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A B S T R A C T

Introduction: Herpes simplex virus (HSV) is among the most common viruses in humans. HSV1 is often re-
sponsible for oral and perioral herpetic lesions. Photodynamic therapy (PDT) is a novel antimicrobial modality
that involves the use of laser and a photosensitizer with a specific wavelength. This study aimed to assess and
compare the effect of PDT with 810 and 940 nm diode laser and indocyanine green (ICG) photosensitizer on
HSV1.
Methods: In this in vitro study, HSV1 isolated from herpes labialis and there were 6 experimental groups.The
irradiation parameters were the same for all groups. Number of remaining viruses per milliliter in each group
was determined using real-time polymerase chain reaction (PCR) and statistically analyzed by ANOVA.
Results: The virus count in all groups significantly decreased compared to the control group (P < 0.05) except
in group ICG- without irradiation (P > 0.05). Comparison of groups 810- and 940- (use of each laser alone) with
groups 810+ and 940+ (use of each laser plus ICG) revealed that reduction in virus count in groups 810+ and
940+ was significantly greater than that in groups 810- and 940-.
Conclusion: 810 nm diode laser irradiation and ICG causes the greatest reduction in number of HSV1 compared
to all the other groups. ICG without laser irradiation has not significant efficacy on reduction of virus count.

1. Introduction

Herpes simplex virus (HSV) belongs to the herpesviridae family and
has double-stranded DNA genome. HSV is common worldwide; infec-
tion with HSV1 has an acute phase in which the virus multiplies rapidly
at the site of infection and then migrates to neural ganglia to initiate the
latent phase [1].

The binding and penetration of HSV into the host cells are mediated
by superficial glycoproteins. Viral DNA replication and protein ex-
pression then occur by cellular proteins. In addition, the virus impairs
the immune system [2].

The majority of middle-aged individuals have herpes antibody in
their serum and about one-third of the world's population experience
the recurrence of herpes infection.

HSV1 is responsible for herpes labialis while HSV2 causes herpes
genitalis; however, both types can cause infection in other areas of the
human body as well and manifest similar clinical signs and symptoms.
Primary HSV1 infection is characterized by mucosal and skin lesions.
Buccal mucosal and gingival lesions are common in primary HSV1 in-
fection. Herpetic simplex keratitis is the most common cause of blind-
ness caused by corneal inflammation in the United States and is usually
hard to treat [1–3]. Herpetic infections are treated with nucleotide
analogs such as acyclovir and penciclovir. Resistance to acyclovir is
now a major problem caused by mutations in the viral thymidine kinase
gene and is seen in 95% of the patients [4].

Considering the emergence of drug resistance, search is ongoing for
other methods to eliminate HSV. Photodynamic therapy (PDT) is one
suggested technique to eliminate viruses using light at a specific
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wavelength and a light-sensitive molecule known as photosensitizer,
which is activated by light. This method has long been used to disable
viruses [5–7]. A wavelength of light with maximum absorption by the
photosensitizer activates the photosensitizer and releases singlet
oxygen. The efficacy of PDT depends on the characteristics of the tissue
and damaged cells as well as oxygen generation. Singlet oxygen re-
mains within the cells for a short time and has limited range of action. If
the photosensitizer binds to the target cells, it can selectively destroy
the damaged cells without injuring the adjacent cells [8].

Indocyanine green (ICG) is a commonly used photosensitizer
through intravenous infusion to test liver function and for endoscopy.
ICG has a wide range of light absorption from 600 to 800 nm wave-
length. Its maximum absorption occurs at around 800 to 805 nm wa-
velength [9,10].

A photosensitizer should be able to produce singlet oxygen in a wide
range of wavelengths and should have a strong affinity for binding to
damaged cell and not the healthy cells [11–13].

ICG binds to plasma proteins. It has no adverse effect on the human
body and is quickly excreted via bile. Thus, it can be considered as an
ideal photosensitizer [9–14].

Considering the disadvantages of using methylene blue photo-
sensitizer in PDT (such as tooth discoloration) [15] we decided to assess
the efficacy of PDT with ICG for elimination of HSV1 using 810 and
940 nm diode laser.

2. Materials and methods

2.1. Preparation of light sources

In this in vitro study, infra-red diode lasers with 810 (Wuhan Gigaa
Optronics Technology Co., Wuhan, China) and 940 nm (Biolase, USA)
wavelength, with 500mW power in the area of 0.384 cm2, and 400 μm
fiber tip were used for 60 s as the light source. Energy density was
approximately 78 J/cm2.

2.2. Preparation of photosensitizer

ICG (Periogreen, Elixxion, AG Radolfzell, Germany) was prepared in
0.1 mg/mL concentration by dissolving a 0.2mg ICG tablet in 2mL of
sterile water in a dark room and was used as photosensitizer after 5min
(according to the manufacturer’s instructions).

2.3. Preparation of cell culture

For cell culture, Vero cells (ATCC CLL-81) were purchased from the
Pasteur Institute of Iran and passaged after quality control. RPMI 6040
culture medium supplemented with 10% fetal bovine serum, penicillin-
streptomycin and an anti-mycotic with the recommended ratios in
50 μg/mL concentration was used for cell culture. The cells were in-
cubated in 5% CO2 and> 90% humidity and checked every day under
an inverted microscope to ensure their ideal morphology. After
reaching 90% confluence in cell culture flasks, the stock solution was
prepared. The cell density at the time of addition of viruses was 70%.

2.4. Preparation of HSV1

Using a sampling scalpel and a swab, samples were taken from the
fluid within the newly formed vesicles of herpes labialis in a 35-year-
old female. The samples were transferred to VTM medium. The mixture
was then filtered using 0.45 μm filter and added to cell culture with
70% confluence. It was then incubated for one hour in order for the
cells to absorb the viruses. The overlaying medium was then discarded
and cells, now infected with viruses, were added to 25 cm flasks con-
taining 5mL of 2% RPMI. The control flask had the same condition
[16].

The cells were evaluated daily for cytopathic effect, which is often

characterized by formation of giant cells and ballooning in cells. After
observing the cytopathic effect in> 50% of the cells compared to the
control medium, the viruses were collected and stored at −70 °C. Real-
time polymerase chain reaction (PCR) was used to determine the type
of virus and ensure that it was HSV1. PCR is the new gold standard for
HSV detection in clinical samples [17]. Next, standard concentration of
cells (3× 105/mL) was seeded as mono-layer with 70% density in
specific wells of a 96-well microplate. HSV1 was seeded in 20 wells for
each experimental group (every other wells of one row).

We had 6 experimental groups in this study as follows:

1 Control: Only had Vero cells and HSV1 without any laser irradiation
and ICG (for the purpose of comparison)

2 810-: Cells with HSV1 without ICG irradiated with 810 nm diode
laser

3 810+: Cells with HSV1 and ICG irradiated with 810 nm diode laser
4 940-: Cells with HSV1 without ICG irradiated with 940 nm diode
laser

5 940+: Cells with HSV1 and ICG irradiated with 940 nm diode laser
6 ICG-: Cells with HSV1 and ICG without any irradiation (to assess the
effect of ICG alone on HSV1)

2.5. Evaluation of the effect of lasers without ICG on HSV1

The wells that only underwent laser irradiation (groups 810- and
940-) contained cells plus virus and were subjected to laser irradiation
with a 400 μm fiber tip from 1 cm distance [18] that was same for all
groups (to assess the effect of laser without ICG on HSV1).

2.6. Evaluation of the effect of lasers plus ICG on HSV1

The wells in groups 810+ and 940+ contained ICG and cells plus
virus and subjected to laser irradiation with a 400 μm fiber tip from
1 cm distance, 5min after addition of ICG (according to the manu-
facturer’s instructions).

2.7. Evaluation of the effect of ICG without any irradiation on HSV1

In group ICG-, ICG and cells plus virus were added to each well. No
irradiation was performed (to assess the effect of ICG alone on HSV1).

The contents of the wells were subjected to quantitative PCR. DNA
was extracted using DNA/RNA extraction kit (Roche, Switzerland) and
qRT-PCR kit (NovinGene, Iran). The quality and concentration of ex-
tracted genome were then determined using a NanoDrop(2000C;
Thermo, USA). Quantitative test was performed using FTD kit
(Lithuania) and real-time PCR (Roche, USA). Since we did differentia-
tion of HSV1 and HSV2 using PCR kit (AryaTous, Iran), and also
quantification of HSV using qRT-PCR kit(NovinGene, Iran), we didn’t
use primer in this study.

2.8. Statistical analysis

The results were reported as copy numbers/milliliter. Data was
analyzed with analysis of variance test (ANOVA) using SPSS version 16
(SPSS Inc., IL, USA) and ANOVA. The results were expressed as mean
value ± standard deviation and differences were significant at the
level of p < 0.05 (Tukey post hoc test).

3. Results

In all experimental groups, a reduction in the count of HSV1 was
seen compared to control group (untreated virus). This reduction in
virus count was maximum in group 810+ and minimum in group ICG-
(Table 1).

Tukey post hoc test showed that reduction in HSV1 count in groups
810-, 810+, 940- and 940+ was highly significant (P < 0.001) but
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this reduction in group ICG- was not significant compared to the control
group (P=0.782).

3.1. Effect of laser irradiation without ICG

When we compared 2 groups (810- and 940-) that ICG had not been
used (only lasers were used without ICG) both showed a significant
reduction in the number of HSV1 compared to the control group but the
difference between them was not significant (P=0.961).

3.2. Effect of PDT by ICG

When we used laser irradiation and ICG in groups 810+ and 940+
(PDT by ICG) both of them showed significant reduction in the number
of HSV1 compared to the control group (P < 0.001) and the reduction
in group 810+ was the significantly greater than that in group 940+
(P < 0.001).

3.3. Effect of ICG

In comparison between groups 810- and 810+, both of them ex-
perienced a significant reduction in number of HSV1 compared to the
control group (P < 0.001) and the reduction in group 810+ was sig-
nificantly greater than that in group 810- (P < 0.001).

The result was exactly the same with groups 940- and 940+
(P < 0.001).

Reduction in HSV1 count in group ICG- was the least and not sig-
nificant in comparison of control group and reduction in all other
groups (810-, 810+, 940-, 940+) was significantly more than group
ICG-.

4. Discussion

PDT is currently accepted as an adjunct to other methods for
treatment of drug-resistant pathogens and cancers such as skin mela-
noma and stem cell cancer [18–21]. In PDT, photosensitizer absorbs
certain wavelengths of light and transform it into useful energy and also

it can produce cytotoxic agents like reactive oxygen species (ROS) [22].
In PDT, reactive oxygen is produced by a photosensitizer and low in-
tensity light to kill the infectious cells [21]. Several studies have con-
firmed the positive efficacy of PDT in oral (like endodontics, implant
therapy, periodontics and etc.) dermatological and gastric infections
[21,23–25]. Several in-vitro studies has been done about effects of PDT
of ICG and methylene blue on oral bacterial infections [18,22,26,27].
ICG is a new fluorescent dye from tricarbocyanine dye family with
775 g/mol molecular weight. It is soluble in water because of its sul-
fonate side chains [28,29]. Considering the fact that no previous study
has evaluated the effect of PDT by ICG and 810 and 940 nm diode laser
on HSV1, this study was undertaken to evaluate this topic.

As noted in the papers, the peak absorption of ICG is in 600–900 nm,
and the results of our study also confirm this [30,31]. It means that ICG
could also have absorption in the other wavelengths but it may be less
than in 600-900. Based on this spectrum, we decided to investigate the
effect of 940 nm laser which is not far from it. Also similar articles, have
used 980 and 970 nm lasers for photodynamic therapy by ICG and had
favorable results. Since 940 nm is a common wavelength in clinical
practice, we decided to investigate the effect of photodynamic therapy
with 940 and 810 nm laser on HSV1. In the current study, we used both
810 and 940 nm diode lasers to assess their efficacy for activation of
ICG and elimination of HSV1. The results showed that both 810 and
940 nm lasers without ICG (groups 940- and 810-) were equally effec-
tive for elimination of HSV1 (Fig. 1). HSV1 treatment with lasers is
maybe based on the photochemical and photobiological effects of laser
light [32]. Interestingly, in both groups with ICG (940+ and 810+)
significant reduction in HSV1 in comparison with 940- and 810- was
seen, but reduction in 810+ was significantly more than that in 940+,
maybe because of the peak absorption wavelength of ICG. Results of our
study showed that PDT with ICG and 810 nm laser has the best effect in
reducing HSV1 in comparison of other groups (810-, 940-, 940+, ICG-).

A previous study used 810 and 980 nm laser and ICG for disinfection
of implant surfaces and concluded that both laser types without ICG
could disinfect the implant surfaces. Valente et al. concluded that
810 nm laser, 980 nm laser can also activate ICG but the reduction of
microorganisms in the use of photosensitizer with the two laser types
was not significantly different from the use of 810 and 980 nm lasers
alone [30]. This difference with our study can be due to different mi-
croorganisms and settings.

In this study, we concluded that use of ICG without laser irradiation
decreased the virus count but not significantly. In other words, the ef-
fect of ICG on viruses is only significant when activated by laser and
ICG alone is not capable of eliminating viruses (Fig. 1). In the article
“Diode laser activated indocyanine green selectively kills bacteria
“Boehm et al. used 810 nm laser and ICG to kill P.gingivalis and they
concluded that ICG treatment alone does not significantly kill any
bacteria and we reached this result about HSV1 and ICG [33]. Azizi
et al. evaluated the effect of PDT with 660 (methylene blue photo-
sensitizer) and 810 nm (ICG photosensitizer) lasers on Streptococcus
mutans (S.mutans) and concluded that number of S. mutans decreased
to zero in laser plus photosensitizer groups. They also concluded that in
groups where photosensitizer was used without laser irradiation the

Table 1
Count of HSV1/ml in the six experimental groups. Reduction of Herpes simplex viruses in group ICG- was the least and in group 810+ was the most in comparison of
control.

Group Minimum Maximum Mean Std. deviation P value

Control 8.2× 105 9.8× 105 9.000× 105 66708.32032 <0.001 *

810- 4.347× 105 5.02× 105 4.7038×105 24623.09891
810+ 1.492×105 1.62× 105 1.548× 105 4859.52673
940- 4.599× 105 5.106×105 4.871× 105 20231.90550
940+ 2.35× 105 2.606×105 2.484× 105 9176.87311
ICG- 8.4× 105 9.11× 105 8.7348×105 25702.85976

* statistically significant at level< 0.001.

Fig. 1. mean count of HSV1/ml in the experimental groups at the end of the
assay. Reduction in group ICG- was not significant in comparison with the
control group.
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bacterial count decreased, but did not reach zero; this finding about
using ICG without laser treatment was in agreement with our findings
[26].

It is not clear how ICG kills microorganisms. There is two possibi-
lities considering killing bacteria: 1- actual phototoxicity and 2- indirect
thermal effects. On the other hand, effect of ICG absorption depends on
the dye concentration, the solvent medium and the temperature [29].
Laser irradiation (810 and 940 nm) with ICG in groups 810+ and
940+ activated this photosensitizer and caused a significant reduction
in virus count, but in none of them, HSV1 number didn’t reach to zero.
We used only one setting for all groups. Maybe studying about other
settings and such more concentrations of ICG can help to know the
reason that is the aim of our ongoing study. Beytollahi et al. evaluated
S. mutans biofilm reduction by PDT and photothermal therapy and
obtained similar results as ours. They stated that PDT and photothermal
therapy are suitable methods for reduction of S. mutans biofilm [27].
Fekrazad et al. assessed the effect of PDT with 810 nm laser and ICG on
Porphyromonas gingivalis (P. gingivalis) compared to metronidazole
and chlorhexidine and concluded that the efficacy of PDT for elimina-
tion of P. gingivalis was greater than that of chlorhexidine and me-
tronidazole [18]. Latief et al. assessed the effect of PDT with 660 nm
laser and TONS504 on viruses sensitive and resistant to acyclovir and
concluded that both types of viruses (sensitive and resistant to acy-
clovir) were sensitive to PDT with TONS504; TONS504 alone had no
antiviral effect [34]. Nagahara et al. evaluated the effect of PDT with
805 nm laser and ICG on P. gingivalis and concluded that PDT elim-
inates P. gingivalis only if chitosan is used as an intermediate material
to mediate the adhesion of ICG to bacteria [35]. The results of the
present study showed that 810 nm laser with ICG was the most efficient
way to reduce the number of HSV1 viruses and ICG alone didn’t have
significant reduction in virus numbers. In the present study, we con-
cluded that both 810 and 940 nm diode lasers can cause a reduction in
HSV1 count. Irradiation of these lasers with ICG as a photosensitizer
results in significant reduction of HSV1 count. We also found that this
reduction in viral count was not due to the effect of ICG itself and it
should be activated by laser to exert its antiviral effect. Many studies
have used 660 nm laser with methylene blue photosensitizer and one
study used 670 nm laser without photosensitizer for treatment of re-
current herpes labialis [32,36–40].

It's a very promising result of a Pilot test, given the approximately 8-
fold reduction in viruses in this study. As mentioned, with changing the
dosage, temperature, duration of radiation, etc., the level of virus re-
duction may be changed, which is being done in other ongoing studies.

All these results show that PDT by ICG may be an effective treat-
ment for clinical herpetic lesions in the future, based on several basic
studies and animal model studies which evaluate several concentrations
and powers.
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