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The synthesis and characterization of axially bis(1,2,2,6,6-pentamethyl-4-piperidinol) silicon(IV) phthalocyanine (3)
and its water-soluble cationic derivative (3Q) were defined in this study. Both newly synthesized silicon(IV) phthalocya-
nines were characterized by FT-IR, UV-Vis, 'H NMR, MALDI-TOF and elemental analysis as well. Although the photo-
physical and photochemical properties of newly synthesized axially bis(1,2,2,6,6-pentamethyl-4-piperidinol) silicon(IV)
phthalocyanine was investigated in DMSO, its water-soluble derivative was investigated in both DMSO and phosphate
buffer saline (PBS). The fluorescence quenching behavior of the studied water-soluble silicon(IV) phthalocyanine (3Q)
by the addition of 1,4-benzoquinone (BQ) was also described in DMSO. Besides, the binding behavior of 3Q, it was exam-
ined by bovine serum albumin (BSA) protein in PBS for determination of transportation abilities of this phthalocyanine
in the blood. Photodynamic activity of water-soluble silicon(IV) phthalocyanine (3Q) was tested in vitro on tumor cells
and for inactivation of bacterial pathogens with promising photocytotoxicity for both PDT applications.
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Hosble BopAOpacTBOPUMBIN (pTarOlMaHUHAT
kKpemHuA(IV): poTopAnmHaMm4ecKoe MpuMeHeHne
AASI Tepalyi U aHTHOAKTepHAaAbHOM MHAKTHUBAI[NA

N. Omeporay,® M. T'tokcen,*® B. Kyccoscky,© B. ManTtapesa,? M. Aypmytr®

[ eb3enckuil mexnuueckuil ynusepcumem, Kageopa xumuu, 41400 I'ebse, Koodocasnu, Typyus

*Vuusepcumem Kooocasnu, Kocexotickas npogeccuonanvnas wixona, 41135 Kapmene, Koocasnu, Typyust
cUncmumym muxpobuonoeuu Cmegpana Aneenosa, boneapckas axademus nayx, 1113 Cogus, boneapus
AUncmumym opeanuueckoti xumuu ¢ yenmpom gpumoxumuu, Boneapckas axademus nayx, 1113 Cogus, Boreapus

B pabome npusedenvr cummes u xapaxmepucmuxa axcuanvrhoeo o6uc(1,2,2,6,6-nenmamemun-4-nunepuouron)
dmanoyuarnunama kpemnus(lV) (3) u eco 6000pacmeopumo2o KeamepHuUzUPOBaAHHO20 NPou3600Ho2o (3Q). Oba Hoebix
dmanoyuanunama xpemnus(1V) oxapaxmepuzosanvt memooamu UK, snexmponnoti, 'H SIMP cnekmpockonuu, macc-
Cnexmpomempuu u d1emMeHmHo20 ananusa. Pomodusuueckue u GomoxumMuiecKue c6otCmed 8nepesie CUHMe3UPOBAHHO20
Komniaexkca 3 oviiu uccredosanvl ¢ JJMCO, a eco sodopacmeopumoe npoussooroe owino usyueno kak ¢ JMCO, mak
u 6 gocghamnom o6ygeprom pacmeope. boiro usyueno eawenue guyopecyenyuu éodopacmeopumozo 3Q ¢ JAMCO
npu odobasnenuu 1,4-6enzoxunona. bviia oyenena ceaszvisarouyas cnocobnocms 3Q ¢ nomowwlo 6enka 6vlube2o
CbIBOPOMOUHO20 aNbOYMUHA 6 hochammuom Oypeprom pacmeope OJist OnpedeneHsi CHOCOOHOCMU MO0 PMAIOYUAHUHA
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Novel Water-Soluble Silicon(IV) Phthalocyanines

BbINOTHAMb  MPAHCNOPMHYIO (PYHKYU0 6 Kpogu. In Vitro na onyxoneevix KIemKax u NAMO2eHHbIX OaKmepusx
NPOMeCmMuposana QomoOUHaMU4eckds aKmueHOCMy K8amepHUuuposannozo gmanoyuanunama xpemuua(lV) (30),
8bISAGNIEHA NEPCNEKMUBHASL (POMOYUMOMOKCUUHOCIb OJis NPUMEHEHUs. 8 (POMOOUHAMUYECKOU Mepanuu.

KaroueBrnlie ciioBa: q)TaJ'IOHI/IaHI/IHaT KpEeMHUs, (bOTO(i)I/BI/IKa, (IJOTOXI/IMI/U[, (I)OTOI[I/IHaMI/I‘{eCKaH Tepanus, NaTOrcHHbIC

OakTepHH.

Introduction

Photodynamic therapy (PDT) has been emerged as
a hopeful treatment for the localized and superficial cancers,
as well as for certain non-cancerous states and pathogens
associated diseases.l'*! PDT involves the combined action
of a photosensitizer, light and oxygen to generate cytotoxic
reactive oxygen species. The photosensitizers, which can be
excited with light in the “therapeutic window” (630—-850 nm)
can transfer energy to surrounding oxygen to produce highly
reactive oxygen species.[*’! There are clinically approved por-
phyrins and phthalocyanines (Pcs), which underwent success-
ful all stages of investigations and further they were certified
for different cancer localizations.l*” The known as second
generation PDT drug — Pcs possess great potential of their
optical properties due to their long-wavelength absorption,
low toxicity and ease of functionalization of the main skel-
eton.®¥ One limitation of Pcs applications in solutions is that
Pcs are characterized by very high tendency to aggregate, what
reduces their photosensitizing ability through self-quench-
ing.l' The aggregation of phthalocyanines results in some
difficulties in purification and characterization.""! The lower-
ing of aggregation behaviour can be achieved by the bulky
groups to the central metals which have more than four
coordination numbers.['? Axially substituted phthalocyanines
are much less likely to aggregate because of the steric hin-
drance of the non-planar substituents to the center atom.!'
It is known that unsubstituted phthalocyanines appear with
low solubility and very high aggregation potential.'' Though
the axially di-substituted silicon(IV) phthalocyanines attract
attention to study because they are not able to aggregate due
to their non-planar molecular skeleton.

Photodynamic inactivation (PDI) features as another
PDT application for treatment of pathogenic bacteria.l'”
Nowadays is known that acute infections, associated with
the resistance of pathogenic bacteria, have very low cure with
the conventional therapeutic modality and PDI is an alterna-
tive successful approach towards bacterial drug-resistance.

This study reports the synthesis, characterization
and photophysicochemical properties of axially bis(1,2,2,6,6-
pentamethyl-4-piperidinol)phthalocyaninatosilicon(I1V)
and its water-soluble cationic derivative. In addition,
the properties of the new water-soluble SiPc (3Q) were stud-
ied in vitro on cancer cell line and on pathogenic bacterial spe-
cies. The results suggest that functionalization of phthalocy-
anine macrocycle with 1,2,2,6,6-pentamethyl-4-piperidinol
leads to an improvement of the photophysical (absorption
and fluorescence) and photochemical (singlet oxygen) prop-
erties. The photobiological in vitro studies with Si(IV)Pcs (3
and 3Q) against the HeLa (human cervical) cancer cell line
and towards bacterial pathogens showed relatively high pho-
tocytotoxic efficacy which is probably due to quaternization.
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Three pathogenic bacterial strains such as Staphylococcus
aureus, Pseudomonas aeruginosa and Streptococcus mutans
were tested. The high photoinactivation was confirmed on
two Gram-positive bacterial strains at concentration 3 uM
3Q at gentle irradiation dose (50 J-cm ). The Gram-negative
bacterium was also with relatively good inactivation with 3Q
but at much higher concentrations (over 10 pM). The results
suggested that quaternization of silicon(IV) phthalocyanine
(3Q) leads to an useful photosensitizer for PDT drug which
is relatively effective in the both applications.

Experimental

Materials and Equipment

The used materials, equipments and the photophysicochemi-
cal investigations, as well as photobiological studies are supplied
as Supplementary Information.

Synthesis

Bis(1,2,2,6,6-pentamethyl-4-piperidinol)phthalocyaninato-
silicon(IV) (3). Silicon phthalocyanine dichloride (1) (0.15 g,
0.245 mmol) and 1,2,2,6,6-pentamethyl-4-piperidinol (0.082 g,
0.490 mmol) (2) were dissolved in dry toluene (15 mL) and NaH
(0.012 g, 0.490 mmol) was added to this mixture. The reaction
mixture was refluxed for 24 h under argon atmosphere. After
evaporation of the solvent in vacuum, the residue was dissolved
in CH,Cl, and filtered to separate insoluble impurities. Then it
was purified by the column chromatography over aluminum oxide
using solvent mixture CH,Cl :ethanol (20:1) as an eluent. Yield:
50 mg (23 %). Found: C 70.77, H 6.45, N 15.97 %. C_,H,\N, O,Si
requires C 70.88, H 6.41, N 15.90 %. MALDI-TOF m/z: calcd.
881.17; found: 851.02 [M-2CH,J", 798.07 [M-6CH,]", 711.96
[M-C,H,NOJ*, 69590 [M-C, H, NO]* FT-IR v cm™: 3062
(aromatic-CH), 2922-2853 (aliphatic-CH), 1520 (C=C), 1428,
1290, 1121, 1078 (Si-O-C). UV-Vis (DMSO) A__ (Ige) nm: 680
(4.72), 611 (3.91), 359 (4.31). 'H NMR (500 MHz, DMSO-d,) 3,
ppm: 9.69 (s, 8H, Ar-H), 8.50 (s, 8H, Ar-H), 3.51 (s, 6H, -CH,),
2.36 (s, 2H, -CH), 1.58-1.39 (m, 32H, -CH,, -CH,).

Bis(N-methyl-1,2,2,6,6-pentamethyl-4-piperidinol)phthalo-
cyaninatosilicon(1V) (3Q). Compound 3 (0.030 g, 0.034 mmol)
was dissolved in chloroform (1.5 mL) and methyl iodide (0.024
g, 0.17 mmol) was added to this solution. The reaction mixture
was stirred at room temperature under argon for 4 days. The prod-
uct was filtered off, washed with chloroform, acetone, and then
dried. Yield: 23 mg (58 %). Found: C 55.61, H 5.41, N 12.07 (%).
C,H,I N, O,Si requires C 55.67, H 5.36, N 12.02 (%). MALDI-
TOF-MS m/z caled. 1165.03; found: 730.939 [M(2D)-12CH,]",
559.058 ([M-2D+CHCA+H,O]?)/2. FT-IR v__ cm™: 3035
(aromatic-CH), 2919-2849 (aliphatic-CH), 1606, 1519 (C=C),
1429, 1336, 1163, 1127, 1080 (Si-O-C). UV-Vis (PBS) A (Ige) nm:
688 (4.99), 620 (4.16), 353 (4.56). 'H NMR (500 MHz, DMSO-d,)
3, ppm: 9.75 (s, 8H, Ar-H), 8.60 (s, 8H, Ar-H), 1.93 (s, 6H, -CH,),
1.63 (s, 6H, -CH,), 0.07 (s, 24H, -CH,), -1.45 (br, 4H, -CH,), -2.07
(br, 4H, -CH,), -2.77 (s, 2H, -CH).
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Results and Discussion
Synthesis and Characterization

Silicon phthalocyanine dichloride (1, SiPc(Cl),)
was synthesized according to the literature.') Compound
3 was obtained from nucleophilic substitution reaction
of 1,2,2,6,6-pentamethyl-4-piperidinol (2) with SiPc(Cl),
in dried toluene in the presence of NaH as a base at reflux
for 24 h under argon atmosphere (Scheme 1). The product
was purified by column chromatography over aluminum
oxide using CH,Cl :ethanol (20:1) solvent system as
an eluent. Water-soluble axially disubstituted silicon(IV)
phthalocyanine 3Q was obtained by the reaction of cor-
responding phthalocyanine 3 with methyl iodide in CHCI,
at room temperature (Scheme 1). The new water soluble
silicon(IV) phthalocyanine (3Q) was filtered off, washed
with chloroform, acetone and then dried. The structures
of phthalocyanines 3 and 3Q were characterized by FT-IR,
UV-Vis, 'H NMR spectroscopic methods, MALDI-TOF
and elemental analysis as well.

In the FT-IR spectra of compounds 3 and 3Q, the most
decisive bands were observed at around 1078 and 1080 cm™!
for Si-O-C bond for 3 and 3Q, respectively. The spectra
of 3 and 3Q also showed peaks at 1520 and 1519 cm™ for
-C=C- stretching; 3062 and 3035 cm™ for aromatic-CH
stretching and 29222853 and 2919-2849 cm! for aliphatic-
CH stretching frequencies, respectively. A FT-IR spectrum
of 3Q was obtained without major change after quaterniza-
tion of 3.

'"H NMR spectrum of 3 showed aromatic protons at
9.69 and 8.50 ppm as expected. On the other hand, the 'H
NMR spectrum of 3Q exhibited characteristic signals for
the aromatic protons at 9.75 and 8.60 ppm (Figure 1). Also,
the peaks belonging to aliphatic CH protons in Si-O-CH bond
were shifted to negative region (-2.77 ppm) in the '"H NMR
spectrum of 3Q because of magnetic anisotropy of phthalo-
cyanine ring.

Finally, MALDI-TOF mass spectra were obtained
in dihydroxybenzoic acid (DHB) for 3 and alpha-cyano-
4-hydroxycinnamic acid (CHCA) for 3Q as MALDI matrix
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materials. Molecular ion peaks of compounds 3 and 3Q were
observed at m/z=851.02 as [M-2CH,]", 798.07 as [M-6CH.]",
695.90 as [M-C, H, NOJ"and m/z = 730.939 as [M-(2)-
12CH,]", and 559.058 as ([M-(2I)*CHCA+H,0]")/2, respec-
tively. These molecular ion peaks in mass spectra support
the predicted mass of these compounds.

Ground State Electronic Absorption and Fluorescence
Spectra

The electronic absorption spectrum of the axially
di-substituted silicon(IV) phthalocyanine compound 3
showed characteristic absorptions in the (-band region
with maxima at 680 nm in DMSO. Besides, the UV-Vis
spectrum of the quaternized water-soluble silicon(IV)
phthalocyanine (3Q) showed characteristic absorptions
in the O-band region with absorption maxima at 680 nm
in DMSO and 688 nm in phosphate buffer solution (PBS).
The B-bands were observed at around 360 nm for both
phthalocyanines (3 and 3Q). The aggregation behaviors
were investigated at different concentrations in DMSO for
compound 3, in both DMSO and PBS for compound 3Q
(Figure 2). The compound 3 did not show any aggregation
tendency in DMSO, and its quaternized water-soluble deriv-
ative 3Q formed monomeric molecules in solutions for both
solvents (DMSO and PBS). Beer-Lambert law was obeyed
for these compounds in the concentrations ranging between
2:10°-1.2:10° M.

The results for fluorescence emission, absorption
and excitation spectra of these axially disubstituted
silicon(IV) phthalocyanines (3 and 3Q) are presented in Fig-
ure 3. The fluorescence emission maximum was observed at
684—685 nm for compounds 3 and 3Q in DMSO. In addition,
the fluorescence of water-soluble silicon(IV) phthalocyanine
3Q was examined in PBS solutions with fluorescence emis-
sion maxima at 693 nm.

Fluorescence Quantum Yields and Lifetimes

Phthalocyanine derivatives have an ideal fluorescence
spectrum which is appropriate for imaging of the studied

— —_2"
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S CH;l S
N, N’ _lN 3 N. N 5lN
W 4 04
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T i
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Scheme 1. Synthesis pathway of axially di-substituted silicon(IV) phthalocyanine 3 and its water soluble derivative (3Q).
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Figure 1. "H NMR spectrum of quarternized axially di-substituted silicon(IV) phthalocyanine (3Q).

cells. Fluorescence quantum yields (®,) and fluorescence
lifetimes (t,) of the photosensitizer (Table 1) are important
parameters for their potential applications in PDT. The
fluorescence quantum yields (®,) of the studied silicon(IV)
phthalocyanine complexes are given Table 2. The fluores-
cence quantum yields (®,) of the new phthalocyanines were

Table 1. Absorption, excitation and emission spectral data for 3 and 3Q.

determined in DMSO (for 3 and 3Q) and PBS for water-
soluble derivative (for 3Q). The fluorescence quantum yield
was determined with a value 0.31 for compound 3 in DMSO,
and for compound 3Q with values of 0.26 and 0.25
in DMSO and PBS, respectively. The fluorescence lifetimes
for the compound 3 (5.44 ns) in DMSO, for compound 3Q

Compound Solvent Qband 2, (ge) Excitation Emission Stokes shift
(nm) Ay, (nm) Ay, (nM) Agpopes (NM)
3 DMSO 680 4.72 680 684 4
3Q DMSO 680 5.04 680 685 5
PBS 688 4.99 689 693 5
SiPe(Cl), DMSO 672,701 471,447 672 678 6

“Data from Ref.l'”]

Table 2. Photophysical and photochemical data for 3 and 3Q
complexes.

Compound Solvent @, T, (ns) D,
3 DMSO 0.31 5.44 0.31

3Q DMSO 0.26 5.27 0.18
PBS 0.25 4.94 0.15
SiPe(Cl), DMSO 0.44* 5.37° 0.15%

“Data from Ref.l'®!
"Data from Ref.['”]
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(5.27 ns and 4.94 ns) in DMSO and PBS were obtained
by the time correlated single photon counting (TCSPC)
technique by fitting the fluorescence decay data to a mono
exponential function (Table 2 and Figure 4).

Singlet Oxygen Study

The singlet oxygen quantum yield (®,) defines
the capability of the compounds as photosensitizers
in PDT applications. The values were defined in DMSO
for studied nonionic phthalocyanine (3) and in both DMSO
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Figure 2. Aggregation behavior of 3 and 3Q at different
concentrations: (a) 3 in DMSO, (b) 3Q in DMSO and (c¢) 3Q
in PBS.

and PBS solutions for its quaternized water-soluble deriva-
tive (3Q). The chemical process was used for definition
of @, values using 1,3-diphenylisobenzofuran (DPBF)
and  9,10-antracenediyl-bis(methylene)dimalonic  acid
(ADMA) as singlet oxygen quenchers in organic and aque-
ous media, respectively. The reduction of DPBF (in DMSO)
was control by absorbance at 417 nm. In case of ADMA
the absorbance was measured at 380 nm in PBS (Figure 5).
Obviously, both silicon(IV) phthalocyanines (3 and 3Q)
are stable under irradiation without photodestruction of the
molecule.

Table 2 presents the singlet oxygen quantum yields
of both compounds 3 and 3Q in DMSO and in PBS only
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Figure 3. Absorption, excitation and emission spectra

of compounds 3 and 3Q: (a) 3 in DMSO, (b) 3Q in DMSO and (c)
3Q in PBS. Excitation wavelengths: 645 nm, 650 nm and 655 nm,
respectively.

for compound 3Q. The ®, value of the non-ionic SiPc (3)
was found ®, = 0.31 in DMSO. The ionic SiPc (3Q) showed
similar @, values in both solvents: DMSO — @, = 0.18
and PBS - @, = 0.15.

Fluorescence Quenching Studies by 1,4-Benzoquinone

(BQ)

The fluorescence quenching of 3Q by 1,4-benzoquinone
(BQ) was investigated in DMSO and the results were found
to obey Stern-Volmer kinetics. The decrease of the emis-
sion spectra due to quenching by BQ is shown in Figure 6
and the slope of the plots in Figure 6 shows Stern-Volmer
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Figure 4. Time correlated single photon counting (TCSPC)
fluorescence decay curves of the compounds 3 and 3Q.

constant (K ) value of 14.62 M. This value was lower
than those of the unsubstituted zinc(II) phthalocyanine
(K, =31.90 M) in DMSO.***'l The bimolecular quenching
constant (k q) value was found to be close to the diffusion-
controlled limits (~10' M'-s™') which is in agreement with
the Einstein-Smoluchowski approximation at room temper-
ature for diffusion-controlled bimolecular interactions.”
The k value was found to be 2.77-10" M5! for 3Q which
was the same as for unsubstituted zinc(II) phthalocyanine
(2.61-10° Mg,

Binding Studies of Water-Soluble Silicon(1V)
Phthalocyanine 3Q by Bovine Serum Albumin (BSA)
Protein

Bovine serum albumin (BSA) protein is known to have
an efficient drug delivery function in the blood. The solutions
of 3Q at five different concentrations (0, 1.66-107¢, 3.33-1075,
5.00-107¢, 6.66:107°, 8.33-10°° M) were prepared and added
to 3.0-10° M solution of BSA in PBS. The sample with BSA
was excited at 280 nm and fluorescence emission spectra
were recorded between 290 nm and 500 nm. Figure 7 shows
the fluorescence emission spectra of BSA solution by addi-
tion of 3Q in PBS. The fluorescence emission band of BSA at
348 nm decreases by the addition of 3Q. The Stern-Volmer
quenching constant (K ) was determined from Figure 7 and
the K, value was found to be 3.96:10° M.

In vitro Investigations on Tumor Cells

Photocytotoxicity assays were carried out on human
cervical cancer (HeLa) cancer lines. Figure 8 shows the sur-
vival curve of the studied cell lines for different concentra-
tions of both SiPcs (3 and 3Q) and for two different doses
(1 and 2 J-cm™). The dark incubation of HeLa cells with 3
and 3Q for 24 h with concentrations between 0 to 10 uM did
not show any toxicity (Figure 8). The observed cell survival
after treatment with compounds 3 and 3Q (0.5uM) was 80 %
and 64 %, respectively. At the highest concentration (10 uM)
a high photodynamic effect was observed by the non-ionized
derivative (3) with 15 % cell survival. However, the high
photocytotoxicity was observed with ionized derivative at
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Figure 5. Absorbance changes during the determination of singlet
oxygen quantum yield. This determination was recorded for (a)
compound 3 in DMSO, (b) 3Q in DMSO and (c) 3Q in PBS at

a concentration of 1.0-10° M (inset: plot of DPBF or ADMA
absorbances versus irradiation time).

the lowest concentration of 0.5 pM for 3Q which was less
effective than 3 in the highest concentration of 10 pM. This
observation can be explained by ionic interaction of ionized
derivative in the aqueous media.

In vitro Study on Pathogenic Bacteria

The water-soluble cationic SiPc (3Q) was studied on
three bacterial species namely the Gram-positive S. aureus
and S. mutans, and the Gram-negative P. aeruginosa.
The samples of suspensions with cell densities approx.
10°-107 CFU mL"" were treated for evaluation of photody-
namic inactivation capacity of new compound (Figure 9). As
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Figure 6. Fluorescence emission changes of quaternized
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Figure 7. Fluorescence emission spectral changes of BSA

by addition of different concentrations of 3Q in PBS solution.
[BSA]=3.00-107 and [Pc] =0, 1.66-10°¢, 3.33-10°¢, 5.00-10°°,
6.66-10°¢, 8.33-10°M.

can be seen 3Q is not toxic in the dark but after irradiation
showed relatively high photocytotoxicity for concentrations
over 3 uM in case of the treated two Gram-positive strains.
The similar results were obtained in our previously work
with quaternized SiPc axially substituted with alpha, alpha-
diphenyl-4-pyridylmethanol.®! Moreover, the photoinacti-
vation of these two Gram-positive S. aureus and S. mutans
bacteria shows that the photocytotoxicity occurs even at
lower concentrations (3—5 puM). Thus, suggests that 3Q
is a suitable photosensitizer for photodynamic inactivation
of pathogenic bacteria from the Gram-positive class. The
species of the Gram-positive bacteria such as the studied S.
aureus and S. mutans have a cell wall which is much more
susceptible to photosensitization. The bacterial cell wall
in case of Gram-negative bacterium is more complicated
and more difficult to destroy. It is well studied the high resis-
tance to any treatment of the Gram-negative bacteria.*” The
studied P. aeruginosa was also successable to photodynamic
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Figure 8. Survival fractions of HeLa tumor cells in suspension
for 0.5-10 pM Si(IV)Pcs (3 and 3Q) at gentle light doses
(1 and 2 J-cm™).
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Figure 9. Viability of the studied bacterial strains (Ps. aeruginosa,
MRSA and S. mutans) after incubation with 3Q on the dark and
after irradiation with red LED.

inactivation but at higher 3Q concentrations (> 10 uM). The
inactivation was minor with lower than 3log photoinactiva-
tion of P. aeruginosa as is shown in Figure 9.

The new 3Q has higher PDI efficacy as compared
totheaxial propylparabensubstituted SiPc which wasrecently
studied by us.”® Obviously, quaternization is more
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Figure 10. Confocal fluorescence images of an early stage biofilm incubated with 3Q for 1.5 hour at excitation with lasers:

A —488 nm (green), and B — 633 nm (red).

favorable as a structure than the N-containing substituents.
The present study of photoinactivation of pathogenic bacte-
rial species also suggests that the cationic phthalocyanines
are more effective because of the positive charge and the inter-
action with the membranes.”> The further achievement
of this interaction is the easier induction of photoinactivation
by disrupting the cellular wall. The Gram-negative bacteria
can develop the high level of resistance to PDI as compared
to the Gram-positive species because of the reduced binding
capability which results in negligible singlet oxygen satura-
tion in the target cells surrounding.

Localization of 3Q in MRSA Biofilms

The fluorescence intensity of SiPc 3Q was used for
observation of its localization in an early stage MRSA bio-
film. The thicknesses between 0.150-0.200 um were scanned
after incubation with 3Q. The transmission channel was also
applied to show the parameters of the studied biofilms with
thicknesses between 811 pm. The natural chromophores
have fluorescence emission which is located faraway from
the fluorescence spectrum of the phthalocyanine compounds.
(261 This allows to image the bacterial biofilms so that to distin-
guish from the native fluorescence of the cell chromophores.
1 The laser scanning of the biomass (A =488 nm; A =
500-580 nm) showed the native 48-h biofilm as is shown
in Figure 10A (green channel). The collected samples were
evaluated at excitation laser A_ = 633 nm to obtain the fluo-
rescence emission spectrum A= 660-740 nm for detection
of compound 3Q (Figure 10B, red channel). The localization
and the penetration of 3Q throughout the whole biomass
were evaluated also by transmittance mode. The comparison
of the images (green versus red channels) suggested that for
an early stage biofilm the compound is located also in the
channels and in the biomass.

Conclusions

In this work, two new phthalocyanines, namely, axi-
ally bis(1,2,2,6,6-pentamethyl-4-piperidinol) silicon(IV)
phthalocyanine (3) and its water-soluble derivative (3Q)
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were synthesized. They were characterized by the known
spectroscopic techniques FT-IR, '"H NMR, UV-Vis, mass
and elemental analysis as well. The photophysical studies
of 3 and 3Q in DMSO showed similar position of the absorp-
tion and fluorescence maxima for non-ionized derivative
(3) and in DMSO and PBS for quaternized derivative (3Q).
Also, the fluorescence quenching behavior of water-soluble
phthalocyanine 3Q by the addition of 1,4-benzoquinone sug-
gests the high potential as a photosensitizer. The study with
bovine serum albumin (BSA) with silicon(IV) phthalocya-
nine (3Q) showed a promising binding behavior of the new
photosensitizer 3Q. Furthermore, in vitro studies of SiPcs (3
and 3Q) against cervical cancer cells (HeLa) showed good
PDT activity. The bacterial pathogens among the Gram-
positive bacteria Streptococcus mutans, and Staphylococcus
aureus showed high capability to be photoinactivated with
3Q. A Gram-negative Pseudomonas aeruginosa bacterium
was photoinactivated at higher concentrations over 10 pM
(~ 3log). The obtained results are essential for further devel-
opment of novel silicon(IV) phthalocyanine derivatives for
photodynamic therapy applications.
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