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Abstract. Curcuma longa is a plant that belongs to the ginger 
family, Zingiberaceae. It has been used in Siddha medicine for 
thousands of years in Asia. Parkinson's disease (PD) is a degen-
erative disorder of the central nervous system that affects the 
motor system of the brain. Death of dopamine‑producing cells 
in the substantia nigra leads to PD. Exposure to salsolinol, which 
is an endogenous neurotoxin, has been associated with damage 
to dopamine‑producing cells. The present study assessed the 
toxicity of salsolinol in SH‑SY5Y human neuroblastoma cells 
and subsequently investigated the neuroprotective potential 
of C. longa extract in salsolinol‑induced toxic conditions in 
SH‑SY5Y cells. Sulphorhodamine‑B assay showed the protec-
tive effect of the anti‑apoptotic effect of treated SH‑SY5Y 
cells. Fluorescence microscopy and confocal laser scanning 
microscope analysis indicated the anti‑apoptotic impact of 
the C. longa extract. Mitochondria‑derived reactive oxygen 
species were reduced in C. longa extract‑treated SH‑SY5Y 
cells. Downregulated mRNA expression levels of p53, 
Bcl‑2‑associated X protein and caspase 3 were observed in 
the C. longa extract‑treated SH‑SY5Y cells. Caspase 3 activity 
was reduced in the C. longa extract‑treated SH‑SY5Y cells. In 
conclusion, the present findings demonstrated that solsolinol 
is neurotoxic to SH‑SY5Y cells, and C. longa extract may be 
useful in the treatment of PD.

Introduction

Curcuma  longa (turmeric) is a rhizomatous herbaceous 
perennial plant of the ginger family, Zingiberaceae. It is 
also known as kasturi manjal, and has been used in Siddha 
medicine for more than a thousand years in Asia  (1) as a 

medicine for various ailments, including skin diseases, 
pulmonary issues, aches, pains, wounds, sprains and gastro-
intestinal system issues (2). Furthermore, it has been used 
to treat stomach and liver diseases, and it contains a high 
antimicrobial potential (3). The active component of C. longa 
extract is a curcuminoid (4). C. longa extract is known to have 
anti‑inflammatory (5,6), antioxidant (7) and anti‑depressant 
potential (8‑11). Previous studies have reported that C. longa 
extract is very effective against inflammation and Alzheimer's 
disease (12,13).

Parkinson's disease (PD) is a neurodegenerative disorder 
characterized by damage to the dopamine‑producing cells 
in the substantia nigra of the brain. Environment factors and 
genetic predisposition have a crucial role in the progression of 
PD. Tieu (14) has previously reported that exposure to several 
endogenous and exogenous toxins has been associated with 
PD. Therefore, these endogenous and exogenous toxins are 
often used to study PD. The endogenous toxin, salsolinol 
is a neuromodulator of dopamine‑producing cells in the 
substantia nigra (15). Dysregulation of salsolinol metabolism 
is known to contribute to the progressive development of 
PD (16). Increased levels of salsolinol and its derivatives in 
the cerebrospinal fluid and urine may serve as an index for 
the PD (17,18).

Previous studies have reported that the extract of C. longa 
may be useful in the treatment of PD  (19,20). Therefore, 
the present study investigated this effect. The toxicity of 
salsolinol was investigated in SH‑SY5Y cells derived from 
human neuroblastoma cells (21,22), in order to investigate the 
therapeutic potential of C. longa extract.

Materials and methods

Materials. SH‑SY5Y human neuroblastoma cells were 
purchased from American Type Culture Collection 
(Manassas, VA, USA). Dimethyl sulphoxide and sulforho-
damine  B (SRB), Dulbecco's modified Eagle's medium 
(DMEM), fetal bovine serum (FBS), penicillin‑streptomycin 
and trypsin‑EDTA were obtained from were obtained from 
Sigma‑Aldrich (Merck Millipore, Darmstadt, Germany). 
Acridine orange (AO), ethidium bromide (EB) Fluorescein 
diacetate, propidium iodide (PI) and 2,7‑dichlorodihydrofluo-
rescein diacetate (DCFH‑DA) were purchased from Santa 
Cruz Biotechnology, Inc., (Dallas, TX, USA).
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Cell culture. SH‑SY5Y human neuroblastoma cells (sixth 
passage) were cultured in DMEM supplemented with 
10% FBS and 1% penicillin‑streptomycin. Cells were grown 
in a CO2 incubator at 37˚C and 5% CO2. The protocol for the 
present study was approved by the Ethics Committee of the 
Affiliated Hospital of Qingdao University.

Preparation of C. longa extracts. Water extraction of C. longa 
extract was performed by boiling 100 g in 1,000 ml distilled 
water for 15 min over a low flame. The flask was subsequently 
plugged, removed from the heat and allowed to cool. The 
extract was filtered and dried to prepare the required concen-
trations after cooling the content of the flask.

C.  longa extract pre‑treatment. Various concentrations of 
C. longa extract (0.001, 0.01, 0.05, 0.1, 0.2 and 0.4 mg/ml) 
were added 1 h prior to the addition of salsolinol to investigate 
its therapeutic potential against PD. SRB assay was used to 
assess cell viability after 24 and 48 h of treatment.

Salsolinol treatment. Once the SH‑SY5Y cells reached 90% 
confluence, the cells were plated in 96‑well plate and allowed 
to adhere for 24 h. Various concentrations of salsolinol (0.001, 
0.01, 0.05, 0.1, 0.5  and 1 mg/ml) were added to the cells 
(2x104 cells/well). SRB assay was used to assess cell viability 
after 24 and 48 h of treatment.

SRB assay for cell viability. SH‑SY5Y cells were cultured 
and grown at a density of 2.5x104 cells/well in 96‑well plates. 
Cells were treated with C.  longa extract and salsolinol at 
various concentrations for 24 and 48 h. The cytotoxic effect 
of salsolinol and therapeutic potential of C. longa extract on 
SH‑SY5Y cells were measured by the SRB assay, which was 
performed as previously described (23).

Fluorescence microscopy. Cells were cultured and grown at 
a density of 2.2x104 cells/well into 6‑well plates. SH‑SY5Y 
cells were treated with 0.05 mg/ml salsolinol, 1 h prior to the 
addition of C. longa extract (0.05 and 0.1 mg/ml). After 24 and 
48 h, cells were removed from the wells and centrifuged at 
500 x g for 3 min. The supernatant was withdrawn from the 
tubes and phosphate‑buffered saline (PBS) was added to the 
cells. Cell volume was adjusted to 105‑106 cells/ml. A total of 
95 µl cell suspension was added to the microtube, and 5 µl AO 
and EB was added to the same tube. Cells were incubated 
at 37˚C for 15‑30 min in the dark. Subsequently, 10 µl cell 
staining solution was added to a glass slide and covered 
with a cover glass. Cells were examined with a fluorescence 
microscope (Axiovert 2000; Carl Zeiss AG, Oberkochen, 
Germany) (24).

Confocal laser scanning microscope analysis (CLSM). CLSM 
is widely used to investigate morphological features of apop-
tosis and apoptotic DNA fragmentation (24). AO is an organic 
compound that is extensively used as a nucleic acid‑selective 
fluorescent cationic dye for the determination of the cell 
cycle (24). AO interacts with DNA and RNA by intercalation 
or electrostatic attractions respectively, and spectrally fluo-
rescein when bound to DNA with an excitation maximum at 
502 nm, and an emission maximum at 525 nm (24). SH‑SY5Y 

cells (2x104 cells/well) were seeded in a confocal dish and 
subsequently treated with 0.05 mg/ml salsolinol 1 h prior to 
the addition of C. longa extracts (0.05 and 0.1 mg/ml). After 
24 and 48 h, cells were washed thrice with PBS and stained 
with AO (20 µg/ml) for 5 min. Cells were immediately viewed 
under a CLSM (1X81R motorized inverted microscope; 
Olympus Corp., Tokyo, Japan) (24).

Determination of reactive oxygen species (ROS) produc‑
tion. ROS was determined using a f luorescent probe, 
DCFH‑DA  (25). SH‑SY5Y cells were seeded in 96‑well 
plates in growth medium at a density of 4,000 cells/well under 
standard conditions. Cells were treated with 0.05 mg/ml salso-
linol, 1 h prior to the addition of C. longa extract (0.05 and 
0.1 mg/ml). After 24 and 48 h, the medium was removed, and 
the cells were incubated with 5 µM DCFH‑DA in the growth 
medium for 30 min at 37˚C and 5% CO2. Fluorescence was 
measured at 24 and 48 h using a fluorescent plate reader at 
excitation ⁄emission (490 and 525 nm respectively). Images 
were captured using a fluorescence microscope.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). SH‑SY5Y cells (2x104  cells/well) were 
seeded into a T25 flask and subsequently treated with 
0.05 mg/ml salsolinol, 1 h prior to the addition of C. longa 
extract (0.05 and 0.1 mg/ml). After 24 and 48 h, 100 ng total 
RNA was isolated from the control and treated samples (26). 
RNA was reverse transcribed using Taq DNA polymerase 
(D1806; Sigma‑Aldrich; Merck Millipore) with a total 
reaction volume of 25 µl. Following treatment with DNase 
(AMPD1; Sigma‑Aldrich; Merck Millipore), qPCR was 
performed using cDNA equivalent to 10 ng total RNA from 
each sample in a total reaction volume of 10 µl, containing 
SYBR Green (A25741; Thermo Fisher Scientific, Inc.), 
12.5 µl PCR Master Mix (2X), 0.25‑2.5 µl upstream primer 
(10 µM), 0.25‑2.5 µl downstream primer (10 µM), 1‑5 µl 
DNA template and nuclease‑free water. Primers were specific 
for p53 (forward, 5'‑TAA​CAG​TTC​CTG​CAT​GGG​CGGC‑3' 
and reverse,  5'‑AGG​ACA​GGC​ACA​AAC​ACG​CACC‑3'), 
Bcl‑2‑associated X  protein (Bax) (forward,  5'‑TGG​AGC​
TGC​AGA​GGA​TGA​TTG‑3' and reverse, 5'‑GAA​GTT​GCC​
GTC​AGA​AAA​CATG‑3'), caspase 3 (forward, 5'‑TTA​ATA​
AAG​GTA​TCC​ATG​GAG​AAC​ACT‑3' and reverse,  5'‑TTA​
GTG​ATA​AAA​ATA​GAG​TTC​TTT​TGT​GAG‑3') and a 
housekeeping gene GAPDH (forward,  5'‑GGT​CAC​CAG​
GGC​TGC​TTTT‑3' and reverse, 5'‑ATC​TCG​CTC​CTG​GAA​
GAT​GGT‑3'). Thermal cycling conditions were as follows 
and were performed on an Applied Biosystems PCR thermal 
cycler (Applied Biosystems; Thermo Fisher Scientific, Inc.): 
Annealing at 50‑68˚C for 1 min, followed by 40 cycles at 
68˚C for 1 min. Relative ratios were calculated based on the 
2‑ΔΔCq method (27). PCR was monitored using the CFX96TM 
Real‑Time System (Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). A total of 25 repeats were performed and GAPDH was 
used as the reference gene.

Caspase 3 activity assay. SH‑SY5Y cells (2x104 cells/well) 
were seeded in the culture dish and subsequently treated with 
0.05 mg/ml of salsolinol, 1 h before the addition of C. longa 
extract (0.05 and 0.1 mg/ml). After 24 and 48 h, caspase 3 
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enzyme activity was measured based on the method outlined 
by Muthuraman (28).

Statistical analysis. Data were expressed as the mean ± stan-
dard error of the mean. Differences between control and 
treated cells were evaluated using Student's t‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effect of salsolinol on cell viability. Salsolinol induced a 
neurotoxic effect on SH‑SY5Y cells in a dose‑dependent 
manner (Fig. 1). As 1 mg/l salsolinol was able to significantly 
inhibit the growth of SH‑SY5Y cells, 0.05 mg/l salsolinol was 
used for subsequent experiments. An inverted microscope 
was used to observe cell shape and morphological changes. 
Control SH‑SY5Y cells exhibited normal distinct morphology, 
whereas salsolinol‑treated cells exhibited sporadic distribu-
tion, loss of adhesion and a rounding/oval profile (data not 
shown).

Effect of C. longa extract on cell viability. C. longa extract 
had a dose‑dependent therapeutic effect on the viability of 
SH‑SY5Y cells (Fig. 2). As 1 mg/l C. longa extract induced 
an adverse effect on normal cells, 0.05 and 0.1 mg/l C. longa 
extract was used for subsequent experiments. An inverted 
microscope was used to observe cell shape and morphological 
changes. Control cells exhibited irregular morphology, such 
as rounding and a reduction in nuclear volume. C.  longa 
extract‑treated cells demonstrated a significant reduction in 
cell growth inhibition (P<0.05; Fig. 2). 

Effect of C.  longa extract on apoptosis. Fluorescence 
microscopy was performed to determine whether the 
neuroprotective impact of C. longa extract was associated 

with the induction of apoptosis, by assessing the morpho-
logical features of cell death. This method combines the 
dual uptake of fluorescent DNA binding dyes (AO and EB), 
and chromatin condensation in the stained nucleus can be 
used to differentiate between viable, apoptotic, and necrotic 
cells (24). Control cells exhibited irregular morphological 
features, such as rounding and a reduction in nuclear volume, 
whereas C. longa extract‑treated cells demonstrated normal 
morphological features (Figs. 3 and 4).

CLSM was used to investigate the morphological features 
of apoptosis and apoptotic DNA fragmentation in the 
SH‑SY5Y cells. Control cells exhibited irregular morpho-
logical features, such as rounding and a reduction in nuclear 
volume, as compared with treated cells. Morphological 
changes included rounding, compact granular masses in the 
nucleus and reduced nuclear volume in the treated cells. A 
bright green nucleus indicated the induction of apoptosis in 
the treated cells (Figs. 5 and 6).

Effect of C.  longa extract on ROS level. ROS have an 
essential role in facilitating signal transduction processes 
within the intracellular region. Intracellular ROS genera-
tion was determined using a DCFH‑DA fluorescent probe. 
Fluorescence analysis indicated that the green fluorescence 
intensity of DCF was significantly reduced in the treated 
cells, as compared with the control cells (Fig. 7; P<0.05). 
Furthermore, fluorescence analysis indicated the apparent 
action of C. longa extract on intracellular ROS generation in 
a dose‑dependent manner (Fig. 7).

Effect of C. longa extract on gene expression levels. To further 
assess the impact of C. longa extract on apoptosis, RT‑qPCR 
analysis was performed in the present study to quantify 
the expression levels of apoptotic markers. Cells exposed 
to various concentrations of the C. longa extract exhibited 

Figure 2. Cytotoxic effect of the Curcuma  longa extract in salsolinol 
induced SH‑SY5Y cells, as assessed by sulforhodamine B assay at 24 and 
48 h. Results are presented as a percentage of growth inhibition compared 
with the control. Percentage of growth inhibition was calculated as fol-
lows: Growth inhibition (%) = (control ‑ sample / control) x 100. Values are 
expressed as means ± standard error of the mean.

Figure 1. Cytotoxic effect of salsolinol in SH‑SY5Y cells , as 
assessed by sulforhodamine  B assay at 24  and 48  h. Results are 
presented as a percentage of growth inhibition compared with the 
control. Percentage of growth inhibition was calculated as follows: 
Growth inhibition (%) =  (control ‑   sample  /  control)  x  100. Values are 
expressed as means ± standard error of the mean.
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Figure 4. Morphological observation with AO/EB double staining by fluorescence microscopy (magnification, x40). SH‑SY5Y cells were seeded in 6‑well 
plates and, following 48‑h adherence, were treated with (A) 0, (B) 0.5 and (C) 0.1 mg/ml Curcuma longa extract for 48 h. Following treatment, 95 µl cell 
suspension was mixed with 5 µl dye mixture, containing 100 mg/l of AO and 100 mg/l of EB in phsophate‑buffered saline. Subsequently, stained cells 
were visualized immediately under a fluorescence microscope. Viable cells were detected in the controls. Fragmented nuclei, condensed chromatin, and 
apoptotic cells were detected in the C. longa extract‑treated cells. Representative images from three independent experiments. AO, acridine orange; EB, 
ethidium bromide.
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Figure 3. Morphological observation with AO/EB double staining by fluorescence microscopy (magnification, x40). SH‑SY5Y cells were seeded in 6‑well 
plates and following 24‑h adherence, were treated with (A) 0, (B) 0.5 and (C) 0.1 mg/ml Curcuma longa extract for 24 h. Following treatment, 95 µl cell 
suspension was mixed with 5 µl dye mixture, containing 100 mg/l of AO and 100 mg/l of EB in phsophate‑buffered saline. Subsequently, stained cells 
were visualized immediately under a fluorescence microscope. Viable cells were detected in the controls. Fragmented nuclei, condensed chromatin, and 
apoptotic cells were detected in the C. longa extract‑treated cells. Representative images from three independent experiments. AO, acridine orange; EB, 
ethidium bromide.
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significantly downregulated mRNA expression levels of p53, 
Bax and caspase 3 in a time‑ and concentration‑dependent 
manner (Fig. 8; P<0.05).

Effect of C.  longa extract on caspase 3 activity. To further 
examine the participation of caspase 3 in the effect induced by 
C. longa extract on apoptosis, caspase 3 activity was measured 

  A

  B

  C

Figure 5. Morphological observation of SH‑SY5Y cells by CLSM (magnification, x40). Cells were grown on the cover glass confocal dish. Cells were treated with 
the (A) 0, (B) 0.5 and (C) 0.1 mg/ml Curcuma longa extract for 24 h. At the end of 24 h, cells were stained with 20 µg/ml AO dye for 5 min and washed twice with 
phosphate‑buffered saline, and were immediately viewed under CLSM. Green indicates DNA, red indicates RNA and the overlay images represent the merging 
of the DNA and RNA fluorescence images. Representative images from three independent experiments. CLSM, confocal laser scanning microscope analysis.
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Figure 6. Morphological observation of SH‑SY5Y cells by CLSM (magnification, x40). Cells were grown on the cover glass confocal dish. Cells were treated 
with the (A) 0, (B) 0.5 and (C) 0.1 mg/ml Curcuma longa extract for 48 h. At the end of 48 h, the cells were stained with 20 µg/ml AO dye for 5 min and washed 
twice with phosphate‑buffered saline, and were immediately viewed under CLSM. Green indicates DNA, red indicates RNA and the overlay images represent 
the merging of the DNA and RNA fluorescence images. CLSM, confocal laser scanning microscope analysis.
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at the translational level. Caspase 3 activity significantly was 
reduced in the C. longa extract‑treated SH‑SY5Y cells (Fig. 9; 
P<0.05).

Discussion

The results of the present study demonstrated that C. longa 
extract has a neuroprotective effect in SH‑SY5Y cells and 
seemed to exhibit a clear dose‑dependence when used in 
higher concentrations. Induction of tumor cell apoptosis 

is an essential mechanism of anti‑cancer compounds (29). 
Apoptosis is characterized by morphological and biochem-
ical changes and, the apoptosis of different cells in the 
same tissue does not occur at the same time. Morphological 
observation is critical for the assessment of apoptosis in the 
early stage as DNA multiples may be observed after the 
initiation of apoptosis. In the present study, C. longa extract 
exerted a therapeutic effect on SH‑SY5Y cells at various 
concentrations. Morphological observation was performed 
to investigate whether the cytotoxic impact of the C. longa 
extract was correlated with the apoptotic process.

The findings showed that salsolinol is able to induce 
neurotoxicity in SH‑SY5Y cells  (30,31), and the effect of 
treatment with C.  longa extract suggested a therapeutic 
potential in the PD. Treatment with a low concentration of 
C. longa extract was able to significantly protect against the 
neurotoxicity induced by salsolinol in the SH‑SY5Y cells. 
Salsolinol has been demonstrated to induce neurotoxicity via 
the inhibition of mitochondrial complex II, and the initiation 
of apoptosis through the increased production of free radi-
cals (32). Salsolinol may contribute the pathogenesis of PD 
through the formation of inflammation as the neurotoxicity 
induced by salsolinol is mediated through apoptosis, and is 
caspase 3 dependent (33).

C.  longa extract is known to induce neuroprotective 
effects through the inhibition of apoptosis with a consequent 
reduction in the gene expression levels of apoptotic markers, 
including p53, Bax and caspase 3. Even when administered 
at high concentrations, the C.  longa extract was able to 
partially recover/inhibit the toxicity induced by salsolinol in 
SH‑SY5Y cells. However, the effect of C. longa extract was 
demonstrated to be significant. Subsequent investigation of 
C. longa extract in combination with other agents is required 
to elucidate their potentially synergistic actions (34), and 
it would be helpful to determine the therapeutic effect of 

Figure 8. mRNA expression levels of apoptotic markers (p53, bax and cas-
pase 3) were assessed by reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR). SH‑SY5Y cells were grown in a T‑25 flask and allowed to 
adhere for 24 h. Cells were treated with the Curcuma longa extract (0.05 and 
0.1 mg/ml) for 24 and 48 h. Following treatment, RNA was isolated from the 
cells and RT‑qPCR was performed. Values are expressed as means ± standard 
error of the mean. *P<0.05 vs. control. Bax, Bcl‑2 associated X protein.

Figure 7. Alterations in fluorescence intensity. SH‑SY5Y cells were grown 
in 6‑well plates and allowed to adhere for 24 h. Cells were treated with 
Curcuma longa extract (0.05 and 0.1 mg/ml) for 24 and 48 h, respectively. 
Cells were stained with dye and images were captured via fluorescence 
microscopy. *P<0.05 vs. control. RFU, relative fluorescent units; Ex, excita-
tion; Em, emission.

Figure 9. Alterations in caspase 3 activity. SH‑SY5Y cells were grown 
in a T‑75 flask and allowed to adhere for 24 h. Cells were treated with 
Curcuma longa extract (0.05 and 0.1 mg/ml) for 24 and 48 h, respectively. 
Following treatment, cells were removed, and activity was determined 
based on the method outlined by Muthuraman (28). Values are expressed as 
means ± standard error of the mean. *P<0.05 vs. control.
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C. longa extract as a monotherapy and in combination with 
other agents.

Antioxidant and anti‑inflammatory properties of the 
C.  longa extract would be helpful in the treatment of 
PD (5). There are several studies suggesting a significant 
co‑morbidity between depression and PD (35). The mood 
regulating potential of the C. longa extract would be addi-
tionally helpful it treating PD (11).

In conclusion, salsolinol was demonstrated to be cytotoxic 
to SH‑SY5Y cells when observed by SRB assay. Notably, this 
cytotoxicity was reversed by treatment with the C. longa, as 
demonstrated by SRB assay. Morphological and apoptotic 
changes were evaluated by fluorescence microscopy and 
CLSM. RT‑qPCR demonstrated that the gene expression 
levels of apoptotic markers were downregulated, indicating 
that treatment with C.  longa extract reduced apoptosis. 
Furthermore, caspase 3 activity decreased, indicating that 
the autocatalysis of apoptosis was reduced. ROS levels were 
reduced in the present study due to a reduction in oxidative 
stress in response to treatment with C. longa extract. These 
findings indicated that salsolinol successfully exerted cyto-
toxicity in SH‑SY5Y cells through the apoptotic pathway, 
and treatment with C. longa extract was able to significantly 
reverse this toxicity.
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