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Abstract
A carrier free method for delivery of a hydrophobic drug in its pure form, using nanocrystals (nano
sized crystals) is proposed. To demonstrate this technique, nanocrystals of a hydrophobic
photosensitizing anticancer drug 2-devinyl-2-(1-hexyloxyethyl)pyropheophorbide (HPPH), have
been synthesized using re-precipitation method. The resulting drug nanocrystals were monodispersed
and stable in aqueous dispersion, without the necessity of an additional stabilizer (surfactant). As
shown by confocal microscopy, these pure drug nanocrystals were taken-up by the cancer cells with
high avidity. Though the fluorescence and photodynamic activity of the drug were substantially
quenched in the form of nanocrystals in aqueous suspension, both these characteristics were
recovered under in vitro and in vivo conditions. This recovery of drug activity and fluorescence is
possibly due to the interaction of nanocrystals with serum albumin, resulting in conversion of the
drug nanocrystals into the molecular form. This was confirmed by demonstrating similar recovery
in presence of Fetal Bovine Serum (FBS) or Bovine Serum Albumin (BSA). Under similar treatment
conditions, the HPPH in nanocrystal form or in 1% Tween 80/water formulation showed comparable
in vitro and in vivo efficacy.
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Introduction
Many of the commonly used pharmaceutical agents including various drugs are hydrophobic
in nature. Therefore for delivery of these drugs, special formulations are required to make their
aqueous dispersion, using surfactants or other nanoparticle based delivery vehicles. Upon
systemic administration, such drug-doped carriers are preferentially taken up by tumor tissues
by the virtue of the ‘Enhanced Permeability and Retention Effect’,1-7 which is the property of
such tissues to engulf and retain circulating macromolecules and particles owing to their ‘leaky’
vasculature. The carriers include oil-dispersions (micelles), liposomes, polymeric micelles,
hydrophilic drug-polymer complexes, ceramic and polymeric nanoparticles, etc.8-14 However
many surfactants themselves, or in some cases the byproducts produced during preparation of
these surfactant based drug dispersions, tend to increase the systemic toxicity of the drug
formulation. Therefore, there is increasing interest in the development of novel drug
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formulation and delivery methods, without the addition of any external agents such as
surfactants or other carrier vehicles. One method proposed for dispersion of hydrophobic
compound in water is the “Reprecipitation method”.15-17 Though the nanocrystal formation
of hydrophobic compounds has been well studied,18, 19 there has been no report of using this
technique for drug delivery. To demonstrate this concept, we have prepared the nanocrystal
formulation of a hydrophobic drug for photodynamic therapy and compared its efficacy with
the conventional surfactant-based formulation.

Photodynamic therapy (PDT) is a promising new modality for the treatment of a variety of
cancers as well as some dermatological and ophthalmic diseases1, 20-24 The main advantage
of PDT over conventional cancer chemotherapy is the capability to localize the treatment, by
using selective light exposure to the tumor site.1, 25 Typical PDT treatment involves systemic
administration of a photosensitizer drug, followed by localized light exposure at the tumor site,
using visible or near-infrared (NIR) light. After being excited with light, these photosensitizer
molecules can transfer their excited state energy to molecular oxygen in the surrounding,
forming reactive oxygen species (ROS) such as singlet oxygen (1O2). These locally generated
ROS are responsible for the destruction of various cellular compartments resulting in
irreversible damage of tumor cells.1, 25-30 Since this destruction process requires a
combination of three essential components (photosensitizer, light and oxygen), PDT can be
used to selectively destroy diseased tissues such as tumors, with relatively minimal collateral
damage.25

The major drawback for successful pre-clinical and clinical PDT is the poor water solubility
of photosensitizing (PS) drugs, which makes their stable formulation for systemic
administration highly challenging.1, 31 To overcome this difficulty, different strategies have
evolved to enable a stable dispersion of these drugs into aqueous systems, often by means of
a delivery vehicle.32 These delivery vehicles often unfavorably affect the inherent tumor-avid
pharmacokinetics of the PS drugs, resulting in the possibility of sub-therapeutic dosage at the
tumor site. Also, allergic reactions emanating from the carrier vehicles as well as their sustained
in vivo persistence results in short as well as long-term toxicities, which may override the
successful outcome of PDT.3, 4 Therefore, the ideal formulation for safe and efficient PDT
should involve the minimal number of additional ingredients apart from the PS drug.

Here we report a new method for the delivery of water insoluble PS drugs without the
incorporation of any additional stabilizing agents such as surfactants or other delivery vehicles.
This new drug formulation method is based on the re-precipitation method,15-17 whereby
upon injection of the drug dissolved in a miscible solvent like DMSO into water, the drug
molecules self-assemble as pure nanosized crystals and remain stably dispersed in water. For
demonstrating this method, we have synthesized nanocrystals of the PS 2-devinyl-2-(1-
hexyloxyethyl) pyropheophorbide (HPPH) by re-precipitation method. HPPH is an effective
PS which is in Phase I/II clinical trials at Roswell Park Cancer Institute, Buffalo, NY, USA.
33-38 The resulting nanocrystals are monodispersed, with diameter ∼100 nm. Though the
fluorescence and photodynamic activity of the drug nanocrystals were substantially quenched
in aqueous media, both recovered under in vitro and in vivo conditions. The recovery of
fluorescence and photodynamic activity inside cells were verified by confocal microscopy and
cellular phototoxicity assay. This recovery of drug activity and fluorescence is attributed to the
interaction of nanocrystals with blood serum or other intracellular components (e.g., serum
albumin), resulting in conversion of the drug nanocrystals into the molecular form. This was
confirmed by showing a similar recovery in the presence of Fetal Bovine Serum (FBS) or
Bovine Serum Albumin (BSA). Efficacy of the nanocrystal formulation in vitro as well as in
vivo was found to be comparable with that of the same drug formulated in the conventional
delivery vehicle, Tween-80.
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Experimental Section

Materials—Surfactant Tween-80 was purchased from Aldrich, USA. MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide], Bovine Serum Albumin (BSA) and
are products of Sigma, USA. Dimethyl Sulfoxide (DMSO) and isopropanol are products of
Fisher Chemicals, USA. The photosensitizer, 2-[1-hexyloxyethyl]-2-devinyl
pyropheophorbide-a (HPPH), was prepared by following the methodology reported by Pandey
et al. Cell culture products, unless mentioned otherwise, were purchased from GIBCO. The
RIF-1 cell line was obtained from the PDT Center, Roswell Park Cancer Institute, Buffalo.
Cells were cultured according to instructions supplied by the vendor. N′N-dimethyl formamide
(DMF) was purchased from Fisher Chemicals, USA. Cell culture products, unless mentioned
otherwise, were purchased from GIBCO, USA. All the above chemicals were used without
any further purification.

Synthesis and Characterization of Drug Nanocrystals—Re-precipitiation method for
the preparation of nanocrystals of hydrophobic dyes as well as the crystalline structure of the
resulting nanoparticles had been extensively studied by the Nakanishi group.18, 19, 39, 40 A
similar approach was used in this case to prepare organic nanocrystals of the hydrophobic PDT
drug, HPPH. For this, 200μl of 3mM HPPH solution in DMSO was injected into 10ml of water
at room temperature, with controlled stirring. The samples were dialyzed overnight to remove
DMSO. Transmission electron microscopy (TEM) was employed to determine the morphology
and size of the aqueous dispersion of nanocrystals, using a JEOL JEM 2020 electron
microscope, operating at an accelerating voltage of 200 kV. Dynamic light scattering
(Brookhaven 90PLUS with ZetaPALS option) was used to determine the size distribution as
well as the zeta potential of the nanocrystals. Electron diffraction and X-ray diffraction
techniques were used to confirm the crystalline nature of the prepared nanocrystals.

Optical spectroscopy—UV-visible absorption spectra were acquired using a Shimadzu
UV-3101 PC spectrophotometer, in a quartz cuvette with 1 cm path length. Fluorescence
spectra were recorded on a Shimadzu RF-5301PC spectrofluorimeter. Generation of singlet
oxygen (1O2) was detected by its phosphorescence emission peaked at 1270 nm.41-44, Time
resolved detection of the 1O2 emission45 was used to distinguish singlet oxygen emission,
which is known to have extremely low yield in water.46 A SPEX 270M Spectrometer (Jobin
Yvon) equipped with a Hamamatsu IR-PMT coupled to Infinium oscilloscope (Hewlett-
Packard) was used for recording singlet oxygen phosphorescence decay. The monochromator
was tuned to 1270 nm. The second harmonic (532 nm) from a nanosecond pulsed Nd:YAG
laser (Lotis TII, Belarus) operating at 20 Hz was used as the excitation source. The sample
solution in a quartz cuvette was placed directly in front of the entrance slit of the spectrometer
and the emission signal was collected at 90-degrees relative to the exciting laser beam. An
additional longpass filters (a 950LP filter and a 538AELP filter, both from Omega Optical)
were used to attenuate the scattered light and fluorescence.

In-Vitro Studies with Tumor Cells: Nanoparticle Uptake, Imaging and Viability Assay
Cell Culture—The RIF-1 tumor cell line was maintained in alpha-minimum essential medium
(R-MEM) with 10% fetal bovine serum (FBS), according to the manufacturers instructions
(American Type Culture Collection, Manassas, VA). To study the uptake and imaging of HPPH
nanocrystals, the cells were trypsinized and resuspended in the corresponding suitable media
at a concentration of around 7.5×105 /ml. 60 μl of this suspension was transferred to each 35
mm culture plate and 2 ml of the corresponding full medium was added. For confocal
microscopy, glass bottom petridishes (MatTek corporation) was used in place of standard petri
dishes. These plates were then placed in an incubator at 37 °C with 5% CO2 (VWR Scientific,
model 2400). After 36 hours of incubation, the cells (about 60 % confluency) were rinsed with
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PBS, and 2 ml of the corresponding fresh media was added to the plates. Finally, 16.6 μl of
60μM HPPH nanocrystals suspension (final concentration of 0.5 μM in cell culture media) was
added and mixed properly. Plates were returned to the incubator (37 °C, 5 % CO2) for the
required incubation period. 16.6 μl of HPPH/Tween80 micelles of same drug concentration
was used as control and separate culture plates were treated and incubated for the same time
period as in the case of nanocrystals. After each specific time interval of incubation, the plates
were taken out, rinsed several times with sterile PBS and 2 ml of fresh serum free medium was
added. The plates were incubated for another 10 minutes at 37 °C and were directly imaged
under a confocal microscope.

Confocal Microscopy—Confocal imaging was performed using a laser scanning confocal
microscope (TCS-SP2-AOBS from Leica), which was attached to an inverted microscope. An
oil immersion objective lens (Leica, Fluor-63X, NA 1.4) was used for cell imaging. For
confocal imaging, a 405nm diode laser (PicoQuant Germany) was used as the excitation source
with spectrally tunable emission filter was set at 650-720 nm. An additional band pass filter
(HQ650/100 from Chroma) was also used to cut off any excitation leakage. Cells untreated
with the drug were used as control to confirm the absence of any significant autofluorescence
under the imaging conditions. We have also obtained intra-cellular spectra under the imaging
condition, using the spectral detection available on the Leica Microscope. A comparison of the
fluorescence spectra from drug treated cells with the fluorescence spectra of HPPH in solution,
allows us to confirm the origin of fluorescence seen in fluorescence image channel.

In Vitro PDT—The RIF-1 tumor cells grown in alpha-minimum essential medium (α-MEM)
with 10% fetal calf serum, L-glutamine, and penicillin/streptomycin/neomycin were
maintained in 5% CO2, 95% air, and 100% humidity. These cells were plated in 96-well plates
at a density of 5 ×103 cells/well in complete media, as a means to determine PDT efficacy. The
next day, the photosensitizer was added at variable concentrations (0.25 to 8 μM). After the
24 h incubation in the dark at 37 °C, the cells were replaced with fresh media and exposed to
light at a dose rate of 3.2 mW/cm2 at various light doses (0.125-8.0 J). The dye laser (375;
Spectra Physics, Mt. View, CA) excited by an argon-ion laser (171 laser; Spectra-Physics, Mt.
View, CA) was tuned to emit the drug-activating wavelength, 665 nm. Uniform illumination
was accomplished using a 600 μm diameter quartz optical fiber fitted with a graded index
refraction lens. Following illumination, the plates were incubated at 37 °C in the dark for 48
hours. Appropriate control experiments using identical light doses without any photosensitizer
were also performed. After this, the plates were evaluated for cell viability using the MTT
assay, as described below.

Cell Viability Assay—Cell viability was measured using the 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazoliumbromide (MTT) assay. Immediately following light treatment, the
cells were incubated for 44 h in the dark at 37 °C. Then, 10 μL of 4.0 mg/mL solution of MTT
dissolved in PBS (Sigma Chemical Co., St. Louis, MO) was added to each well. After the 4 h
incubation with the MTT, the media were removed and 100 μl of dimethyl sulfoxide was added
to solubilize the formazin crystals. The PDT efficacy was measured by reading the 96-well
plate on a microtiter plate reader (Miles Inc., Titertek Multiscan Plus MK II) at an absorbance
of 560 nm. The results were plotted as percent survival compared with the corresponding
control experiments results (cells were not incubated with drug, but exposed to light). Each
data point represents the mean from a typical experiment with four replicate wells.

Evaluation of in vivo Photosensitizing Efficacy
The in vivo efficacy of HPPH nanocrystals was compared with HPPH in 1% Tween-80 / water
solution under similar treatment conditions.48 In brief; C3H mice (10 mice/group) were
injected subcutaneously in the axillla with 3 × 105 RIF-1 cells in 40 μl of complete α–MEM.
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The injected animals developed RIF-1 tumors and the tumors were permitted to grow until
they were 4-5 mm in diameter before beginning treatment. The day before PDT light treatment,
the mice were injected intravenously with HPPH in 1% Tween-80 / water or HPPH
nanocrystals at a dose of 0.4 μmole/kg. Photosensitizers were injected i.v. (tail vein) in
approximately 0.2 ml volumes. At 24 h post-injection, mice bearing transplantable tumors were
restrained without anesthesia in Plexiglas holders, designed to expose to light only the tumor
and a 2-4 mm angular margin of skin. For mice bearing spontaneous tumors at unpredictable
sites, light exposure was flexibly adjusted to accommodate exposure of these sites. The mice
were treated with a laser light (665 nm, 135 J/cm2, 75 mW/cm2) for 30 mins.

Following treatment, the tumor dimensions (orthogonal diameters) were measured by caliper
every other day for tumor growth/ re-growth assays. The tumor volume, V, is calculated with
the formula V=(lw2/2), were l is the longest axis of the tumor and w is the axis perpendicular
to l. Mice were euthanized for ethical consideration when tumors reach the volume of 400
mm3. On the other hand, mice were considered cured if there was no palpable tumor by day
60.

Results and Discussions
HPPH (Photochlor®), is a chlorin-based molecule (Fig. 1),33 which is reported to have an
enhanced PDT efficacy than Photofrin® (the only photosensitizer currently approved by FDA
for clinical PDT).34, 49 with reduced skin phototoxicity. HPPH is a hydrophobic compound
and its long wavelength absorption falls at 665 nm. Therefore, compared to Photofrin®

(λmax: 630 nm) it should have deeper tissue penetration. Due to its hydrophobic nature, a
conventional formulation of HPPH in water involves the use of surfactants such as
Tween-8034 or the use of other carrier vehicles such as silica –based nanoparticles.14

A TEM image of the nanocrystals of the drug HPPH prepared by re-precipitation method is
shown in Figure 2A. The particles are nearly spherical, having uniform size distribution, with
an average diameter of 110 nanometers. Dynamic light scattering measurements (DLS) also
showed reasonably good monodispersity with size ranging from 100-120nm (data not shown).
The electron diffraction data obtained from these nanocrystals showed that significant portion
of the formed HPPH nanoparticles were crystalline in nature (Figure 2B). X-ray diffraction
data also showed crystallinity of the prepared nanocrystals. The average zeta-potential of these
nanocrystals were found to be around -40mV. These reasonably high negative surface charges
presumably derived from the deprotonation of the carboxylic end groups, provided excellent
stability for the water dispersion. The water dispersion of HPPH nanocrystals was found to be
stable for more than 3 months.

The UV-visible absorption (Fig.3) as well as the fluorescence emission spectra (Fig.4(A)) of
HPPH formulated as nanocrystals are significantly different from those of HPPH dissolved in
1% Tween-80 micelles. This includes suppression of the Soret band and broadening of the
long-wave Q-band in the absorption spectra (Fig.3) as well as almost complete quenching of
the HPPH emission (Fig. 4 (A)). Similar decrease in fluorescence intensity is well known as
aggregation effect for fluorescent molecules50 and has been reported for chlorins structurally
related to HPPH.47 A decrease in the fluorescence yield in this case correlates with a decrease
in the singlet oxygen generation efficiency and is due to the low solubility of the compounds
and corresponding aggregation effects.47

However, fluorescence of HPPH nanocrystals was found to recover in a time-dependent
manner under in vitro conditions, in presence of 10% Fetal Bovine Serum (FBS). Typical cell
culture media also contain similar concentration of either FBS or Horse Serum. This recovery
of fluorescence was attributed to the presence of Bovine Serum Albumin (BSA) and other
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lipoproteins in the serum and the drug HPPH seems to have reasonably good solubility in them.
Therefore nanocrystals are converted into its molecular form in presence of the serum
components, which in turn brings the fluorescence recovery. Serum components of human
blood also have similar constituents and we can safely assume that under in vivo conditions,
similar conversion of the drug nanocrystals can occur. Figure 4 (A) shows the emission spectra
of the nanocrystal formulation after 4.5 hrs of incubation with 10% FBS or 0.8% (Wt/Vol)
BSA. The time course of the fluorescence recovery in presence of BSA and FBS is shown in
figure 4 (B).

Along with fluorescence quenching, the singlet oxygen generation also was initially quenched
for this nanocrystal formulation and was found to recover along with the fluorescence emission
upon incubation with BSA or FBS. To check the recovery of singlet oxygen generation, we
have monitored the decay of spectral signal at 1270 nm, using nanosecond pulsed excitation
at 532 nm. Figure 5 shows the decay curves at 1270 nm for HPPH nanocrystals incubated for
24 hrs in MEMα and MEMα with 0.8% BSA. As seen in the figure, the HPPH nanocrystals
incubated in MEMα with 0.8% BSA manifest decay in microsecond range, in contrast to
nanocrystals in MEMα. Decay in the microsecond range at 1270 nm unambiguously originates
from the singlet oxygen phosphorescence, which appears as a result of interaction of the
nanocrystals with BSA. Appearance of the singlet oxygen generation is accompanied by the
recovery in the HPPH fluorescence, as shown in the inset in Fig.5.

In-Vitro fluorescence confocal imaging of nanocrystals uptake
To determine if HPPH nanocrystals were taken up by tumor cells, we used confocal
fluorescence imaging. Though the fluorescence of nanocrystals were initially quenched, after
cellular uptake the fluorescence recovered in a similar fashion as shown in case of BSA or FBS
containing medium. Though, at shorter time interval, the HPPH in Tween- 80 formulation
showed higher fluorescence signal, characterizing cellular uptake, after longer time of
incubation (48 hrs), both showed comparable cellular uptake. This indicates that long-term
cellular uptake of HPPH in nanocrystal formulations is similar to that of HPPH inTween-80
micellar formulation. Figure 6 shows the confocal images of HPPH uptake in RIF-1 cells after
4Hrs, 24Hrs and 48 Hrs of incubation.

To elucidate whether the nanocrystal formulation need serum proteins as shuttles to deliver
the HPPH into the cells, or can be directly taken up by cells, we have also incubated cells with
nanocrystals without FBS in medium for 2 hrs. Cells incubated with HPPH in Tween-80 in
media without FBS was used as control. As seen in Figure 7, there was significant uptake of
HPPH in serum free media as well. This means that HPPH can be converted from nanocrystal
to molecular form not only as a result of interaction with serum proteins, but also during
interaction with cellular membrane or intracellular components. However, even if an exact
mechanism of HPPH nanocrystal uptake and conversion into functional molecular form is not
clearly understood, one could see that robust cellular uptake of HPPH did occur when the
nanocrystal formulation was used.

In Vitro Photosensitizing Efficacy
As shown in the Figure 8, the HPPH in the nanocrystals formulation manifested similar light
dose response to the conventional Tween-80 micellar formulation, demonstrating that the
efficacy of the drug in vitro is not affected in this surfactant-free formulation. This data is an
additional confirmation of the fact that not only is the cellular uptake of HPPH as nanocrystals
or in Tween-80 micelles similar, so is their efficiency of singlet oxygen generation in vitro.
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In Vivo Photosensitizing Efficacy
The in vivo efficacy of HPPH (1% Tween 80) and the HPPH nanocrystals was evaluated in
C3H mice bearing RIF-1 subcutaneous tumor and the results are summarized in Figure 9. The
PDT efficacy was estimated as the number of mice with minimal or no tumor regrowth after
60 days post-treatment. At day 60, 5 out of 10 mice treated with HPPH nanocrystals survived
while 6 out of 10 mice survived in case of mice treated with HPPH (1%Tween 80). In the
survived mice population no visual toxicity was observed. On the other hand, all the mice in
the control group (received no light exposure after treatment with HPPH nanocrystals) had to
be euthanized by day 8. Though there was a small difference in the survival rate (without tumor
for more than 60 days) between nanocrystals and Tween80 formulation (5/10 on nanocrystal
administration while 6/10 on administration of Tween80 formulation), the difference was
statistically insignificant. On the other hand, between 10 and 30 days post PDT treatment, mice
treated with HPPH nanocrystals formulation showed slower tumor regrowth in comparison
with those treated with HPPH/Tween80 formulation. This data demonstrates that the HPPH
nanocrystals formulation has comparable PDT efficacy in vivo to that of the conventional
HPPH/Tween80 formulation, under similar treatment conditions.

Conclusions
In summary, surfactant-free pure drug nanocrystals of a water-insoluble photosensitizing
anticancer drug HPPH have been formulated in aqueous media. These nanocrystals are uniform
in size distribution with an average diameter of 110 nm and surface charge (zeta-potential) of
-40 mV. Such nanocrystals are efficiently taken up by the tumor cells in vitro and irradiation
of such impregnated cells with light resulted in significant cell death. In vivo study of these
drug nanocrystals also showed significant efficacy equivalent to the conventional surfactant
based delivery system. These observations have illustrated the potential of using pure drug
nanocrystals for PDT. This approach eliminates the need of any external agents such as
surfactants or other carrier matrices for drug delivery. Further studies are underway to increase
the efficacy of the nanocrystals by tuning their size, effecting long-term in vivo circulation and
accumulation in the tumor tissue. Potentially this method of drug formulation can be applied
not only for PDT drugs, but also for delivery of other therapeutic drugs including the imaging
agents.
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Figure 1.
Structure of the HPPH
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Figure 2.
(A) TEM picture of HPPH nanocrystals (B) Electron diffraction from HPPH nanocrystals
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Figure 3.
Absorption and emission spectra of HPPH nanocrystals (4 μM) in comparison with Tween-80
micellar formulation at the same molar concentration in water.
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Figure 4.
(A) Fluorescence signal from HPPH nanocrystals (4 μM) in pure cell culture medium
(MEMα) and MEMα with added FBS or BSA after 6 hrs of incubation at room temperature;
(B) Time-dependent fluorescence signal recovery from HPPH nanocrystals (4 μM) in pure
MEMα and MEMα with added FBS (10%v/v) or BSA (0.8% w/v).
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Figure 5.
Singlet oxygen phosphorescence decay monitored at 1270nm (1) HPPH nanocrystals in
MEMα cell culture media and (2) HPPH nanocrystals incubated with MEMα and 0.8% BSA
for 24 Hrs. The inset figure shows the corresponding fluorescence recovery. Concentration of
HPPH was 45μM.
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Figure 6.
Confocal fluorescence images of RIF-1 cells imaged after 4 hrs, 24hrs and 48 hrs of treatment
with HPPH nanocrystals (A) and tween-80 micellar formulation (B). Drug concentration was
maintained at 0.5 μM. Cells were incubated in medium containing 10% of FBS.
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Figure 7.
Confocal fluorescence images of RIF-1 cells incubated with (A) Tween 80 micellar formulation
and (B)HPPH nanocrystals, imaged after 2 hrs of incubation in serum free media. Excitation
wavelength used was 405nm.
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Figure 8.
Comparative in vitro photosensitizing efficacy of HPPH formulated in1% Tween 80/5%
dextrose and HPPH nanocrystals/water in RIF-1 cells at equimolar concentrations (0.5μM).
Control: Cells were exposed to light without photosensitizer.
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Figure 9.
Comparison of in vivo photosensitizing efficacy of HPPH nanocrystals and Tween 80 micellar
formulation in C3H mice (10 mice/group) bearing RIF-1 tumors. The tumors were exposed to
a laser light (665 nm, 135 J/cm2) at 24 h after injection. Drug dose: 0.4 μ mole/kg. Control:
The mice were injected with HPPH nanocrystals, without any light exposure.
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