
Please cite this article as follows: Tabatabaei Mirakabad FS, Khoramgah MS, Tahmasebinia F, Darabi S, Hojjat Allah Abbaszadeh HA, 
Khoshsirat S. The effect of low-level laser therapy and curcumin on the expression of LC3, ATG10 and BAX/BCL2 ratio in PC12 cells 
induced by 6-hydroxide dopamine. J Lasers Med Sci. 2020;11(3):299-304. doi:10.34172/jlms.2020.50.

   Original Article

doi 10.34172/jlms.2020.50

The Effect of Low-Level Laser Therapy and Curcumin 
on the Expression of LC3, ATG10 and BAX/BCL2 
Ratio in PC12 Cells Induced by 6-Hydroxide 
Dopamine

Fatemeh Sadat Tabatabaei Mirakabad1, Maryam Sadat Khoramgah1,2, Foozhan Tahmasebinia3, Shahram 
Darabi4, Saeed Abdi5, Hojjat Allah Abbaszadeh1*, Shahrokh Khoshsirat2* 

1Laser Application in Medical Sciences Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Hearing Disorders Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Proteomics Research Center, Faculty of Paramedical Science, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4Cellular and Molecular Research Center, Qazvin University of Medical Science, Qazvin, Iran
5Gastroenterology and Liver Diseases Research Center, Research Institute for Gastroenterology and Liver Diseases, Tehran, Iran

Abstract
Introduction: Parkinson’s disease (PD) is one of the most common neurodegenerative disorders. 
The neuroinflammation in the brain of PD patients is one of the critical processes in the immune 
pathogenesis of PD leading to the neural loss in the substantia nigra. Due to the anti-inflammatory 
effects of curcumin (CU)  and low-level laser therapy (LLLT), we examined the protective effect of 
CU and LLLT on PC12 cells treated with 6-hydroxydopamine  (6-OHDA) as a Parkinson model.  
Methods: PC12 cells were pretreated using various concentrations of 6-OHDA for 24 hours to 
induce oxidative and cellular damages. PC12-6-OHDA cells were co-treated with CU and LLLT. 
The effects of CU and LLLT on Bax/Bcl2 and LC3/ATG10 expression were analyzed by real-time 
PCR and cell viability was assessed by MTT assay. Cell A Software was used to calculate the length 
of the Neurite and cell body areas. 
Results: The results of this study show that the combination of CU dose-dependently and LLLT has 
a significant neuroprotective effect on cells and cellular death significantly decreases by increasing 
CU concentration. CU+LLLT decreases Bax/Bcl2 ratio which is an indicator of apoptosis and it also 
rescued a decrease in LC3 and ATG10 expression in comparison with 6-OHDA group.  
Conclusion:  This study shows that the combination of 5 μM CU and LLLT has the best neuroprotective 
effect on PC12 cells against 6-OHDA by decreasing the BAX/BCL2 ratio.  
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Introduction
Parkinson’s disease (PD) is a neurodegenerative 
movement disorder characterized by bradykinesia, 
muscular rigidity, and tremor. In the pathogenicity of 
PD, genetic and environmental factors play an important 
role.1 The precise molecular mechanisms underlying PD 
remain to be completely elucidated. The impaired redox 
signaling, mitochondrial dysfunction, excitotoxicity, 
chronic inflammation, early apoptosis, and synaptic 
loss in dopaminergic neurons are several factors that 
are associated with PD pathogenicity.2 Based on recent 
evidence, stress-mediated neuroinflammation in the 
brain is evident.3 Reactive oxygen species (ROS) could 
be generated through different mechanisms such as 

dopamine metabolism, NADPH oxidases, Fenton 
reaction, and aging, and they are associated with the 
pathogenicity of neurodegenerative disorders.4 Thus, 
the prevention of oxidative stress could be considered 
as a potential therapeutic strategy. After treating nerve-
growth-factor-differentiated PC12 cells with neurotoxins 
6-hydroxydopamine (6-OHDA), neurons take up 
6-OHDA which causes damage due to mitochondrial 
dysfunction, resulting in over-production of ROS 
and DNA damage.5,6 Curcumin (CU) is a polyphenol 
compound and a major component of the Curcuma 
longa plant. Due to the inhibition of cyclooxygenase-2, 
lipoxygenase, and inducible nitric oxide synthase by CU, 
it has anti-inflammatory and antioxidant activities.7-9 CU 
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can reduce the level of lipid peroxidation and regulate 
antioxidant enzymes.10-12 Photobiomodulation or low-
level laser therapy (LLLT) improves electron transport 
in mitochondria and increases mitochondrial membrane 
potential and it also induces the production of low levels of 
ROS in the normal cell.13,14 In the present study, we provide 
evidence that CU and LLLT inhibit ROS production and 
apoptosis in PC12 cells treated with 6-OHDA.

Materials and Methods 
Cell Culture
PC12 cells were cultured and seeded in a DMEM/F12/
NGF medium which was supplemented by (penicillin 
–streptomycin)100 U/mL), 5% fetal bovine serum and 
5% horse serum using poly-L-lysine coated T-75 culture 
flasks. A humidified incubator with 5% CO2 was used 
to incubate cells at 37°C. The cells between passages 
2 and 8 were used for this experiment because of the 
easiness in their isolation. After passage 10, all cells got 
clumpy and the isolation was difficult. A cell scraper 
was used to dislodge cultured cells from the flask after 
80% confluency. Then the poly-L-lysine coated 96-well 
microplate was used to grow these cells at a density of 1 × 
105 cells/mL. After overnight incubation, the cells adhered 
to the substrate. Then all cells were treated with 100 μM 
concentrations of 6-OHDA for 24 hours. The cells in the 
negative control group were only cultured in DMEM/F12 
Cell Culture Media and the cells in the positive control 
group were exposed only to 6-OHDA.

Application of CU 
DMSO was used to prepare the CU stock solution 
(50 mM). CU was diluted before adding to cell culture 
because the final concentration of DMSO should be kept 
at 1% in the culture medium. One hour after seeding, 
CU was added to the cell culture medium in different 
concentrations of 1.0, 2.5, 5.0, 7.5, and 10.0 μM. 

PC12-6-OHDA Treatment 
The PC12 cells were cultured in DMEM/F12/NGF 5% 
FBS, PC, and SP (1%). Afterward, these cells were exposed 
to CU and LLLT (LLL Protocol: 0.0022 W/cm2, 635 nm, 4, 
6, 8 mW, 1.5 J/cm2). The laser beam diameter was 1.56 cm, 
and the laser beam surface area was 1.96 cm2.13,14 

Determination of Cell Viability
In order to investigate the cytotoxicity effect of 
CU treatment on 6-OHDA induced PC12, 3-(4, 
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was used. MTT reagent, a yellow 
tetrazole, is converted to insoluble purple formazan after 
reducing in the mitochondria of living cells. The resultant 
shift in color was measured by absorbance microplate 
readers at 570 nm. The cell viability mean percentage 
of each group was compared with the untreated control 
mean percentage and they were reported as mean ± 

standard error of the mean (SEM).

Examination of PC12 Cell Morphology
The 6-well plates were used for seeding the PC12 cell. 
Fifty cells were selected on a random basis and they 
were examined in each group. The Cell A program was 
used to analyze the findings. Afterward, images were 
taken randomly from each well (20 images per well) for 
morphological analysis purposes. The cell body area and 
neurite length were measured after the administration 
of LLLT and CU. The neurite length was considered the 
sum of the lengths of all primary branches plus associated 
twigs. The cell body area was considered as the area of a 
cell body without its branches. The minimum number of 
quantified cells per treatment was 50. 

Real-Time PCR 
To quantify the transcripts of genes including ATG10, 
Bax, Bcl2, and LC3, the total RNA of these cells from the 
dissected spine was extracted using the RNA Extraction 
kit in the first week (Invitrogen, USA). The Prime 
Script TM RT reagent Kit (Fermentas, Lithuania) was 
used to produce cDNAs. Syber Green PCR Master Mix 
(Applied Biosystems, USA) was used for performing 
reverse transcription using Step OnePlus™ Real-Time 
PCR System (Applied Biosystems, USA) based on the 
protocols provided by the company. Initial denaturation 
was carried out at 95˚C, for 30 seconds, annealing at 
56˚C for 45 seconds, extension at 72˚C for the duration 
of 45 seconds and a final polymerization at 65˚C for 10 
minutes. The forward and reverse primer sequences for 
bax, bcl2, and GAPDH genes were briefed in Table 1. For 
gene target expression analysis (2ΔΔCt), a comparative Ct 
was applied. GAPDH level was used for normalizing all 
samples as the loading control. 

Data Analysis
One-way ANOVA and Tukey post hoc test were conducted 
for statistical analysis. The data were presented as mean ± 
SEM and the P value < 0.05 was considered as statistically 
significant.

Results
The Morphological Characteristics of PC12 Cells Post-
Treatment With LLLT and CU
Based on our morphological findings,  cell exposure to 
6-OHDA for 24 hours decreased length and width of the 
neurite which was rescued by the treatment of cells with 
LLLT and/or CU. An increase in cell body area induced 
by 6-OHDA were rescued in the group that received CU, 
LLLT, and CU+LLLT (Figure. 1).  

Dose-Response of CU Toxicity
In order to find the half-maximal inhibitory concentration 
of CU, different concentrations of CU were investigated 
using 10 000 cells/well. The cell viability decreased 
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significantly in PC12 cells incubated with an increasing 
concentration of CU from 0 to 10 μM for 24 hours.  It was 
found that there is an association between increasing CU 
concentration and increased cell death. By using 10 µM 
of CU, the mortality rate rose dramatically in comparison 
with the other groups. The survival rate decreased in all 
groups in comparison with the control group except in 
the presence of 5.0 micro molar of CU. (Figure 2).

6-OHDA-Induced Cell Death in Different Groups
After treating cells with 6-OHDA 100 µM for 24 
hours, CU, LLLT, and CU+LLLT, the apoptosis rate 
was evaluated using MTT. The results showed that the 
presence of 6-OHDA increased cell death and mortality 
rate dramatically in comparison with the other groups. 
However, in all three groups, survival was reduced 
significantly in comparison with the 6-OHDA group 
(Figure 3).

The Effect of LLLT+CU on the Neuritis Length and Cell 
Body Area of PC12 Cells After 6-OHDA Treatment

Table 1. Primer Sequences Used in the qRT-PCR

Gene Primer Type Sequence Annealing Temperature Product Size (Base Pairs)

Bax
F CCCGAGAGGTCTTTTTCCGAG

65 210bp
R CCAGCCCATGATGGTTCTGAT

Bcl2
F TACAGGCTGGCTCAGGACTAT

65 230bp
R CGCAACATTTTGTAGCACTCTG

LC3
F TGTTAGGCTTGCTCTTTTGG

58 218bp
R GCAGAGGAAATGACCACAGAT

ATG10
F CCTGTTTGCTTGGGATAGTGG

61 198bp
R ACTTCCCCATCAATCTCCAC

GAPDH 
F CCACAACTC TTCCATTCTC

59 200bp
R CCAAGATTCACGGTAGATAC

Figure 1. Morphology of PC12 cells after treating by 6OHDA (A), CU(B), 
LLLT(C), and LLLT+CU (D).

Figure 2. The Effect of Different Doses of CU on Cell Viability. The results 
indicated that 5 µM of CU was the optimal dose for cell viability.

Figure 3. The Effect of 6-OHDA, CU, LLLT, CU+LLLT on Cell Viability. The 
results indicated that the mortality rates increased after treating by 6-OHDA 
and decreased after treating by CU, LLLT, and CU+ LLLT (*P < 0.5).

Based on our findings using the Cell A program, the 
neuritis length decreased significantly after treating cells 
with 6-OHDA which is responsible for inducing oxidative 
stress. The decrease in 6-OHDA group was rescued by 
CU, LLL, and LLLT+CU treated group. The level of rescue 
is higher LLLT+CU other two groups (Figures 4 and 5). 

Effect of LLLT+CU on the BAX/BCL2 Ratio in 6-OHDA-
Treated Cells
Based on the results of real-time PCR, the Bax/Bcl2 ratio 
increased in the 6-OHDA-treated cells in comparison 



Tabatabaei Mirakabad et al

 Journal of Lasers in Medical Sciences  Volume 11, Number 3, Summer 2020302

with the control group which was rescued by LLL, CU, 
LLL+CU groups, but the level of rescue is highest in  the 
LLLT+CU-treated group in comparison with the control 
group (Figure 6).

Effect of LLLT+CU on the LC3 and ATG10 in 6-OHDA-
Treated Cells
The real-time PCR analysis showed that the expression 
of LC3 and ATG10 decreased in 6-OHDA-treated cells. 
ATG10 and LC3 are indicators of the accumulation of 
autophagosomes and the decrease in their expression 
level in 6-OHDA treated group were rescued significantly 
by  LLLT+CU, LLL and CU treatment (Figure 7).

Discussion 
In this study, we investigated the neuroprotective effects 
of CU and LLLT on the LC3/ATG10 expression and 
BAX/BCL2 expression ratio in PC12 Cells induced 
by 6-OHDA. First, the PC12 cells were treated with 
6-OHDA and the viability rate of them was examined 
using the MTT technique. Due to the apoptosis of PC12 
cells, the Bax/Bcl2 ratio and LC3/ATG10 expression 
were measured for evaluating apoptosis and autophagy 
in different groups by the real-time PCR technique. 

Figure 4. The effect of CU, LLLT, and CU+LLLT on the PC12 Neurith 
length was defined as the sum of lengths of all primary branches and their 
associated twigs. *P < 0.05 significantly different from the 6OHDA groups.

Figure 6. The Bax/Bcl2 Expression Ratio in Different Groups. The results 
indicated that an increase in the Bax/Bcl2 ratio in the 6-OHDA group was 
significantly rescued by CU, LLL, CU+LLL groups (*P < 0.05).

Figure 7. The Expression of LC3 and ATG10 in Different Groups. A 
decrease in theLC3 and ATG10 expression in the 6-OHDA group was 
significantly rescued by CU, LLL, CU+LLL groups (*P<0.05).

Figure 5. The Effect of  CU+LLLT, LLLT, CU, and 6OHDA on the Morphology 
of PC12 cells. The cell body area was considered without its branches. The 
cell body area was significantly higher in the 6OHDA group than the other 
groups (*P < 0.05).

Since cell survival and viability increased in LLLT+CU-
6-OHDA-treated cells in comparison with the control 
group. Thus, LLLT+CU significantly decreased the 
apoptosis rate which was associated with oxidative stress 
caused by 6-OHDA. Due to the neuroprotective effects 
of CU and LLLT, the viability of PC12 cells pretreated 
with 6-OHDA increased significantly. The results of 
other researchers confirmed our findings.15 PC12 cells 
were used to exhibit the morphology of the nerve-like 
cell, due to the high passage capability of PC12 cells and 
good proliferation and differentiation; they are suitable 
for the study of physiology and pathology of the nervous 
system as well as the neurodegenerative disease.16 PC12 
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cells have a similar phenotype to sympathetic ganglionic 
cells so they have been used in hypoxia studies.17 Many 
pieces of evidence have proven that the generation of 
excessive ROS may induce oxidative stress that may 
lead to neuroinflammation and neurodegeneration, 
particularly in Alzheimer’s and Parkinson’s disorders.18,19 
In this study, the treatment of cells with increasing 
concentration of 6-OHDA may increase ROS exceeding 
the level of antioxidant production in the cells which may 
result in the oxidative stress of the cell, mitochondrial 
dysfunction, and neuronal death.20 Free radicals generated 
by 6-OHDA may cause DNA damage, lipid peroxidation, 
and cytoskeletal disorganization that ultimately trigger 
neuronal apoptosis.21 Flavonoid polyphenols, particularly 
CU, have been proposed as a potential candidate for 
protecting dopaminergic neurons against ROS.22 In this 
study, the neuroprotective effect of CU on 6-OHDA-
Induced neurotoxicity in PC12 cells was investigated, 
which could be considered as a cellular model of PD. It 
was shown that the combination of LLLT and CU may 
have a protective role for PC12 cells against 6-OHDA. 
The pretreatment of PC12 cells with 5 μM CU showed 
an increase in cell viability. In fact, pretreating PC12 
cells with CU may result in an increase in antioxidant 
enzymatic activity23 that functions in eliminating ROS 
before inducing cellular damage.24 

Conclusion
The combination of LLLT and CU has a neuroprotective 
effect on PC12 cells against 6-OHDA-induced 
neurotoxicity. Due to an increase cell viability and 
decrease an increase in the Bax/Bcl2 ratio which shows 
cell susceptibility to apoptosis.  

CU+LLLT decreases Bax/Bcl2 ratio and rescue a 
decrease the formation of autophagosome induced by 
6-OHDA   in the cellular model of Parkinson’s disease.  
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