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An amorphous formulation of hypocrellin A for photodynamic therapy is reported which can provide sta-
ble aqueous dispersion of such hydrophobic photosensitizers. In vitro studies have demonstrated the
active uptake of amorphous formulation of hypocrellin A into the mitochondria of tumor cells. Compared
with Tween-80 micelle embedded hypocrellin A, low dark-toxicity but similar light-toxicity of the amor-
phous one to drug impregnated tumor cells was observed. Thus, the potential of using amorphous formu-
lation of hypocrellin A as drug delivery system for photodynamic therapy has been demonstrated.

© 2010 Elsevier Ltd. All rights reserved.

Photodynamic therapy (PDT) has been investigated since the
early 20th century, and is currently well established either as pri-
mary or as an adjunctive treatment for several types of cancer.!' Its
clinical use has been limited by its poor bioavailability because
commonly used photosensitizers (PSs) are hydrophobic.?2 Some ap-
proaches to enhance water-solubility have been attempted such as
structural modification, complexation with metal ions, and encap-
sulations of PSs by surfactants, liposomes, amylase, butter-oil,
polyelectrolyte-multilayer, ceramic nanoparticles, etc. However,
these synthetic processes are inherently complex and expensive,
and some resulting water-soluble derivatives show poor photody-
namic activity in vitro due to reduced cellular uptake.> Moreover,
the use of surfactants or the byproducts produced during prepara-
tion of drug delivery systems tends to increase toxicity of the drug.
Ideally safe and efficient PDT drug delivery must use a minimal
number of additional ingredients apart from the PSs while effec-
tively preserving the photodynamic capability of the PSs.*

In the past years, there has been high interest in the use of
amorphous forms as active pharmaceutical ingredients because
of their potential for improving oral bioavailability of poorly solu-
ble drugs.> When prepared in amorphous forms, many insoluble
drugs exhibit significantly higher solubility and faster dissolution
than their crystalline form. It has been demonstrated that when
amorphous compounds are appropriately prepared and delivered
orally, their enhanced dissolution rate and solubility result in
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improved bioavailability if the gastrointestinal tract is the limiting
factor for absorption.®

Even though the amorphous formation of hydrophobic com-
pounds has been well studied in drugs taken orally, little studies
have been carried out using this technique for PDT drug delivery
through intravenous injection. To investigate this concept for
PDT, we have prepared the amorphous formulation of hypocrellin
A (AM-HA) based on our previous studies.”® Hypocrellin A (Cam-
bridge crystallographic data centre number 663042) is a photosen-
sitive agent, that belongs to second-generation photosensitizers,
including 5-aminolevulinic acid (ALA), phthalocyanins, temoporfin
(mTHPC), etc. In clinical trials, HA has produced promising results
in the treatment of various skin diseases such as white lesions of
vulva and vitiligo.® Furthermore, HA can kill tumor cells efficiently
and has been proposed as a potential photosensitizer for PDT be-
cause of their high quantum yields of singlet oxygen, availability
in pure monomeric form and low dark-toxicity.'® In this letter,
amorphous formation of hypocrellin A was prepared using the rep-
recipitation procedure and the Tween-80/hypocrellin A (TW-HA,
2% Tween-80 v/v) micelle of the same drug concentration was used
as a control delivery system.!!

The X-ray diffraction patterns (XRD) (Fig. 1A) of the raw HA
exhibits intense crystalline peaks between 3° and 40°.'? This
proves that the raw HA was highly crystalline. However, only
one broad and diffuse maximum peak was detected in the pattern
of the amorphous formulation of HA (the aqueous solution can be
lyophilized to obtain the solid form of AM-HA). Furthermore, the
differential scanning calorimetry (DSC) curve of HA shows a
melting point at 220 °C. In contrast, the AM-HA showed glass
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Figure 1. (A) XRD of raw HA and amorphous formulation of HA; the TEM image of AM-HA (Bar = 200 nm).

transitions without any crystallization or melting derived from
confirming the formation of amorphous forms. In addition, sodium
of 9,10-anthracenedipropionic acid (ADPA) bleaching experiments
indicated that the '0, generation efficiency of AM-HA is 1.08 (tak-
ing free HA as a reference) in aqueous solution using the protocol
procedure.®!® This value indicated that AM-HA is not homoge-
nously distributed in water and further morphology detection
using transmission electron microscopy (TEM) verified this
hypothesis. The TEM image (Fig. 1B) showed that AM-HA is nano-
particle formation because of the reprecipitation procedure.®!* The
increased 10, generation ability of AM-HA comparing with free HA
was possibly because the nanoparticle formation protected the
interior HA molecules from exposure to the aqueous environment,
slowing down the '0, quenching speed.

The absorption and fluorescence emission spectrum of TW-HA
and AM-HA are similar with HA, indicating no changes in the HA
chromophore upon preparing amorphous formulation. These re-
sults demonstrate that AM-HA formulation can be used both in
photodynamic therapy and bioimaging because its absorbance
and emission are not affected by the crystal form transition.

Mitochondria have been identified as a sensitive intracellular
targets for PDT, and HA has been found to localize to the mitochon-
dria.”!® The localization of AM-HA and TW-HA were studied by co-
incubating photosensitizers (AM-HA or TW-HA) treated HeLa cells
with Rhodamine 123, a mitochondria specific fluorescent probe.'®
From the results summarized in Figure 2, the fluorescence micro-
scope images clearly indicated that the AM-HA and TW-HA local-

ized in the same subcellular region as the mitochondrial
marker, suggesting their affinity to mitochondria. Therefore, the
crystal form transition did not affect the subcellular distribution
of HA.

The cell nuclear morphology change is very important index of
cell death and the Hoechst 33342 is sensitive to DNA and was used
to assess changes in nuclear morphology by the protocol method.!”
Results of Hoechst 33342 staining assay showed that the fluores-
cence of normal cells chromatin stained dimly and occupied the
majority of the cell (Fig. 3A). But after irradiation the AM-HA
(Fig. 3B) or TW-HA (Fig. 3C) treated cells, nuclear morphology
changes such as nuclear shrinkage, chromatin condensation or
fragmentation were demonstrated and the fluorescence of chroma-
tin was condensed, intensely stained, or shifted to the periphery of
the cell.

In order to estimate the cell viability, the 3-[4,5-dimethylthia-
zol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) assay was used
to examine the ICsq of HeLa cells after treatment with AM-HA and
TW-HA with or without visible light.'® Comparing with TW-HA,
AM-HA have similar light-toxicity but lower dark-toxicity
in vitro. The ratios (Rf) of dark-toxicity to light-toxicity for
AM-HA and TW-HA are 7.65 and 3.64, respectively. These ratios
indicate that compared to traditional delivery vehicles, the
water-soluble HA, as an amorphous formulation can retain high
light-toxicity and simultaneously reduce dark-toxicity because
the surfactant-based drug dispersions, Tween-80 micelle, tend to
increase the toxicity of the drug formulation.*

Figure 2. Fluorescence microscope images of the double-stained HeLa cells with AM-HA (or TW-HA) and Rhodamine 123 (each 5 pM incubated for 4 h). (A') AM-HA; (A?)
Rhodamine 123; (A®) overlay of A' and A?; (B!) TW-HA; (B?) Rhodamine 123; (B®) overlay of B' and B Bar = 100 pM.
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Figure 3. Fluorescence micrographs of HeLa cells stained with Hoechst 33342. The normal cells (A), the AM-HA (B) and TW-HA treated cells after irradiation by light.
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Figure 4. In vitro PDT photosensitivity of AM-HA (2 uM) versus TW-HA (2 uM). The
cells were exposed to laser light at a dose of 5 J/(cm? min). Light control: cells were
not incubated with photosensitizers, but were exposed to laser light.

As shown in Figure 4, the HA in the amorphous formulation
manifested a similar light dose response compared to the conven-
tional Tween-80 micelle formulation, demonstrating that the effi-
cacy of the drug in vitro is not affected in this surfactant-free
formulation.

In summary, we have reported the synthesis of the amorphous
formulation of hypocrellin A. It exhibits much better water-solubil-
ity than free hypocrellin A, and higher ratios (Ry) of dark-toxicity to
light-toxicity than the traditional delivery vehicle, Tween-80 mi-
celle. Thus amorphous formulation of hypocrellin A may serve as
an excellent candidate in the field of PDT and this method also pro-
vide a promising future to effectively improve water-solubility for
other hydrophobic PS.
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