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Abstract
There are numerous therapeutic applications for ginsenoside Rb1 (GRb1), the primary 
saponin derived from ginseng root. According to earlier research, ginsenoside Rb1 causes 
apoptosis and reduces the cell cycle. Its adverse effects, especially those on the develop-
ment of the embryo, still need to be thoroughly studied. A host’s lifestyle choices, includ-
ing smoking, drinking too much alcohol, using tobacco products, and having an HPV 
infection, can increase the risk of oral squamous cell carcinoma (OSCC), one of the most 
prevalent malignancies of the oral cavity. To address this challenge, this investigation 
focuses on the design of GRb1 for treating OSCC. In vitro cytotoxicity studies confirmed 
that GRb1 was more effective in PCI-9A and PCI-13 cells, with reduced toxicity in non-
cancerous cells. Further verification of cellular morphology was achieved through various 
biochemical staining methods. The mechanism of cell death was investigated by Annexin 
V-FITC and PI methods. Additionally, the antimetastatic attributes of GRb1 have been 
evaluated using both migration scratch and Transwell migration assays, which have col-
lectively revealed excellent antimetastatic potential. The DNA fragmentation of the PCI-
9A and PCI-13 cells was assessed using a comet assay. Ginsenoside Rb1 improved ROS 
levels and caused mitochondrial membrane potential alterations and DNA damage, which 
resulted in apoptosis. OSCC administration significantly reduced the levels of SOD, GSH, 
GPx, and CAT, increasing the levels of PCI-9A and PCI-13 cells, while GRb1 improved 
this situation. Therefore, we propose that Ginsenoside Rb1 could be an alternative thera-
peutic strategy for OSCC therapy.

Keywords  Ginsenoside Rb1 · Oral squamous · Apoptosis · Antimetastasis · DNA 
fragmentation

 *	 Pengcheng Li 
	 Pengchengli89@outlook.com

1	 Department of the Oral and Maxillofacial Surgery, the First Affiliated Hospital of Hainan Medical 
University, No.31, Longhua Road, Haikou 570100, China

2	 Department of Oral Anatomy and Physiology, the First Affiliated Hospital of Harbin Medical 
University, Harbin 150001, China

http://orcid.org/0009-0005-0023-6341
http://crossmark.crossref.org/dialog/?doi=10.1007/s12010-024-04880-z&domain=pdf


	 Applied Biochemistry and Biotechnology

1 3

Introduction

The majority (95%) of all cases of oral malignancy are caused by oral squamous cell 
carcinoma (OSCC), a kind of head and neck cancer. High rates of recurrence, aggres-
sive local invasion, and cervical lymph node metastases are all hallmarks of this dis-
ease. Patients with OSCC still face an adverse prognosis despite significant advance-
ments in its comprehensive therapies, such as radiotherapy, surgery, and chemotherapy 
[1]. Despite advances in treatment, the 5-year survival rate for this disease remains dis-
mal at around 50–60% [2–5]. Therefore, understanding the OSCC migration and inva-
sion process is crucial for creating compelling, tailored therapeutics and better patient 
prognostic results. Successful medical applications have been discovered for vincristine, 
paclitaxel, and homoharringtonine, and approximately a hundred other compounds are 
currently undergoing testing in humans. Due to the multidirectional action of flavo-
noids, they are chemicals that can play a substantial role in anticancer therapy [6–8]. 
Flavonoids, particularly flavones, have been proven in vivo and in vitro activity against 
tongue squamous carcinoma within a specific range of selectivity. Cell cycle progres-
sion was inhibited in the G0/G1 phase by apigenin, baicalein, and naringenin [9]. The 
development of tumor cells is suppressed, and apoptosis is triggered by flavone-3-ol 
derivatives such as epigallocatechin (EGC), epicatechin gallate (ECG), and epigallocat-
echin gallate (EGCG) [10].

In Traditional Chinese Medicine, ginseng is revered as the “King of Herbs” for its 
ability to boost energy levels, fortify the immune system, and drive away negative influ-
ences [11–13]. Ginsenosides, ginseng’s primary active component, are responsible for 
many of the herb’s pharmacological benefits. Recent research has proven total ginse-
nosides to have a potent anti-gastric cancer effect [14]. In contrast, ginsenoside Rb1, 
one of the most prominent prototype components of total ginsenosides, appears to 
have anti-gastric cancer potential due to its function in preventing stomach precancer-
ous lesions. Ginsenoside Rb1 is a vital byproduct of gut microbiota [15]. Studies have 
shown that Rb1’s microbially converted metabolites have better therapeutic effects than 
Rb1, both in  vivo and in  vitro. Ginsenoside CK, for instance, exhibits more antican-
cer activity than ginsenoside Rb1 in breast and colon cancer in vitro models. Research 
on whether ginsenoside CK is more effective than ginsenoside Rb1 in combating gas-
tric cancer is required. The mechanism by which ginsenoside Rb1 and CK fight cancer 
[16]. However, the identification of anti-cancer drugs is hampered by the complexity of 
stomach cancer’s pathophysiology, which involves various routes and targets. Network 
pharmacology is a systematic and all-encompassing field that makes it simple to obtain 
essential targets for drug therapy of diseases and to choose significant signaling tar-
gets for mechanism study. Considering these findings, using network pharmacology to 
investigate how ginsenoside Rb1 and CK work to prevent stomach cancer is an exciting 
new direction for the field. Ginsenosides, a class of triterpenoid saponins isolated from 
ginseng (Panax ginseng Meyer), have pharmacological effects due to their steroidal 
structure and are involved in inflammatory responses, activation of nerve growth fac-
tors, neuroprotective processes, the cardiovascular system, angiogenesis, and the regula-
tion of glucose and insulin metabolism [17–19]. In addition to their anticancer property, 
ginsenosides disrupt cancer cell growth by hastening apoptosis, cell cycle arrest, and 
autophagy. Among 150 forms of ginsenosides, Rb1 and Rg1 are the most numerous 
and responsible for the pharmacological effects of ginseng [20]. The anticancer impact 
of DNA-damaging drugs in hepatoblastoma has been demonstrated to be enhanced by 
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ginsenoside Rg1, which also stimulates the migration and proliferation of epithelial pro-
genitor and neural stem cells [21]. Despite prior reports of the anticancer effects of gin-
senosides Rg3 and Rg5, the impact of ginsenoside Rg1 on cancer remains unclear.

Despite the lack of clarity on the underlying mechanisms, many studies have revealed 
that ginsenoside Rg1 (GRb1) has a favorable or unfavorable influence on cell prolifera-
tion in various cell types. To give experimental data for further study and clinical prac-
tice, we plan to explore the function of GRb1 at different concentrations and in differ-
ent cells in apoptosis investigations. Our preliminary findings stimulate further inquiry, 
encouraging the potential application of GRb1 in combatting human oral squamous can-
cer cells.

Materials and Methods

Materials and Reagents

Ginsenoside Rb1 (GRb1) was obtained from Nanjing DASF Biotechnology Co., Ltd. 
(Nanjing, China). RPMI-1640 medium, phosphate-buffered saline (PBS) was bought from 
Hyclone (Logan, UT, USA). CCK-8 was purchased from J&K Scientific Ltd. (Beijing, 
China). Crystal Violet was acquired from Aladdin Bio-Chem Technology Co., Ltd. (Shang-
hai, China). AO-EB and Hoechst 33342 were purchased from Huafeng United Technology 
Co., Ltd. (Beijing, China). Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide 
(PI) apoptosis detection kit was ordered from Thermo Fisher Scientific (Shanghai, China). 
Fetal bovine serum (FBS), penicillin/streptomycin and trypsin were purchased from Gibco 
BRL (Gaithersburg, MD, USA). All the antibodies were purchased from Beyotime Co., 
Ltd. (Shanghai, China). Milli-Q (Millipore) deionized (DI) water (18.2 MΩ cm) was used 
during the whole experiment.

To confirm apoptotic cells, they were analyzed using a FACSCantoII flow cytometer 
(BD Bioscience, Heidelberg, Germany). The color intensity of the DMSO solution was 
measured at 490 nm using a microplate spectrophotometer (SpectroAmaxTM 250). IC25 
and IC50 values (concentration of sample causing 50% loss of cell proliferation of the vehi-
cle color control) were calculated using non-linear regression curve fitting of the dose-
color control response plots on GraphPad Prism V.8.0 software. Fluorescence microscopy 
OLYMPUS CKX53 was used for fluorescence imaging.

Cell Culture and Maintenance and Cell Counting Kit‑8 (CCK‑8) Assay

Human oral squamous cancer cells (PCI-9A and PCI-13) were acquired from the Shanghai 
Institutes for Biological Sciences, Chinese Academy of Sciences. These cell lines were cul-
tured in RPMI-1640 with 10% fetal bovine serum (FBS) under humidified conditions of 37 
°C and 5% CO2.

Cell Counting Kit-8 (CCK-8) provides an appropriate and robust way of achieving a 
cell viability assay. The PCI-9A and PCI-13 cell line was seeded at a density of 3 × 103 per 
well in a 96-well plate. The cells were then exposed to GRb1. Next, 10 μL of CCK-8 was 
added to each well at 24 h. After 4 h of incubation, the absorbance of each well at 455 nm 
was assessed on a microplate reader [22].
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Colony Formation Assay

Colony formation assay is an in vitro cell survival assay based on the capability of a sin-
gle cell to spread into a colony [23]. The PCI-9A and PCI-13 cell line was seeded at a 
density of 3 × 103 per well in a 6-well plate. The cells were exposed to GRb1 (IC25 and 
IC50 concentration) for 24 h. After culturing, the cells were placed in ethanol for 30 min 
and then dyed with crystal violet (0.5%) for 10 h. After gently soaking with PBS thrice, 
we obtained colony images and totaled the established colonies.

Live Cell Staining

Live cell nuclear stains are used for cell tracking or as counterstains with fluorescent 
dyes or cells. The PCI-9A and PCI-13 cells (3 × 103 cells per well) were planted in 
6-well plates for 24 h. They were then exposed to GRb1 (IC25 and IC50 concentration) 
for 24 h. Next, the cells were stained with AO-EB according to the manufacturer’s 
guidelines. Images were obtained using an Olympus CKX53 microscope [24].

Nuclear Damage Staining

The PCI-9A and PCI-13 cells (3 × 103 cells per well) were planted in 6-well plates for 
24 h. They were then exposed to GRb1 (IC25 and IC50 concentration) for 24 h. Sub-
sequently, the cells were stained with Hoechst 33342 according to the manufacturer’s 
guidelines. Images were obtained using an Olympus CKX53 microscope [25].

Apoptosis Analysis

The PCI-9A and PCI-13 cells (3 × 103 cells per well) were planted in 6-well plates for 
24 h. The cells were then exposed to GRb1 (IC25 and IC50 concentration) for 24 h. Next, 
the cells were collected and dyed with Annexin V-FITC and PI. Flow cytometry instru-
ments were used to investigate these apoptotic cells [26].

Analysis of Mitochondrial Membrane Potential (MMP)

The PCI-9A and PCI-13 cells (3 × 103 cells per well) were planted in 6-well plates for 
24 h. The cells were then exposed to GRb1 (IC25 and IC50 concentration) for 24 h. Then, 
the cells were dyed with Rhodamine-123 (Rh-123) according to the manufacturer’s 
guidelines and subsequently imaged using an Olympus CKX53 microscope.

Measurement of Reactive Oxygen Species (ROS) Superoxide Dismutase (SOD) 
and Catalase (CAT) Activity Assay

The accumulation of intracellular ROS was assessed using 2’,7’-dichlorofluorescein 
diacetate (H2DCF-DA). The PCI-9A and PCI-13 cells (3 × 103 cells per well) were 
seeded in 6-well plates for 24 h and exposed to GRb1 (IC25 and IC50 concentration) 
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for 24 h. Then, the cells were stained with H2DCF-DA according to the manufacturer’s 
guidelines. Images were obtained using an Olympus CKX53 microscope.

The SOD and CAT biochemical assays were accomplished to examine the endogenous 
antioxidant activity in GRb1 (IC25 and IC50 concentration) for 24 h. In brief, after incuba-
tion of PCI-9A and PCI-13 cells, homogenizations, and centrifugations, the Bradford assay 
evaluated the protein contents in the supernatant solutions. Later, a pre-determined ratio of 
proteins was employed for the enzyme assay [27].

Wound Healing Assay

The PCI-9A and PCI-13 cells were planted in 6-well plates at the density of 3 × 103 cells 
per well. The cells were then scratched and photographed for 0 h before GRb1 (IC25 and 
IC50 concentration) treatment for 24 h (IC25 and IC50 concentration). For more details, 
please refer to the previous study. The cells were imaged using an Olympus CKX53 micro-
scope [28].

Transwell Assays

Transwell assays were accomplished using 24-well transwell permeable supports with 
Matrigel coating. The PCI-9A and PCI-13 cells (3 × 103) were seeded into the top tran-
swell chamber, a 48-well plate with 200 μL of serum media (1%). After that, 800 μL of 
a 10% serum culture medium for cells was added to the lower well. The top chamber was 
removed from the culture vessel and washed twice after 24 h of incubation. The top layer 
of the container was then cleaned with a damp cotton swab without disrupting the cells 
underneath. The cells were visualized after being stained for 12 h with 0.1% crystal violet 
and fixed in methanol for 30 min after cleaning the chamber thrice with phosphate-buffered 
saline. The cells were imaged using an Olympus CKX53 microscope [29].

Statistical Analysis

Statistical analyses were examined with GraphPad Prism 8.0. The outcomes were dis-
played as mean ± standard deviation values. The Student’s t-tests were used for differences 
between all groups. P-values < 0.05 were believed to be statistically significant. All tripli-
cate results were quantifications of independent tests.

Results and Discussion

Cell Proliferation on PCI‑9A and PCI‑13 Cells

To investigate the cell viability of GRb1, cells were treated with different doses of 
GRb1 for 24  h (Fig.  1A and B). The effect of GRb1 on cell proliferation was dose-
dependently reduced in PCI-9A and PCI-13 cell lines. The IC25 and IC50 values of 
GRb1 in PCI-9A and PCI-13 cells were 64  μg/mL and 56  μg/mL, respectively. The 
bright field images of cancerous PCI-9A and PCI-13 cells are displayed in Fig.  1C. 
The results indicate cell proliferation in the PCI-9A and PCI-13 cells enhanced this 
proliferation after the treatment. This is strong evidence of the GRb1 treated with IC50 



	 Applied Biochemistry and Biotechnology

1 3

concentration selectively killing cancer cells (Fig. 1D). While most studies highlight 
cytotoxicity, it is vital to note GRb1 impacts on cellular behaviors. The tendency of 
many malignant tumors to metastasize is the primary cause of cancer fatalities. Tumor 
cell migration is recognized as an essential phase in cancer development and metasta-
sis. Consistent with previous findings, we found that GRb1 significantly inhibited the 
migration and invasion of papillary thyroid carcinoma cells, suggesting a possible role 
for GRb1 in the metastasis of papillary thyroid cancer. Furthermore, GRb1 has been 
shown in previous studies to increase nuclear fragmentation and condensation, inhibit-
ing the migration and invasion of ovarian cancer cells. GRb1 has also been shown to 
limit the migration of pancreatic cancer cells by affecting bidirectional interaction with 
pancreatic stellate cells.

Additionally, we performed a colony formation assay to demonstrate the effect of 
treatment with GRb1. The PCI-9A and PCI-13 cells were incubated with IC25 and IC50 
concentrations of 24 h. As shown in Fig. 2A and B, PCI-9A and PCI-13 cells treated at 
IC25 and IC50 concentrations significantly affected the colony formation for the control 
cells. However, the GRb1 treatment significantly inhibited these colony formations. 
These findings suggested that PCI-9A and PCI-13 cells with GRb1 with IC50 concen-
tration synergistically reduced cell viability against PCI-9A and PCI-13 oral squamous 
cancer cells.

Fig. 1   PCI-9A and PCI-13 cells were incubated with GRb1 (10, 20, 40, 60, 80, 100 μg/mL) for 24 h (A and 
B) and cell viability was detected by CCK-8. C The bright field cell morphology images represent the PCI-
9A and PCI-13 cells. D The cell ratio of IC25 and IC50 concentrations of GRb1 in PCI-9A and PCI-13 for 
24 and 48 h. Scale bar = 100 μm. Error bars represent mean ± SD, *P < 0.05, ** P < 0.01, and ***P < 0.001 
(n = 6)
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Morphological Changes in PCI‑9A and PCI‑13 Cells

Bright-field microscopical images were employed to examine the cellular morphology in 
the PCI-9A and PCI-13 cells treated with the GRb1. These images revealed that at IC25 
and IC50 concentrations, GRb1 reduced cell proliferation (Fig.  3A and B). Additionally, 
the morphological changes and apoptosis of GRb1-treated PCI-9A and PCI-13 cells at the 
IC25 and IC50 concentrations were analyzed using acridine orange and ethidium bromide. 
Cells with apoptotic bodies and blebs in their membranes were observed. Ethidium bro-
mide can only stain dead cells because it cannot traverse an intact plasma membrane. How-
ever, acridine orange can stain all types of control cells. This analysis showed no substan-
tial cell death in the untreated or control cells (Fig. 3A). The study showed that with the 
IC25 and IC50 concentrations of GRb1, there was an improvement in apoptotic cells com-
pared with IC25 concentration. The broken cells had significant morphological changes, 
suggesting that IC50 concentrations of GRb1 induce apoptosis and are highly cytotoxic to 
the PCI-9A and PCI-13 oral squamous cancer cell line. These results confirmed that IC50 

Fig. 2   Colonogenic assay. A Representative images. B Colony forming efficiency from clonogenic survival 
assays indicate that pretreatment of PCI-9A and PCI-13 cells was incubated with IC25 and IC50 concentra-
tions of GRb1for 24 h. Error bars represent mean ± SD, *P < 0.05, **P < 0.01, and ***P < 0.001 (n = 6)

Fig. 3   Morphological observation of PCI-9A and PCI-13 cells was incubated with IC25 and IC50 concentra-
tions of GRb1 for 24 h. A Acridine orange-ethidium bromide (AO-EB) staining. Scale bar = 100 μm. B 
Respective apoptosis ratio. Error bars represent mean ± SD, *P < 0.05, **P < 0.01, and ***P < 0.001 (n = 6)
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concentrations of GRb1 played a crucial role in the apoptosis of both cancer cells, which 
correlated with the results of previous studies.

Hoechst 33342, often known as nucleic acid blue, is a cell-permeable fluorescent dye. 
As it stains the fragmented nuclei of apoptotic cells, it enhances the observation of chro-
matin condensation and fragmentation. The apoptotic impact of GRb1 in PCI-9A and PCI-
13 cells was examined using this dye. There were significantly more apoptotic bodies in 
the IC25 and IC50 treatment groups compared to the control group (Fig. 4A and B). The 
healthy control cells were oval. In contrast, cells treated with IC25 and IC50 concentrations 
of GRb1 displayed apoptosis characteristics such as cell shrinkage, extremely fragmented 
and condensed nuclei, generation of several apoptotic bodies, and cell fragmentation and 
decrement. It has been hypothesized that apoptosis is the primary mechanism of cell 
death caused by the cytotoxic impact of IC50 concentrations of GRb1. Our results demon-
strated that apoptosis was induced in PCI-9A and PCI-13 oral squamous cancer cells when 
exposed to IC50 concentrations of GRb1.

Annexin V‑FITC Assay

Flow cytometric analysis using Annexin V-FITC/propidium iodide double-staining was 
used to gain an understanding of the apoptotic impact generated by GRb1. Since Annexin 
V-FITC has a high affinity for phosphatidylserine, which is responsible for transporting 
Annexin V-FITC from the inner leaflet of the plasma membrane’s leaflet to the outer sur-
face of the membrane during early apoptosis, the presence of these two stains indicated 
cells were in early apoptosis. Propidium iodide, which cannot pass via an intact cell 
membrane, penetrates the damaged membranes of dead or late apoptotic cells and binds 
to nucleic acids, identifying necrotic cells as Annexin V-FITC. Annexin V-FITC and pro-
pidium iodide negative cells are alive, whereas Annexin V-FITC and propidium iodide 
positive cells are in the late stages of apoptosis. Increasing percentages of treated cells in 
early and late apoptosis were seen in the example dot plots for the flow cytometric study 
comparing untreated cells with treated cells (24 h) (Fig. 5A and B). In addition, exposure 
increases the number of dead cells at 24 h. These results suggest that the antiprolifera-
tive effect of IC50 concentrations of GRb1 on PCI-9A and PCI-13 cells results from the 

Fig. 4   Nuclear fragmentation of PCI-9A and PCI-13 cells was incubated IC25 and IC50 concentrations of 
GRb1 for 24 h. A The changes were observed with DAPI nuclear staining of the treated cells. Scale bar 
= 100 μm. B Respective fragmentation ratio. Error bars represent mean ± SD, *P < 0.05, **P < 0.01, and 
***P < 0.001 (n = 6)
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induction of cell apoptosis. The results were compared with GRb1 with other cancer cells 
and nanoparticles.

Apoptosis Signaling Pathway

Apoptosis is triggered by many signaling pathways when mitochondrial membrane integ-
rity is compromised due to excess ROS. The rhodamine 123 (Rho123) staining experi-
ment was employed to see how nanomaterials affected mitochondrial membrane potential 
(Fig.  6A and B). Compared to control PCI-9A and PCI-13 cells, the fluorescent signal 
reduction caused by treatment with GRb1 depolarized the MMP. This depolarization and 
high ROS in the mitochondria resulted in the outer membrane rupture. They enlarged 
the mitochondrial matrix and have both been described as essential features in apoptosis 

Fig. 5   Apoptosis induced by PCI-9A and PCI-13 cells were incubated with IC25 and IC50 concentrations of 
GRb1 for 24 h. A Cells were stained with Annexin V-FITC and PI. Flow cytometry analyzed apoptosis in 
4T1 cancer cells. B Respective apoptosis ratio. Error bars represent mean ± SD, *P < 0.05, **P < 0.01, and 
***P < 0.001 (n = 6)

Fig. 6   Rhodamine 123 staining of PCI-9A and PCI-13 cells. Rhodamine 123 assay images. A Mitochon-
drial membrane potential assay by IC25 and IC50 concentrations of GRb1 for 24 h. Scale bar = 100 μm. B 
Quantification of Fluorescence intensity of MMP. Error bars represent mean ± SD, *P < 0.05, **P < 0.01, 
and ***P < 0.001 (n = 6)
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(Fig.  6B). Thus, the IC25 and IC50 concentrations of GRb1 cause the MMP to depolar-
ize, enhancing the outer membrane’s permeability and activating several other molecular 
components.

Using a fluorogenic probe (DCFH-DA), we detected ROS generation by GRb1 in real 
time. This probe quickly permeates cell membranes due to its minor, nonpolar nature. It 
undergoes deacetylation by esterases upon intracellular entry, transforming into a polar, 
non-fluorescing molecule. The high levels of ROS within cells can oxidize it to 2,7-dichlor-
ofluorescein (DCF), a highly luminous green fluorescent dye. The findings demonstrate an 
increased ROS production, with GRb1 displaying an IC25 and IC50 concentration (Fig. 7A 
and B). GRb1 functions as a redox system in cancer cells, reacting with cellular compo-
nents to produce significant ROS levels, contributing to oxidative stress (Fig. 7C and D). 
This, in turn, leads to membrane damage by lipid peroxidation and protein denaturation, 
culminating in necrosis and DNA damage, ultimately triggering cell death via apoptosis. 
Enzyme action assessment suggested the reduced ratio of SOD and CAT action after incu-
bating PCI-9A and PCI-13 cells with GRb1 (IC25 and IC50 concentrations) for 24 h. This 
data showed that IC25 and IC50 concentrations of GRb1 may promote apoptosis and oxida-
tive stress by deactivating CAT (Fig. 7C) and SOD (Fig. 7D) in the PCI-9A and PCI-13 
cells. To further investigate the impact of IC25 and IC50 concentrations of GRb1 facilitated 
by ROS on the generation of cell death, the PCI-9A and PCI-13 cells were co-incubated 
with the IC25 and IC50 concentrations of IC25 and IC50 concentrations of GRb1 (Fig. 7C 
and D). Co-incubation showed reduced ROS generation and apoptosis, potentially due to 
the antioxidant properties of IC25 and IC50 concentrations of GRb1. This further implies 

Fig. 7   A ROS generation assay images. ROS generation induced by IC25 and IC50 concentrations of GRb1 
for 24 h in PCI-9A and PCI-13 cancer cells. Scale bar = 100 μm. B Quantification of 2’-7’ dichlorofluores-
cein (DCF) intensity. C Percentage of SOD activity after incubation with IC25 and IC50 concentrations of 
GRb1. D Percentage of CAT activity after incubation with IC25 and IC50 concentrations of GRb1
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that GRb1 incubation triggers apoptosis by elevating intracellular ROS levels in PCI-9A 
and PCI-13 cells.

DNA Fragmentation Assay

GRb1-induced toxicity was associated with oxidative stress. Treating cells with GRb1 
can lead to GSH depletion, induce oxidative stress, and increase ROS production. Reac-
tive oxygen species (ROS) can cause genotoxic damage, cell malfunction, and cell death 
by attacking biomolecules. GRb1 has been shown to cause apoptosis in normal tissues in 
several in vitro and in vivo experiments. In addition, investigations have shown GRb1 to 
be genotoxic via testing for chromosome aberrations, micronucleus formation, and comet 
formation. These experiments confirm our findings and reveal that GRb1 significantly 
increased DNA fragmentation. The alkaline comet assay was employed to identify DNA 
breaks in the PCI-9A and PCI-13 cells for 24 h treatment with the GRb1 in IC25 and IC50 
concentrations (Fig.  8A and B). Compared to the control cells (showing minimal DNA 
fragmentation), IC25 and IC50 concentrations of GRb1 displayed improved DNA breaks 
at the IC25 and IC50 concentrations. This contrasted with the GRb1, where only marginal 
activity was evident, demonstrating a high ratio of tail formation in IC50 concentrations of 
GRb1 compared to IC25 concentration (Fig. 8B).

In Vitro Migration and Invasion Assay

ECM plays a crucial role in preventing metastasis, which is a complicated process in and 
of itself. Cell invasion is identical to cell migration in an in vitro migration and invasion 
experiment, except that invading cells must break down and travel through an extracel-
lular matrix (ECM) barrier. Both migratory and invasion experiments yielded statistically 
significant findings (Fig. 9A and B). To quantify the inhibitory impact of different formula-
tions on PCI-9A and PCI-13 migration, wound healing, transwell cell migration, and inva-
sion tests were conducted based on the previous investigation’s overall outcomes, including 
CCK-8 analysis, apoptosis staining methods, DNA fragmentation assay, and mitochondrial 
membrane potential assays, GRb1 exhibited remarkable cytotoxicity in PCI-9A and PCI-13 

Fig. 8   Comet assay images. A DNA fragmentation induced by IC25 and IC50 concentrations of GRb1 for 24 
h in PCI-9A and PCI-13 cancer cells. Scale bar = 200 μm. B Respective tail length ratio. Error bars repre-
sent mean ± SD, *P < 0.05, **P < 0.01, and ***P < 0.001 (n = 6)
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cells. The in vitro migration assay was performed at pH 7.4. In the wound healing experi-
ment, the scratched gap was scarcely visible in the control group 24 h after incubation 
(Fig. 10A and B). The wound closure rates in the IC25 and IC50 concentrations of GRb1 
groups were 75.2% and 60.9%, respectively. The percentage of time taken for wounds to 
heal decreased from the control group (44.5%) to the IC25 and IC50 concentrations of the 
GRb1-treated group (15.9%) (Fig.  11A and B). Based on this data, PCI-9A and PCI-13 
cells exhibited significant motility, with IC50 concentrations of GRb1 proving the most 
effective for suppressing cell movement. The number of migrated cells was lower in the 
IC25 concentrations of GRb1-treated groups compared to the control in the Transwell 
migration experiment. In the GRb1 cohort, the number dropped even further. However, in 
the GRb1 with IC50 concentrations of the GRb1 group, the number of migrating cells dras-
tically decreased in both PCI-9A and PCI-13 cancer cells (Fig. 10A). The invasion experi-
ment (Fig. 9A) confirmed the inhibitory impact of IC50 concentrations of the GRb1. Nota-
bly, the most significant inhibition of PCI-9A and PCI-13 cell migration and invasion was 
observed with IC50 concentrations of the GRb1, suggesting that this may have enhanced 
anti-metastasis effectiveness in vivo.

Fig. 9   In vitro inhibitory effects of IC25 and IC50 concentrations of GRb1 for 24 h in PCI-9A and PCI-13 on 
cell invasion. A Transwell invasion assay. Scale bar = 100 μm. B Respective invaded cells ratio. Error bars 
represent mean ± SD, *P < 0.05, **P < 0.01, and ***P < 0.001 (n = 6)

Fig. 10   In vitro inhibitory effects of PCI-9A and PCI-13 cells were incubated with IC25 and IC50 concentra-
tions of GRb1 for 24 h on cell migration. A Transwell migration assay. Scale bar = 100 μm. B Respective 
migration cells ratio. Error bars represent mean ± SD, **P < 0.01 and ***P < 0.001 (n = 6)



Applied Biochemistry and Biotechnology	

1 3

Conclusion

In conclusion, this analysis explored Ginsenoside Rb1 (GRb1) for oral squamous cancer 
treatment. In vitro, cytotoxicity studies confirmed that GRb1 was more effective in PCI-
9A and PCI-13 cells. The different biochemical staining methods confirmed the mor-
phological investigation of the cells. In addition, the antimetastatic properties of GRb1 
were investigated by the tube formation assay and Transwell migration assay, which 
revealed excellent metastatic properties. The DNA fragmentation of the PCI-9A and 
PCI-13 cells was assessed using a comet assay. GRb1 improved ROS levels and caused 
mitochondrial membrane potential and DNA damage, which resulted in apoptosis. 
Therefore, this study suggests the potential of GRb1 for oral squamous cancer therapy. 
Considering its favorable advantages of GRb1 as per the previous reports and present 
reports, GRb1 holds promise as a viable intelligent drug delivery approach, with sub-
stantial potential for preclinical translation in various cancer cells, including oral squa-
mous cancer therapy, subject to validation using in vivo animal models in the future.
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Fig. 11   In vitro inhibitory effects of PCI-9A and PCI-13 cells were incubated with IC25 and IC50 concentra-
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***P < 0.001 (n = 6)
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