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Abstract 

The objective of this study was to assess the effects of Ginsenoside Rg3 on the proliferation of glioma cells and NF-κB 
(nuclear factor kappa-light-chain-enhancer of activated B cells) signalling pathway and to provide a reliable reference for 
clinical treatments. The glioma U251 cells were cultured and treated with Ginsenoside Rg3 at different concentrations (0, 20, 
40, 80, and 160 µg/mL) for 24, 48, and 72 h, respectively. The morphological changes of U251 cells were observed before 
and after treatment with Ginsenoside Rg3. Cell proliferation was detected by the MTT assay. The expression of P65 gene 
promoter was detected by Dual-Luciferase Reporter Assay. Besides, the expressions of p65 and inhibitory kappa B (IκB) 
were detected by Western blotting. U251 cells before Ginsenoside Rg3 treatment were structurally intact and after the 
treatment started to present cell shrinkage and cellular debris that become more pronounced with the increase of the treatment 
duration. The lower concentration of Ginsenoside Rg3 could promote the expression of the P65 gene promoter, while the 
expression gradually decreased with the increase of Ginsenoside Rg3 concentration. The expression of IκBα protein 
gradually increased with the increase of Ginsenoside Rg3 concentration. In conclusion, Ginsenoside Rg3 can effectively 
inhibit the proliferative activity of U251 cells and the NF-κB signalling pathway and induce the apoptosis of tumour cells. 
 
Rezumat 

Obiectivul acestui studiu a fost de a evalua efectele Ginsenosidei Rg3 asupra proliferării celulare și a căii de semnalizare NF-κB. 
Celulele de gliom U251 au fost cultivate și tratate cu Ginsenosid Rg3 la diferite concentrații (0, 20, 40, 80 și 160 µg /mL) 
timp de 24, 48 și, respectiv, 72 h. Modificările morfologice ale celulelor U251 au fost observate înainte și după tratamentul 
cu Ginsenosid Rg3. Proliferarea celulară a fost evaluată prin testul MTT. Expresia promotorului genei P65 a fost determinată 
prin testul Dual-Luciferase Reporter. În plus, expresiile p65 și inhibitorul kappa B (IκB) au fost determinate prin analiză 
Western Blot. Tratamentul celulelor U251 cu Ginsenosid Rg3 a determinat contracția celulară și apariția unor debriuri 
celulare dependente de durata expunerii. Concentrația mică de Ginsenosid Rg3 ar putea determina expresia promotorului 
genei P65, în timp ce creșterea concentrației de Ginsenosid Rg3 va declanșa scăderea graduală a acesteia. Expresia proteinei 
IκBα crește treptat odată cu creșterea concentrației de Ginsenosid Rg3. În concluzie, Ginsenosid Rg3 poate inhiba eficient 
activitatea proliferativă a celulelor U251 și calea de semnalizare NF-κB și poate induce apoptoza celulelor tumorale. 
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Introduction 

Glioma is a common central nervous system tumour, 
associated with rapid growth, invasiveness and poor 
prognosis [1]. Although there are a variety of therapeutic 
approaches, glioma patients have a shorter survival 
after diagnosis [2, 3]. Several chemotherapeutic strategies 
have been assessed in order to remove the residual 
tumour cells with different success rates [4-6].  
Ginsenoside Rg3 is a panaxadiol that is found in 
white and red Panax ginseng, Araliaceae family [7]. 
Ginsenoside Rg3 has multiple pharmacological effects, 
such as anti-tumour [8], anti-inflammation [9], anti-
oxidant [10, 11]. As one of the most important nuclear 
transcription factors in cells, NF-κB (nuclear factor 
kappa-light-chain-enhancer of activated B cells) is 

composed of NF-κB1 (P50), NF-κB2 (P52), cRel, 
RelA (P65), and RelB (8). Generally, the main form of 
NF-κB is a heterodimer composed of P50 and P65 
subunits, in which P65 is the main active part [13]. 
Inhibitory kappa B (IκB) is an inhibitor-κ binding 
protein of NF-κB, that is composed of IκBα, IκBβ, 
IκBγ, IκBε, p100, p105, Bcl-3, and IκB-R [14]. The 
NF-κB pathway mediates a variety of target genes, 
including cell proliferation and apoptosis genes, as 
well as cell adhesion factors [15, 16] and mediates 
abnormal expressions of tumour-associated genes, 
promotes cell proliferation, and induces the development 
of cancer [17, 18]. NF-κB is specifically activated in 
glioma cells and the activation level increases with 
the progression of the tumour [19]. So, the inhibition 
of NF-κB activity would promote the apoptosis of 
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tumour cells and targeting NF-κB could be a good 
antitumoral strategy. This study aimed to investigate 
the effect of different concentrations of Ginsenoside 
Rg3 on the proliferation of glioma U251 cells and 
the effects on the NF-κB signalling pathway. 
 
Materials and Methods 

Culture, passage, and counting of glioma U251 cells 
U251 glioma cells were purchase from Nanjing Cobioer 
(Nanjing Cobioer, China). The U251 glioma cells in 
logarithmic growth phase were grown as monolayer 
cultures in the culture medium (Hyclone Corporation, 
USA) under 5% CO2 atmosphere and 37°C. The cells 
were digested with trypsin (Gibco Corporation, USA) 
and were observed each day for the morphology and 
growth using an optic microscope (Olympus, Japan). 
The culture medium of cells was renewed every 2 
days. The morphology and growth of the cells were 
observed under a microscope (Olympus Corporation, 
Japan). The count of the cell was done after Trypan 
blue (Kirgen Corporation, USA) addition and observed 
under a microscope (Olympus, Japan). 
Microscopic observation of the morphological changes 
of U251 cells after Ginsenoside Rg3 treatment 
U251 cells grown in appropriate conditions were 
divided into five groups. The cells were inoculated 
into a 6-well plate and exposed to the DMEM/F12 
medium (Hyclone Corporation, USA) that contained 
Ginsenoside Rg3 in concentrations of 0, 20, 40, 80, 
and 160 µg/mL (provided by Dalian Tianfu Institute 
of Medicine, China). The morphological changes of 
U251 cells were observed after 24, 48, and 72 h of 
culture under a microscope (Shanghai Caikon Optical 
Instrument, China).  
Detection of the proliferation activity of U251 cells 
by MTT assay 
U251 cells [5 × 103 cells/well] were inoculated into 
a 6-well plate and cultured in an incubator at 37°C 
in 5% CO2 atmosphere. The cells were divided in 5 
experimental groups, and each group has 3 subgroups. 
The experimental groups were: Control group treated 
with culture media containing dimethyl sulfoxide 
(DMSO) instead of Ginsenoside Rg3; Experimental 
groups treated with culture media containing Ginsenoside 
Rg3 in different concentrations: 20, 40, 80, and 160 
µg/mL). The Ginsenoside Rg3 is soluble in dimethyl 
sulfoxide (DMSO), so the control group was treated 
only with the solvent (DMSO). 
Each subgroup was exposed to the treatment for 24, 
48, and respectively 72 h. The MTT assay was used 
to detect the optical density (OD) value of cells at the 
wavelength of 570 nm. Each test was performed in 
triplicate and the cell viability was calculated using 
the following formula: 

Cell viability (MTT assay) (%) = [(experimental group - 
blank group)/(control group - blank group)] × 100%. 

Cell scratch assay 
The well-growing U251 cells inoculated in a 6-well 
plate were taken out from the incubator. After draining 
the culture solution, a ruler was applied to draw a 
horizontal line with a marker on the back of the 6-
well plate; meanwhile, a sterile pipette tip (10 µL) 
was used for aligning with the scale; the horizontal 
line drawn on the back of the 6-well plate was drawn 
as evenly as possible. The cells were exposed to 
different concentrations of Ginsenoside Rg3 (0, 20, 
40, 80, and 160 µg/mL), and each group was divided 
in 3 sub-groups that correspond to the 3 periods of 
treatment: 24, 48, and respectively, 72 h. The 6-well 
plate was observed using an inverted fluorescence 
microscope (Olympus, Japan) and the migration 
distance of the cells was measured and recorded. 
Cell migration was calculated using the following 
formula:  

Cell migration (%) = (cell distance on both sides at 
the time of scratch - cell distance on both sides at the 
time of detection)/cell distance on both sides at the 

time of scratch × 100%. 

Detection of P65 gene promoter expression in cells 
by Dual-Luciferase Reporter Gene Assay 
The NF-κB/P65 gene promoter luciferase reporter 
adenovirus recombinant plasmid (AdP65-Fluc), the 
luciferase reporter adenovirus empty plasmid (Ad-
Fluc), and the Renilla luciferase adenovirus internal 
reference plasmid (Ad-Rluc) were obtained from 
Wuhan Merck Biotechnology Co Ltd (Wuhan, China). 
The virus transfection was divided into three groups: 
the experimental group (AdP65-Fluc and Ad-Rluc co-
transfected into U251 cells [MOI = 5]), the control 
group (Ad-Fluc and Ad-Rluc co-transfected into U251 
cells), and the blank group (no virus transfected into 
U251 cells). U251 cells in logarithmic growth phase 
were taken out from the incubator, counted after 
tryptic digestion, and inoculated into a 24-well plate 
at a density of 1 × 105 cells/well. After 24 h of culture, 
the original medium was aspirated, and the wells were 
washed with PBS (Shanghai Fushen Biotechnology, 
China). Then, the corresponding adenovirus recombinant 
plasmid (AdP65-Fluc, Ad-Fluc, and Ad-Rluc) was 
added into the culture medium of each well in 
accordance with the experimental group; the culture 
medium in each well was well mixed, and the plate 
was cultured in an incubator at 37°C. The cultures 
were observed daily using a fluorescence microscope 
(Olympus, Japan) to observe the expression of green 
fluorescent protein (GFP). 
The transfected U251 cells were inoculated into a 
6-well plate at a density of 5 × 105 cells/well. Based 
on the experimental group, 2 mL of Ginsenoside 
Rg3 with different concentrations (0, 20, 40, 80, and 
160 µg/mL) was added into each well and each group 
was divided in 3 sub-groups, one for each period of 
drug treatment, 24, 48 and respectively 72 h. After 
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24, 48 and respectively 72 h of treatment, the culture 
medium was aspirated, and the wells were rinsed 
once with PBS. Then, 500 µL (1×) passive lysis 
buffer (PLB) (Shanghai Fushen Biotechnology, China) 
was added into each well; the plate was gently shaken 
for 15 min at room temperature. Next, the lysate was 
transferred to a 6-well white plate with 3 sub-holes in 
each group and stored in an icebox to be tested (The 
testing used 1 - 2 s delay and 5 - 10 s indication). 
Detection of P65 and IКBα expression in cells by 
Western blotting 
U251 cells in logarithmic growth phase were counted 
after 0.25% trypsin digestion. Next, the U251 cells 
were inoculated into a 6-well plate at a density of 2 × 
105 cells/well. Based on the experimental group, 
each well was treated with 2 mL of culture medium 
with different concentrations of Ginsenoside Rg3 
(0, 20, 40, 80, and 160 µg/mL) and each well was 
divided in 3 sub-holes, one for each period of drug 
treatment, 24 and 48 hours respectively. After incubation 
the cytoplasmic proteins and nuclear proteins of 
each group of cells were extracted and detected using 
the PMSF protease inhibitor (Beyotime Biotechnology, 
China). The extracted cytoplasmic protein and nuclear 
protein were separated by sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE), 
transferred and blocked. Then, the PVDF membrane 
was incubated with the primary antibody (Mouse anti-
human P65 antibody, mouse anti-human Histon H3 
antibody, mouse anti-human IКBa antibody, mouse 
anti-human β-actin antibody, Cell Signal Corporation, 
USA) (diluted with 5% skim milk powder at 1000:1) 
overnight at 4°C. After the incubation PVDF membrane 
was washed and incubated with the secondary anti-
body (Horseradish peroxidase marked anti-mouse 

IgG, Zhongshan Golden Bridge Biotechnology, China) 
(diluted with 5% skim milk powder at 5000:1) for 1 h 
on a shaker at room temperature. After incubation, 
the PVDF membrane was washed with tris-buffered 
saline (TBS) + Tween 20 (TBST) solution for 10 min 
3 consecutive times. Next, the PVDF membrane 
treated with the enhanced chemiluminescence reagent 
(Beyotime Biotechnology, China) for 1 min, X-ray 
films were proceeded, scanned and photographed by a 
gel imaging system (BIO-RAD Corporation, China). 
Statistical analysis 
Data were analysed by SPSS 19.0 software (IBM, 
Armonk, NY, USA). The measured data were expressed 
as mean ± standard deviation. Experimental results 
were analysed by one-way analysis of variance 
(ANOVA). The comparisons among the groups 
were made by independent-samples t-test. A value 
of p < 0.05 was considered statistically significant. 
 
Results and Discussion 

Effects of Ginsenoside Rg3 on morphological changes 
of U251 cells 
The U251 cells without Ginsenoside Rg3 were in 
normal growth condition with an intact cell structure 
(Figure 1A). In the ginsenoside Rg3 treated U251 
cells, it was observed a dose-dependent effect on the 
behaviour of the cells. By increasing the concentration 
of the treatment, the cells began to shrink, and the 
adherent cells were in relatively small quantities, with 
massive amount of suspended cell debris around. By 
increasing the duration of exposure to Ginsenoside 
Rg3, the cell shrinkage was more obvious, the cell 
density significantly decreased, and the cellular debris 
increased. 

 

 
Figure 1. 

Effects of Ginsenoside Rg3 on morphological changes of U251 cells (A: U251 cells in normal culture; B: U251 
cells treated with 80 µg/mL Ginsenoside Rg3 for 24 h) (×100) 

 
Effects of Ginsenoside Rg3 on proliferative properties 
of U251 cells 
As shown in Table I, at the same period of treatment, 
the viability of U251 cells decreased with the increase 

in Ginsenoside Rg3 concentration. At the same 
concentration of Ginsenoside Rg3, the viability of 
U251 cells decreased as the period of exposure 
increased. 
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Table I 
Effects of Ginsenoside Rg3 on the viability of U251 cells 

Duration (h) 0 µg/mL 20 µg/mL 40 µg/mL 80 µg/mL 160 µg/mL 
24 100.00 ± 0.81 88.37 ± 1.76a 75.11 ± 2.18ab 67.27 ± 3.16abc 51.92 ± 2.17abc 
48 99.96 ± 0.98 75.93 ± 1.67a* 62.18 ± 2.93ab* 54.26 ± 3.28abc* 43.18 ± 2.28abc* 
72 99.41 ± 0.88 78.27 ± 1.92a* 59.38 ± 1.64ab* 52.29 ± 2.02abc* 41.22 ± 1.27abc* 

Compared with the 0 µg/mL group, ap < 0.05; compared with the 20 µg/mL group, bp < 0.05; compared with the 40 µg/mL group, cp < 0.05; 
compared with the 80 µg/mL group, dp < 0.05; compared with the 24 h group, *p < 0.05 
 
Effects of Ginsenoside Rg3 on migrating properties 
of U251 cells 
As illustrated in Figure 2 and Table II, the Ginsenoside 
Rg3 could effectively inhibit the migrating abilities 
of U251 cells. At the same period of Ginsenoside 

Rg3 treatment, the migrating abilities of U251 cells 
decreased with the increase of Ginsenoside Rg3 
concentrations. At the same concentration of Ginsenoside 
Rg3, the migrating abilities of U51 cells decreased 
as the duration of the treatment increased. 

 

 
Figure 2. 

Effects of Ginsenoside Rg3 on the migration abilities of U251 cells (×100) 
 

Table II 
Ginsenoside Rg3 influences the migration abilities of U251 cells (%) 

Duration (h) 0 µg/mL 20 µg/mL 40 µg/mL 80 µg/mL 160 µg/mL 
24 54.12 ± 2.84 47.18 ± 5.21a 41.19 ± 6.15ab 35.73 ± 3.19abc 27.73 ± 3.19abcd 
48 72.53 ± 7.34 62.18 ± 8.02a* 51.38 ± 5.18ab* 41.83 ± 6.38abc* 32.83 ± 6.38abcd* 
72 96.53 ± 9.34 82.27 ± 9.28a* 70.92 ± 6.28ab* 60.11 ± 7.92abc* 50.11 ± 7.92abcd* 

Compared with the 0 µg/mL group, ap < 0.05; compared with the 20 µg/mL group, bp < 0.05; compared with the 40 µg/mL group, cp < 0.05; 
compared with the 80 µg/mL group, dp < 0.05; compared with the 24 h group, *p < 0.05 
 

 
Figure 3. 

Adenovirus recombinant plasmid was transfected into U251 cells (48 h)  
(A: AdP65-Fluc; B: Ad-Fluc; C: Ad-Rluc; D: effects of Ginsenoside Rg3 on P65 gene promoter of U251 cells; 

1: ordinary optical microscope; 2: fluorescence microscope) (×200) 
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Effects of Ginsenoside Rg3 on P65 gene promoter 
of U251 cells 
The lower concentration of Ginsenoside Rg3 could 
promote the expression of P65 gene promoter 
(Figure 3). With the increase of drug concentrations, 
the expression of P65 gene promoter gradually 
decreasing compare with the control (0 µg/mL) group 
(p < 0.05). 

Effects of Ginsenoside Rg3 on the expressions of P65 
and IКBα proteins in U251 cells 
The results showed that as the concentration of 
Ginsenoside Rg3 increased, the expression of P65 
protein in the nucleus gradually increased, while the 
expression of IКBα protein in cytoplasm gradually 
decreased after 48 h of exposure (Table III).  

Table III 
Effects of Ginsenoside Rg3 on the expressions of P65 and IКBα proteins in U251 cells 

Concentration 0 µg/mL 20 µg/mL 40 µg/mL 80 µg/mL 160 µg/mL 
P65 1.423 ± 0.036 1.386 ± 0.017 0.981 ± 0.061 0.582 ± 0.013 0.418 ± 0.013 

IKBα 0.189 ± 0.014 0.329 ± 0.011 0.608 ± 0.016 0.716 ± 0.017 0.822 ± 0.016 
The concentration of each group was compared with the 0 µg/mL group, p < 0.05 
 
A previous study showed that Ginsenoside Rg3 
could reduce the expressions of lipopolysaccharide 
(LPS)-induced inflammatory factors [20]. Besides 
that, Ginsenoside Rg3 could inhibit the proliferation 
of tumour cells [21, 22]. In this study, it was 
showed that Ginsenoside Rg3 has a significant 
inhibitory effect on the proliferation of U251 cells, 
and its effect is dose depending. 
Zhen et al. [23] showed that the NF-κB signalling 
pathway has a certain correlation with the degree of 
malignancy, invasion, and apoptosis of glioma. Other 
studies suggested that Ginsenoside Rg3 could inhibit 
the release of TNF-α [24] and block the NF-κB 
signalling pathway [25]. Our study showed that a 
low concentration of Ginsenoside Rg3 induced the 
expression of the P65 gene promoter in the NF-κB 
signalling pathway; however, the expression of the 
P65 gene promoter decreased with the increase of 
Ginsenoside Rg3 concentrations. The Western blotting 
results demonstrated that the expression of IКBα 
protein increased with the increase of Ginsenoside 
Rg3 concentrations, while the expression of P65 gene 
promoter showed a decreasing trend. Since IКBα 
protein could inhibit the activation of P65 gene 
promoter, its entry into the nucleus was reduced [26, 
27]. It can be concluded that the decreased expression 
of P65 gene promoter is caused by the inhibitory 
effect of Ginsenoside Rg3 on P65 gene promoter; 
however, it cannot exclude the possibility of IКBα 
to inhibit the entry of P65 gene promoter into the 
nucleus. 
 
Conclusions 

Ginsenoside Rg3 can effectively inhibit the proliferation 
of U251 cells. Moreover, in the NF-κB signalling 
pathway, Ginsenoside Rg3 may induce the expression 
of IКBα protein in the cytoplasm and inhibit its 
degradation and the expression of the P65 gene 
promoter, thereby reducing the expression of P65 
gene promoter and the entry of activated P65 gene 
promoter into the nucleus. Consequently, Ginsenoside 

Rg3 inhibits the NF-κB signalling pathway and induces 
the apoptosis of tumour cells. 
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