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Abstract
Introduction: The cytotoxicity of chemotherapy drugs is a significant challenge in the way of 
surmounting cancer. Liposomal drug delivery has proven to be efficacious in increasing the function 
of the drugs. Its potential to accumulate drugs in the target site and enhance the efficiency of anti-
cancer agents with lower doses hinders their cytotoxicity on normal healthy cells. Since the release 
of drugs from liposomes is not generally on a controlled basis, several studies have suggested that 
external stimuli including lasers could be used to induce controlled release and boost the efficiency 
of liposomal drug delivery systems (LDDSs).
Methods: The A375 cancer cell line was used and exposed to the liposomes containing doxorubicin 
in the presence of a low-level laser beam to investigate its effect on the liposomal stimuli-
responsiveness release and its toxicity on cancer cells. So as to achieve that goal, Annexin V/PI was 
employed to analyze the number of cells that underwent apoptosis and necrosis.
Results: Here, we report the effect of laser irradiation on LDDSs. According to the results obtained 
from the annexin V/PI assay, the pattern of viability status has shifted, so that the number of pre-
apoptotic cells treated with liposomal doxorubicin and a laser beam was more than that of cells 
treated with only liposomal doxorubicin.
Conclusion: The use of stimuli-responsive LDDSs, in this case, laser-responsive, has led to favorable 
circumstances in the treatment of cancer, offering enhanced cancer cell cytotoxicity.
Keywords: Low-level laser; Stimuli-sensitive liposomes; Cancer cytotoxicity; Liposomal drug 
delivery; Apoptosis.
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Introduction
Most of the administered chemotherapy drugs are not 
distributed, particularly in an intended tissue, which 
leads to normal cell toxicity.1,2 Currently, liposomal 
drug delivery systems (LDDSs) are being exploited to 
hinder the complication mentioned above.3,4 Despite its 
usefulness in drug delivery compared to conventional 
drug administration, it still has some disadvantages, 
including random drug leakage at variable rates.5-7

Laser irradiation is being used as a newly emerging 
technique that makes the delivery of organic and inorganic 
molecules to cells, tissues, and organs in a purposive 
manner.8 One of the most significant applications of 
this technique is the delivery of anti-cancer agents to 
cancerous cells.9 This might, in turn, reduce the side effects 
and enhance the specificity of drugs and their toxicity on 
cancer cells.10,11 Another significant application of a laser 
is the rejuvenation of cells, tissues, and organs, especially 
skin. In recent years, the cells have been exposed to 

various compounds by this mechanism, such as vitamin 
C, growth factors, antibiotics, and chemotropic drugs.8,11-14 
Moreover, it was shown that laser-sensitive liposomes 
could be functionalized by the laser beam to enhance the 
release of the cargo leading to cancer cell death.15,16

The mentioned data pointing to laser stimulation 
could eventually induce cell apoptosis.17 As laser 
photomodulation and irradiation on cells is one of the 
most widespread applications of a laser in medicine and 
it is being frequently used in LDDSs for cancer patients, 
investigating its effect on liposomal drug release is of 
great importance.18,19 In this study, we analyzed the levels 
of drug uptake and cell apoptosis to determine the essence 
and reliability of a laser in LDDSs. 

Materials and Methods
Cell Culture
The A375 cell line was procured from the Iranian 
Biological Resource Center (IBRC). These cells were 
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maintained in high glucose DMEM (Gibco) supplemented 
with 10% FBS (Gibco) and 1% pen-strep (Gibco) at 37oC 
in humidified air containing 5% CO2. The cells were 
passaged when they reached 80% confluency.20 24 hours 
prior to the treatment, the A375 cells were harvested with 
0.025% trypsin and 0.52 mM EDTA, after which the cell 
count was performed using Trypan blue staining (0.4%). 
For each well, 0.07* 10(6) cells were plated in a 24-well 
cell culture plate and allowed to adhere.21

Treatment 
Three groups of cells were separated. Group 1 was the 
cells treated with 2.5 mg/mL of liposome encapsulated 
doxorubicin (DOXIL) for 12 hours and further exposed 
to a laser (gallium aluminum arsenide diode laser 
(λ=655 nm, 200 mW) at 5 J/cm2) (combination treated 
group), group 2 was the cells only treated with the same 
concentration of DOXIL (LD), and group 3 consisted of 
the cells without any treatment.22,23

Intracellular Uptake
To investigate the intracellular uptake and accumulation 
of liposomal doxorubicin, the A375 cells were incubated 
with DOXIL for 12 hours. Then, the cells were harvested 
using trypsin and centrifugation at 1500 rpm. The cells 
were collected, washed twice with PBS and stained with 
nuclei stain, DAPI, for 20 minutes at 4°C in the dark. The 
uptake of DOX was analyzed by the BD FACSLyric flow 
cytometry device.

Annexin V/PI
The procedure was done according to the manufacturer’s 
(BioLegend) protocol. The cells were trypsinized and 
centrifuged. The pellet was suspended in a fixing buffer 
and centrifuged. The cells were washed with cold cell 
staining buffer twice to decrease non-specific binding. 
Subsequently, they were resuspended in annexin V 
binding buffer and stained with FITC Annexin V and 
propidium iodide. The analysis was performed by the BD 
FACSLyric flow cytometry device.24,25

Results
It has been reported that doxorubicin has fluorescence 
properties that emit red light at a specific wavelength.26,27 
Thus, the cells treated with doxorubicin were analyzed 
for doxorubicin uptake. The result exerted significant 
doxorubicin uptake comparing to the control group. 
The control group showed low fluorescence intensity for 
the cells stained with DAPI on the wavelength in which 
doxorubicin emitted light (Figure 1).

Furthermore, the cells were tested with Annexin V/
PI proliferation assay. The viability state of the cells was 
determined by dividing the graph into four quadrants, 
indicating whether the cells undergo apoptosis, necrosis, 
or are viable. In the combination treated group, the 

percentage of the cells located in the lower-left quadrant 
(Q4), evaluated as healthy cells, vs. apoptotic Population 
(Q3: early apoptotic and Q2: late apoptotic) is 76.3%: 
23.22%. By comparison, healthy cells population vs. 
apoptotic population is 80.4%: 19.09%, and 95.2%: 
3.92% for LD and control groups respectively (Figure 2). 
The apoptotic population percentage difference of the 
combination treated group with LD and control groups 
is approximately 4% and 20%, respectively. Indeed, this 
change reveals that the viability status of A375 cells slightly 
shifts toward apoptosis when the release of doxorubicin 
from liposomes is induced by a laser. That is to say, the 
apoptosis induction capability of doxorubicin enhances to 
an extent of 27% when it is coupled with laser emission.

To further clarify the variation made by each treatment 
in this observation, notable differences could be observed 
in the pre-apoptotic cell population of the combination 
treated group versus LD and control groups (a difference 
of 5.6% and 14.5% respectively).  Despite the escalation of 
the number of pre-apoptotic cells, the percentage of late 
apoptotic cells in the LD group was negligibly higher than 
the combined group, with a 1.47% difference (Figure 3b, 
c).

Discussion
Currently, LDDSs are generally being used extensively as 
the primary option for the treatment of cancer.1 These 
approaches have proven to be successful by increasing 
therapeutic efficacy and hindering normal cell toxicity.28 
However, LDDSs are not efficient altogether because of 
their incomplete drug release and random drug leakage.29

The role of lasers and light photobiomodulation has not 
fully been uncovered, and it remains enigmatic.  However, 
they have proven to be somewhat efficacious when they 
are employed as external inducers that provide controlled 
release of drugs with higher efficiency in LDDSs.30   Yao et 
al have utilized a light-sensitive liposome to elucidate the 
effect of light-sensitive LDDSs to overcome doxorubicin 
resistance by enhancing the induction of apoptosis. Near-

Figure 1. Flow Cytometry Analysis of Doxorubicin Uptake of 
the Cells Stained With Nuclei Stain, DAPI. (a) Control group (b) 
Doxorubicin-treated cells
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infrared (NIR) light was used to control the induction 
of doxorubicin release from NIR-sensitive Azobenzene-
liposomes. They have shown that 10-minute incubation 
with doxorubicin followed by NIR exposure enhances 
the rate of apoptosis compared to no NIR exposure and 
longer incubation time.6 Furthermore, Yavlovich et al 
have shown that 514 nm laser treatment has affected 
doxorubicin release from liposomes based on the 
wavelength of the beams and laser treatment increased 
cancer cells cytotoxicity to 49%, 51%, and 64% when 80, 
160 and 200 nanogram liposomal doxorubicin was added 
to the samples.31 Similarly, we evaluated the early effect 

of a low-level laser on AT375 cells, a melanoma cell line. 
Our data and the performed assay analysis displayed 
an escalation in the occurrence rate of apoptosis when 
DOXIL treatment is accompanied by laser irradiation. 
To define our findings, it was shown that a slight increase 
in the pre-apoptotic population of cells occurred in the 
combination treated group in comparison with the 
LD group. However, a sharp increase in the number of 
pre-apoptotic cells is followed by a minor decrease in 
the percentage of cells in the late apoptotic state. This 
outcome may enhance the efficiency of LDDSs. Although 
the changes might not be significantly distinct, they 
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Figure 2. Annexin V/PI-Based Flow-Cytometric Assay: (A) combination treated group; (B) LD 
group; (C) control group. 
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Figure 3. Visualized Changes in the Percentage of Four Quadrants of Annexin V/PI Flow 
Cytometry Assay. (a)  Comparison of each quadrant in the three groups, and fold change in (b) 
pre-apoptotic cells and (c) late apoptotic cells of combined and LD groups. 
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can show different results in different kinds of cancers 
and could be exploited to reduce the cytotoxicity of the 
chemotherapeutic drugs.

Conclusion
Despite the advances toward better drug delivery systems, 
there are still some aspects that need to be considered in 
order to improve the LDDSs. Our data showed that low-
power laser administration could impede random drug 
leakage in LDDSs, and this could lead to an increased 
number of pre-apoptotic cells and cancer cell cytotoxicity. 
Further research is required for the optimization of laser 
exposure time and finding the relevant dosage of drug 
combinations which are more efficient and provide 
lower side effects. Moreover, it is of value to augment our 
understanding of LDDSs drug leakage.
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