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ABSTRACT
Vinpocetine exerts pharmacological effects against 
cardiovascular diseases, while few studies focused 
on its roles in cancer. The present study investigated 
the roles of vinpocetine in non- small cell lung cancer 
(NSCLC) and its relationship with cisplatin resistance. 
A549 cisplatin- resistant cells (A549/DDP) and 
nuclear factor erythroid 2- related factor 2 (Nrf2)- 
overexpressing cell lines were established. 3- (4,5- 
Dimethylthiazol- 2- yl)- 5- (3- carboxymethoxyphenyl)- 2- 
(4- sulfophenyl)- 2H- tetrazolium assay was conducted 
to determine cell viability. Annexin V- propidium 
iodide assay was conducted to determine cell 
apoptosis. RT- quantitative PCR and western blot 
analysis were conducted to determine the levels of 
mRNA and protein, respectively. NSCLC cell tumor- 
bearing model was constructed to determine the 
effects of vinpocetine on tumor growth. Treatment 
with vinpocetine inhibited cell proliferation and 
promoted cisplatin- induced cell apoptosis. In 
addition, treatment with vinpocetine suppressed 
protein expression of Nrf2 and inhibited messenger 
RNA levels of heme oxygenase 1 and NAD(P)
H dehydrogenase quinone 1 induced by cisplatin. 
Interestingly, the overexpression of Nrf2 abolished 
the antiproliferative effects of vinpocetine on NSCLC 
cells. In vivo data suggested that vinpocetine (50 
mg/kg) inhibited tumor growth and enhanced the 
antitumor effects of cisplatin in the NSCLC cell 
tumor- bearing model. Vinpocetine enhances cisplatin 
sensitivity of NSCLC cells in part by suppressing Nrf2 
signaling.

INTRODUCTION
Non- small cell lung cancer (NSCLC) is the most 
common type of lung cancer, accounting for 
about 85% of all lung cancer cases.1 Cisplatin 
has been employed in NSCLC therapy since 
1970 and is the first- line medication for the 
treatment of patients with NSCLC with an 
overall response rate of 21%.2 In 2007, Satoh 
et al reported that cisplatin- based therapy 
resulted in survival rate of 19.4% and 13.9% 
for 2 or 3 years, respectively, in patients with 
advanced NSCLC.3 Additionally, a combination 

of cisplatin with other medications (eg, etopo-
side, mitomycin C, or gemcitabine) is widely 
used for the treatment of NSCLC.2 4 5 However, 
cisplatin resistance including inherent and 
acquired resistance significantly reduces the 
efficacy of cisplatin- based chemotherapy for 
the treatment of NSCLC.6 7 Some patients with 
NSCLC who initially have responses to cisplatin 
therapy will eventually develop cisplatin resis-
tance.6 7 Therefore, the development of a novel 
strategy for NSCLC is important to overcome 
cisplatin resistance.

Vinpocetine is a derivative of alkaloid 
vincamine extracted from the Periwinkle plant 
and exerts broad pharmacological effects 
against cardiovascular diseases.8 In 2010, Jeon 
et al reported that vinpocetine suppresses 
nuclear factor kappa B (NF-κB) and inflamma-
tory mediators in a series of cell types including 
epithelial cells, macrophages, endothelial cells, 
and vascular smooth muscle cells.9 Treatment 
with vinpocetine also ameliorates the mouse 
model of lung inflammation induced by lipo-
polysaccharide and tumor necrosis factor-α.9 
Rowther et al recently reported that treatment 
with vinpocetine inhibits the cell proliferation 
of glioblastoma multiforme cells.10 Another 
study found that treatment with vinpocetine 

Key messages

What is already known about this subject?
 ⇒ Vinpocetine exerts pharmacological effects 
against cardiovascular diseases, while few 
studies focused on its roles in cancer.

What are the new findings?
 ⇒ Vinpocetine enhances cisplatin sensitivity of 
non- small cell lung cancer (NSCLC) cells in 
part by suppressing nuclear factor- erythroid 
factor 2- related factor signaling.

How might these results change the focus 
of research or clinical practice?

 ⇒ Our study highlights the potential of 
vinpocetine in the treatment of NSCLC.
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inhibits cell proliferation of breast cancer cells by regu-
lating cell cycle and cell apoptosis.11 Vinpocetine also 
suppresses tumor growth in a breast cancer tumor- bearing 
animal model by the regulation of protein kinase B and 
signal transducer and activator of transcription factor 3.11 
However, it is still unknown whether vinpocetine exerts 
antitumor effects on NSCLC. Therefore, the present study 
investigated the effects of vinpocetine on NSCLC cell lines. 
Moreover, this study also explored the roles of vinpocetine 
in the cisplatin resistance in NSCLC.

MATERIALS AND METHODS
Cell lines and cell culture
Cell lines A549 and A549 cisplatin- resistant cells (A549/
DDP) were cultured in Roswell Park Memorial Institute 
1640 medium containing 10% fetal bovine serum (HyClone, 
Logan, Utah, USA) and 1% penicillin- streptomycin (10,000 
U/mL, Gibco, Grand Island, New York, USA).

Construction of nuclear factor erythroid 2-related factor 
2-overexpressing cell line
Plasmid pCDNA3- Myc3- nuclear factor erythroid 2- related 
factor 2 (Nrf2) was purchased from Addgene (Watertown, 
Massachusetts, USA). When the A549 and A549/DDP cells 
reached 70%–80% of confluency, the cells were transfected 
with pCDNA3- Myc3- Nrf2 using Lipofectamine 2000 
(Thermo Fisher, Waltham, Massachusetts, USA).

Cell viability and apoptosis assay
Vinpocetine was purchased from MedChemExpress 
(Monmouth Junction, New Jersey, USA). Cell viability was 
measured by using a 3- (4,5- dimethylthiazol- 2- yl)- 5- (3- ca
rboxymethoxyphenyl)- 2- (4- sulfophenyl)- 2H- tetrazolium 
(MTS) assay. In brief, the cells were seeded in the micro-
plate and incubated for 12 hours. Next, the cells were incu-
bated with vinpocetine or cisplatin for the indicated time. 
MTS solution (0.02 mL per well) was added and incubated 
for 2 hours. The absorbance was read under a wavelength of 
490 nm using a microplate reader.

Annexin V and propidium iodide (PI) apoptosis assay was 
conducted to analyze cell apoptosis. In brief, after the cells 
were treated, cells were collected and the cell suspension 
was prepared. Next, annexin V- binding buffer containing 
annexin V was added. After that, the cells were incubated 
with PI staining solution in the dark. Flow cytometry 
(Becton, Franklin Lakes, New Jersey, USA) was conducted 
to analyze the populations of apoptotic cells.

Construction of tumor-bearing model and drug 
administration
Female BALB/c nude mice (3–4 weeks, 18–20 g) were 
purchased from the Animal Experimental Center (Guang-
dong, China). In the present study, the animals were divided 
into two cohorts.

In the first cohort, A549 cells were subcutaneously 
injected into the right flanks of mice (1×107 per mouse). 
When the tumor volume reached 100 mm3, the mice were 
administrated with the vehicle, cisplatin (Cis, 2 mg/kg per 
2 days; intraperitoneally), vinpocetine (Vin, 20 or 50 mg/
kg; oral gavage daily), Cis (2 mg/kg per 2 days; intraperito-
neally) plus Vin (20 mg/kg; oral gavage daily), or Cis (2 mg/

kg per 2 days; intraperitoneally) plus Vin (50 mg/kg; oral 
gavage daily).

In the second cohort, A549/DDP cells were subcuta-
neously injected into the right flanks of mice (1×107 per 
mouse). When the tumor volume reached 100 mm3, the 
mice were treated with vehicle, Cis (2 mg/kg per 2 days; 
intraperitoneally), Vin (20 or 50 mg/kg; oral gavage daily), 
Cis (2 mg/kg per 2 days; intraperitoneally) plus Vin (20 
mg/kg; oral gavage daily), or Cis (2 mg/kg per 2 days; 
intraperitoneally) plus Vin (50 mg/kg; oral gavage daily). 
Tumor volume was determined every 7 days according to 
the formula (V=(L×W2)/2). The experimental period was 
28 days. The tumor weight was recorded at the end of the 
experimental period.

Quantitative reverse transcription PCR
The primers were synthesized by GeneWiz (Suzhou, China). 
The sequence of primers is shown in the following. Heme 
oxygenase (HMOX) forward: 5'-AAG ACT GCG TTC 
CTG CTC AAC- 3', and reverse: 5'-AAA GCC CTA CAG 
CAA CTG TCG- 3'; NAD(P)H dehydrogenase quinone 
1 (NQO1) forward: 5'-GAA GAG CAC TGA TCG TAC 
TGG C- 3', and reverse: 5'-GGA TAC TGA AAG TTC GCA 
GGG- 3'; GAPDH forward: 5- GGA GCG AGA TCC CTC 
CAA AAT- 3', and reverse: 5'-GGC TGT TGT CAT ACT 
TCT CAT G- 3'. TRIzol reagent was applied to isolate total 
RNA from the cells. The concentrations of RNA were then 
determined using a NanoDrop Spectrophotometer before 
reverse transcription. cDNA was synthesized before the 
advanced master mix was applied to quantitative analysis. 
To analyze the accuracy of the PCR reaction, melt curves 
were used. GAPDH was chosen as an internal control. 
To analyze the expressions of each target gene including 
HMOX and NQO1, 2-△△Ct values were calculated.

Western blot analysis
The primary antibodies are anticleaved caspase 3 (Prote-
itech, Wuhan, Hubei, China), anti- Nrf2 (Cell Signaling 
Technology, Shanghai, China), and anti-β-actin (Novus, 
Saint Charles, Missouri, USA). The secondary antibody is 
enzyme horseradish peroxidase (HRP)- conjugated anti-
rabbit IgG (Invitrogen). Cell lysis was prepared by using 
radioimmunoprecipitation assay buffer supplemented with 
protease inhibitor. Protein concentration was determined 
by using a bicinchoninic acid protein kit. An equal amount 
(20 μg) of proteins were loaded into the sodium dodecyl 
sulfate- polyacrylamide gel electrophoresis gel followed by 
transferring the proteins into the polyvinylidene fluoride 
membrane. Blocking buffer was 5% non- fat milk, which 
was applied before the membrane was incubated with anti-
cleaved caspase 3 (1: 1000), anti- Nrf2 (1: 1000), and anti-β-
actin (1: 5000) primary antibodies overnight at 4°C prior to 
incubating with the HRP- conjugated secondary antibodies 
for 2 hours at room temperature. An electrochemilumi-
nescence detection kit was applied for chemiluminescence 
development. The protein expressions were normalized by 
the internal control GAPDH.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 
7 (GraphPad Software, San Diego, California, USA). Data 
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were presented as the means±SEM. A two- way analysis of 
variance (ANOVA) test or one- way ANOVA with Tukey’s 
multiple- comparisons test was performed. A p value <0.05 
was considered statistically significant.

RESULTS
Vinpocetine inhibited cell proliferation of A549 and 
A549/DDP cells
We investigated the effects of vinpocetine on cell prolifer-
ation. Our results showed that treatment with vinpocetine 
(20–100 µM; 72 hours) significantly inhibited cell prolifera-
tion as compared with the control group (figure 1A,B). We 
further determined the effects of a combination of vinpoce-
tine and cisplatin on cell proliferation. Our results showed 
that treatment with vinpocetine or cisplatin significantly 
decreased the cell viability of NSCLC cells. The inhibitory 
effects of vinpocetine on A549 cell proliferation were less 
potent than cisplatin (figure 1C,D). In addition, we also 
noticed that a combination of vinpocetine and cisplatin 
significantly decreased the cell viability of NSCLC cells. 
These results supported the hypothesis that vinpocetine 
inhibited cell proliferation and enhanced the antiprolifera-
tive effects of cisplatin on NSCLC cells.

Vinpocetine promoted cell apoptosis induced by cisplatin 
in A549 and A549/DDP
We further explored the effects of vinpocetine on the 
cisplatin- induced cell apoptosis in NSCLC cells. Our results 
showed that treatment with vinpocetine (50 μM) slightly 
increased the population of apoptotic cells (figure 2A,B). 
Cisplatin (5 μg/mL) significantly induced cell apoptosis in 
NSCLC cells, while the presence of vinpocetine further 
increased the population of apoptotic cells (figure 2A,B).

Furthermore, we determined the levels of apoptosis 
initiator, cleaved caspase- 3, in NSCLC cells. Our results 

showed that treatment with vinpocetine (50 μM) did not 
affect the levels of cleaved caspase- 3 in A549 and A549/
DDP cells (figure 2C–F). Cisplatin- induction significantly 
increased the cleaved caspase- 3 levels. Interestingly, we 
found that the presence of vinpocetine further increased 
the cleaved caspase- 3 levels in cisplatin- induced NSCLC 
cells (figure 2C–F). Our results supported that treatment 
with vinpocetine promoted the cell apoptosis induced by 
cisplatin.

Vinpocetine suppressed Nrf2 signaling in NSCLC cells
Nrf2 signaling is associated with cisplatin resistance. There-
fore, we investigated the effects of vinpocetine on Nrf2 
signaling in NSCLC cells. Our results showed that treat-
ment with vinpocetine (50 μM) did not affect Nrf2 protein 
expression in A549 cells and slightly inhibited Nrf2 protein 
expression in A549/DDP cells (figure 3A,B). Cisplatin- 
induction significantly suppressed the Nrf2 protein 
expression in NSCLC cells. Interestingly, the presence of 
vinpocetine significantly decreased Nrf2 protein expression 
in cisplatin- induced NSCLC cells (figure 3C,D).

We further determined the messenger RNA (mRNA) 
levels of Nrf2 signaling- related downstream genes including 
HOMX1 and NQO1 in NSCLC cells. Our results showed 
that treatment with vinpocetine (50 μM) decreased 
the mRNA levels of HOMX1 in A549 cells and did not 
affect the mRNA levels of HOMX1 in A549/DDP cells 
(figure 3E,F). However, the presence of vinpocetine signifi-
cantly inhibited the mRNA levels of HOMX1 in cisplatin- 
induced NSCLC cells (figure 3E,F). Similarly, treatment 
with vinpocetine (50 μM) decreased the mRNA levels of 
NQO1 in NSCLC cells. And its presence further inhibited 
the mRNA levels of NQO1 in cisplatin- induced NSCLC 
cells (figure 3G,H).

Figure 1 Vinpocetine (Vin) inhibited cell proliferation of non- small cell lung cancer cells. (A–B) The cells were treated with vinpocetine 
at concentrations of 0, 20, 50, or 100 μM for 72 hours. Next, cell viability was measured by using a 3- (4,5- dimethylthiazol- 2- yl)- 5- (3- 
carboxymethoxyphenyl)- 2- (4- sulfophenyl)- 2H- tetrazolium (MTS) assay. (C–D) The cells were treated with vehicle or cisplatin (Cis; 5 μg/
mL) with or without vinpocetine (50 μM) for 24 hours. Next, cell viability was measured by using an MTS assay. Data were shown as the 
means±SEM of four independent experiments. **P<0.01, ***p<0.001, ****p<0.0001, and ####p<0.0001.
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The overexpression of Nrf2 abolished the effects of 
vinpocetine on cell proliferation
To determine whether the effects of vinpocetine on the cell’s 
sensitivity to cisplatin are associated with Nrf2, we constructed 
an Nrf2 overexpressing cell line. Our results showed that 
treatment with vinpocetine (50 μM) significantly inhibited cell 
proliferation of NSCLC cells (figure 4A,B). Interestingly, treat-
ment with vinpocetine (50 μM) did not affect cell proliferation 
of Nrf2 overexpressed NSCLC cells (figure 4A,B). Our results 
suggested that the overexpression of Nrf2 abolished the effects 
of vinpocetine on cell proliferation.

Vinpocetine suppressed tumor growth of non-small cell 
lung cancer in vivo
Finally, we explored the effects of vinpocetine on the tumor 
growth of NSCLC in vivo. The results showed that vinpocetine 
(20 mg/kg) did not show significant inhibitory effects on tumor 
growth, while treatment with vinpocetine (50 mg/kg) signifi-
cantly inhibited tumor growth in A549 tumor- bearing mice 
(figure 5A,B). Interestingly, the presence of vinpocetine (20 mg/
kg) did not enhance the antitumor effects of cisplatin, whereas 
vinpocetine (50 mg/kg) significantly promoted the antitumor 
effects of cisplatin (figure 5A,B).

In addition, the antitumor effects of vinpocetine on 
A549/DDP tumor- bearing mice were also evaluated. Our 
results showed that vinpocetine (20 mg/kg) showed inhib-
itory effects on tumor volume but did not affect tumor 
weight. Treatment with vinpocetine (50 mg/kg) significantly 
suppressed tumor volume and tumor weight (figure 5C,D). 
Similarly, the presence of vinpocetine (20 mg/kg) did not 
affect the inhibitory effects of cisplatin on tumor weight 
but significantly suppressed the tumor volume in cisplatin- 
treated mice. Moreover, the presence of vinpocetine (50 
mg/kg) significantly promoted the antiumor effects of 

cisplatin on A549/DDP tumor- bearing mice (figure 5C,D). 
vinpocetine suppressed tumor growth of NSCLC in vivo as 
well as enhanced antitumor effects of cisplatin.

DISCUSSION
In this study, we found that vinpocetine exerted antitumor 
effects against NSCLC in vitro and in vivo. Interestingly, we 
also revealed that vinpocetine enhanced cisplatin sensitivity of 
NSCLC cells, which was supported by the presence of vinpoce-
tine enhanced cisplatin- induced cytotoxicity and cell apoptosis 
as well as antitumor effects of cisplatin in NSCLC cell tumor- 
bearing mice. In addition, the underlying mechanism study 
demonstrated that vinpocetine enhanced cisplatin sensitivity of 
NSCLC by the regulation of Nrf2 signaling.

Vinpocetine is known to have beneficial effects on the 
brain and nervous systems as well as prevent cerebrovas-
cular disorders.8 12 13 However, a few studies focus on the 
roles of vinpocetine in the treatment of cancer. To date, it is 
reported that vinpocetine has antitumor effects against glio-
blastoma multiforme and breast cancer cells.10 11 Rowther 
et al revealed that treatment with vinpocetine inhibits cell 
proliferation of glioblastoma multiforme cells.10 Another 
study reported that vinpocetine exerts antitumor effects 
against breast cancer cells in vitro and in vivo.11 In the 
present study, for the first time, we found that treatment 
with vinpocetine was able to inhibit cell proliferation and 
promote cell apoptosis in NSCLC cells. Consistently, in 
vivo data supported that treatment with vinpocetine at a 
dose of 50 mg/kg/day reduced tumor growth in NSCLC cell 
tumor- bearing mice.

Cisplatin has been first time employed in NSCLC therapy 
in 1970.14 It is the first- line medication for NSCLC therapy. 
However, inherent and acquired cisplatin resistance signifi-
cantly reduces the efficacy of cisplatin- based chemotherapy 

Figure 2 Vinpocetine (Vin) promoted cell apoptosis induced by cisplatin (Cis) in A549 and A549/DDP cells. (A–B) The cells were treated 
with vehicle or cisplatin (5 μg/mL) with or without vinpocetine (50 μM) for 24 hours. Annexin V- propidium iodide staining was performed 
and the population of apoptotic cells was analyzed by using a flow cytometer. (C–F) The protein levels of cleaved caspase 3 (Casp3) in the 
cells were determined by using western blot analysis. Data were shown as the means±SEM of four independent experiments. **P<0.01, 
***p<0.001, ****p<0.0001, ##p<0.01, ####p<0.0001, and ns indicates no significance.
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in the treatment of NSCLC. Some patients with NSCLC who 
initially have responses to cisplatin therapy will eventually 
develop into cisplatin resistance.6 It is important to develop a 
strategy to overcome cisplatin resistance in the treatment of 
NSCLC. In 2020, two previous interesting studies reported 

that vinpocetine reduced cisplatin- induced hepatotoxicity 
and acute kidney injury in rodent models.15 16 Habib et 
al reported that treatment with vinpocetine ameliorated 
cisplatin- induced hepatotoxicity in mice by (1) inhibition of 
oxidative stress, (2) suppression of inflammatory response, 

Figure 3 Vinpocetine (Vin) suppressed nuclear factor erythroid 2- related factor 2 (Nrf2) signaling in A549 and A549/DDP cells. The cells 
were treated with vehicle or cisplatin (Cis, 5 μg/mL) with or without vinpocetine (50 μM) for 24 hours. (A–D) The protein levels of Nrf2 
in non- small cell lung cancer cells were determined by western blot analysis. (E–H) Besides, the messenger RNA (mRNA) levels of heme 
oxygenase 1 (HMOX1) and NAD(P)H dehydrogenase quinone 1 (NQO1) were detected by using RT- quantitative PCR. Data were shown 
as the means±SEM of four independent experiments. *P<0.05, ***p<0.001, ****p<0.0001, ###p<0.001, ####p<0.0001, ns indicates no 
significance.

Figure 4 The overexpression of nuclear factor erythroid 2- related factor 2 (Nrf2) abolished the effects of vinpocetine (Vin) on cell 
proliferation. (A–B) A549 and A549/DDP cells were transfected with vector (NC) or plasmids coding Nrf2. Next, the transfected cells were 
treated with cisplatin (Cis, 5 µg/mL) or vehicle in the presence or absence of vinpocetine (50 μM). Cell viability was measured by using a 
3- (4,5- dimethylthiazol- 2- yl)- 5- (3- carboxymethoxyphenyl)- 2- (4- sulfophenyl)- 2H- tetrazolium assay. Data were shown as the means±SEM of 
four independent experiments. *P<0.05, **p<0.01, ***p<0.001, ****p<0.0001, and ns indicates no significance.
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and (3) inhibition of apoptosis.16 Therefore, in the present 
study, we speculated whether vinpocetine can enhance 
antitumor effects in NSCLC cells. Interestingly, our result 
demonstrated that the presence of vinpocetine significantly 
promoted the cytotoxicity of cisplatin on A549 and A549/
DDP cells. In addition, a combination of vinpocetine and 
cisplatin also induced higher populations of apoptotic cells 
as compared with the cisplatin- treated cells. The presence 
of vinpocetine also enhanced the effects of cisplatin on the 
cleaved caspase 3, which is consistent with a previous study, 
in which vinpocetine reduced serum caspase 3 in a mouse 
model of liver injury induced by cisplatin.16 Moreover, treat-
ment with vinpocetine also enhanced the antitumor effects 
of cisplatin in the animal tumor- bearing model, which was 
supported by the fact that a combination of vinpocetine 
and cisplatin showed stronger inhibitory effects on tumor 
growth as compared with the cisplatin- treated group. These 
results suggested that vinpocetine enhanced the antitumor 
effects of cisplatin on the NSCLC cell tumor- bearing model.

In addition to evaluating the effects of vinpocetine on 
the antitumor effects of cisplatin, we also explored whether 
the presence of cisplatin can reverse cisplatin resistance in 
NSCLC. We observed that cisplatin showed fewer toxicities 
on cisplatin- resistant A549/DDP cells as compared with the 
A549 cells. However, the presence of vinpocetine signifi-
cantly enhanced the toxicities of cisplatin on the A549/DDP 
cells. These results supported that vinpocetine enhanced the 
cisplatin sensitivity of NSCLC cells.

Nrf2 is a regulator in oxidative resistance and redox 
signaling.17–20 It is known that the Nrf2- mediated signaling 
pathway is involved in the cisplatin resistance in lung 
cancer cells.21 The overexpression of Nrf2 is observed in 
the cisplatin- resistant cancer cells, supporting a correlation 
of Nrf2 and cisplatin resistance. In recent, several studies 
reported that Nrf2 induces cisplatin resistance by a series of 
mechanisms including the inhibition of iron export- related 
genes and regulation of cellular redox homeostasis- related 

proteins.22 23 In this study, we further investigated the 
underlying mechanisms of vinpocetine on the regulation 
of cisplatin resistance. Interestingly, our results suggested 
that the presence of vinpocetine significantly decreased 
Nrf2 protein expression in cisplatin- induced NSCLC cells. 
Moreover, we further examined the effects of vinpocetine 
on Nrf2 signaling- related genes including HMOX1 and 
NQO1. The recruitment of Nrf2 on antioxidant response 
element sites increases the transcriptions of HMOX1 and 
NQO1.24 25 Our results showed that the presence of vinpo-
cetine significantly inhibited the mRNA levels of HOMX1 
and NQO1 in the cisplatin- induced NSCLC cells. More-
over, to confirm whether the effects of vinpocetine on 
the cell’s sensitivity to cisplatin are associated with Nrf2, 
we constructed an Nrf2 overexpressing cell line. Interest-
ingly, our results showed that treatment with vinpocetine 
(50 μM) did not affect cell proliferation of Nrf2 overex-
pressed NSCLC cells, indicating overexpression of Nrf2 
abolished the effects of vinpocetine on cell proliferation. 
Taken together, our results supported that vinpocetine 
enhanced cisplatin sensitivity of NSCLC cells by reducing 
Nrf2 signaling. Interestingly, in a previous study, Song et 
al reported that the effects of vinpocetine on kidney injury 
induced by cisplatin are in part by the regulation of Nrf2 
signaling.15 These results suggested a correlation between 
vinpocetine and Nrf2.

Further studies are warranted to clarify the underlying 
mechanisms of vinpocetine on the regulation of Nrf2 as 
well as its potential use in the combination therapy with 
cisplatin. First, it is still unclear whether vinpocetine 
directly binds to Nrf2 or regulates Nrf2 through other 
upstream genes. Further studies are warranted to explore 
if there is an interaction between vinpocetine and Nrf2. In 
addition, vinpocetine enhanced the therapeutic effects of 
cisplatin on NSCLC by inducing cytotoxicity and regulating 
apoptosis. However, to confirm the beneficial effects of 
vinpocetine in the cisplatin- based therapy for patients with 

Figure 5 Vinpocetine (Vin) suppressed tumor growth in the non- small cell lung cancer cell tumor- bearing model. A549 and A549/DDP 
tumor- bearing mouse model was established. Next, the mice were treated vehicle or cisplatin (Cis, 2 mg/kg) with or without vinpocetine 
(20 or 50 mg/kg). (A–B) The tumor volume was measured every 7 days in the experimental period. (C–D) In addition, tumor weight was 
determined at the end of the experimental period (n=8). Data were shown as the means±SEM. **P<0.01, ***p<0.001, ****p<0.0001, 
#p<0.05, ###p<0.001, ####p<0.0001, and ns indicates no significance as compared with the vehicle group and the cisplatin group.
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NSCLC, clinical trials are warranted. For instance, a combi-
nation of vinpocetine and cisplatin should be performed 
in the patients with NSCLC. Clinical end points including 
complete response, progression- free survival, and overall 
survival are suggested.

CONCLUSION
The presence of vinpocetine promoted cisplatin- induced 
cytotoxicity and cell apoptosis in NSCLC cells. The effects 
of vinpocetine on cisplatin sensitivity were associated 
with Nrf2 signaling as Nrf2 overexpressing abolished the 
antiproliferative effects of vinpocetine. In vivo data also 
suggested that the presence of vinpocetine (50 mg/kg) 
enhanced the antitumor effects of cisplatin. Taken together, 
vinpocetine enhanced the cisplatin sensitivity of NSCLC 
cells by reducing Nrf2 signaling.
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