compounds were investigated by per-
forming disk diffusion and photodynamic assays on gram-
positive and negative bacteria. Indium phthalocyanine
(InClPc) (3) showed inhibition activity against B. cereus, B.
subtilis and S. aureus with disk diffusion assay. Also, gallium
and indium phthalocyanines (2 and 3) exhibited inhibitory
activity on both gram-positive and -negative microorganisms
after light activation. Increasing the inhibitor concentration
and light exposure time increased the inhibition activity for
both molecules. GaClPc (2) demonstrated the maximum
reducing power capacity among studied compounds, and
CoPc (4) showed even better DPPH radical scavenging ability
than the standard molecule Trolox at 2000 µg mL−1 concen-
tration. The dose-dependent effect of compounds on cytotoxi-
city was studied against cancer cells PANC-1, MDA-MB-231,
HepG2, A549, HeLa, CaCo-2 and non-tumorigenic cells
HEK-293. All compounds showed no significant cytotoxic
effect on any cell line up to the highest treated concentration
at 50 µg mL−1. However, all phthalocyanines had significant
nitric oxide inhibition activity, and only in copper phthalo-
cyanine (CuPc) (5), the MTT IC50 value was reached on
LPS-activated RAW 264.7 macrophage cells. The lowest
inducible nitric oxide synthase (iNOS) IC50 values were
defined as 6 � 1 μg mL−1 and 7 � 0.5 μg mL−1 for CuPc (5)
and InClPc (3), respectively.

INTRODUCTION
Phthalocyanines (Pcs) were found by chance at the beginning of
the 20th century, and its structure was elucidated after 1928, as
it became commercially important. It has been used as a dye and
pigment for many years. In recent years, it has been investigated
in technological applications such as liquid crystal (1), photo-
voltaic (2), catalysis (3), chemical sensors (4,5) and photody-
namic therapy of cancer (PDT) (6–9). Pcs are among the most
preferred materials in PDT applications (10). The most important
reasons for this are its strong absorption at the phototherapeutic
window where tissue penetration line is maximized, low dark
toxicity and aqueous solubility properties (11–13). These com-
pounds have no solubility in almost all solvents, when not sub-
stituted, due to the intense π-conjugated aromatic nature.
However, to overcome this problem, generally, the two important
parameters for synthesizing soluble phthalocyanines are appropri-
ate; metal and substituent selection (14). The substitution of a
diversity of peripheral or axial groups, metal insertion, variation
of the macrocycle’s main structure and extension of conjugation
has a strong influence on the solubility and electronic absorption
characteristics (15,16). Especially, the metal atom in the center
of phthalocyanines significantly affects both the solubility of the
complex and its photophysical and photochemical properties
(17–19). In topical, interstitial and direct injection into the blood
system PDT applications, since blood is a hydrophilic system,
water solubility is crucial for a potential photosensitizer in PDT.
It has been reported that by using appropriate hydrophilic sub-
stituents in phthalocyanines, both water solubility is achieved
and their aggregation tendency is reduced (20–23). Anionic/hy-
drophilic substituents usually used to ensure water solubility to
phthalocyanines are carboxylate, sulfonate and phosphorus-based
functional functionalities that can be linked directly with the
macrocyclic ring or various spacers (14,24). Most of the anionic
phthalocyanines synthesized for PDT contain sulfonate or sul-
fonic acid groups (25).

Antibiotic resistance, an increasingly common problem in
pathogens, has encouraged the search for new antimicrobial
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routes in recent times and treatment of local infections with pho-
todynamic antimicrobial therapy brought a new perspective in
pharmacy. By using this therapy, the microorganisms are exter-
minated by the action of photosensitizers and suitable light.
While photosensitizers do not have antimicrobial effects alone,
reactive cytotoxic products formed as a result of irradiation with
light in the presence of oxygen damage microbial cells (26,27).
Two mechanisms explain the fatal damage inflicted by bacteria.
When DNA damage occurs, leakage of cellular contents and
cytoplasmic membrane damage are caused by the inactivation of
enzymes involved in membrane transport systems (28). This
method is mostly used in the treatment of local infections that
turn out to be chronic after long-term antibiotic treatments. On
the contrary to antibiotics, reactive oxygen species formed during
photodynamic antimicrobial inactivation interact with structures
of cells and different metabolic routes in microbial cells, so
repeated photosensitization of bacteria does not induce the selec-
tion of resistant strains. This treatment can be applied if it is tol-
erated by the patient to be treated for local infection (29).

Oxidative stress displays a role in the emergence of numerous
chronic diseases like cardiovascular disease, diabetes, cancer and
some neurological diseases. Oxidative stress related to free radi-
cals in biomolecular reactions has been reported in many scien-
tific studies (30). The antioxidant potentials of Pcs have been the
subject of many studies, and their distinctive chemical and physi-
cal properties coming from π systems are delocalized over an
arrangement of conjugated carbon and nitrogen atoms.

Inflammation is an important and complex defense mechanism
and can be involved in the regulation of various inflammatory
diseases and physiological functions; however, in chronic cases,
it causes undesirable side effects (31). Inhibition of NO (nitric
oxide) generation via LPS-induced in RAW 264.7 cells can pro-
vide information about the anti-inflammatory character of the
compounds. Although there are not many studies on the effects
of these compounds on the immune system, it has been reported
in previous studies that phthalocyanines may have immunoregu-
latory effects (32). Also, new alternative anticancer methods
should be investigated due to the deficiencies of known treatment
methods of cancer. The anticancer effects of Pcs and their conju-
gates have been demonstrated by photodynamic therapy (33,34).
Therefore, they are potential anticancer agents and further inves-
tigation should be conducted.

Herein, possible antioxidant and antimicrobial activities of six
tetrasubstituted sulfonated metallophthalocyanines were evalu-
ated. In the literature, there are few studies in which sulfonated
phthalocyanines are used with iNOS, antimicrobial photodynamic
and in vitro cytotoxic activity properties (35–38). However, this
is the first study of anionic phthalocyanines containing benzene-
sulfonic acid groups. The disk diffusion assay was performed to
investigate the antimicrobial behaviors of the Pcs, and the photo-
dynamic antibacterial inhibition properties of the compounds in
different concentrations were tested against S. aureus and
E. coli. Antioxidant properties of the Pcs were examined by car-
rying out the free radical scavenging and reducing power assays.
Dark cytotoxicity of the compounds was performed by MTT test
against several cancer cell lines which are PANC-1, MDA-MB-
231, HepG2, A549, HeLa, Caco-2 and a non-tumorigenic cell
line HEK-293. In addition, the effects of the compounds on the
inducible nitric oxide synthase (iNOS) enzyme and their anti-
inflammatory potential were explored on LPS-induced RAW
264.7 cells.

MATERIALS AND METHODS

General synthesis procedures for phthalocyanines. Our group prepared 4-
(2,3-dicyanophenoxy)benzenesulfonic acid (1) and its gallium, indium
and cobalt phthalocyanine derivatives (2-4) according to the reported
procedure (39,40). For preparing the other phthalocyanines (5-7), in the
complexation step, a mixture of 4-(2,3-dicyanophenoxy)benzenesulfonic
acid (0.100 g, 0.32 mmol), anhydrous metal salts (CuCl2, MnCl2 and
NiCl2, ~0.11 mmol) and DBU (0.5 mmol) in n-pentanol (1.5 mL) was
refluxed for 24 h. The reaction mixture was precipitated by the addition
of n-hexane. The crude product was washed several times with ethanol,
methanol and ethyl acetate to remove the impurities. The salt-formed
product was dissolved in HCl solution (60 mL, 0.9 M), then precipitated
with acetone, dried in vacuo at 100°C.

Copper (II) phthalocyanine (5). Yield: 0.029 g. 28%, FT-IR (υmax/
cm−1): 3070, 3030 (w, C-H), 1582 (m, Ar), 1224 (s, R-O-Ar), 1178 (m,
S = O asym.st), 1122 (s, SO3H), 1030 (s, S = O sym. st.). UV-Vis λmax

(nm) DMSO: 695, 625, 334. MALDI-TOF-MS m/z: 1304.70
[M + K+H]+. Anal. calcd. for C56H32N8O16S4Cu: C, 53.18; H, 2.55; N,
8.86, found: C, 53.02; H, 2.48; N, 8.96.

Manganese (II) phthalocyanine (6). Yield: 0.035 g. 34%, FT-IR (υmax/
cm−1): 3066, 3036 (w, C-H), 1582 (m, Ar), 1218 (s, R-O-Ar), 1175 (m,
S = O asym.st), 1121 (s, SO3H), 1032 (s, S = O sym. st.). UV-Vis λmax

(nm) DMSO: 755, 677, 516, 331. MALDI-TOF-MS m/z: 1297.25
[M + K+2H]+. Anal. calcd. for C56H32N8O16S4Mn: C, 53.55; H, 2.57;
N, 8.92, found: C, 53.42; H, 2.48; N, 8.98.

Nickel (II) phthalocyanine (7). Yield: 0.035 g. 34%, FT-IR (υmax/cm−1):
3090 (w, C-H), 1582 (m, Ar), 1218 (s, R-O-Ar), 1172 (m, S = O asym.st),
1122 (s, SO3H), 1029 (s, S = O sym. st.). UV-Vis λmax (nm) DMSO: 691,
620, 328. 1H-NMR (300 MHz, DMSO-d6): δ, ppm 8.02-7.62 (4H, Pc-Ar-H)
7.60-7.22 (16H, m, Ar-H and Pc-Ar-H), 7.18–7.00 (8H, m, Ar-H). MALDI-
TOF-MS m/z: 1339.40 [M+2K+2H]+. Anal. calcd. for C56H32N8O16S4Ni:
C, 53.39; H, 2.56; N, 8.89; found: C, 53.22; H, 2.48; N, 8.92.

Antimicrobial activity. Disk diffusion method. Antimicrobial activities
of the synthesized Pcs were explored for E. coli (ATCC 25922), B.
cereus (ATCC 14579), B. subtilis (ATCC 6051) and S. aureus (ATCC
25923) by using the disk diffusion method. Mueller-Hinton Broth (MHB)
was used for the incubation of bacterial cultures. Overnight incubated
microorganisms were taken into the sterile tubes having 5 mL sterile
pure water then adjusted to the 0.5 McFarland standard (1.5 ×
108 CFU mL−1 of bacteria) spectrophotometrically. Cultures from these
sterile tubes were inoculated to the petri dishes comprising Mueller-
Hinton Agar (MHA), and Pcs were dissolved in water at 1 mg mL−1

concentrations. The disks were impregnated with 20 μL of prepared
solutions and placed on the inoculated agar. Ampicillin (10 μg disk−1)
and cefotaxime (30 μg disk−1) were chosen as positive reference
standards. Lastly, inoculated petri dishes were incubated at 37°C for 24 h
at the incubator, and antimicrobial properties were elucidated by
evaluating the inhibition zone for the studied microorganisms (41).

Photodynamic antibacterial therapy. Bacterial cultures were cultivated in
MHB at 37°C for overnight. An aliquot of these cultures (100 μL) was
aseptically transferred to fresh MHB and grown at 37°C to have the 0.5
McFarland standard spectrophotometrically. After 2 h incubation at 37°C, Pcs
at final concentrations of 0.25, 0.5 and 1 mg mL−1 were transferred into the
tubes containing microorganisms and tested against microorganisms by
irradiating with low-laser light (20 J cm−2 and 670 nm) for 60 and 12 min.
The turbidimetric method was served to measure the optical density at
600 nm, and control tests were performed without the illumination of the cells
with Pc compounds. Photoinactivation efficiency was revealed by measuring
the turbidity of the tested and control samples spectrophotometrically (42).

Antioxidant activity. DPPH radical scavenging activity. DPPH (2,2
Diphenyl 1 picrylhydrazyl) free radical scavenging capacities of the Pcs were
investigated (43). Different concentrations of Pcs in water and Trolox as the
positive control were used as test solutions. 1 mL of Pc solution was mixed
with 1mM DPPH solution, incubated for 1 h at dark, and the absorbance was
measured at 517 nm spectrophotometrically. The control sample was
prepared without the Pc compound. The DPPH radical scavenging activity
percentage was calculated by using the following formula:
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DPPH scavenging activity %ð Þ ¼ A sample� A control
A control

� 100

where A control and A sample indicate the absorbance of the control
reaction mixture and sample, respectively.

Reducing power. Reducing power activities of Pc molecules was
evaluated based on the method described previously (44). The mixture of
sodium phosphate buffer with a pH of 6.6 (2.5 mL, 200 mM) and 2.5 mL
potassium ferricyanide (1%) with 1 mL of sample was incubated at 50°C
for 20 min. After the addition of 2.5 mL of 10% trichloroacetic acid, the
mixture was centrifuged at RCF= 1100 g for 10 min. Then, 2.5 mL of
the upper layer was taken in a tube, and 2.5 mL of deionized water and
0.5 mL of 0.1% ferric chloride were added. At last, the absorbance was
read at 700 nm performing UV–Vis spectrophotometer. BHA was chosen
as the control.

Cytotoxicity assay. Cytotoxicity was evaluated by the 3-(4,5-
dimethyl-2-thiazolyl)- 2,5-diphenyl-2H-tetrazolium bromide (MTT)
colorimetric assay. Cancer cell lines, PANC-1 (human pancreatic
carcinoma cells), MDA-MB-231 (human breast adenocarcinoma cells),
HepG2 (human hepatocarcinoma), A549 (lung carcinoma cells), HeLa
(cervix adenocarcinoma cells) Caco-2 (human colon carcinoma) cells and
non-tumorigenic 293 HEK (human embryonic kidney cell line) cells
were cultured in Dulbecco’s modified Eagle’s F12 medium (DMEM/F12)
supplemented with 10% fetal bovine serum which was used to determine
cytotoxicity based on previous study (45).

Inhibition of iNOS activity. The total amount of nitrite in a medium
was used as an indicator of nitric oxide synthesis (46), and the inhibition
of iNOS activity was determined in LPS-induced mouse macrophages
(RAW264.7) as previously described (41). Cells were cultured in
Roswell Park Memorial Institute (RPMI) 1640 medium supplemented
with 10% heat-inactivated FBS, 2 mM L-glutamine and %0.1 penicillin/
streptomycin (Gibco). Doxorubicin was chosen as the positive control.
The compounds were also tested using MTT analyses to determine the
cytotoxic activity for RAW264.7 cells.

RESULTS AND DISCUSSION

Synthesis and characterization

We aimed the synthesis of anionic water-soluble metallophthalo-
cyanines using 4-(2,3-dicyanophenoxy)benzenesulfonic acid (1)
for the determination of antimicrobial and anticancer potentials.
Scheme 1 displays the synthetic pathway for water-soluble
phthalocyanines (2-7).

Water-soluble phthalocyanines were obtained by cyclote-
tramerization of 1 using metal chloride salts as the template in
the presence of DBU as the base and 1-pentanol as the solvent.
To isolate these phthalocyanines (2-7), firstly they were treated
with ethyl acetate, ethanol and cold methanol to remove the
decomposition products and unreacted starting materials. After
the products were treated with HCl solution and reprecipitated
with an excess of acetone, they finally dried in vacuo at 100°C.
Substitution of benzenesulfonic acid groups to phthalocyanine
skeleton brings hydrophilic character to compounds and provides
water solubility property. The novel compounds were elucidated
by general spectroscopic methods. The spectroscopic data are
consistent with the proposed structures. FT-IR spectra of the
phthalocyanine compounds (2-7) showed aromatic (−CH)
stretching peaks at 3066–3030 cm−1, sulfoxide groups (−S = O)
at 1033–1018 cm−1 and sulfone groups (−O = S=O) at 1186–
1180 cm−1(Figures S5, S6 and S7). The 1H-NMR spectrum of
phthalocyanine 7 showed the expected chemical shifts for the
phthalocyanine structure. Detected aromatic protons were
observed as multiplets between 9.22 and 7.22 ppm and 7.12–
7.00 ppm for phthalocyanine 7. Due to the paramagnetic charac-
ter of copper, and manganese, there is no signal for compounds
5 and 6 in 1H-NMR spectroscopy. MALDI-TOF mass results

confirm our proposed structures with molecular ion peaks at m/
z = 1304.70 [M + K+H]+, 1297.25 [M + K+2H]+ and 1339.40
[M+2K+2H]+ for 5, 6 and 7, respectively (Figures S2, S3 and
S4).

UV-Vis absorption studies

The first and simplest method showing the formation of phthalo-
cyanines is the absorption spectroscopy technique. Phthalocya-
nine complexes show characteristic electronic spectra in two
absorption regions. One of them is in the UV region at 300–
350 nm (B band), and the other one in the visible area at 600–
700 nm (Q-band). The absorption spectra of the phthalocyanines
were obtained in DMSO. The spectra of the phthalocyanines
exhibited in the Q band region at 711 nm for 2, 710 nm for 3,
690 nm for 4, 695 nm for 5, 755 nm for 6 and 691 nm for 7
(Fig. 1). Besides, for manganese phthalocyanine (6), the band as
a shoulder at 515 nm is attributed to the charge transfer between
the Pc ligand and the central Mn ion.

Scheme 1. Synthetic pathway of the phthalocyanines (i) metal salts, n-
pentanol, DBU, reflux, 24h.

Photochemistry and Photobiology, 2022, 98 909
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Aggregation of phthalocyanines can occur due to aromatic π-
interactions and/or interactions between metal–ligand (LM) and
substituents or solvent molecules. This aggregation is often
shown as a coplanar combination of rings with the generation of
dimer and higher-order structures from the monomer and is dri-
ven by the van der Waals attractive forces between the phthalo-
cyanine rings. In the aggregated situation, the electronic structure
of the phthalocyanine rings is perturbed, which can cause
changes in the ground state and excited state properties. Thereby,
the aggregation behavior of phthalocyanines may limit the photo-
physical, photochemical and anticancer properties (47). This
behavior of phthalocyanines can be changed by many factors
such as concentration, temperature, the chemical composition of
the medium and the solvent (40) (Figure S8). In this manner, the
aggregation behavior of the copper phthalocyanine (5) was
examined in different solvents (DMSO and water). The absorp-
tion spectrum of copper phthalocyanine (5) in water contains a
broad Q band centered at 695 nm in a manner that is typical of
aggregated phthalocyanines in a cofacial arrangement. When
dimethyl sulfoxide (DMSO) was used, no aggregation formation
is observed, because Q bands are sharp intense in DMSO
whereas sharply decrease in water (Fig. 2). Also, the density of
the Q-band in water is much lower than in DMSO, indicating
intermolecular aggregation of copper phthalocyanine (5).

Antimicrobial activity

Disk diffusion method. The antimicrobial properties of Pcs were
assessed by using the disk diffusion assay. Each disk was
impregnated with 20 μL Pc solution at 1mg/mL concentration.
According to the results, only InClPc (3) showed antimicrobial
activity against gram-positive bacteria. When the obtained inhibi-
tion areas are examined, compound 3 created moderate inhibition
zones compared with the standard antibiotics forming 8mm
against B. subtilis and S. aureus, 11 mm for B. cereus (Table 1).
In this study, the effect of differences in the central metal atom
on Pc compounds with the same substituents was investigated. It
is known that the central metal atom and the attached substituent
groups are effective in antimicrobial activity studies of Pcs
(48,49). The inhibition mechanism of microorganisms can be

explained with the entrance of heavy metal ions into the microor-
ganism cells and the formation of secondary metabolites which
have heavy metals toxic for the microorganism. Heavy metal
stress in the metabolic pathway of the organism results in the
inhibition of bacterial growth (50).

Photodynamic antibacterial therapy. The antimicrobial effect of
photoinactivation of Pcs was investigated toward S. aureus and
E. coli as gram-positive and negative representative bacteria,
respectively. Among all tested Pc compounds, GaClPc (2) and
InClPc (3) demonstrated significant antimicrobial effects for
tested microorganisms at 2 h of light irradiated samples (Fig. 3).
Compound 2 showed a 71.35% inhibition effect against S. aur-
eus and 63.53% for E. coli at 2 h light-irradiating while com-
pound 3 exhibited an 82.98% inhibition effect against S. aureus.
In other Pcs, the inhibition effect remained below 30%. With
GaClPc (2) and InClPc (3), increasing the inhibitor concentration
and light exposure increased the inhibition effect against tested
microorganisms. In the control experiment performed without
light-irradiation, only in the InClPc (3), inhibition was observed
with increasing inhibitor concentration in parallel with the results
obtained in the disk diffusion experiment. The inhibitory activity
with light irradiation of compound 2 and compound 3 can be
explained by the existence of -Cl substituents on the structure
(51). In a study in which the antimicrobial activities of eutectic
gallium–indium alloys for E. coli and S. aureus were explored,
the viable counts of bacterial cells decreased sharply (52).

Photodynamic antimicrobial therapy was applied to the Pc
compounds in many studies, and the effect of substituents and
metal ions in the center of the Pc compounds was investigated.
The most powerful photosensitizers were found as amphiphilic
sulfonated zinc Pc and cationic tetramethylenepyridinium chlo-
ride of hydroxyaluminum phthalocyanine compounds for E. coli
and S. aureus (42). When aluminum disulfonated phthalocyanine
(AlPcS2) was used as a photodynamic antibacterial agent against
methicillin-resistant S. aureus (MRSA), low concentrations of
AlPcS2 after light irradiation could kill the MRSA (53).

Figure 1. UV-Vis absorption spectra of phthalocyanines (2–7) in
DMSO.

Figure 2. UV-Vis absorption spectra of copper phthalocyanine (5) in
DMSO and water.

910 Mustafa Akin et al.
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Antioxidant activity

DPPH free radical scavenging activity. When the scavenging
abilities of the Pcs were examined, CoPc (4) presented the high-
est antioxidant potential at all tested concentrations (Fig. 4).
Compound 4 showed even higher antioxidant activity than stan-
dard compound Trolox at 2000 μg mL−1 concentration. The radi-
cal scavenging potential of Pc molecules reduced in the order of
4 > 6 > 5 > 7 > 3 > 2. The resonance of localized electrons
has a direct effect on the antioxidant feature of Pcs, and π elec-
tron density is affected by central metal ion, electrovalent charac-
ter and connected substituent. Besides, the redox capability of a
metal ion increases the antioxidant activity (54).

In the study in which 4-(3,4,5-trimethoxybenzyloxy)
phthalonitrile derivative phthalocyanine molecules were pre-
pared and antioxidant features were studied by using DPPH
assay, CoPc showed the highest antioxidant activity followed
by nickel and zinc derivatives (55). In many studies examining
the antioxidant potentials of substituted Pcs, the highest antioxi-
dant activity was observed with CoPc which is in line with our
study (54,56).

Reducing power. The results of the reducing power assay were
given in Fig. 5. The reducing power indirectly indicates the total
reducing potential of the studied compound and the color result-
ing from Fe3+→Fe2+ reduction obtained by monitoring the

Table 1. Antibacterial activity of InClPc (3) at 1 mg mL−1 concentration and standard antibiotics against the tested bacteria.

Bacteria ATCC 6051 B. subtilis ATCC 25922 E. coli ATCC 14579 B. cereus ATCC 25923 S. aureus

InClPc (3) 8 � 0.12 mm - 11 � 1.04 mm 8 � 0.36 mm
Ampicillin (10μg disk−1) - - - 23 � 0.04 mm
Cefotaxime (30μg disk−1) 24 � 0.09 mm 18 � 1.02 mm 22 � 1.06 mm -

Figure 3. Photodynamic antimicrobial activities of GaClPc (2) and InClPc (3) for tested bacteria. (*P < 0.05, **P < 0.001).

Photochemistry and Photobiology, 2022, 98 911
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change at 700 nm (43), and increasing absorbance value repre-
sented the increasing reducing effect.

Standard compound BHA demonstrated the maximum reducing
activity at all tested concentrations. GaClPc (2) and CoPc (4) revealed
the highest and similar reducing activity at all concentrations studied,
followed by CuPc (5) >MnPc (6) > InClPc (3) > NiPc (7).

Determination of cytotoxic effects. According to MTT results, six
compounds administered at doses of 50, 5 and 0.5 µg mL−1 were
found to have no significant cytotoxic effects on HEK-293,
PANC-1, MDA-MB-231, HepG2, A549, HeLa and CaCo-2 cells.

Positive control doxorubicin IC50 values were found to be on
cancer cells 5 � 0.4, 8 � 1 21 � 2, 3 � 0.04, 24 � 1.5,
5 � 0.04 and 19 � 1 μM, respectively (Table S1, Figure S1),
similar to other studies (57–59). Although the effect of doxoru-
bicin was observed, the IC50 value could not be reached on
macrophage cells (Table 2, Fig. 7). Relatively higher IC50 values
could be seen in the literature (60). Moreover, the previous study
reported that LPS prevents RAW 264.7 cells from doxorubicin-
induced cell death (61). In addition, high cell concentrations are
used for the iNOS assay; in the present study, the cytotoxicity
tests of RAW 264.7 cells were performed following the iNOS
assay. It has been reported that the cytotoxic activity of doxoru-
bicin progressively decreases depending on the cell density (62)
Low dark cytotoxicity of Pcs has been reported before due to the

Figure 5. Reducing the ability of Pc compounds and standard compound
BHA. Values are expressed as the mean � SEM of three independent
experiment. *P < 0.05, **P < 0.001.

Table 2. IC50 values of NO production and cytotoxic activities of com-
pounds in LPS-activated RAW 264.7 cells.

Compounds
iNOS IC50
(μg mL−1)

MTT IC50
(μg mL−1)

iNOS
IC50 (μM)

MTT
IC50 (μM)

GaClPc (2) 12 � 5 ND 9 � 5 ND
InClPc (3) 7 � 0.5 ND 5 � 0.5 ND
CoPc (4) 27 � 8 ND 21 � 8 ND
CuPc (5) 6 � 1 36 � 2 5 � 1 28 � 2
MnPc (6) 34 � 3 >50 27 � 3 >40
NiPc (7) 41 � 2 >50 32 � 2 >40
Doxorubicin 5 � 0.01 >20 9 � 0.01 >34

Figure 6. Inhibitory effects of tested compounds on LPS-induced nitrite
formation by RAW 264.7 macrophages. Doxorubicin was used as 34, 3,
0.3 μM. *P < 0.05, ***P < 0.001 versus vehicle control cells.

Figure 7. Effects of different concentrations of compounds on RAW
264.7 cells viability determined by the MTT assay. Doxorubicin was
used as 34, 3, 0.3 μM. *P < 0.05, **P < 0.01, ***P < 0.001 versus
vehicle control cells.

Figure 4. DPPH free radical scavenging activities of tested Pcs at differ-
ent concentrations and standard compound Trolox. Values are expressed
as the mean � SEM of three independent experiment. *P < 0.05.
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absence of reactive oxygen species, and the results from the pre-
sent study are in agreement with other studies (33,63,64). There-
fore, their phototoxic effects should be studied to evaluate their
anticancer potential.

iNOS assay. In murine macrophage RAW264.7 cells, LPS alone
induces the transcription and protein synthesis of iNOS and
raised nitric oxide (NO) formation. It is known that iNOS-
mediated inhibition of NO production, which is known to be
effective in many pathophysiological conditions, can display a
role in anti-inflammatory and immunoregulatory activities (65).
This cell-based assay system has been carried out for drug
screening and the estimation of potential inhibitors of the path-
ways leading to the induction of iNOS and NO formation.
According to the findings obtained, the percentage of NO pro-
duction of samples applied at doses of 50, 5 and 0.5 µg mL−1 in
LPS-activated RAW264.7 cells was given in Fig. 6.

The results indicated that GaClPc (2), InClPc (3), CoPc (4),
CuPc (5), MnPc (6) and NiPc (7) considerably inhibited NO pro-
duction in LPS-activated RAW264.7 cells with IC50 values of
12 � 5, 7 � 0.5, 27 � 8, 6 � 1, 34 � 3 and 41 � 2 µg mL−1,
respectively, without exhibiting significant cytotoxic effects.
Only in CuPc (5), the MTT IC50 value was reached as
36 � 2 μg mL−1 on RAW 264.7 cells. (Table 2, Fig. 7). The
cytotoxic effect may be due to aggregation during the incubation
which may disrupt the cell physiology.

These compounds have been shown the immunoregulatory
effects (32,66). The lowest IC50 value was obtained in CuPc (5).
It has been reported that copper complexes may have an anti-
inflammatory effect in the literature (67). In addition to the treat-
ment of inflammatory diseases, some tumor cells prefer the
inflammatory environment (68). Therefore, Pcs that have got
anti-inflammatory effects may be important therapeutic candi-
dates for the treatment of various tumors.

CONCLUSION
Herewith, a series of water-soluble phthalocyanine compounds
appended with sulfonated groups at non-periphery was prepared
and evaluated. Antimicrobial activities were explored by using
photodynamic antimicrobial inactivation technique, and light acti-
vation was applied to the synthesized Pcs at different times and
inhibitor concentrations. Increased exposure to light and
increased concentration elevated the antimicrobial activity with
GaClPc (2) and InClPc (3). Compound 2 exhibited the maximum
reducing power capacity among the studied compounds, and
CoPc (4) showed even better free radical scavenging capacity
than standard compound Trolox at 2000 µg mL−1 concentration.
Among the compounds investigated within the scope of the
study, phthalocyanines with central atoms gallium and indium
have the potential to be used in the treatment of local infections
in photodynamic inactivation studies. As a result of cytotoxicity
studies of the phthalocyanine molecules toward cancer cell lines
used in this study, it was observed that they have low dark cyto-
toxic effects. Further studies are required to phototoxic effects
and anticancer potentials should be examined. However, the syn-
thesized Pcs had significant inhibition of NO production espe-
cially GaClPc (2), InClPc (3) and CuPc (5) in LPS-induced
macrophages. They may play an immunoregulatory role as a
novel therapeutic alternative that deserves further detailed study.
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Table S1. Cytotoxic activity of the compounds on HEK-293,
PANC-1, MDA-MB-231, HepG2, A549, HeLa and Caco-2 cells,
IC50 values given as μM.

Figure S1. Cytotoxic effect of seven compounds on HEK-293
(A), PANC-1 (B), MDA-MB-231 (C), HepG2 (D), A549 (E),
HeLa (F) and Caco-2 (G) cells after 48 h exposure to different
sample concentrations. Cell viability was determined by MTT
assay. Doxorubicin was used as positive control (H). Control
was exposed to vehicle only which was taken as 100% viability.
Data are expressed as mean � SD

Figure S2. MALDI-TOF Mass spectrum of 5.
Figure S3. MALDI-TOF Mass spectrum of 6.
Figure S4. MALDI-TOF Mass spectrum of 7.
Figure S5. FT-IR spectrum of 5.
Figure S6. FT-IR spectrum of 6.
Figure S7. FT-IR spectrum of 7.
Figure S8. UV-Vis absorption spectra of 2-7 in water (con-

centration ~ 1 × 10–6 mol dm–3).
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sulfonated phthalocyanines: Microwave-assisted synthesis, aggrega-
tion behaviours, electrochemical and in-situ spectroelectrochemical
characterisation. Supramol. Chem 29, 536–546.
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