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Abstract 
Rose bengal and erythrosin B are xanthene dyes mainly known and used as antimicrobial agents, but due to their 
photodynamic activity they are also potential photosensitizers for cancer photodynamic therapy. The aim of this work is 
to study a photodynamic efficacy of rose bengal and erythrosin B against human skin melanoma and mouse fibroblast 
cell lines, compare them with each other and find out their photodynamic properties induced by light emitting diodes with 
total light dose of 5 J/cm2. To fully identify and understand photodynamic properties of both potentially effective photo-
sensitizers, a set of complex in vitro tests such as cell cytotoxic assay, measurement of reactive oxygen species production, 
mitochondrial membrane potential change assay, mode of cell death determination or comet assay were made. Although 
both photosensitizers proved to have similar properties such as increasing production of reactive oxygen species with the 
higher concentration, predominance of necrotic mode of death or genotoxicity, the more effective photosensitizer was 
rose bengal because its EC50 was over 20 times lower for both cell lines than in case of erythrosine B. 
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Introduction  

Photodynamic therapy (PDT) is a photochemical-
based treatment approach that involves the use of 
a combination of light and a light-activated chemical, 
called a photosensitizer [1]. Generally, PDT requires 
three essential components for the biochemical process 
to proceed: a photosensitizer, an appropriate light 
source and tissue oxygen [2]. 

The photosensitizer (PS) is light sensitive agent. Its 
administration can be systemic or topical depending 
mainly on the location of the cancer and also on the size 
of treated area. The PS molecule is a singlet in its 
ground state (it has two electrons with opposite spins) 
and the absorption of a photon with the appropriate 
quantum energy (wavelength) leads to the excitation of 
one electron into a higher-energy orbital [3]. This 
excited singlet state is short-lived (nanoseconds) and 
can lose its energy by emitting light (fluorescence) or 
by internal conversion into heat. The fact that most PS 
are fluorescent has led to the development of sensitive 
assays to quantify the amount of PS in cells or tissues 

and allows in vivo fluorescence imaging [4]. The 
excited single state PS can also convert into the triplet 
state via intersystem crossing and interact with sur-
rounding molecules and thus produce reactive oxygen 
species (ROS) [5]. 

Each PS has an appropriate and optimal wavelength 
and intensity (fluence) of light for activation. Indeed, 
due to their structures many PS have several wave-
lengths that can lead to the photodynamic reaction [6]. 
There are three main classes of PDT light sources – 
lamps, LED and lasers. LED has become a viable tech-
nology for PDT in the last few years, particularly for 
irradiation of easily accessible tissue surfaces [7]. To 
minimize the absorption by endogenous chromophores 
and reduce the undesired photodamage of a healthy 
tissue, lasers with a narrow bandwidth, which have 
a well-controlled and focused output, are commonly 
used for PDT treatment. The output laser light can be 
delivered by optical fibres for the localized appli-
cation [8]. 

ROS is a collective term that includes oxygen 
radicals and also some non-radical derivates of O2  
like H2O2, hypochlorous acid (HOCl), peroxynitrite 
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(ONOO-), O3 and singlet oxygen. Excited PS can 
produce ROS via two pathways—Type I and Type II 
[9]. In a Type I reaction, the PS in triplet state can 
directly react with a substrate and undergo an electron 
transfer reaction initially producing free radicals that 
may further react with oxygen to produce ROS 
(including hydroxyl radicals) [10]. However, most PSs 
are proposed to act through Type II reactions where 
singlet oxygen is the main molecule causing oxidative 
cellular damage [11]. Highly reactive oxygen species 
cause the photodamage of proteins, fats and other 
molecules in the photosensitized area [12]. Since ROS 
and singlet oxygen species have a high reactivity and 
short half-life, within PDT applications only those 
biological substrates that are close to the tumour region 
(where these cytotoxic species are generated) are 
directly affected and so healthy surrounding tissues 
generally remained unharmed [13]. 

Material  and methods  

Photod yn am ic  treatm en t  

Cell density for G361 (ATCC) and NIH3T3 (ATCC) 
cell lines was 104 per well and both cell lines 
were single layer. G361 and NIH3T3 cells were 
incubated in a thermobox at 37 °C and in 5% CO2 for 
24 h in 96-well plates with 100 µl of fresh DMEM 
medium. In experiments, the concentration ranges 
of rose bengal (RB) (Sigma) and erythrosin B (erB) 
(Sigma) were ½ EC50, EC50 and 2×EC50 excluding 
MTT assay where the ranges were 0.5–5 µM for 
RB/G361+NIH3T3 cell lines, 5–60 µM for erB/G361 
cell line and 30–90 µM for erB/NIH3T3 cell line. The 
cells were then incubated in a thermobox at 37 °C and 
in 5% CO2 for 24 h. Both cell lines were then exposed 
to a total irradiation dose of 5 J/cm2 in 100 µl of PBS 
1× with 5 mM glucose. For the irradiation we used 
a patented LED based light source (patent number: 
CZ 28377) specifically designed for the irradiation of 
experimental microplate with a peak emission wave-
length of 525 nm, a spectral width of 35 nm and a light 
intensity set to 14,7 mW/cm2. There were no significant 
changes of temperature during irradiation. The time 
needed for the stated total dose was 340 sec (5 J/cm2). 
After irradiation we added fresh DMEM medium 
instead of PBS 1× and cultivated cells in a thermobox 
under the same conditions for 24 h. All assays were 
performed in three independent measurements and 
each in triplicates. As the control we used cells with 
light irradiation and no PS. 

Cell  cytotox ic  assay (M TT)  

The cell cytotoxic effect and EC50 on the G361 and 
NIH3T3 cells were determined using the MTT assay. 
After 24 h of incubation after the treatment we added 

50 µl of MTT (Sigma) dissolved in PBS 1× and incu-
bated the cells for another 3 h at 37 °C and in 5% CO2. 
The solution was then carefully replaced with 100 µl of 
DMSO (Sigma) in order to solubilize the violet 
formazan crystals. The measurement of absorbance 
was carried out on a Synergy HT multi-mode micro-
plate reader (BioTek, USA) at 570 nm and 690 nm. The 
cell viability of the samples was determined as a per-
centage of the control cell viability (100×average of 
test group/average of control group). Using the Photo-
tox v. 2.0 software (ZEBET, Germany) data were cal-
culated for the determination of EC50. 

To verify there is no cytotoxic effect in case of either 
both substances or green light, the MTT assay was 
performed. 

Measuremen t of  react ive  oxygen  spec ies 
product ion  

ROS detection during PDT was performed by using 
a CM-H2DCFDA (Invitrogen) solution (10 μl 10 μM 
DCF + 1 ml PBS) and a microplate reader Synergy HT. 
Right after adding 50 µl of DCF solution, 25 min 
incubation and irradiation, the ROS kinetic production 
was determined during 10 min intervals. An excitation 
wavelength of 485 nm and an emission wavelength of 
548 nm were used. Results are presented as a linear 
regression coefficient. The regression coefficient was 
calculated using function SLOPE in MS Excel from the 
linear part of curves. 

Mitochondr ia l  m embrane potent ia l  ch an ge  
assay  

Mitochondrial membrane potential change (MMP) 
was monitored by the fluorescent dye JC 1 (Sigma). 
After the 24 h incubation cells were washed by PBS 1×. 
Then 50 µl of a JC-1 solution was added (5 mg/ml in 
DMSO + 5 ml PBS 1×) and cells were incubated at 
37 °C and in 5% CO2 for 20 min. Afterwards incuba-
tion cells were washed by PBS 1× twice and then the 
green and red fluorescence was measured by Synergy 
HT reader. The results were expressed as the ratio of 
the green fluorescence (excitation wavelength: 485 nm, 
emission wavelength: 548 nm) and red fluorescence 
(excitation wavelength: 520 nm, emission wavelength: 
590 nm) retained within the cells. 

Detect ion of  apoptotic  and necrot ic  ce l ls  

After PDT cells were washed by PBS 1× and 50 µl 
of annexin FITC apoptosis detection kit solution 
(Sigma) was added. The kit consisted of annexin V-
FITC, propidium iodide, binding buffer and distilled 
water. After kit application the cells were incubated for 
10 min at 37 °C and in 5% CO2. Generally, a phosphati-
dylserine is in the inner part of the lipid double-layer, 
but when the apoptosis begins, the phosphatidylserine 
is moved to the outer part of the lipid double-layer and 
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is accessible to annexin (green signal). In case of 
necrosis, the nuclear membrane is severely damaged 
and the propidium iodide is able to attach to the DNA 
(red signal). Using a fluorescence microscope Olympus 
IX81 with DSU unit (Olympus, Japan), the fluores-
cence signals of the cells were manually scored and 
determined as a percentage of the total number of cells. 

Comet assay  

To begin we precoated microscope slides with 1% 
HMP agarose (Serva) dissolved in distilled water. After 
stiffening we made two 1% agarose spots (dissolved in 
PBS 1×) and overlay them with a cover slip. The G361 
and NIH3T3 cells were after PDT trypsinized, rinsed 
by DMEM, shifted into tubes and centrifuged (2 min, 
1500 rpm). The mixture of 25 µl of cell suspension and 
85 µl of 1% LMP agarose (Qbiogene) dissolved in PBS 
1× was added to the microscope slides with agarose 
gel. The microscope slides were immersed in a lysis 
buffer with 1% Triton X (Serva) for 1 h and then placed 
in an electrophoretic tank and dipped into a cool 
electrophoresis solution for 40 min. The settings of 
electrophoresis were 20 V and 350 mA for 20 min. 
Afterwards the electrophoresis, the microscopic slides 
were immersed in a neutralisation buffer (10 min 
twice). The samples were then stained by SYBR Green 
(Invitrogen) for 15 min and scored by the SW Comet 
Score (TriTek Corp., USA). 

Stat ist ica l  an alys is  

The results were processed using the software 
Statistica v.13. The data sets are from three indepen-
dent experiments. To analyse data sets the ANOVA 
with post hoc tests, Student’s t-test and Bonferroni cor-
rection were used. All concentrations were compared 
with a relevant control group. 

Results  

The MTT assay proved no statistically significant 
cytotoxicity in case of either both PSs or green light. 
The MTT viability test results of RB and erB after PDT 
in Fig. 1 show expected tendency—the higher concen-
tration of PS the lower viability of cells. This was 
proved for both cell lines and PSs. 

These results were then converted into EC50 by 
Phototox version 2.0 and they are presented in Table 1 
together with calculated 1/2 EC50 and 2×EC50 which 
were then used as the concentration ranges in following 
experiments. 

A comparison between both cell lines shows that 
values of G361 were more than 2 times lower than 
the values of the NIH3T3. This fact indicates higher 
accumulation in tumorous G361 cells. A comparison of  
 

both PSs shows significantly lower EC50 of RB for 
both cell lines. According to our results, the value of 
EC50 is over 20 times lower than in case of erB which 
makes RB more effective. 

 
Fig. 1: The dependence of G361 and NIH3T3 cell 
viability on the concentration of RB and erB. The total 
irradiation dose used was 5 J/cm2 (total irradiation 
time was 340 seconds and intensity of radiation was 
14,7 mW/cm2). The control represents irradiated cells 
without PS and its value was set as 100%. A – RB + 
G361 cell line; B – RB + NIH3T3 cell line; C – erB + 
G361 cell line; D – erB + NIH3T3 cell line. Data 
represent the mean and standard error from three 
independent measurements and each in triplicates. 
* RB: p<0.014, statistically different compared with 
control (C) 
* erB: p<0.01, statistically different compared with 
control (C). 
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Table 1: EC50 and calculated 1/2 EC50 and 2×EC50 of 
G361 and NIH3T3 cell lines. 

PS Cell 
line 

1/2 EC50 
(µM) 

EC50   
(µM) 

2×EC50 
(µM) 

RB G361 0.50 
* 

1.01±0.03 
 

2.01 

RB NIH3T3 1.45 
* 

2.90±0.15 
 

5.80 

erB G361 11.19 
+ 

22.37±0.39 
 

44.75 

erB NIH3T3 26.96 
+ 

53.92±0.66 
 

107.85 

Notes: EC50 were determined by Phototox version 2.0 
software. Data represent the mean and standard error 
from three independent measurements and each in 
triplicates. 
*: p<0.0001, EC50 of both cell lines are statistically 
different compared with each other 
+: p<0.0001, EC50 of both cell lines are statistically 
different compared with each other 

To find out and potentially prove toxic effect of PSs 
we used the kinetic detection of ROS and measured 
values for 10 minutes right after irradiation. The kinetic 
results were then converted into linear regression coef-
ficient. The higher this coefficient is the more ROS was 
detected in each minute. The Fig. 2 shows dependence 
of ROS on the concentration of PS—the higher concen-
tration the more ROS was produced. The erB seems 
to cause no significant difference in amount of ROS 
between both cell lines which is in contrary to the RB. 
Although there is a big difference in concentrations of 
RB and erB, the differences in amount of ROS are not 
as big as might be expected. 

To evaluate the changes of MMP (typical for the 
early phase of apoptosis) in cells after PDT we used 
MMP change assay. When the cells are undamaged, the 
red fluorescent aggregates of JC-1 are formed in the 
mitochondrial matrix due to the MMP. However, when 
the MMP of cells is lost, the JC-1 probe forms green 
monomers. The changes of MMP are determined by the 
median proportion of green and red fluorescence. The 
higher the value of the median proportion, the higher 
rate of dysfunction of the mitochondria and higher 
probability of early phase of apoptosis. The results of 
both PSs (Fig. 3) show similar trend in both cell lines. 
The higher the concentration of PS, the higher increase 
of value in comparison with the control. The exception 
in both cases was the highest concentration where the 
value suddenly decreased. 

 
Fig. 2: Percentage increase of ROS in concentration of 
1/2 EC50, EC50, 2×EC50 and total radial dose of 
5 J/cm2. The control represents irradiated cells without 
PS. A – RB+G361 cell line; B – RB+NIH3T3 cell line; 
C – erB+G361 cell line; D – erB+NIH3T3 cell line. 
Data represent the mean and standard error from three 
independent measurements and each in triplicates. 
Notes: The linear regression of ROS rate expressed the 
ROS amount created at each minute. 
*: p<0.0001, statistically different compared with 
control (C). 

To distinguish two types of death the cell can under-
go we used Annexin FITC apoptosis detection kit and 
established ratio [%] between apoptotic and necrotic 
cells. The results presented in Fig. 4 show that in case 
of both PSs and cell lines the necrotic cells predominate  
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even in the lowest concentration. The results of mode 
of death ratio proved PS concentration dependency—
the higher concentration of PS the more cells under-
went necrosis. 

 
Fig. 3: The dependence of MMP changes in G361 and 
NIH3T3 cell lines on the concentration of 1/2 EC50, 
EC50 and 2×EC50 and total radial dose of 5 J/cm2. 
The control represents irradiated cells without PS. A – 
RB+G361 cell line; B – RB+NIH3T3 cell line; C – 
erB+G361 cell line; D – erB+NIH3T3 cell line. Data 
represent the mean and standard error from three 
independent measurements and each in triplicates. 
Notes: The higher the fluorescence ratio, the greater 
the cell damage. 
*: p<0.009, statistically different compared with 
control (C). 

 
Fig. 4: Apoptotic and necrotic cells ratio in G361 and 
NIH3T3 cell lines, the concentration of of 1/2 EC50, 
EC50 and 2×EC50 and total radial dose of 5 J/cm2. 
The control represents irradiated cells without PS. A – 
RB+G361 cell line; B – RB+NIH3T3 cell line; C – 
erB+G361 cell line; D – erB+NIH3T3 cell line. Data 
represent the mean and standard error from three 
independent measurements and each in triplicates. 
*: p<0.0066, statistically different compared with 
control (C). 

The genotoxicity of PSs can be determined by comet 
assay via fragmentation of DNA after PDT. The quanti-
ty of DNA in head and tail of comet is shown in Fig. 5. 
In low concentration of both PSs the majority of DNA 
still remained in the head of comet, thus they caused 
almost no DNA fragmentation. On the other hand, the  
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higher the concentration, the more DNA in the comet 
tail and the greater DNA fragmentation. This fact 
indicates the genotoxicity of both PSs in both cell lines. 
In comparison between both PSs the erB seems to be 
generally a little bit more genotoxic than RB, but it’s 
also important to take into consideration the fact that 
the concentration of erB is over 20 times higher than 
RB. 

 
Fig. 5: Quantity of DNA in the tail and in the head 
determined by comet assay for G361 and NIH3T3 cell 
lines, the concentration of of 1/2 EC50, EC50 and 
2×EC50 and total radial dose of 5 J/cm2. The control 
represents irradiated cells without PS. A – RB+G361 
cell line; B – RB+NIH3T3 cell line; C – erB+G361 cell 
line; D – erB+NIH3T3 cell line. Data represent the 
mean and standard error from three independent 
measurements and each in triplicates. 
*: p<0.004, statistically different compared with 
control (C). 

Discussion  

One of the most wanted properties of PS is no 
toxicity without irradiation. Thus, we tested cyto-
toxicity of the RB and erB to evaluate their influence 
on the viability of tested cells. Dark toxicity test (PS 
with no irradiation) proved no cell destruction and thus 
no toxicity of both PSs without light which corresponds 
with the results of other researches such as Dabrzalska 
et al. [14]. Previous experiments also proved no cell 
destruction using only green light with no PS. 

The MTT viability test shows higher efficacy of 
RB in comparison to erB. This result is supported by 
Buck et al. [15]. Their research was focused on photo-
dynamic efficacy and phototoxicity of the xanthene 
dyes (including RB and erB) against a carcinoma cell 
line (larynx carcinoma). Although they used different 
wavelength and light dose, the results seem to be simi-
lar and RB was several times more effective than erB. 

McEwan et al. [16] investigated the relative efficacy 
of PDT for the treatment of cancer. Their results, as 
well as ours, proved RB to be effective as PS in PDT 
against cancer cells. The difference in viability be-
tween both studies is probably due to different cancer 
cell lines (RIF 1, HeLa and B16), light source and light 
dose. 

In contrast to cancer PDT, there are many studies 
focused on antimicrobial photodynamic therapy 
(aPDT) mediated by RB and erB. Rossoni et al. [17] 
compared the efficacy of both PSs against Entero-
bacteriaceae. Their results of efficacy of RB and erB in 
case of aPDT were the same as our PDT as the RB 
proved to be much more effective in comparison to erB. 

Calori et al. [18] studied the membrane penetration 
of xanthene dyes to find out the best candidate for 
photodynamic action. According to their work the RB 
seems to penetrate membrane more easily than erB. 
The membrane penetration may affect the concen-
tration of PS added to cells and may also be one of the 
reasons why EC50 of the RB is much lower than EC50 
of erB and thus why RB is more effective. 

The low effective concentration is desired because it 
decreases the probability of some undesirable effects 
such as photosensitivity. The dependency of skin pho-
tosensitivity to PS dose is stated in several studies such 
as Kniebühler et al. [19] or Wang et al. [20]. 

The results of ROS production show the dependence 
on concentration – the higher concentration the higher 
ROS production. This concentration-dependent man-
ner was also observed by Srivastav et al. [21] in their 
study on A375 cell line. Despite the fact that the 
concentration of RB was over 20 times lower than the 
concentration of erB, the difference in amount of ROS 
was not as big as we would assume, especially in case 
of G361 cell line. This fact indicates higher ROS 
production of RB in comparison with erB which is 
supported by several studies such as Pellosi et al. [22]. 
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Results of RB-mediated ROS generation made by 
Song et al. [23] on Cal27 cell line showed significant 
increase of ROS level (up to threefold higher) when 
compared to control cells. This increment is com-
parable with our results of ROS and proves ability of 
RB to increase production of cytotoxic ROS in cancer 
cells. 

Although the study showed the higher concentration 
the higher the probability of early phase of apoptosis, it 
applies only until the concentration is too cytotoxic and 
cause more cells underwent necrosis. Rabe et al. [24] 
studied RB and early phase of apoptosis on NIH3T3 
and AGS cell lines. Although the conditions were dif-
ferent, the trend and sudden decrease of early phase of 
apoptosis corresponds with the study. 

As Liu et al. [25] stated, the ROS can cause DNA 
base oxidative damage, strand breaks and cross-links, 
although compared with ionizing radiation, the PDT-
induced DNA damage seems nonlethal. Our results of 
comet assays showed that both PSs caused oxidative 
damage of DNA. The combination of ROS production 
and comet assay results indicates the higher concen-
tration of PS the higher ROS production and higher 
DNA damage. Comet assay in our study showed the 
gradual increase in DNA damage as the concentration 
of RB increased. The similar DNA damage depen-
dency on concentration of RB in case of A375 cell line 
also reported Srivastav et al. [21]. 

Garg et al. [26] stated that necrosis usually predomi-
nates when using high dose PDT whereas apoptosis 
is more usually seen with comparatively lower PDT 
doses. High doses in PDT include high concentration 
of PS or/and high light doses. Our results of apoptotic 
and necrotic cell death ratio proved the statement as the 
percentage of necrotic cells predominates more with 
the higher concentration of RB and erB. The predomi-
nance of necrosis may also be influenced by properties 
of PSs. Both RB and erB are hydrophilic dyes and thus 
they are taken up by pinocytosis and localize preferen-
tially in extranuclear granules, mainly lysosomes [27]. 
The PDT damage of lysosomes then releases the pro-
teolytic enzymes and leads to necrosis. 

Conclusion  

Rose bengal and erythrosin B are xanthene dyes 
with great antimicrobial properties studied by many 
researchers. This work is focused on demonstrating 
their photodynamic and anticancer properties which 
make them to be potentially very effective PSs in PDT. 
The study compares the PSs in various concentrations 
on G361 and NIH3T3 cell lines. According to our 
results of EC50, the most effective PS seems to be 
RB. Its half maximal effective concentration is over 20 
times lower in comparison with erB. Subsequent tests 
demonstrated other properties of both PSs such as ROS  

production, changes of ΔΨm, genotoxicity or mode of 
death. Although xanthene dyes are mostly known 
in connection with aPDT, the anticancer PDT using 
xanthene dyes is not examined as in case of other 
usually studied PSs such as ALA, methylene blue, por-
phyrins or phthalocyanines. This study was focused 
on PDT on cancer and non-cancer cell lines and helped 
find out the fundamental properties of these potentially 
very effective PSs. 
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