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Introduction 

Neutrophil extracellular traps, web-like structures 
released by activated neutrophils and composed of 
DNA, proteins, and granular components, play a 
crucial role in innate immunity by trapping and killing 
pathogens (Wang et al., 2024). However, under patholo-
gical conditions, the abnormal formation and accumula-
tion of neutrophil extracellular traps can give rise to 
tissue damage and inflammation, worsening the pro-
gression of diseases. Neutrophil extracellular traps can 
cause vascular endothelial damage (Zhu et al., 2024). 
The DNA fibers and granular proteins within neutro-
phil extracellular traps can directly interact with 
vascular endothelial cells, leading to the disruption of 
cell membranes and impairment of cell structures (Yang 
et al., 2023). Neutrophil extracellular traps can release 
reactive oxygen species (ROS), which induces oxidative 
stress in vascular endothelial cells, damages the cell 

membranes, and causes vascular endothelial dysfunc-
tion (Zhou et al., 2024). The DNA in neutrophil extra-
cellular traps can bind to toll-like receptors on vascular 
endothelial cells, activating them, promoting inflamma-
tory responses, and ultimately leading to cell death 
(Blanco et al., 2021). 

Neutrophil extracellular traps induce endothelial cell 
apoptosis via multiple routes, such as DNA damage, 
oxidative stress, inflammatory responses, and the 
effects of cytokines, among others (Carmona-Rivera et 
al., 2015). These mechanisms are interrelated and 
collaboratively facilitate the advancement of endothelial 
cell apoptosis. Neutrophil extracellular traps cause 
DNA damage in vascular endothelial cells, resulting in 
cell cycle arrest and activating apoptotic signals (Yu et 
al., 2022). Additionally, DNA damage can also give rise 
to genomic instability, further promoting cell apoptosis. 
Neutrophil extracellular traps release reactive oxygen 
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species, triggering oxidative stress in endothelial cells, 
damaging cell membranes and proteins, and leading to 
cell apoptosis. Therapeutic strategies that inhibit cell 
apoptosis might offer novel therapeutic directions for 
related diseases (Guo et al., 2024). 

Ginsenoside Rb1 is capable of inhibiting apoptosis in 
multiple cell types. Research indicates that ginsenoside 
Rb1 mitigates myocardial cell apoptosis induced by 
myocardial ischemia-reperfusion injury by activating 
the mTOR signaling pathway, thereby enhancing car-
diac function and reducing the release of myocardial 
enzymes (Qin et al., 2021). Ginsenoside Rb1 acts as a 
potential natural glutathione reductase agonist and can 
prevent H9C2 cell apoptosis induced by oxidative stress 
by regulating apoptosis related to the BCL-2 family 
(Zhang et al., 2017). Simultaneously, ginsenoside Rb1 
exhibits a protective effect on vascular endothelium.           

Studies have discovered that ginsenoside Rb1 safe-
guards human umbilical vein endothelial cells from 
high glucose-induced mitochondrial-related apoptosis 
by activating the SIRT3 signaling pathway (Ke et al., 
2021). Ginsenoside Rb1 demonstrates remarkable anti-
apoptotic effects in different cell types and disease 
models. Nevertheless, it remains undetermined whe-
ther ginsenoside Rb1 can ameliorate vascular damage 
caused by neutrophil extracellular traps by inhibiting 
apoptosis. This project aims to explore the mechanism 
of ginsenoside Rb1 to improve vascular damage 
induced by neutrophil extracellular traps and furnish a 
new target to treat vascular endothelial injury.     

 

Materials and Methods 

Cell culture 

In this study, human venous endothelial cells were 
purchased from iCell and maintained in RPMI 1640 

(Gbico, C11875500BT) media containing 10% fetal 
bovine serum (BDBIO, F801-050Hi). Human primary 
neutrophils were isolated using the neutrophil isolation 
kit (Solarbio, P9040). Human primary neutrophils were 
resuspended in DMEM supplemented with 10%fetal 
bovine serum, 1%glutamine, and 1%penicillin/
streptomycin solution at a concentration of 1 x 106 
cells/mL. All cells were grown at 37°C in the presence 
of 5%CO2. 

Neutrophil extracellular traps 

Freshly isolated human or murine neutrophils were 
plated in 6-well culture plates (4 x 106 cells/mL) and 
stimulated with 100 nmol/L phorbol 12-myristate 13-
acetate (PMA). To remove the cells, the culture medium 
was carefully removed from each well, and it was then 
washed twice with cold phosphate-buffered saline, 
which contained the pellet that contained neutrophil 
extracellular traps. Isolated neutrophil extracellular 
traps were then stored at -80ºC before being used (Xie et 
al., 2023).  

CCK8 

The human venous endothelial cell viability was 
assessed through the CCK8 assay (Cai et al., 2024). A 96
-well plate was prepared with 100 μL of cell suspension 
(1,000 cells/well) and incubated in a cell culture 
incubator at 37°C with 5%CO2 overnight. The culture 
medium was aspirated, and wells were treated with 
varying concentrations of the drug-containing medium 
(final concentrations of 1, 5, 10, 50, 100, 200, and 300 
μmol/L) in respective experimental wells. The control 
group was treated with an equal volume of medium 
containing PBS at a concentration not exceeding one 
thousandth. Cells were then incubated for an additional 
24 hours. After proper incubation in the 96-well plate, 
the culture medium was aspirated, and 10 μL CCK8 
(Medicalbio, CCK-04) solution was added to the 
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Box 1: Immunofluorescence detection 

Principle 

The expression of  E-cadherin in human venous endothelial 
cells was examined through immunofluorescence assay.  

Requirements 

24-well plates (Servicebio, CCP-24H), PBS (Servicebio, G4202), 
BSA (Servicebio, GC305010), 4% paraformaldehyde (Service-
bio, G1101), E-cadherin antibodies (Servicebio, GB12083), Cy3 
conjugated goat anti-mouse IgG (H+L)(Servicebio, GB21301), 
PBST (Servicebio, G2157), DAPI(Servicebio, G1012), Fluores-
cence microscopy (Olympus IX73, Japan). 

Procedure 

Step 1: Cells were seeded in 24-well plates at a density of 1×104 
cells/dish.  

Step 2: Following PBS rinsing, cells were fixed with 4% para-
formaldehyde for 10 min at room temperature, and washed 

thrice with PBS.  

Step 3: Blocking was carried out with 3% BSA at room 
temperature for 30 min.  

Step 4: Primary antibodies (E-cadherin, 1:1000) were incubated 
overnight at 4℃, followed by three washes with PBS.  

Step 5: Cells were then incubated in 3%BSA in PBST for 1 hour 
in the dark with the respective fluorescent-conjugated secon-
dary antibody (Cy3 conjugated goat anti-mouse IgG (H+L), 
GB21301, 1:500) followed by washing with PBST.  

Step 6: DAPI was applied to the nuclei for 5 min, washed with 
PBS, and observed by fluorescence microscopy.  

Step 7: The fluorescence intensity was analyzed using ImageJ 
software.  

Reference 
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corresponding experimental wells, followed by an 
incubator for 1 hour. Subsequently, the absorbance of 
each well was measured using an enzyme labeling 
instrument set at a wavelength of 450 nm. 

Cell apoptosis analysis 

Cell apoptosis was determined using an annexin V-
FITC/PI apoptosis kit [MultiSciences Biotech Co. 
AP101]. The human venous endothelial cells were 
digested by trypsinization without EDTA via centrifu-
gation at 300 x g for 5 min at 4°C. The cells were wash-
ed with pre-cooled PBS two times and resuspended 
with 1x binding buffer. Annexin V (5 µL) and PI (10 µL) 
were added to the cell suspension. They were incubated 
for 5 min away from light and detected by Beckman 
flow cytometry (USA)(Leon et al., 2024).  

Western blotting 

The human venous endothelial cells sample was lysed 
in RIPA buffer containing 1 mM PMSF, protease inhibi-
tors, and phosphatase inhibitors (Beyotime Biotechno-
logy) for 30 min. A protein sample was then deter-
mined using the BCA method (Beyotime Biotechno-
logy). Using 10% SDS-PAGE electrophoresis, gels were 
transferred to PVDF (0.45 µm) membranes. PVDF 
membranes were blocked in 5%fat-free milk for 60 min. 
PVDF membranes were then rinsed with TBST buffer 3 
times for 5 min and probed with BAX (Biodragon, 
PB4259, 1:1000), caspase 3 (Zen-bio, R23315, 1:1000), Bcl
-2 (Proteintech, 60178-1-Ig, 1:3000), anti-GAPDH (Bio-
dragon, B1034, 1:5000) at 4℃ overnight. After rinsing 

with TBST buffer 3 times for 5 min, PVDF membranes 
were then incubated in HRP-conjugated secondary 
antibody (ABclonal, AS014, 1:7500) or multi-rAb HRP-
goat anti-mouse recombinant secondary antibody 
(H+L) (Proteintech, RGAM001, 1:7500) at room 
temperature for 1 hour. After rinsing with TBST buffer 
3 times for 5 min, the membrane was imaged at a Tanon 
scan imager after ECL (Medicalbio, PT01001) reagent 
visualization, all bands were analyzed by Image J 
software (Hoste et al., 2019).  

Statistical analysis 

The data were expressed as the mean and standard 
error of the mean (SEM). The analysis was performed 
by Graphpad Prism 5 (Graphpad Software, USA). We 
used a Student’s t-test to determine whether the two 
groups differed statistically. P-values less than 0.05 
were considered significant.  

   

Results 

Cell viability 

The CCK8 experiment shows that when the concentra-
tion of Rb1 is less than 100 μmol/L, there is no 
cytotoxicity to human umbilical vein endothelial cells 
(Figure 1 A). After adding neutrophil extracellular 
traps, the cell viability decreases. Rb1 at a concentration 
of 100 μmol/L can significantly increase cell viability
(Figure 1 B). 

Vascular endothelium 

Employing E-cadherin to assess the degree of vascular 
endothelial injury, the study revealed that after the 
addition of neutrophil extracellular traps, the vascular 
endothelium was damaged. However, after adding 
ginsenoside Rb1 at a concentration of 100 μmol/L, the 
damage caused by neutrophil extracellular traps to 
human venous endothelial cells could be reversed 
(Figure 2 A-B). 

Human venous endothelial cell apoptosis 

Flow cytometry was used to analyze the apoptosis of 
cells. The study found that after adding neutrophil 
extracellular traps, the apoptosis of cells increased 
significantly (Figure 3 A-B). Different concentrations of 
ginsenoside Rb1 were added for intervention, and it 
was found that Rb1 at a concentration of 100 μmol/L 
could significantly inhibit the apoptosis of cells caused 
by neutrophil extracellular traps (Figure 3 C-D). 

Expression of apoptosis-related proteins 

Neutrophil extracellular traps can significantly up-
regulate the expression of apoptosis-related proteins 
caspase 3, and after adding ginsenoside Rb1, the expre-
ssion of apoptosis-related proteins caspase 3 is down-
regulated (Figure 4 A-B). 
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Figure 1: Effects of ginsenoside Rb1 on the cell viability of 
human umbilical vein endothelial cells using the CCK8 experi-
ment (A) and  after adding neutrophil extracellular traps (B). 
Data are mean ± SEM; n=3; Compared to 100 µmol/L, ns = not 

significant, ap<0.05 
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Discussion 

This study found that ginsenoside Rb1 significantly 
attenuated the damage of neutrophil extracellular traps 
to vascular endothelial cells by inhibiting apoptosis. 
CCK8 experiment reveals that in contrast to the neutro-
phil extracellular traps group, the supplementation of 
100 μmol/L ginsenoside Rb1 can markedly enhance cell 
viability. Immunofluorescence results show that 
ginsenoside Rb1 can up-regulate the expression of E-
cadherin and protect vascular endothelial cells. Flow 
cytometry analysis shows that 100 μmol/L of Rb1 can 
significantly inhibit the apoptosis caused by neutrophil 
extracellular traps. Ginsenoside Rb1 could significantly 
downregulate the expression of caspase-3 

Existing studies have confirmed that ginsenoside Rb1 
has the effect of protecting vascular endothelium. 
Previous studies have not involved the effect of 
neutrophil extracellular traps on vascular endothelial 
injury. Instead, they have mostly focused on vascular 
endothelial injury caused by other physical and 
chemical factors. One study has demonstrated that 
ginsenoside Rb1 can alleviate TNF-α-induced oxidative 
stress, inflammation, and apoptosis in human venous 
endothelial cells by inhibiting the NF-κB, JNK, and p38 
signaling pathways (Zhou et al., 2017). Another study 
has revealed that ginsenoside Rb1 protects human 
venous endothelial cells from high glucose-induced 
mitochondrial-related apoptosis by activating the SIRT3 
signaling pathway (Ke et al., 2021). Ginsenoside Rb1 

Figure 2: Effect of ginsenoside Rb1 (100 µmol/L) on the damage to vascular endothelial cells (A). E-cadherin was used to evaluate 
the injury. Expression levels after using ginsenoside Rb1. Data are mean ± SEM; n=3; Compared to the control group ap<0.05, 
Compared to the NETs group bp<0.05  
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can mitigate H2O2-induced oxidative damage in human 
venous endothelial cells (Zheng et al., 2020), encom-
passing reducing apoptosis, oxidative stress, and the 
expression of intercellular adhesion molecule-1 and 
vascular cell adhesion molecule-1 proteins. This study 
aims to thoroughly investigate the protective effect of 
ginsenoside Rb1 on vascular endothelial injury induced 
by neutrophil extracellular traps. This research perspec-
tive is more closely related to the pathophysiological 
characteristics of acute lung injury, which helps in 
accurately elucidate the underlying pathophysiological 
mechanisms during acute lung injury and provides a 
more targeted theoretical basis for subsequent related 
research and clinical practice. 

The results of this study distinctly manifest the positive 
role of ginsenoside Rb1 in counteracting the damage to 
human umbilical vein endothelial cells induced by 
neutrophil extracellular traps, covering multiple aspects 
including cell viability, vascular endothelial injury, cell 
apoptosis, and the expression of apoptosis-related pro-
teins. This provides copious information for an in-depth 
comprehension of the protective mechanism of ginseno-
side Rb1. E-cadherin, as a crucial molecule for main-
taining the integrity of intercellular connections among 

  

Figure 3: Effects of ginsenoside Rb1 on human umbilical vein endothelial cells apoptosis. Flow cytometry analyzed cell apoptosis. 
Adding neutrophil extracellular traps significantly increased cell apoptosis (A, B). Different concentrations of Rb1 were used for 
intervention, and 100 μmol/L Rb1 significantly inhibited the apoptosis caused by neutrophil extracellular traps (C, D). Data are 
mean ± SEM; n=3; Compared to the control group, ap<0.05; Compared to the NETs group, bp<0.05; Compared to ginsenoside Rb1 
(50 µmol/L) group, cp<0.05 

Figure 4: Effects of ginsenoside Rb1 on the expression of 
caspase 3 proteins. Neutrophil extracellular traps significantly 
up-regulate the expression of caspase 3, an apoptosis-related 
protein, while ginsenoside Rb1 addition significantly down-
regulates its expression. Data are mean ± SEM. Compared to 
the NETs (PMA 10 µmol/L), ap<0.05; compared Nets with 
ginsenoside Rb1, bp<0.05  
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vascular endothelial cells, when damaged under the 
action of neutrophil extracellular traps, implies the 
impairment of the vascular endothelial barrier function. 
This might further trigger a series of pathological 
alterations such as enhanced vascular permeability and 
infiltration of inflammatory cells (Chen et al., 2024). 
Nevertheless, 100 μmol/L of ginsenoside Rb1 can 
reverse the damage of neutrophil extracellular traps to 
the vascular endothelium. Flow cytometry analysis 
results reveal that neutrophil extracellular traps can 
significantly induce apoptosis of human umbilical vein 
endothelial cells. In the intervention experiments with 
varying concentrations of ginsenoside Rb1, 100 μmol/L 
of ginsenoside Rb1 can significantly suppress the 
apoptosis of cells induced by neutrophil extracellular 
traps. This suggests that ginsenoside Rb1 plays a 
pivotal role in regulating cell apoptosis, which might be 
accomplished through multiple pathways.  The study 
has identified that neutrophil extracellular traps can 
significantly up-regulate the expression of the apoptosis
-related protein caspase 3. This coincides with the result 
of neutrophil extracellular traps-induced cell apoptosis 
and further validates the critical role of caspase 3 in the 
process of neutrophil extracellular traps-mediated cell 
apoptosis. Ginsenoside Rb1 can significantly down-
regulate the expression of caspase 3, indicating that the 
inhibitory effect of ginsenoside Rb1 on cell apoptosis is 
at least partly achieved through the regulation of 
caspase 3.  

However, this study has several limitations. Firstly, in 
light of the restricted research conditions, neither 
animal models nor clinical trials were utilized to verify 
the research results. Secondly, cell death is an intricate 
process, and additional experiments may be necessary 
to confirm this conclusion. Finally, the specific mecha-
nism through which ginsenoside Rb1 modulates cell 
apoptosis via caspase 3 requires further in-depth explo-
ration.  

 

Conclusion 

Ginsenoside Rb1 has a notable protective effect on neu-
trophil extracellular traps-induced vascular endothelial 
injury, and its mechanism might be associated with the 
inhibition of apoptosis effects.   

 

Financial Support 

This work was supported by Jiangsu Province Traditional 
Chinese Medicine Technology Development Project No. 
MS2023037. Basic Research on Medical Health Application of 
Suzhou Science Program No. SKY2022083/SKYXD2022074.  

 

Ethical Issue 

The study protocol has been approved by the Medical Ethics 

Committee of Suzhou Hospital of Integrated Traditional 
Chinese and Western Medicine (No. 2024002; Date: 2024-3-5). 

 

Conflict of Interest 

Authors declare no conflict of interest  

 

References 

Blanco LP, Wang X, Carlucci PM, Torres-Ruiz JJ, Romo-Tena J, 
Sun HW, Hafner M, Kaplan MJ. RNA externalized by 
neutrophil extracellular traps promotes inflammatory path-
ways in endothelial cells. Arthritis Rheumatol. 2021; 73: 2282
-92.  

Carmona-Rivera C, Zhao W, Yalavarthi S, Kaplan MJ. Neutro-
phil extracellular traps induce endothelial dysfunction in 
systemic lupus erythematosus through the activation of 
matrix metalloproteinase-2. Ann Rheum Dis. 2015; 74: 1417-
24.  

Chen Z, Tang H, Gan S, Yang C, Li S, Li J, Yao L. Ferroptosis 
mediates airway epithelial E-cadherin dysfunction in LPS-
induced acute lung injury. Pulm Pharmacol Ther. 2024; 84: 
102284.  

Guo ZF, Tongmuang N, Li C, Zhang C, Hu L, Capreri D, Zuo 
MX, Summer R, Sun J. Inhibiting endothelial cell Mst1 
attenuates acute lung injury in mice. JCI Insight. 2024; 9: 
e178208.  

Hoste E, Maueroder C, van Hove L, Catrysse L, Vikkula HK, 
Sze M, Maes B, Karjosukarso D, Martens L, Goncalves A, 
Parthoens E, Roelandt R, Declercq W, Fuentes I, Palisson F, 
Gonzalez S, Salas-Alanis JC, Boon L, Huebener P, Mulder 
KW, Ravichandran K, Saeys Y, Schwabe RF, van Loo G. 
Epithelial HMGB1 delays skin wound healing and drives 
tumor initiation by priming neutrophils for NET formation. 
Cell Rep. 2019; 29: 2689-701. 

Ke SY, Yu SJ, Liu DH, Shi GY, Wang M, Zhou B, Wu L, Song 
ZM, Zhu JM, Wu CD, Qian XX. Ginsenoside Rb1 protects 
human umbilical vein endothelial cells against high glucose-
induced mitochondria-related apoptosis through activating 
SIRT3 signaling pathway. Chin J Integr Med. 2021; 27: 336-
44.  

Leon M, Moya C, Rivera-Concha R, Pezo F, Uribe P, Schulz M, 
Sánchez R, Taubert A, Hermosilla C, Zambrano F. Extrusion 
of neutrophil extracellular traps (NETs) negatively impacts 
canine sperm functions: Implications in reproductive failure. 
Int J Mol Sci. 2024; 25: 6216.  

Qin GW, Lu P, Peng L, Jiang W. Ginsenoside Rb1 inhibits 
cardiomyocyte autophagy via PI3K/Akt/mTOR signaling 
pathway and reduces myocardial ischemia/reperfusion 
injury. Am J Chin Med. 2021; 49: 1913-27.  

Wang H, Kim SJ, Lei Y, Wang S, Wang H, Huang H, Zhang H, 
Tsung A. Neutrophil extracellular traps in homeostasis and 
disease. Signal Transduct Target Ther. 2024; 9: 235. 

Cai H, Han XJ, Luo ZR, Wang QL, Lu PP, Mou FF, Zhao ZN, 
Hu D, Guo HD. Pretreatment with notoginsenoside R1 
enhances the efficacy of neonatal rat mesenchymal stem cell 
transplantation in model of myocardial infarction through 
regulating PI3K/Akt/FoxO1 signaling pathways. Stem Cell 

B

86 Bangladesh J Pharmacol 2024; 19: 81-87                                                                  



 

Author Info 
Lingqi Xu, Jiaping Chen (Principal contact) 
e-mail: xu.ling.qi@163.com; cjpszmu@126.com   
First three authors contributed equally          

 

Res Ther. 2024; 15: 419. 

Xie J, Zhu CL, Wan XJ, Zhao ZZ, Meng Y, Li P, Guo Y, Liu Q, 
Bian JJ, Deng XM, Wang JF. GSDMD-mediated NETosis 
promotes the development of acute respiratory distress 
syndrome. Eur J Immunol. 2023; 53: e2250011.  

Yang X, Ma Y, Chen X, Zhu J, Xue W, Ning K. Mechanisms of 
neutrophil extracellular trap in chronic inflammation of 
endothelium in atherosclerosis. Life Sci. 2023; 328: 121867. 

Yu S, Liu J, Yan N. Endothelial dysfunction induced by extra-
cellular neutrophil traps plays important role in the 
occurrence and treatment of extracellular neutrophil traps-
related disease. Int J Mol Sci. 2022; 23: 5626.  

Zhang Y, Wang Y, Ma Z, Liang Q, Tang X, Tan H, Xiao C, Gao 
Y. Ginsenoside Rb1 inhibits doxorubicin-triggered H9C2 cell 
apoptosis via aryl hydrocarbon receptor. Biomol Ther 
(Seoul). 2017; 25: 202-12. 

Zheng Z, Wang M, Cheng C, Liu D, Wu L, Zhu J, Qian X. 
Ginsenoside Rb1 reduces H2O2‑induced HUVEC dysfunc-
tion by stimulating the sirtuin‑1/AMP‑activated protein 
kinase pathway. Mol Med Rep. 2020; 22: 247-56.  

Zhou P, Lu S, Luo Y, Wang S, Yang K, Zhai Y, Sun G, Sun X. 
Attenuation of TNF-α-induced inflammatory injury in 
endothelial cells by ginsenoside Rb1 via inhibiting NF-κB, 
JNK and p38 signaling pathways. Front Pharmacol. 2017; 8: 
464. 

Zhou X, Jin J, Lv T, Song Y. A narrative review: The role of 
NETs in acute respiratory distress syndrome/acute lung 
injury. Int J Mol Sci. 2024; 25: 1464. 

Zhu S, Yu Y, Hong Q, Li C, Zhang H, Guo K. Neutrophil 
extracellular traps upregulate p21 and suppress cell cycle 
progression to impair endothelial regeneration after 
inflammatory lung injury. J Clin Med. 2024; 13: 1204.  

 Bangladesh J Pharmacol 2024; 19: 81-87                                                                 87 


