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The synthesis methods for the indotricarbocyanine dyes covalently bonded to polyethylene glycols with
varying degrees of polymerization have been developed. New indotricarbocyanine was synthesized in
one step using the Mukayama reagent in polyethylene glycol with cesium fluoride as a basic catalyst. In
vivo investigation of the phototherapeutic dye activity has shown selective recognition of malignant

tissues, where accumulation of the dye was 4-5 times higher than in normal tissues. The necrotic area
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after local photoirradiation at the effective energy fluence 180 J/cm?, A =780 nm was observed to a depth
of 2.5 cm making the synthesized dyes very promising for further pharmaceutic research.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Polymethine dyes attract much attention because of their
potential applications in medicine and biology. Series of symmet-
rical polymethine dyes (ICG, Cy5.5, Cy7.0, IR783, etc.) containing a
variety of the bis-N-substituted indole or benzindole moieties
linked by linear conjugation with and without a fused substituted
ring have been extensively used as reagents for in vivo tumor
imaging [1-6]. In the last few years indotricarbocyanine dyes have
shown themselves as effective imaging agents incorporated into
the nanoparticles for cancer theranostics. [3,7,8].

At the present time the porphyrin-based photosensitizers
(porphyrins, chlorines, phthalocyanines, bacteriochlorines) are
generally used for photodynamic therapy (PDT). However,
compared with cyanine dyes, most of the porphyrin-based
photosensitizers have a lower absorption wavelength (650-
700 nm) that is not optimal for deep penetration into tissues.
Among the cyanine dyes, indotricarbocyanine dyes exhibit long-
wavelength absorption in the region 700-800nm. It is now
established that light in the near IR spectral region possesses a
maximal power of penetration into the majority of biological
tissues [9,10]. Besides, with the use of cyanine dyes, one can
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combine optical imaging of tumors and phototherapy due to their
high (>10°M~"cm™~!) molar extinction coefficient (higher than
that of a porphyrin-based photosensitizer) and fluorescence in
the “tissue transmission window”. As shown previously, indo-
tricarbocyanine dyes with a bromide anion demonstrate the
photodynamic activity under hypoxic conditions [11]. This
emphasizes the fact that indotricarbocyanine-based photosensi-
tizers are an alternative for the traditional means of cancer cell
damage. Modification of indotricarbocyanine dyes by biocompat-
ible objects should lead to the increased tumor specificity.
Because of this, indotricarbocyanine dyes are suggested as
suitable photosensitizers for PDT.

Previously it has been reported [11-13] that some of the
synthesized indotricarbocyanine dyes covalently bonded to
monosaccharides demonstrate high photodynamic activity against
a wide range of tumors. However, the limitation of these dyes was
their insufficient water solubility for the effective intravenous
injection. To increase water solubility of the dyes, tricarbocyanine
covalently bonded to polyethylene glycols with varying degrees of
polymerization was synthesized. In this way new dyes have a much
greater solubility in water (higher than 10 mg/ml). Moreover, these
compounds exhibit greater accumulation selectivity in tumors
than in normal tissues and lower toxicity compared to the dyes
modified by monosaccharides.
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Scheme 1. Synthesis procedure for dyes 3,4.

2. Synthesis

Synthesis of the compounds (5a, 5b) along with their
precursors is illustrated by Schemes 1 and 2. Scheme 1 demon-
strates the synthesis of compound 3 obtained by the condensation
reaction of indolium salt 1 with salt 2 in acetic acid, acetic
anhydride in the presence of N-methylmorpholine. Compound 3 is
obtained in the anhydride form 3 and may be converted to the acid
form 4 by treatment with water in the acidic medium. The
existence of the anhydride form (3) is confirmed by the fact that
there are no vibrations in the region 3550-3500cm~"' of an IR
spectrum.The inverse transformation (4- 3) may be realized by
heating in 1,2-dichloroethane with equimolar azeotropic removal
of water. It should be noted that compound 3 is much less soluble
in 1,2-dichloroethane than compound 4, that can effectively purify
compound 3 from nonpolar organic impurities by the inverse
transformation procedure.

Scheme 2 shows the process of synthesizing the cyanine-dye
modified polyethylene glycols with the average molecular weight
300 and 400 g/mol. The reaction is carried out in a single step using
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the Mukayama reagent (1-methyl-2-bromopyridine methyl sulfo-
nate) in the polyethylene glycol used both as a reactant and a
solvent. Cesium fluoride was used as a basic catalyst.
Subsequent isolation of the dye was carried out by the addition
of ethyl acetate. Salts of inorganic acids and 1-methyl-2-
bromopyridine were separated by filtration after dissolving the
cyanine dye in dichloroethane. The presence of a pure dye was
confirmed by '"H NMR and MS. Dyes 5a and 5b in mass spectra are
shown as multiple peaks corresponding to dye 3 bonded to
polyethylene glycols with various degrees of polymerization.

3. Photophysical properties

A maximal absorption wavelength of the dye 5a is observed at
723nm in ethanol, at 733nm in chloroform, and at 734nm in
biological structures (HeLa cells). It should be noted that the
synthesized dyes have strong absorptions in the near infrared
region coincident with a “phototherapeutic window” (700-
900 nm). Maximum of a fluorescence spectrum of the dye in
ethanol is located at A =749 nm and in chloroform — at A =761 nm

Scheme 2. Synthesis procedure for compounds 5a, 5b.
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Fig.1. Absorption (1,3,5)and fluorescence (2, 4, 6) spectra of dye 5a in ethanol (1, 2),
chloroform (3, 4), and in HeLa cells (5, 6). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)

(Fig. 1). The molar decadic absorption coefficient (¢) is equal to
2.3 x 10° M~ cm~ . The fluorescence quantum yield of the dye (¢5)
has similar values in ethanol and in chloroform: 0.25 and 0.26,
respectively. Close values of the fluorescence quantum yield of the
dye in ethanol and in chloroform stem from several factors. It
should be noted that, for cyanine dyes, the effect exerted by
polarity and viscosity of the dye surrounding medium on the
probabilities of radiative and radiationless transitions in the
molecules is significant [14,15]. The importance of the above-
mentioned factors for the fluorescence quantum yield of the dye
molecules with bulk substituents will be studied further.

In HelLa cells a maximum of absorption for the dye is observed
at A=735nm, and the fluorescence spectrum is practically
identical with the spectrum in chloroform showing a maximum
at A =761 nm (Fig. 1). Absorption and fluorescence spectra of the
dye in HeLa cells have been recorded in molecular suspension. To
this end, the dye in isotonic solution was introduced into the
nutrient medium over the cell monolayer and incubated for 2 h in
thermostat at 37 °C. Then the preparation was washed off with the
use of balanced Hanks salt solution and the cell monolayer was
dispersed using a 0.02% Versen solution. The produced suspension
(2 million cells per1cm?®) was placed into the 1cm optical cell,
where it was continuously stirred, to record the spectral character-
istics. The short-wavelength edge of the normalized absorption
spectrum for the dye in HelLa cells is higher than that in organic
solvents. Most likely, this is due to the fact that the dye in the cells
is partially in the aggregated state as indicated by the increased
contribution of the short-wavelength shoulder in spectra with the
increased dye concentration used on incubation of the cell
monolayer.

The dye sensibilization quantum yield for the generation of
singlet oxygen (¢a) determined by recording the luminescence of
oxygen in the region 1270 nm equals 0.0024 in ethanol and 0.033 in
chloroform. It is noteworthy that the lifetime of !0, was
determined during measurements with photosensitization by
standards and test compounds: 12 +1 s in EtOH and 248 + 6 s in
CHCls. The differences in the quantum yields for the generation of
singlet oxygen are resultant from various polarities of the used
solvents (chloroform and ethanol) and from the presence of a Br
anion in the dye molecule. In low polarity chloroform, due to the
bulk substituents within the molecule, the dye is predominantly in
the form of contact ion pairs. The presence of heavy atoms in the
anion (Br) even at low concentrations can enhance intersystem
crossing if the cation and the anion are in close proximity (as a
contact pair). In polar ethanol the dye molecules dissociate into

ions and, for the concentrations used, no heavy atoms of Br are
revealed in solution. But we bear in mind that the oxygen diffusion
rate for most organic solvents at room temperature is such that the
10, generation quantum efficiency for complex organic molecules
is practically coincident with the yield in the triplet state [16,17].
Therefore, the value of ¢, is determined by the yield of the dye
molecule in the triplet state.

The absorption and fluorescence results for 5b are the same as
for 5a.

The form of an absorption spectrum for the dye in water is
dependent on the solution concentration. In diluted solutions with
the concentration below 2 x 10~7 M the form of an absorption
spectrum is similar to that in organic solvents. The band maximum
is at 706 nm, the molar absorption factor is 1.6 x 10° M 'cm . A
growth of the concentration leads to broadening of the absorption
band and also to lowering of the absorption factor at the band
maximum. When the concentration is varying over the range
107> +10"7 M, a series of absorption spectra exhibits the isosbestic
point that indicates the presence of two absorbing centers in the
solution. With the concentration above 107°M, a spectrum in
water reveals two marked maxima at A =658 nm and at A =706 nm
(Fig. 2).

A maximum of the dye fluorescence spectrum in water is found
at A =738 nm, the fluorescence quantum yield being 0.03 for the
dye concentrations 2x10~’M and lower. The form and the
position of a fluorescence spectrum is independent of the
excitation wavelength. These results point to the tendency of
the dye for aggregation and for the formation of nonfluorescent H-
dimers.

4. Cytotoxicity studies
4.1. Dark toxicity of new dyes

To study the dark toxicity of new dyes 50-200 .l of the isotonic
(5% of glucose) dye solution was introduced into flasks with the
cellular monolayer in the concentrations ranging from 2 to
800 wM. The flasks in the light protecting containers were
incubated in thermostat at a temperature of 37°C for 2h; the
preparation was washed off with a cold balanced Hanks salt
solution, fresh nutrient medium was added, and the flasks were
placed into thermostat again. In 24h the cell monolayer was
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Fig. 2. Absorption spectra of dye 5a in water for the concentrations 1.7 x 1077 M—

(1), 1.7x107°M (2), 8.9x10~% (3) and fluorescence (4) on excitation at the
wavelengths 620, 640, 670, and 690 nm.
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Fig. 3. Photocytotoxicity of the dye under the effect of optical radiation (A = 740 nm,
fluence 10J/cm?, fluence rate 17 mW/cm?) as a function of the concentration.

dispersed with the use of 0.02% Versen solution; 0.1% solution of
Trypan blue was added to the produced suspension (1:10), and the
living cells nonstained with Trypan blue were counted in a Goryaev
chamber. Percentage of the survival rate of cells in experimental
groups was estimated relative to the reference group. 3 cell flasks
were used for every concentration.

The number of viable HeLa tumor cells after incubation for 2 h
in the medium containing 2 WM or 4 M of the preparation was not
very different from the reference values. As the dye concentration
in the incubation medium is growing, the cell numbers are
lowering: for 8 WM by 9%, for 20 WM by 19%, for 40 WM by 60%, and
for80 wuM—by 73% with respect to the reference. In this way
nontoxic concentrations of the dye are below 8 WM.

The effective concentration of the dye leading to 50% decrease
in the cell numbers relative to the reference comes to 36 WM.

4.2. Phototoxicity of new dyes

The photoactivity of the dye has been studied with the use of
the monolayer culture of HeLa tumor cells. The dye in a isotonic
solution was introduced into the nutrient medium in flasks and
incubated for 2 h in thermostat at 37 °C. Then the preparation was
washed off with the use of balanced Hanks salt solution, a fresh
nutrient medium was added to be subjected to 740 nm radiation of
a Lotis semiconductor laser (Minsk) with the dose 10]J/cm? and the
fluence rate 17 mW/cm?. Living cells were counted in 24 h after
irradiation performed in accordance with the technique described
in section Dark toxicity.

Without the use of a photosensitizer, laser irradiation has no
effect on the quantities of cells in HeLa culture. At the same time,
optical radiation after incubation with the dye has lead to a
significant deceleration of the Hela culture growth that was
greatly dependent on the dye concentration (Fig. 3). The effective

Table 1
Phototherapeutic effect of dye 5a in the case of sarcoma M-1 and liver cancer RS-1.

concentration of the preparation leading to a decrease in the cell
numbers by 50% with respect to the reference value is 2.7 uM.

5. In vivo antitumor activity

In vivo investigations of the toxicity were performed on rats
(Wistar strains) using intravenous injection of the dye. It has been
found that 50% mortality of the animals was observed for the
following  concentrations of compound 5a: 1646.6
(1528.6 +1770.3) mg/kg for male Wistar rats, 1264.2
(963.6 +1445.6) mg/kg for female Wistar rats.

The antitumor activity was estimated for white rats of no breed
(100-150g of bodyweight) with subcutaneously transplanted
tumors (sarcoma M-1 and liver cancer RS-1). The tricarbocyanine
dye was injected intravenously at a dose of 4-5 mg/kg via a lateral
tail vein. The kinetics of the dye accumulation was studied by the
fluorescence detection in vivo. The synthesized tricarbocyanine
showed selective recognition for malignant tissues, where its
accumulation was 4-5 times higher than in normal tissues. A wide
absorption band of the dye can be used in the process of the PDT
treatment at the wavelengths 660-780 nm. As found previously
[18], the highest efficiency of the tumor tissue damage was
attained when using the radiation wavelength 780 nm.

Photoirradiation of tumors with the synthesized dye was
carried out at several wavelengths (668, 740, and 780 nm). The
local photoirradiation of tumors with the effective energy fluence
160-180]/cm? in 2 h after the dye injection into the rats resulted in
the unstained (Evans’s blue) necrotic area formed in a tumor tissue
from the side of the light irradiation source. The necrotic area was
observed down to a depth of 2.5cm (Table 1).

Furthermore, it has been found that the synthesized dye
molecules have a small quantum yield of the singlet oxygen
generation. Based on the previous works [11,12,19], it has been
concluded that the photoactivity mechanism of this class of
compounds is beyond the scope of the scheme according to which
the tumor cell damage is solely due to the formation of singlet
oxygen. Proceeding from analysis of the irreversible phototransfor-
mation regularity of the molecules in deoxygenated and oxygenated
solutions and from the femtosecond spectroscopy data, it has been
established that the free radicals, which may be responsible for the
cancer cell damage, are formed due to the ultrafast charge transfer
between cations and anions of the dye [20,21].

6. Experimental
6.1. General methods and materials

TH NMR spectra were recorded by a Bruker DRX instrument at
500 MHz. The chemical shifts are reported in ppm. Mass spectra
were obtained with the help of an Agilient 1200 Rapid Resolution
LC and an Agilient 6410 Triple Quad mass-detector. Infrared
spectra were measured by a Vertex 70 Bruker spectrometer. UV-
vis-NIR spectra were recorded using Varian Cary 500. Fluorescence
spectra were recorded using a Fluorolog spectrofluorometer. The
fluorescence quantum yields of the dye were calculated relative to
the standard from their respective average fluorescence spectrum

Strain Dye concent-ration Photoirra-diation wavelength, Fluence rate, W/cm? Effective energy fluence, Average depth of necrosis, mm
mg/kg nm J/cm?

Sa M-1 4 780 0.45 180 2542

Sa M-1 4 740 0.2 180 18 £2

Sa M-1 4 668 0.6 180 12 £2

RS-1 5 740 0.25 160 19+ 2

RS-1 5 668 0.7 160 13+2
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areas and the published quantum yield of the standard, which in
this case was HITC (1,3,3,1',3",3’,-hexamethyl-2,2’-indotricarbocya-
nine perchlorate) dye (¢¢=0.28 in ethanol) [22,23]. The 900 geom-
etry of the quantum yield measurements was used; the optical
density of samples at maximal absorption was below 0.1.

6.2. Experimental procedure

6.2.1. Synthesis of 2-{7-[1-(3-carboxypropyl)-3,3-dimethyl-2(1H)-
indolynilidene]-4-chloro-3,5-(o-phenylene)-1,3,5-heptatrien-1-yl}-
1-(3- carboxypropyl)- 3,3-dimethylindolium bromide (3)

0.105mol (34g) 1-(3-carboxypropyl)-3-ethyl-2,3-dimethyl-
3H-indolium bromide (1) and 60ml of acetic anhydride were
dissolved in 200 ml of acetic acid and stirred at temperatures 60—
70°C for 15 min. The reaction mixture was then cooled to a room
temperature and 0.05mol (16g) {(1E)-2-chloro-1-[(dimethyla-
mino) methylidene]-1H-inden-3-yl}-N,N-dimethylmethanimi-
nium bromide (2) was added. Next the reaction mixture was
stirred at temperature 70°C for 15min and 0.05 mol N-methyl-
morpholine (5ml) was added. Thereafter the resulting mixture
was heated under reflux for 10 min, cooled to room temperature,
and finally poured into the solution of 20 g salt in 1000 ml water to
be left at room temperature overnight. The cooled mixture was
filtered; the resultant precipitate was washed with water and
dried. The synthesized dye was dissolved in 200ml of 1,2-
dichloroethane and was refluxed for 15 min. The precipitate was
filtered and dried. The dye yield was 29.7 g (Fig. 1).

M.p. 226 °C (destr.), yield 80%, green metallic powder. Analytical
data for dye 3. IR (vaseline): 1829cm~', 1760cm~' (C=0),
1620cm~!, 1660cm™' (C=C trans). 'H NMR (CDO—N(CDs),,
500MHz) §8: 1,85 (s, 12H, 3—Me), 1.96 (m, 4H, 1—C?H,), 2.29
(t, 4H,1—C3H,; J=5Hz), 4.28 (t, 4H,1—C'H,; J=5Hz), 8.47, 7.34
(d, 4H, —CH=; J=16Hz); 749, 7.61, 7.82, 8.22, 8.27 (m, 12H,
arom.—H). *C NMR (CDsCN, 500 MHz): 178.06, 172.85, 144.63,
142.17,141.93, 141.63, 134.05, 128.96, 126.60, 125.57,123.73, 122.56,
121.65, 112.36,102.41, 50.24, 44.24, 30.28, 27.44, 22.18. HRMS: m/z
calcd 661.282 [M*], found 661.20 [M*].

6.2.2. Synthesis of polyethylene glycole diester of 2-{7-[1-(3-
carboxypropyl)-3,3-dimethyl-2(1H )-indolynilidene]-4-chloro-3,5-
(o-phenylene)-1,3,5-heptatrien-1-yl}-1-(3-carboxypropyl)- 3,3-
dimethylindolium bromide (5a)

Cesium fluoride (0.030 mol) was dissolved in 33 g of anhydrous
polyethylene glycole with the average molecular weight 300 g/
mol. 0.006 mol tricarbocyanine dye (3) and 0.015 mol 2-bromo-
pyridine methane sulfonate were added and stirred at temperature
40°C. The reaction mixture was then refluxed for 9 h. After cooling,
the flask content was mixed with 100 ml of ethyl acetate for the
precipitation of diester of the cyanine dye. The precipitate was
filtered and then dissolved in 1,2-dichloroethane. The reaction
mixture was subjected to column chromatography on microcrys-
talline cellulose (20 + 160 wm) using ethyl acetate+aceton (1:1/v:
v) as an eluent. Then the isolated cyanine dye was precipitated by
diethyl ether and twice reprecipitated from methyl ethyl ketone by
diethyl ether. The yield was 67% (Fig. 2), brown oil.

Dye 5b was obtained using a similar procedure.

Analytical data for compounds 5a(5b)."H NMR (CDO—N(CDs),,
500 MHz): 1.85 (s, 12H in 3—Me), 1.96 (m, 4H, 1—C?H,), 2.29 (m,
4H, 1—C3H,; J=5Hz), 3.6-3.7 M (CH,—PEG), 4.28 (m, 4H,
1—C'H,; J=5Hz), 8.47, 7.34 (d, 4H, —CH=; J=16 Hz); 7.49, 7.61,
7.82, 8.22, 8.27 (m, 12H, arom.—H). 3C NMR (CD5CN, 500 MHz):
176.95,172.85,144.63,142.17,141.93, 141.63, 134.05, 128.96, 126.60,
125.57, 123.73, 122.56, 121.65, 112.36, 102.41, 72.36, 70.11, 68.69,
63.9, 50.24, 44.24, 30.28, 27.44, 22.18. HRMS (5a): m/z calcd
1145.571;1189.597; 1233.623 [M*], found 1145.4; 1189.4; 12334
[M*]; HRMS (5b): m/z calcd: 1409.728; 1453.754;1497.780 [M'],
found: 1409.6; 1453.6; 1497.6 [M"]

Absorption and fluorescence data in Table 2.

6.3. Quantum yields of the singlet oxygen formation

Using a relative method, the quantum yield of '0, formation
(@A) was determined by recording of the decay kinetics for the
singlet oxygen phosphorescence in the spectral region 1270 nm.
Luminescence of '0, was recorded using an apparatus fabricated at
the Laboratory of Molecular Photonics, Institute of Physics, NASB
[24]. The dyes were excited using radiation from a semiconductor
laser (A =667 nm). To obtain correct values of g, owing to the use
of a relative method, the conditions for observation of the linear
dependence between the luminescence signal of singlet oxygen
and the energy of excitation radiation have been ensured.

The standard was 1,3,3;1,3/,3'-hexamethyl-2,2’-indotricarbo-
cyanine (HITC) with perchlorate (ClO4) in CHCl3 ¢ =0.005 +0.001
and in EtOH ¢, = 0.006 + 0.001 [25]. It is noteworthy that the '0,
lifetime was determined during measurements with photosensi-
tization by standards and test compounds: 12 +1 s in EtOH and
248 + 6 s in CHCl;. The standard having a low value of @A was
used in an effort to provide high measuring accuracy of this
parameter as the standard and the compounds under study -
indotricarbocyanine dyes - exhibit similar absorption spectra
making it possible to smooth the optical density of a sample and of
the standard at the excitation wavelength 667 nm; besides, close
values of their singlet oxygen generation efficiency in both cases
have resulted in the comparable recorded signals which were
within the linearity range of the recording devices used.

6.4. Hela Cell culture

The culture of Hela cells was grown in the Eagle nutrient
medium (DMEM) with the addition of 10% fetal blood serum of a
cow and 50 pg/ml of gentamicin at 37 °C. The experimental cell
culture was seeded into flasks: 100 thousand cells in 2 ml of the
nutrient medium. In 3 days after seeding, at the exponential stage
of the cell culture growth, 50-200 .1 of the isotonic dye solution
with 5% of glucose were added into the flasks with the cellular
monolayer. The light-protected flasks were incubated in a
thermostat at 37 °C for 2 h; the preparation was washed off with
a cold balanced Hanks salt solution solution, a fresh nutrient
medium was added to continue the experimental studies. In 24 h
the cellular monolayer was dispersed using a 0.02% Versen
solution. A 0.1% solution of trypan blue was added into the
produced suspension (1:10); living (nonstained with trypan blue)
cells were counted in a Goryaev chamber. Percentage of the cell

Table 2
Photophysical properties of dye 5a.
Solvent Mmoo Pem o AdZam o ARam ex10 o v x>
M- em™! (20°C) ns (20°C)
Ethanol 723 749 47 51 2.3 0.25 1.2 1.32 0.0024
Chloroform 733 761 50 56 23 0.26 14 133 0.033
Water 706 738 >68 59 1.6 0.03 - - -
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survival rate in experimental groups was estimated with respect to
the reference value. 3 flasks with cells were used for every
concentration of the preparation.

6.5. In vivo antitumor activity

All manipulations were performed with the animals brought
into the neuroleptanalgesia state with the use of a solution of
droperidol and fentanyl 2:1, (0.2 ml/100 g of mass, intramuscular).
The dye was dissolved in a solution (5% glucose) at the
concentration 800 wM and introduced via the tail vein.

To estimate the tumor necrosis depth in 24h after the
photodynamic therapy procedure, to the rats a 0.6% solution of
Evans blue was introduced (1 ml/100 g of the animal mass). Then in
2 h the experimental procedure was finished for the animals by the
conventional methods of euthanasia (chloroform), the tumors
were excised, fixed in a 10% formalin solution for 2 h, and frozen.
Next the histotopographic sections of tumors were made (2.0 mm
thick over the tumor diameter) with subsequent recording of their
images using a camera.

Laser device (manufacturer Unitary Enterprise “STC “LEMT"” of
the BelOMO”) with wavelength 667 nm (up to 2 W radiated power)
and LOTIS TII semiconductor laser with wavelength 740 nm (1 W)
were used for photodynamic therapy. LED-based theranostic
complex was designed at Institute for Applied Physical Problems
(Minsk, Belarus) and used both for diagnostics and photodynamic
therapy [26]. Light-emitting diode of the complex (L780-66-60,
Total Radiated Power 1 W) allows to create on the surface of tumor
fluence rate up to 0.45W/cm? with wavelength 780 nm.

7. Conclusion

This paper presents the possibility for a two-step synthesis of
the indotricarbocyanine dyes covalently bonded to polyethylene
glycols with varying degrees of polymerization. This modification
leads to the increased water solubility and dye accumulation
selectivity in tumors compared with the normal tissues. It should
be noted that the cyanine dyes with polyethylene glycol having the
average molecular mass 300 g/mol may be used to produce a water
soluble drug for intravenous injection. The synthesized com-
pounds have high photodynamic activity to different types of
malignant tissues, mainly owing to their lower absorptivity by the
normal cells and very low toxicity. Maximum phototherapeutic
activity was observed on light exposure at a wavelength of 780 nm.
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