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Abstract 
Background and Aim: Herpes simplex virus type 1 (HSV-1) is one of 
the most common infections of the mouth and face. This study was 
conducted to assess the effect of photodynamic therapy (PDT) with 660 
nm diode laser and methylene blue photosensitizer (PS) with different 
concentrations and radiation parameters on acyclovir-resistant HSV-1.    
Materials and Methods: In this in vitro study, first the cytotoxicity of 
methylene blue for HeLa cells was assessed by the methyl thiazolyl 
tetrazolium (MTT) assay, and its highest non-toxic concentrations were 
found (0.001%, 0.002%, 0.005%, and 0.01%). Laser was used with 
660 nm wavelength, 100 mW power, and 10, 20, and 30 J/cm2 energy 
densities for 50, 100, and 150 seconds. The samples were divided into 
20 groups, including 12 PDT groups with laser and methylene blue, 3 
groups subjected to laser irradiation alone, 4 groups exposed to 
methylene blue alone with different concentrations, and one negative 
control group. After laser irradiation, HSV-1 was titrated by the tissue 
culture infectious dose 50 (TCID50) method. Two-way ANOVA was used 
for data analysis (alpha=0.05).    
Results: The effects of methylene blue concentration (0.001%, 
0.002%, 0.005%, and 0.01%) (P=0.675) and laser energy density (10, 
20, 30 J/cm2) (P=0.914), and their interaction effect (P=0.977) on the 
titer of acyclovir-resistant HSV-1 were not significant. 
Conclusion: PDT with 660 nm laser with different energy densities and 
different methylene blue concentrations had no significant effect on 
acyclovir-resistant HSV-1.  
Keywords: Acyclovir; Photochemotherapy; Methylene Blue; Herpes 
Simplex virus 
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Introduction 

Herpes simplex virus (HSV), which belongs to 
the Herpesviridae family, can cause infection 

throughout human life. Primary HSV infections 
mostly affect the mucosal surfaces, resulting in 
the involvement of epithelial cells and 
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manifesting as herpes, genital herpes, herpetic 
herpes, encephalitis, or stromal keratitis [1]. This 
virus is capable of infecting various cell types, but 
it mainly targets the epithelial cells and nerve 
cells, both in the initial and relapse phases of the 
disease [2]. To date, two types of HSV have been 
identified: HSV type 1 (HSV-1) and HSV type 2 
(HSV-2). HSV-1 is usually associated with oral 
infections, causing cold sores or fever blisters [3]. 
Since these infections are subclinical, most 
infected individuals are not aware of them, and 
they rarely culminate in the occurrence of serious 
complications [4]. 

Antiviral drugs, such as acyclovir, are used to 
prevent the spread of the disease. Acyclovir is a 
synthetic analog of purine that is effective against 
HSV-1 and HSV-2. This drug functions by 
interfering with the DNA replication process and, 
therefore hindering the virus proliferation [5, 6]. 
The widespread use of oral acyclovir has led to 
the emergence of acyclovir-resistant species, 
inhibiting the therapeutic effect of acyclovir by 
mutations in their genome. Drug resistance in 
HSVs is a major concern in immunocompromised 
patients because they often need long-term 
antiviral therapy, which, in combination with 
persistent viral proliferation, heightens the risk 
of drug resistance. Since the level of resistance to 
such drug types is enhanced with such a 
mechanism, finding new treatment methods to 
eliminate the virus and also to hinder its 
proliferation, particularly in immunocompro-
mised individuals, is a research priority [3, 7, 8]. 

Photodynamic therapy (PDT) is one of the 
therapeutic methods to confront viral infections. 
A wide variety of bacteria and viruses have 
shown susceptibility to PDT. PDT can influence 
intracellular activity such as cell metabolism, 
increase the adenosine triphosphate and blood 
flow, impair collagen synthesis, and decrease 
transcription factors. PDT is based on using a 
combination of three factors: a photosensitizer 
(PS), oxygen, and a certain wavelength of            

light [6, 9]. PDT is regarded as a totally non-
invasive and selective method for patients. The 
PS is irradiated by a certain wavelength of light in 
presence of oxygen, resulting in generation of 
reactive oxygen species, which can result in cell 
death by damaging the proteins, nucleic acid, and 
lipid units. Reactive oxygen species are also 
unstable and are effective for a short period of 
time. Thus, finding a PS with the ability to 
selectively bind to the target virus-infected cells 
may improve the effectiveness of PDT [10, 11]. 

Different types of PSs are available, but the 
functional mechanism of all of which is based on 
two general principles. They either have a 
porphyrin ring in their structure or are 
categorized as non-porphyrin-based PSs. 
Methylene blue is one of the PSs used in PDT for 
therapeutic purposes [11]. Methylene blue, also 
known as methylthioninium chloride, is a 
derivative of hydrophilic phenothiazine. This 
substance is a PS used in 665 nm wavelength, 
which lies within the emission range of ordinary 
diode lasers and is used for low-level laser 
therapy [12]. 

Various in vitro and clinical studies used 
different radiation parameters to assess the 
impact of different laser intensities with different 
methylene blue concentrations (0.01%, 0.005%, 
and 0.0001%) or other PSs on acyclovir-sensitive 
HSV-1, and showed their effectiveness [6, 7, 9, 13-
15]. However, no study has been conducted on 
the effect of PDT on acyclovir-resistant HSV-1. On 
the other hand, due to the increase in drug-
resistant HSV-1 cases, this study was conducted 
to assess the effect of PDT with 660 nm diode 
laser with methylene blue PS with different 
concentrations and radiation parameters on 
acyclovir-resistant HSV-1. 
 
Materials and Methods 

This in vitro, experimental study was 
conducted on HSV-1 strain KOS. This strain was 
identified by the polymerase chain reaction 
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method and obtained from Tarbiat Modares 
University in Tehran. The study was ethically 
approved by the ethics committee of Islamic Azad 
University of Medical Sciences, Tehran (code of 
ethics: IR.IAU.DENTAL.REC.1401.082). 

The sample size was calculated to be 5 in each 
group according to the results of a study by 
Svyatchenko et al, [16] and using the fixed effects 
ANOVA power analysis feature of SPSS 11, 
considering α=0.05, β=0.007 and effect size of 
0.51 for methylene blue as the variable, and 
β=0.08 and effect size of 0.41 for laser energy 
density as the variable. 
 
Virus proliferation and cell culture: 

The viruses were proliferated through HeLa 
cells, which were obtained from the National Cell 
Bank of the Pasteur Institute of Iran. HeLa cells 
are epithelial cells of human origin derived from 
cervical cancer cells. HeLa cells were cultured in 
Dulbecco’s modified Eagle’s medium (Biosera, 
France) supplemented with 10% fetal bovine 
serum (Biosera, England), 100 IU/mL penicillin G 
(Biosera, England), and 100 µg/mL streptomycin 
(Biosera, England), and incubated at 37°C in 
presence of 5% CO2. The infectious activity of the 
virus was examined using the tissue culture 
infectious dose 50 (TCID50) method as a 
standard approach for evaluation and titration of 
viruses. Hence, the effectiveness of the study's 
virucidal method was evaluated by this method, 
the titer was determined, and a specific amount 
of the virus suspension underwent radiation in 
different modes. After irradiation, each sample 
was individually titrated by the TCID50 method 
and compared with the control group [17]. 
 
Determination of HeLa cell-to-methylene blue 
toxicity threshold:  

The methyl thiazolyl tetrazolium (MTT) assay 
was used to assess the cytotoxicity of methylene 
blue for HeLa cells. After adding different 

concentrations of methylene blue to a 96-well 
plate containing HeLa cells, the plate was 
incubated for 48 hours. Next, the MTT solution 
was added to all wells, and the plate was 
incubated again for 4 hours. The supernatant was 
removed, and dimethyl sulfoxide (LifeBiolab, 
Germany) was added to the wells and pipetted 
such that the formazan crystals were dissolved. 
Afterwards, the optical density (OD) of the wells 
was read by an ELISA reader (Biotek, USA) at 540 
nm wavelength. The cytotoxicity was assessed 
using the following formula, and the CC50 value 
of methylene      blue against HeLa cells was 
determined         using the dose-response curve. 
CC50 is a concentration of a substance that 
destroys 50% of the cells [17, 18]. 
 

Cytotoxicity percentage =
1 − (OD test − OD blank

OD control − OD blank) x 100 

Test groups: 
Diode laser was irradiated with 100 mW 

power in continuous wave mode with the cross-
sectional area of the tip equal to 0.5 cm2 for 50, 
100, and 150 seconds. The laser handpiece at the 
well opening was perpendicular to the 
suspension surface [19, 20]. The radiation doses 
employed in the current study were 10, 20,         
and 30 J/cm2.  
The 20 study groups were as follows:  

Groups 1 to 3: These groups involved the host 
cells and HSV-1, and were exposed to 660 nm 
laser irradiation with 100 mW power, and energy 
densities of 10, 20, and 30 J/cm2, with 50, 100, 
and 150 second irradiation times, respectively, 
without methylene blue. 

Group 4: This group served as the control 
group and only contained cells and HSV-1, 
without radiation and without exposure to 
methylene blue. 

Group 5 to 8: These groups involved the host 
cells and HSV-1, and were only exposed to 
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methylene blue at 0.001%, 0.002%, 0.005%, and 
0.01% concentrations, respectively.  

Groups 9 to 11: These groups were exposed to 
660 nm laser radiation with100 mW power, and 
10, 20, and 30 J/cm2 energy densities      with 50, 
100, and 150 second irradiation                              
times, respectively, in presence of 0.001% 
methylene blue.  

Groups 12 to 14: These groups were exposed 
to 660 nm laser radiation with 100 mW power, 
and 10, 20, and 30 J/cm2 energy densities with 50, 
100, and 150 second irradiation                              
times, respectively, in presence of 0.002% 
methylene blue. 

Groups 15 to 17: These groups were exposed 
to 660 nm laser radiation with 100 mW power, 
and 10, 20, and 30 J/cm2 energy densities with 50, 
100, and 150 second irradiation                              
times, respectively, in presence of 0.005% 
methylene blue. 

Groups 18 to 20: These groups were exposed 
to 660 nm laser radiation with 100 mW power, 
and 10, 20, and 30 J/cm2 energy densities with 50, 
100, and 150 second irradiation times, in 
presence of 0.01% methylene blue. 

 
TCID50: 

The HeLa cells were cultured in 96-well plates 
and infected with HSV-1 prepared dilutions. The 
infected plate was incubated for one hour in a CO2 
incubator at 37°C. The cells were then washed 
with phosphate buffered saline, and Dulbecco’s 
modified Eagle’s medium was added to all wells. 

The 96-well plate was incubated at 37°C in 
presence of 5% CO2 and assessed daily for 
presence of the cytopathic effect. The cytopathic 
effect criterion for HSV-1 was in the form of 
rounding and enlargement of the infected cells. 
The final result was recorded after 72 hours, and 

the virus TCID50 was measured using the Reed 
and Muench method (calculation formula for 
obtaining the TCID50 result) [18]. 

SPSS software version 26 and two-                     
way ANOVA were used for data analysis. P values 
smaller than 0.05 were considered statistically 
significant.  
 
Results 

The result of methylene blue cytotoxicity for 
HeLa cells by the MTT assay is shown in Figure 1. 
The CC50 of methylene blue for HeLa cells after 
48 hours was 15.40 µg/mL, indicating   that none 
of the tested methylene blue concentrations had 
a cytotoxic effect on HeLa cells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Methylene blue toxicity for HeLa cells after 48 
hours 

 
The HSV-1 titer in the study groups is 

presented in Table 1. 
Two-way ANOVA showed that the effects of 

methylene blue concentration (P=0.675), and 
laser energy density (P=0.914), and their 
interaction effect (P=0.977) were not significant 
on the titer of acyclovir-resistant HSV-1. 
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Table 1. Mean and standard deviation of HSV-1 titer (TCID50/mL) in the study groups  
 

Groups Methylene Blue Concentration Number of samples Mean Standard deviation 

Control 
(without laser radiation) 

0% 5 6.552 0.603 
0.001% 6 6.527 0.652 
0.002% 7 6.546 0.404 
0.005% 6 6.387 0.532 
0.01% 5 6.496 0.286 

10 J/cm2  

0% 6 6.610 0.375 
0.001% 7 6.490 0.736 
0.002% 6 6.958 0.602 
0.005% 6 6.358 0.600 
0.01% 5 6.632 0.669 

20 J/cm2  

0% 6 6.693 0.510 
0.001% 7 6.617 0.448 
0.002% 6 6.498 0.862 
0.005% 5 6.464 0.703 
0.01% 6 6.597 0.730 

30 J/cm2  

0% 6 6.830 0.631 
0.001% 6 6.582 0.503 
0.002% 7 6.499 0.787 
0.005% 5 6.498 0.717 
0.01% 5 6.264 0.419 

 
Discussion  

The current results demonstrated that 
different methylene blue concentrations 
(0.001%, 0.002%, 0.005%, and 0.01%), 660 nm 
laser energy densities (10, 20, and 30 J/cm2), and 
their interaction had no significant effect on the 
titer of acyclovir-resistant HSV-1. Latief et al. [7] 
evaluated the impact of antimicrobial PDT (660 
nm, 10-30 J/cm2) with TONS 504 [13,17-bis(1-
carboxyyethyl) carbamoyl (3-methylpyridine)-3-
(1,3-dioxane-2-yl)] (0.01 to 10 mg/L) on human 
fibroblast cells infected with acyclovir-resistant 
and acyclovir-sensitive     HSV-1 strains. 

PDT, together with TONS 504 with 10 mg/L 
concentration completely eliminated both 
acyclovir-resistant and acyclovir-sensitive HSV-1 
strains. Difference between their results and the 
present findings may be attributed to using 
different PSs. Latief et al. [7] reported no 
significant effect in absence of TONS 504 or PDT 
light source, which was consistent with the 
present results. Another study also found that 
PDT with 660 nm laser (with 30 J/cm2 and 60 
J/cm2 energy densities) had no effect on HSV-1 in 

monkey kidney cells  [21], which was somewhat 
in line with the present findings. 

Unlike the current findings, Namvar et al, [6] 
in their in vitro study found that PDT with 810 nm 
laser and indocyanine green resulted in a 
significant decrease in herpes labialis viral titer. 
In a systematic review, Khalil and Hamadah [13] 
assessed the effect of PDT on herpes labialis and 
found that PDT could treat vesicular herpes 
labialis. In another systematic review, Lotufo et 
al. [14] investigated the impact of PDT on herpes 
labialis and found that PDT (630-660 nm laser 
with 100-120 J/cm2 energy density) with 
methylene blue and 5-aminolevulinic acid was 
effective for treatment of herpes labialis. 
Different parameters of PDT, such as different 
wavelengths and PSs, evaluation of acyclovir-
resistant HSV-1 strain, and the distance of the 
laser tip from the medium surface can explain 
inconsistencies in the reported results.  

In a clinical trial, Zanella et al. [15] reported 
that PDT with 808 nm laser (150 mW, 22.22-
11.11 J/cm2 1-2 J at point) and methylene blue 
(0.01% concentration) relieved pain in patients 
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with recurrent herpes labialis. In another clinical 
trial, Ajmal [9] reported that PDT with 660 nm 
laser (150 mW, with a total energy of 300 J/cm2, 
4.5 J at each point for 60 seconds) and methylene 
blue (0.005% concentration) along with 5% 
topical acyclovir controlled pain in patients with 
vesicular HSV-1. Ramalho et al, [5] in their clinical 
trial demonstrated that PDT with 660 nm laser 
(150 mW, with a total energy of 40 J/cm, 4.8 J at 
each point for 120 seconds) and methylene blue 
(0.005% concentration) decreased the wound 
size, edema, and tingling in patients with HSV-1. 
In a case report, Lago et al. [22] reported that PDT 
with 660 nm laser (100 mW, 100 J/cm2, 3 J at each 
point for 30 seconds) and methylene blue (0.01% 
concentration) relieved pain and discomfort in 
three patients with HSV-1. Ramalho et al. [23] 
treated two patients with herpes labialis in 
macular and vesicular phases using PDT (660 nm, 
120 J/cm2, for 2 minutes at each point) with 
methylene blue (0.005%). In patient number 1, 
PDT expedited the vesicular phase, and in patient 
number 2, a combination of acyclovir and PDT 
inhibited the spread of infection. The observed 
differences can be due to differences in study 
designs, laser parameters, type and 
concentration of PSs, evaluation of acyclovir-
resistant HSV-1 strain, and distance from the 
laser tip and the     medium surface. 

Marotti et al. [24] used PDT with 0.01% 
methylene blue for 5 minutes in 4 patients with 
HSV lesions in the vesicular phase. The lesions 
were subjected to continuous laser irradiation 
with 660 nm wavelength and 0.04 cm2 spot size. 
The laser power was 40 mW, and was irradiated 
for 2 minutes at each point, with 4.8 J energy 
(total energy 19.2 J). The same wavelength was 
used after 24 hours, 72 hours, and 1 week, with 
an energy density of 3.8 J/cm2. No discomfort was 
reported during treatment, and the 6-month 
follow-up period was associated with satisfactory 
outcomes. In a case report, Marotti et al. [25] used 
PDT with 0.001% methylene blue and 660 nm 

laser with 100 J/cm2 energy density in two 
patients with herpes lesions who were in the 
vesicular phase and reported optimal results. 
Variations in laser parameters can explain the 
controversy in the results. Moreover, the above-
mentioned studies were conducted clinically on 
the acyclovir-sensitive strain, while the current 
study was conducted in vitro on an acyclovir-
resistant strain. 

Oral herpes lesions are painful and recurrent, 
causing discomfort and an unesthetic 
appearance. The gold standard treatment is 
acyclovir, which is the most common medication 
used to inhibit or suppress these lesions [26]; 
however, continuous use of this drug gives rise to 
viral drug resistance [9, 25]. Hence, PDT can be 
employed as an alternative or adjunctive 
treatment in herpetic lesions. In PDT, the PS 
absorbs a certain wavelength of light and 
converts it into useful energy, which leads to 
production of cytotoxic agents such as reactive 
oxygen species [6, 9]. Therefore, in PDT, reactive 
oxygen is generated by the PS, and low-intensity 
light is used to kill the infectious cells [9, 26]. 
Methylene blue has already been described as a 
safe and influential PS for use in PDT for 
antimicrobial purposes; this method has been 
proven to be influential for inactivation of 
enveloped and non-enveloped viruses [27]. 
Methylene blue specifically works by damaging 
the viral nucleic acid; in other words, the reaction 
of methylene blue with red laser light can break 
the viral DNA into pieces. Another advantage of 
PDT is lack of complications. No complications 
have been reported for this method or for 
methylene blue [5]. 

Although oral acyclovir is typically prescribed 
for patients experiencing 6 or more relapses 
annually, patients with fewer relapses can only 
rely on topical acyclovir as a treatment option. 
However, topical acyclovir is still widely used by 
patients experiencing recurrent lesions, and 
because of the absence of other efficient 
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treatments, oral antiviral drugs can only be used 
in severe cases due to virus resistance to this 
treatment [5]. 

It should also be noted that the effectiveness 
of PDT for HSV-1 may depend on various factors 
such as laser parameters (wavelength, energy 
density, duration of irradiation) and target tissue 
(chromophore, structure, thickness) [15]. PDT 
with different energy densities of 660 nm laser 
and different methylene blue concentrations 
applied in this study did not decrease the 
acyclovir-resistant HSV-1 viral titer.  

Evaluation of the acyclovir-resistant strain 
and different laser energy densities was the main 
strength of this study. This study was conducted 
in vitro, which is a considerable limitation, and 
the results should be interpreted with caution. In 
vitro and clinical studies are recommended to 
assess the efficacy of PDT with higher energy 
densities along with other PSs in different 
concentrations for elimination of acyclovir-
resistant HSV-1. 

 
Conclusion 

In this in vitro study, PDT with different 
energy densities (10, 20, and 30 J/cm2) of 660 nm 
laser and different methylene blue 
concentrations (0.001%, 0.002%, 0.005%, and 
0.01%) could not decrease the acyclovir-resistant 
HSV-1 titer. 
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