Short Communication

Effect of Ginsenoside Rd on the Biological Characteristics
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Ding et al.: Ginsenoside Rd in Lung Adenocarcinoma H1299 Cell Line

To explore the effect of ginsenoside Rd on the biological characteristics of lung adenocarcinoma H1299
cell line. Firstly, 10 pmol/l ginsenoside Rd, 20 pmol/l ginsenoside Rd, 40 pmol/l ginsenoside Rd, 80 pmol/l
ginsenoside Rd, 160 pmol/l ginsenoside Rd were applied to treat H1299 cell line. 3-(4,5-dimethylthiazol-
2-y1)-2,5 diphenyl tetrazolium bromide assay was used to measure the inhibitory rate of glutathione
reductase on cell viability, and the half-maximal inhibitory concentration value was calculated as 48.17
pmol/l. After treating H1299 cell line with 48.17 pmol/l ginsenoside Rd for 3 d, effects of ginsenoside
Rd on proliferation ability, migration ability, and apoptosis were respectively detected using Ki67
immunofluorescence, Transwell culture system, and terminal deoxynucleotidyl transferase dUTP nick end
labeling assay Kit. Ginsenoside Rd had inhibitory effects on the viability of H1299 cells, and the inhibition is
concentration-dependent. The half-maximal inhibitory concentration value is 131.92 pmol/l; compared to
the control group, treatment of H1299 cells with 130 pmol/l ginsenoside Rd induced a significant decrease
in Ki67-positive cells number and migratory cells. However, there was hardly any observed apoptosis
in both groups. Ginsenoside Rd can suppress activity, proliferation ability, and migration capability of
H1299 cell line, which indicates a noticeable suppression of malignancy in H1299 cells. Ginsenoside Rd

may have potential therapeutic effects in the treatment of lung adenocarcinoma.
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Lung cancer ranks among the prevalent malignant
tumors globally, exhibiting high incidence and
mortality rates. According to 2020 global cancer
statistics from the World Health Organization,
lung cancer ranks 2" in terms of new cases per
year (over 2.2 million cases, accounting for 11.4
% of total diagnosed cases) and first in terms of
cancer-related deaths per year (over 1.79 million
cases, accounting for 18 % of total deaths)!). Non-
Small Cell Lung Cancer (NSCLC), comprising
approximately 85 % of all lung cancer cases,
stands as the most prevalent histological type
of lung cancer”. Among NSCLC cases, Lung
Adenocarcinoma(LUAD)hasthehighestincidence,
accounting for about 55 %-65 % of NSCLC casesl®!.
Despite significant advancements in interventions
for the treatment of LUAD, the clinical efficacy is
limited due to cancer metastasis, drug resistance,
and adverse reactions. The 5 y survival rate for
patients with LUAD is below 20 %, indicating an
unsatisfactory prognosis. Further exploration of
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treatment methods is crucial for improving patient
outcomes!. Therefore, it is an urgent issue in the
field to search for drugs that are effective, low-
toxicity, and well-tolerated for LUAD, as well
as to elucidate their mechanisms of anticancer
action. Traditional Chinese Medicine (TCM)
has a rich history in treating tumors, and recent
research has highlighted the unique advantages
of Chinese herbal medicine in tumor treatment. It
can regulate immunity, induce apoptosis of tumor
cells, promote differentiation, inhibit Ribonucleic
Acid (RNA) and Deoxyribonucleic Acid (DNA)
synthesis, reverse multidrug resistance, and play
a good role in clinical anti-tumor and enhancing
therapeutic efficacy while reducing toxicityl>7.
Ginsenoside Rd (GSRd) is an active ingredient
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extracted from ginseng. It belongs to the class
of ginsenosides, which are the main components
found in ginseng. An increasing number of studies
have reported the broad anti-tumor activity of
ginsenosides. Well-studied ginsenosides such as
Rg3 and Rh2 have demonstrated strong anticancer
effects in breast cancer, liver cancer, colorectal
cancer, and melanomal®®1. The anticancer effects of
GSRd have also been reported in various cancers,
including tongue cancer!!”, breast cancer!'!),
colorectal cancer? and gastric cancer!3],
However, the effects of GSRd on the biological
characteristics of LUAD cells remain unclear.
This research aimed to investigate the impact of
GSRd on the biological properties of the LUAD
H1299 cell line. H1299 cell line was purchased
from the Chinese Academy of Sciences Shanghai
Cell Bank. The cells were cultured using Roswell
Park Memorial Institute (RPMI)-1640 medium
(HyClone™, America)+10 % fetal bovine serum
(Beyotime, China)+1 % Penicillin-Streptomycin
(P/S) (HyClone, America). Log-phase H1299
cells were harvested, digested, centrifuged, and
resuspended. After counting the cells using a cell
counter, they were seeded in a 96-well plate (5x10°
cells/ml). Plate was placed in a 37°, 5 % Carbon
dioxide (CO,) incubator and cultured for 48 h. The
cell culture was divided into a control group and
GSRd (Chem Faces, China) groups, with the drug
concentration gradient set at 10, 20, 40, 80, and 160
umol/l. The research received approval from the
Ethics Committee of Nantong Hospital of TCM.
After 48 h of cell culture, an appropriate amount of
trypsin was added to completely digest the cells.
Added 6 times the amount of trypsin of complete
medium and gently blow to transfer the suspended
cells to a centrifuge tube. Centrifuged at 1000 r/
min for 5 min and discard the supernatant. Added
an appropriate amount of medium and gently blow
to achieve a uniform state of suspended cells.
Added 100 pl of 2000 cells per well. Added 10 pl
of pre-prepared 3-(4,5-Dimethylthiazol-2-yl)-2,5
Diphenyl Tetrazolium Bromide (MTT) solution (5
mg/ml) (Beyotime, China) to each well, continued
incubation for 4 h. Added 100 pl of formazan
solution to each well, mix properly, and continue
incubation until all formazan was dissolved.
Measure the absorbance at 570 nm. Calculate the
Optical Density (OD) values of each group with the
mean OD value of the control group as reference.

Rate of viability inhibition=(OD control group-

737 Indian Journal of Pharmaceutical Sciences

OD GSRd group)/OD control groupx100 %

Log-phase H1299 cells were seeded in a 24-well
plate (2x10° cells/ml). Control group was cultured
with RPMI-1640 medium (HyClone, America)+10
% fetal bovine serum (Beyotime, China)+1 % P/S
(HyClone, America). GSRd group was cultured
with RPMI-1640 medium (HyClone, America)+10
% fetal bovine serum (Beyotime, China)+1 % P/S
(HyClone, America) and 130 pmol/l GSRd (Chem
Faces, China). Plate was placed in a 37°, 5 % CO,
incubator and cultured for 48 h. Then, discarded
culture medium and added an appropriate amount
of 4 % paraformaldehyde for fixation for 6 h.
Discarded 4 % paraformaldehyde and washed with
Phosphate Buffer Solution (PBS) three times.
Discarded PBS and added an appropriate amount
of blocking solution, incubated at room temperature
in a humid chamber for 10 min. Discarded blocking
solution and added Rabbit anti-Ki67 primary
antibody (100 pl, 1:600) (Abcam, United Kingdom
(UK)), incubated at room temperature in a humid
chamber for 4 h. Discarded primary antibody
incubation solution and washed with PBS three
times. Discarded the PBS and added Goat Anti-
Rabbit Immunoglobulin G (IgG) H&L (Alexa
Fluor® 594) secondary antibody (100 pl, 1:800)
(Abcam, UK), incubated at room temperature in a
dark chamber for 3 h. Discarded the secondary
antibody incubation solution and washed with PBS
three times. Discarded the PBS and added Hoechst
33258 staining solution (1:3000) (Beyotime,
China), incubated at room temperature in a dark
chamber for 30 min. Discard the Hoechst 33258
staining solution and wash with PBS three times.
The percentage of Ki67-positive cells was observed
under a fluorescence microscope (Leica, German).
Log-phase H1299 cells were seeded in the upper
chamber of the Transwell culture plate (3x10/ml),
the serum-free RPMI-1640 medium was added in
the control group, and serum-free RPMI-1640
medium 130 pmol/l GSRd was added in the GSRd
group. In the lower chamber of the Transwell
culture plate, RPMI-1640 medium+10 % FBS was
added. The Transwell culture plate was placed in
incubator for 48 h. The cells that migrated to the
lower surface of the upper chamber were carefully
removed and fixed with 4 % paraformaldehyde for
20 min, washed three times with PBS, incubated
with Hoechst 33258 staining solution (1:3000)
(Beyotime, China) in a humid box at room
temperature, avoided light for 30 min, washed
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three times with PBS, and observed migrating
cellsin each group under a fluorescence microscope
(Leica, German). Log-phase H1299 cells were
cultured in a 24-well plate (2x10° cells/ml).
Control group was cultured with RPMI-1640
medium (HyClone, America)+10 % fetal bovine
serum (Beyotime, China)+1 % P/S (HyClone,
America). GSRd group was cultured with RPMI-
1640 medium (HyClone, America)+10 % fetal
bovine serum (Beyotime, China)+l % P/S
(HyClone, America) and 130 pmol/l GSRd (Chem
Faces, China). Plate was placed in a 37°, 5 % CO,
incubator and cultured for 48 h. Then, abandoned
the culture medium and added an appropriate
amount of 4 % paraformaldehyde for 6 h fixation.
Washed three times with PBS, added an appropriate
amount of Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) detection
solution (Beyotime, China), and incubated for 1 h.
Washed three times with PBS, stained with Hoechst
33258 staining solution (1:3000) (Beyotime,
China), and incubated for 30 min. Washed three
times with PBS and observed apoptotic positive
cells under a fluorescence microscope (Leica,
German). The obtained measured data in this study
follows a normal distribution, which is expressed
using X+Standard Deviation (SD). Independent
t-tests or one-way Analysis of Variance (ANOVA)
were used for group comparisons. The probit
regression was used to calculate the concentration
of half-maximal Inhibitory Concentration (IC,).
The above statistical procedures were conducted
using Statistical Package for the Social Sciences
(SPSS) 21.0. Graphs for statistics were created
using GraphPad Prism 7.0. p<0.05 was considered
statistically significant. Compared to the control
group, treatment with GSRd significantly reduced
the viability of H1299 cells (p<0.001). Moreover,
as the concentration of GSRd increased, the
decrease in cell viability became more evident.
There were no significant differences between the
groups treated with 10 pumol/l and 20 pmol/I, 40
pmol/l and 80 umol/1, or 80 pmol/l and 160 pmol/l
(p>0.05). However, significant differences were
observed in pairwise comparisons between the
other groups (p<0.001) (fig. 1). Probit regression
analysis showed the concentration of IC, occurred
was 131.92 pmol/l. A concentration of 130 pmol/l
was used in the following experiment. In the
control group, almost all cells were Ki67-positive.
In the GSRd group, there was a significant decrease
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in the number of Ki67-positive cells, with the
percentage being notably lower compared to the
control group (p<0.001) (fig. 2). The control group
showed numerous migrating cells, while the GSRd
group had only a small amount of migrating cells.
The disparity in the number of migrating cells
between the two groups showed statistical
significance (p<0.001) (fig. 3). Nearly no apoptotic
cells were found in both the control and GSRd
groups. Currently, LUAD is the predominant
subtype of lung cancer, comprising 40 % of all
lung cancer cases, and its incidence is increasing

year by year!!¥. Current treatment options
encompass surgery, radiotherapy, chemotherapy,
immunotherapy, and  targeted  therapy!'’.

Nevertheless, due to high heterogeneity, rapid
progression, early metastasis, and the absence of
precise biomarkers, the prognosis for most patients
is bleak. Ginseng is one of the most widely used
traditional herbal medicines. It is a perennial plant;
ginseng has been employed as a traditional
medicine for more than 5000 y in Asia [°l. The
primary active compounds found in ginseng are
ginsenosides, which exhibit various
pharmacological effects, including anti-
inflammatory, anti-atherosclerotic, anti-diabetic,
anti-aging, immune regulatory, and neuroprotective
effects. In addition, ginsenosides also have anti-
cancer effects!!”). The primary way TCM exerts its
anti-tumor effect is by inhibiting tumor cell
proliferation, promoting apoptosis, curbing
invasion and metastasis, regulating the tumor
microenvironment, preventing angiogenesis, and
overcoming drug resistance etc.,>7. Our research
results showed GSRd can significantly inhibit the
activity, proliferation ability, and migration
capability of HI1299 cell line. Under normal
circumstances, cell proliferation is a controlled
process, regulated by both internal and external
factors of the organism to maintain the normal
structure and function of tissues. Tumor formation
can be caused by various factors, including genetic
mutations, environmental exposure, lifestyle, and
others. These factors may disrupt the normal
regulatory mechanisms of cells, leading to
unrestricted proliferation of abnormal cells. These
abnormal cells may evade the body’s natural
defense mechanisms, continuing to grow and
spread, forming tumors!'®l. In this study, we used
MTT to assess the H1299 cells viability, and the
results showed after treatment with GSRd, viability
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of H1299 cells experienced a notable decrease.
Additionally, as concentration of GSRd increased,
the decrease in cell viability became more
pronounced. Probit regression analysis showed the
concentration of IC, occurred was 131.92 pmol/I.
It indicated that GSRd can inhibit the H1299 cells
viability. The results of Ki67 immunofluorescence
showed after treatment with GSRd, number of
Ki67-positive cells in H1299 cells was significantly
reduced. It indicated GSRd can inhibit the H1299
cells proliferation ability. The migration ability of
tumor cells refers to their ability to detach from
the primary tumor tissue by altering characteristics
such as morphology, motility, and adhesiveness,
and then entering other parts of the body through
the bloodstream or Ilymphatic system. This
migration ability is typically regulated by multiple
factors, including interactions between cells and
the extracellular matrix, the expression and
function of cell adhesion molecules, cellular
motility, and plasticity. Through these mechanisms,
tumor cells can penetrate blood vessel walls or
lymph nodes and spread to tissues or organs distant
from the primary tumor site. Once tumor cells
successfully metastasize to other sites and form
metastatic foci, the prognosis and treatment
outcomes for patients are usually more
unfavorable!!?%], Therefore, studying the migration
ability of tumor cells and its relationship with
metastasis is of significant importance for
understanding the mechanisms of cancer metastasis
and identifying new treatment strategies. In this
study, we used Transwell culture system to assess
the H1299 cells migration ability, and the results
showed after treatment with GSRd, the number of
migrating cells decreased significantly. It indicated

that GSRd can inhibit the H1299 cells migration
ability. Apoptosis, also referred to as programmed
cell death, is a physiological process occurring
within human cells to eliminate damaged cells that
cannot be successfully repaired. It plays a crucial
role in maintaining tissue homeostasis and overall
health. Apoptosis helps clear aging, damaged, or
abnormal cells, as well as controls cell proliferation
and maintains tissue balance!?!!. There is a close
relationship between cancer and apoptosis. Cancer
is a condition marked by the uncontrolled growth
and survival of abnormal cells. Inhibition of
apoptosis is one of key mechanisms driving cancer
development. Under normal circumstances, when
cells experience DNA damage, cellular stress, or
encounter biological signals, they activate the
apoptotic pathway to eliminate abnormal cells.
However, in cancer, cancer cells often lose
responsiveness to apoptotic signals or bypass the
apoptosis mechanism through mutations, genetic
changes, and activation of abnormal signaling
pathways. This allows cancer cells to proliferate
indefinitely, evade programmed cell death, and
ultimately form tumors®. In this study we used
TUNEL to detect the apoptosis; however the
results showed GSRd has no effect on apoptosis of
H1299 cells. In a summary, GSRd significantly
suppress activity, proliferation ability, and
migration capability of H1299 cell line, which
indicates a noticeable suppression of malignancy
in H1299 cells. GSRd may have potential
therapeutic effects in the treatment of LUAD.
However, the mechanism of GSRd's anti-tumor
effect in LUAD still requires further investigation
in our subsequent research.
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Fig. 1: Different concentrations of GSRd have inhibitory effects on the viability of H1299 cells, and the inhibition is concentra-

tion-dependent

Note: *p<0.001 vs. control; "p<0.001 vs. 10 pmol/l; °p<0.001 vs. 20 pmol/l and p<0.001 vs. 40 pmol/l
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Fig. 2: GSRd inhibit the H1299 cells proliferation ability. (A): The results of Ki67 immunofluorescence and (B): The chart
representing the statistics for the percentage of ki67-positive cells
Note: *p<0.001 vs. control and bar=20 pm
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Fig. 3: GSRd inhibit the H1299 cells migration ability, (A): The results of Hoechst 33258 staining for migrating cells and (B): The
chart representing the statistics for the number of migrating cells
Note: *p<0.001 vs. control and bar=20 pm
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