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A Prospective study of laser treatment of port wine
stain associated with gold nanorods

Abstract

Laser therapy based on the selective photothermolysis has been regarded as the most
effective treatment strategy for Port-Wine Stain (PWS) caused by the expansion of dermal
capillaries. A long-pulsed Neodymium: Yttrium Aluminum Garnet (Nd: YAG) laser has great
potential for deeply situated PWS. However, the weak absorption of blood to Nd:YAG laser
limits the laser treatment efficacy. Gold nanorods, which can convert the absorbed near-
infrared light into localized heat, have shown potential for photo-activated cancer therapy.
Owing to their unique surface plasmon resonance and photothermal conversion effect,
gold nanorods may be one of possible strategies for improving laser treatment efficacy
of PWS by enhancing blood absorption to Nd:YAG laser. In this study, an experimental
study was carried out to compare laser-induced thermal response of blood vessels in vivo
animal model before and after injection of gold nanorods. The results demonstrated that
the obvious thermal response of blood vessels to Nd:YAG can be obtained with lower laser
energy fluence and less pulse number under the assistance of gold NRs, suggesting that
Nd:YAG laser treatment combined with gold NRs may be a novel treatment strategy for
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PWS.

Introduction

Port-Wine Stain (PWS) are congenital vascular lesions resulted
from the expansion of capillaries and postcapillary venules .!?2
Nowadays, laser treatment has remained the gold standard treatment
for PWS, represented by pulsed dye laser with a wavelength of 585 or
595 nm and Neodymium: Yttrium Aluminum Garnet (Nd:YAG) laser
with a wavelength of 1064 nm .> Nd:YAG laser has great potential for
treating deeper buried vascular lesions due to the advantages of lower
absorption of melanin and deeper penetration into tissue.** However,
this treatment efficacy is limited by weak absorption of blood to
Nd:YAG laser.

Gold nanorods (NRs) are rod-shaped gold nanoparticles with the
characteristics of biocompatibility, surface plasmon resonance, and
high photothermal efficiency.® leading to the major applications of
gold NRs in photoacoustic imaging, drug delivery and photothermal
therapy of cancer cells .”* Gold NRs exhibit two surface plasmon
bands. One is located in the near- infrared region ranging from 600
to 1200 nm, which is sensitive to the aspect ratio (length/width) of
gold NRs. The intense absorption coefficient of this band results in
high photothermal efficiency by converting absorbed near-infrared
light to localized heat. Giving their unique biocompatibility, distinct
surface plasmon band, and photothermal conversion effect, gold NRs
has potential for enhancing blood absorption of blood to specific laser
and destroying the vascular lesions.

In the present communication, an experimental study was carried
out about laser-induced thermal response of blood vessels in vivo
animal model after intravenous injection of gold NRs to investigate
the potential use of gold NRs in the treatment of PWS.

Materials and Methods

Gold NRs were prepared by popular seeded growth method
developed by Ye et al.”!* And modified through replacing cytotoxic
cetyltrimethylammonium bromide (CTAB) used as surfactant in the
preparation of gold NRs by thiol-terminated methoxypolyethylene
glycol (mPEG-SH) to reduce its cytotoxicity. The detailed preparation

procedure can be found in the previous publication ."" The absorption
spectra and transmission electron microscopy (TEM) images were
obtained using spectrometer (DH-2000-BAL, Ocean Optics, Germany)
and JEOL 2100 (Japan) microscope operated at 300 kV, respectively.
A dorsal skin-fold chamber (DSC) model was prepared according
to the report of Papenfuss et al. [12] to simulate the vasculature of
PWS. Thereafter, 0.44 mg of gold NRs were intravenously injected
into mice from tail veil, and laser irradiation was fired. Prior to and
after laser irradiation, the images of blood vessels were recorded by
a microscopy camera with 4 times magnification (BX41, Olympus
Corp., Japan).

Results and Discussion

Figure 1 presented the absorption spectra and TEM images of gold
NRs. CTAB-coated gold NRs had two absorption bands corresponding
to the longitudinal absorption band at 1053 nm and transverse
absorption band at 514 nm. After modification using PEG, gold NRs
showed the same two absorption bands at the identical wavelengths,
suggesting that no aggregates occurred in the preparation procedure.
In this study, the average length and width of the PEG-modified gold
NRs were 79.5+10.5 nm and 13.5£0.9 nm, respectively, with the
aspect ratio of 5.89.
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Figure | Absorption spectra of CTAB-modified gold NRs (a) and PEG-

modified gold NRs (b). The inset shows a TEM image of PEG-modified gold
NRs.
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Figure 2 displayed the thermal response of blood vessels as a
control experiment before and immediately after Nd:YAG laser
irradiation. The pulse duration of Nd:YAG laser was 0.3 ms with the
spot diameter of 2 mm, and the pulse repetition rate was 10 Hz. We
can find that no obvious changes of blood vessel were observed after
laser irradiation by Nd:YAG laser with laser energy fluence of 36 J/
cm? for 20 laser pulses.

Figure 2 Blood vessels of mouse as a control experiment before (a) and
immediately after laser irradiation with laser energy fluence of 36 J/cm? for

20 laser pulses (b).

Figure 3 exemplified the thermal response of blood vessels injected
with PEG-modified gold NRs before and after laser irradiation with
same pulse duration, spot diameter, and pulse repetition rate. After
exposure to Nd:YAG laser with laser energy fluence of 27 J/em2
for 10 laser pulses, the constriction of blood vessels was observed.
Compared to thermal damage of blood vessels without injection
of gold NRs (Figure 2), obvious thermal response of blood vessels
to Nd:YAG laser was obtained with lower energy fluence and less
laser pulse. After intravenous administration of gold NRs, the blood
absorption to Nd:YAG laser enhanced greatly, yielding lower laser
energy fluence and less pulse number required for the obvious thermal
damage. These observations indicated that Nd:YAG laser treatment of
PWS with lower laser energy fluence may be obtained via combining
gold NRs.

Figure 3 Blood vessels of mouse injected with PEG-modified gold NRs
before (a) and immediately after laser irradiation with laser energy fluence of
27 Jlem? for 10 laser pulses (b).

Conclusion

In the present communication, an experimental study was
performed to compare the laser energy fluence and pulse number
required for the obvious thermal response of blood vessels to Nd:YAG
laser with and without intravenous injection of gold NRs. The gold
NRs had a longitudinal absorption band at 1053 nm with the aspect
ratio of 5.89, which is close to that of the incident Nd:YAG. The blood
absorbance increased significantly under the assistance of gold NRs,
suggesting that obvious thermal response of blood vessels to Nd:YAG
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can be obtained with lower laser energy fluence and less pulse number,
which can avoid thermal damage of epidermis and reduce the side
effect in clinical. This communication is a prospective study about
laser treatment of PWS associated with gold NRs, and much more
future work will be done for the clinical application.
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