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A B S T R A C T   

Multi-herbal formulation is an attractive approach to developing novel therapeutic strategies to manage 
advanced forms of melanoma. This research aims to evaluate the anti-melanoma potential of Traditional Multi- 
Herbal (G4) Extracts sourced from Mongolian Ethnomedicine utilizing both cellular and xenograft models. In 
vitro and ex vivo experiments employing B16F10 melanoma cells were conducted to evaluate the anti-cancer 
effect of the G4 extract. Furthermore, in vivo experiments utilizing BALB/C nu/nu mice xenograft models 
were carried out to gauge the extract’s effectiveness. A comprehensive analysis encompassing various assays, 
such as cell viability, migration and invasion assays, cellular phase analysis, and key indicators of apoptosis, was 
performed. These indicators included activation of the caspase-3 cascade, genomic DNA fragmentation, nuclear 
staining alterations, and levels of cell cycle and apoptotic regulatory markers analysis. Our Results showed that 
the G4 extract exhibited potent anti-cancer effects on B16F10 melanoma cells, notably inhibiting cell migration 
and vascular sprouting in a concentration-dependent manner, suggesting its potential to impede melanoma 
metastasis. This investigation underscores the promising anti-cancer potential of the G4 extract against mela
noma cells through the modulation of apoptotic pathways and suppression of tumor xenograft growth. Ulti
mately, our findings suggest that the G4 extract holds promise as a candidate for the development of future 
melanoma chemotherapeutics.   

1. Introduction 

Melanoma, a metastatic and highly aggressive type of skin cancer, 
poses a significant global health burden (Gray-Schopfer et al., 2007; 
Erdei and Torres, 2010). The incidence of melanoma has consistently 
risen globally over the past few decades (Antohe et al., 2019; Arnold 
et al., 2022). Each year, approximately 232,100 cases of newly diag
nosed primary malignant cancers (excluding non-melanoma skin can
cer) are attributed to cutaneous melanoma, resulting in roughly 55,500 
cancer-related deaths (Dirk Schadendorf et al., 2018). The capacity of 
melanoma to metastasize to vital organs, such as the lungs, liver, brain, 
and lymph nodes, significantly contributes to its high mortality and 

morbidity rates (Antohe et al., 2019). Addressing these challenges ne
cessitates the discovery of more effective strategies to enhance the sur
vival rates of melanoma patients. In this regard, traditional medicinal 
plants have garnered interest as potential alternatives for tackling 
aggressive cancer forms (Cragg and Newman, 2005; Halder et al., 2015; 
Wang et al., 2015; Kim et al., 2016). Recently, researchers have pin
pointed numerous plants that manifest anti-cancer properties, empha
sizing those employed in herbal medicine in developing nations (Wang 
et al., 2015; Bao et al., 2016; Purushotham et al., 2016; Qamar et al., 
2022). Multiple studies have explored the effects of herbal products 
against cancer cells, revealing a variety of mechanisms of action. For 
example, natural products derived from Forsythiae Fructus curtail 
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cellular proliferation via the MAPKs/HO-1 signaling pathway (Wang 
et al., 2015; Bao et al., 2016). In contrast, the methanolic extract from 
Ganoderma lucidum showcases antioxidant and anti-inflammatory ac
tivities that induce caspase-dependent apoptosis, upregulate p53- 
mediated cell death, and suppress Bcl-2 expression (Harhaji Trajkovic 
et al. (2009); Barbieri et al., 2017). Extracts from Taohong siwu 
demonstrate anti-angiogenic characteristics by downregulating VEGF 
expression, while Spatholobus suberectus extracts impede cancer cell 
adhesion, invasion, migration, and metastasis (Tang et al., 2021; Kid
dane et al., 2022). 

Traditional Japanese (Kampo) and Chinese traditional medicine 
(TCM) have been employed for thousands of years in disease manage
ment, health maintenance, and prolonging life expectancy in Asian 
countries such as China, Mongolia, and Korea (Iwase et al., 2012; 
Šmejkal et al., 2016; Soares et al., 2019; Wurchaih and Menggenqiqig 
(2019)). Chinese herbal medicine (CHM), a fundamental component of 
TCM, utilizes combinations of up to 20 herbs in intricate formulations 
(Zhou et al., 2016). Additionally, the 15th-century book “Shipagerlik 
Bayan” authored by Kazakh medical doctor Oteyboydak Tleukabyl, of
fers an in-depth exploration of ethnomedicinal plants, formulations, and 
dietary practices within Traditional Kazakh Medicine (TKM) (Dzhuma
galiyeva et al., 2020; Nurlybekova et al., 2022). In this study, we 
selected four traditional medicinal plants, namely, Artemisia glabella Kar. 
& Kir. (synonym of Artemisia obtusiloba var. glabra Lebeb) (Asteraceae), 
Dasiphora fruticosa (L.) Rydb. (Rosaceae), Paeonia anomala L. (Paeonia
ceae), and Zygophyllum potaninii Maxim. (Zygophyllaceae), to prepare a 
multi-herbal formulation. The selection of these plants is grounded in 
their traditional medicinal applications in Mongolian folk medicine 
(MFM) and traditional Kazakh medicine (TKM) (Tsevegsuren et al., 
2007; Šmejkal et al., 2016; Soares et al., 2019; Wurchaih and Meng
genqiqig (2019)). Ethnomedicinal formulas as G4 inherits the essence of 
treating diseases and saving lives from generation to generation. Pre
vious research studies have explored individual plants within G4, 
employing modern research methodologies such as molecular biology 
and phytochemistry, albeit with a limited number of studies available. 
For instance, extracts of Artemisia glabella have been utilized for 
gastrointestinal tract and liver diseases, cancer, antidotes, and various 
skin and mucous membrane diseases (Feng et al., 2020). Different ex
tracts from the aerial or underground parts of Dasiphora fruticosa have 
been traditionally used to address inflammation, wounds, and certain 
forms of cancer (Tomczyk and Latté (2019); Kumari et al., 2021). 
Moreover, Paeonia anomala and Zygophyllum potaninii are recognized 
ethnomedicinal plants in MFM, employed to treat various conditions 
including inflammation and abdominal pain (Bayarmaa et al., 2018; 
Yang et al., 2020; Gendaram, 2017). Also, recently phytochemical 
constituents and pancreatic lipase inhibitory activities from aerial part 
of Paeonia anomala were reported (Purevdorj E, 2018). The four herbal 
extracts, termed G4, were formulated drawing on the ethnobotanical 
knowledge associated with the selected herbs. Consequently, the limited 
characterizations of the G4 formulation under modern research ap
proaches enable us to investigate its anticancer effects from a molecular 
biological perspective. The primary objective of this study is to assess 
the anticancer potential of the G4 formula on the murine B16F10 mel
anoma cell line and xenograft model using a variety of independent 
assays. These assays encompass cell viability, wound healing, aortic ring 
assay, cellular migration and invasion assays, cellular phase evaluations, 
nuclear staining, DNA fragmentation assay, and western blotting. 
Through comprehensive examination of the effects of the G4 formula, 
we aim to offer insights into its potential as a therapeutic intervention 
for melanoma. 

2. Materials and methods 

2.1. Plant material and extract preparation 

In this study, we selected four medicinal plants: Artemisia glabella 

Kar. & Kir. (synonymous with Artemisia obtusiloba var. glabra Lebeb), 
Dasiphora fruticosa (L.) Rydb., Paeonia anomala L., and Zygophyllum 
potaninii Maxim from Mongolia. The author and species names of these 
chosen plants are consistent with the latest checklist of Mongolian flora 
(Baasanmunkh et al., 2022). These selected species are generally found 
in the forest-steppe and steppe regions of Mongolia (Baasanmunkh et al., 
2022), except Z. potaninii. Notably, Z. potaninii grows in the desert and 
desert steppe regions in the southern part of the country (Baasanmunkh 
et al., 2022). The herbal materials for each species used in this study 
were sourced from the plant collection at the School of Animal Science 
and Biotechnology, Mongolian University of Life Sciences. The original 
herbarium materials for each species were deposited in the herbarium of 
the National University of Mongolia. The voucher information for all 
species is as follows: Artemisia glabella (UBU34072), Dasiphora fruticosa 
(UBU34073), Paeonia anomala (UBU34074), and Zygophyllum potaninii 
(UBU34075). The multi-herbal extract (G4) was prepared from the four 
aforementioned medicinal plants, based on their ethnomedicinal sig
nificance. For the extraction process, we opted for 40 % ethanol due to 
its general recognition as safe for consumption and usage in ethno
medicine. To prepare the extract, the entire parts of the medicinal herbs 
were dried and subsequently ground into a powder (Labconco, USA). 
The powdered herbs were combined in equal amounts (0.5 kg) by dry 
weight and immersed in 40 % ethanol, totalling 2L in volume. This 
mixture was soaked for 24 h. Post-soaking, the residual portion was 
separated by centrifugation at 5,000 rpm for 15 min, and the resultant 
solution was then filtered using Whatman no. 1 filter paper. The ac
quired ethanol extract was concentrated with a rotary evaporator 
(Büchi, Switzerland) set at 50 ◦C and 60 rpm (Bak et al., 2006). 
Following this, the concentrated extract underwent freeze-drying to 
achieve a powdered state. The freeze-dried extract was reconstituted in 
dimethyl sulfoxide (DMSO) at a stock concentration of 100 mg/mL, then 
kept at 4 ◦C until to produce an appropriate solution for cell culture and 
subsequent experiments. 

2.2. Cell line and culture 

B16F10 and HaCaT cells were cultured in Dulbecco’s Modified Ea
gle’s Medium (DMEM) supplemented with 10 % fetal bovine serum 
(FBS) and penicillin/streptomycin (100 U/ml). The cell cultures were 
maintained at 37 ◦C in a humidified atmosphere with 5 % CO2. 

2.3. Cell viability assay 

The cytotoxicity of the G4 extract was assessed using the Cell 
Counting Kit-8 assay (Dojindo Laboratories, Tokyo, Japan). B16F10 and 
HaCaT cells were seeded in 96-well plates at a density of 1 × 104 cells 
per well. After 12 h of incubation at 37 ◦C, the cells were treated with 
varying concentrations (0.031, 0.062, 0.125, 0.25, 0.5, 1, and 2 mg/ml) 
of the G4 extract and then incubated for an additional 24 and 48 h at 
37 ◦C. Post-incubation, 10 μL of CCK-8 solution was added to each well 
and the plates were incubated for another four h at 37 ◦C, following the 
protocol described by Kim et al. (2022). The absorbance was measured 
at 450 nm using a microplate reader (SpectraMax iD3, Molecular De
vices, CA, USA). 

2.4. In-vitro wound healing assay 

B16F10 cells were seeded in six-well plates at a density of 5 × 105 

cells/ml and cultured overnight at 37 ◦C to ensure attachment and 
growth. An in-vitro wound was then created in the cultured monolayer 
using a 10 μL micropipette tip, following treatment of the cells with 
various concentrations of the G4 extract (Kim et al., 2023). Cell migra
tion was monitored over a 24-hour period using time-lapse imaging with 
an optical microscope (Olympus, CK40-32PH, Tokyo, Japan) in the 
presence of serum-containing medium, maintained at 37 ◦C. Images 
were taken at six-hour intervals, and the average number of migrated 
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cells was tallied. Graphs representing the migration data were con
structed using Prism5 software. 

2.5. Trans-well invasion assay 

Cell invasion assays were conducted using trans-well plates equipped 
with an 8 µm pore size and a polyethylene terephthalate (PET) mem
brane. Each trans-well insert was loaded with 100 µl of Matrigel (BD 
Biosciences, Bedford, MA, USA) and permitted to solidify in a 5 % CO2 
incubator at 37 ◦C for two h. In the lower compartment of the trans-well 
plate, 0.6 ml of DMEM supplemented with 10 % fetal bovine serum 
(FBS) was added. B16F10 cells were seeded at a density of 1x105 cells/ 
well in serum-free DMEM and introduced into the upper compartment of 
the trans-well plate. These cells were treated with varying concentra
tions of G4 extract and incubated in a 5 % CO2 incubator at 37 ◦C for 16 
h. Non-invading cells on the upper surface of the trans-well membrane 
were removed by gentle swabbing with cotton. Cells that penetrated to 
the lower surface of the membrane were fixed using methanol and 
stained with Gemsia (Pijuan et al., 2019). Subsequently, they were 
visualized and captured using an inverted optical microscope (Nikon, 
Japan). The extent of invasion was evaluated by tallying the stained cells 
across three randomly chosen high-power (100x) fields. 

2.6. Rat aortic rings assay 

Eight-well tissue culture plates were coated with 100 μL of Matrigel 
(BD Biosciences, MA, USA) and allowed to solidify for two h at 37 ◦C in a 
5 % CO2 incubator. Thoracic aortas were sourced from 10-week-old 
male Sprague Dawley rats. After the removal of fibro-adipose tissues, 
the aortas were segmented into 1-mm long cross-sections using a sur
gical blade. Each aortic cross-section was placed onto the Matrigel- 
coated wells, covered with an additional 100 μL of Matrigel and incu
bated for 30 min at 37 ◦C in a 5 % CO2 incubator (Bellacen and Lewis, 
2009). VEGF (20 ng/mL), along with various concentrations of G4 
(0.125, 0.25, 0.5 mg/mL), was added to the wells. On the 9th day, im
ages of the rings were captured at 200x magnification. The degree of 
angiogenic sprouting, micro-vessel outgrowth from rings was quantified 
using the ImageJ software (Schneider et al., 2012). The experiments 
were conducted in triplicate to ensure the consistency and reproduc
ibility of the results. 

2.7. Measurement of apoptosis 

Cells were cultured in 6-well plates at a seeding density of 5 × 105 

cells/well and were treated with various concentrations of G4 extract 
(0.125, 0.25, and 0.5 mg/ml). After a 24-hour treatment period, the cells 

were harvested and washed twice with PBS. The collected cells were 
then stained using the Annexin V-FITC apoptosis kit (BD Biosciences) in 
accordance with the manufacturer’s instructions. Flow cytometry anal
ysis was conducted using the CellQuest software, with the Annexin V- 
FITC fluorescence emission being measured to assess apoptosis. 

2.8. Nuclear staining 

Apoptosis induced in G4-treated cells was fixed with 4 % para
formaldehyde in 1x PBS. After washing with 1x PBS, the cells were 
stained using ProLong Gold Antifade reagent containing 4′,6-diamidino- 
2-phenylindole (DAPI; Invitrogen, CA, USA). Nuclear condensation and 
fragmentation were subsequently visualized with a fluorescence 
microscope. 

2.9. Genomic DNA fragmentation analysis 

B16F10 melanoma cells were cultured and treated with G4 extract, 
as described in the previous section. After treatment, cells were incu
bated for 24 h at 37 ◦C, harvested, and rinsed with PBS. The resulting 
cell pellets were lysed using a solution containing 10 mM Tris HCl (pH 
8.0), 10 mM EDTA, and 0.5 % Triton X-100. These lysates underwent 
digestion with 0.1 mg/mL RNase A at 37 ◦C for 1 h. Following this, the 
samples were centrifuged at 12,000 rpm for 25 min to pellet chromo
somal DNA (Majtnerová and Roušar, 2018). The supernatant, which 
contains digested cellular proteins, was treated with 1 mg/mL protein
ase K at 50 ◦C for 2 h in the presence of 1 % sodium dodecyl sulfate. DNA 
was then extracted using a phenol–chloroform mixture and precipitated 
with cold ethanol. The isolated DNA fragments were electrophoretically 
separated on 1.5 % agarose gels infused with ethidium bromide. Gels 
were visualized under UV light transillumination, and images were ac
quired using a computer-assisted image processor. 

2.10. Western blotting 

For immunoblotting, proteins from 12 % SDS gels were transferred to 
nitrocellulose transfer membranes and blocked with 5 % skim milk in 1x 
TBST blocking solution. Primary antibodies against PARP, p-p53, cas
pase 3, cyclin B1, cyclin D1, cyclin D3, CDK2, p-Erk1/2, p-MEK (Cell 
Signaling Technology, Inc. USA), and GAPDH (Santa Cruz Biotech
nology, Inc., Santa Cruz, CA) were used. Horseradish peroxidase- 
conjugated mouse or rabbit IgG antibodies served as secondary anti
bodies. Protein detection was carried out using the Amersham™ ECL™ 
Prime Western Blotting Reagent Kit (GE Healthcare, Italy) for enhanced 
chemiluminescence (ECL) detection. 

Fig. 1. Cell viability comparisons. (A) Schematic representations of cell viability test. (B) Cell viability comparison between of B16F10 and HaCaT cells. Data are 
represented as mean ± SD values from three independent replicates, each performed in triplicate. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; ns, non- 
significantly different compared to untreated controls. 
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2.11. Animals and xenograft analysis 

Six weeks old male BALB/C nu/nu mice (n = 16) were procured from 
Nara BioTech Co., LTD. (Korea). Throughout the experiment, the mice 
were housed in plastic cages at a controlled temperature of 22 ± 2 ◦C, 
under a 12-hour light/dark cycle, and were given ad libitum access to 
both food and water. All measures were taken to minimize the 
discomfort experienced by the animals and to reduce the total number of 
animals utilized. For the xenograft analysis, male BALB/C nu/nu mice, 
aged 6–8 weeks, were inoculated with B16F10 cells. Specifically, 1 x 106 

cells in 0.5 mL of serum-free DMEM were subcutaneously injected into 
the flanks of each mouse. The development of tumors was monitored, 
and mice were euthanized at pre-established intervals. Tumor volume 
was determined using an external calliper and calculating the volume 
using the equation, V = 0.5233 x length x width2. The volumes were 
plotted, and statistical analysis was performed. All animal care and 
experimental procedures strictly adhered to the guidelines for the care 

and use of laboratory animals, in accordance with the ethical standards 
set by Hankyong National University. 

2.12. Statistical analysis 

Statistical significance for all experiments was assessed using a one- 
way analysis of variance (ANOVA), followed by Tukey’s multiple com
parison test. Results were deemed statistically significant when the 
significance level was p < 0.05. 

3. Results 

3.1. G4 treatment inhibited cell viability in B16F10 melanoma cells 

The effect of G4 on the B16F10 melanoma and HaCaT cell line was 
first evaluated using a Cell Counting Kit-8 (CCK-8) assay. Cells were 
treated with various G4 concentrations (0.031, 0.062, 0.125, 0.25, 0.5, 

Fig. 2. Dose and time-dependent analysis of cell viability in B16F10 cells. (A) G4 inhibited the cell viability of B16F10 cells in a dose and time-dependent manner. 
Data are represented as mean ± SD values from three independent replicates, each performed in triplicate. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; 
ns, non-significantly different compared to untreated controls. 
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1, and 2 mg/mL) and incubated for 24 at 37 ◦C. The results exhibited a 
significant (*p < 0.0001; Fig. 1 A) dose-dependent inhibition of B16F10 
melanoma cell compared to normal skin keratinocyte cells The half- 
maximum inhibitory concentration (IC50) was determined to be 
163.31 μg/mL in B16F10 melanoma cells and 553.9 μg/mL in normal 
skin keratinocyte cells (Fig. 1), suggesting a potential selective inhibi
tion of melanoma cells by G4 treatment. Next, we examined the dose 

dependency response using B16F10 melanoma cells with extended time 
points for 48 h. In this experiment, G4 treatment dose dependently 
inhibited the growth of B16F10 melanoma cells. In particular, concen
trations of G4 at 0.125, 0.25, and 0.5 mg/mL demonstrated marked 
significant effect in B16F10 melanoma cells (Fig. 2 A). Consequently, we 
opted to utilize these concentrations (0.125, 0.25, and 0.5 mg/mL) for 
subsequent investigations. 

Fig. 3. Cells migration and Invasion analysis. Representative images of trans-well assays and average numbers of cells (A and B) Representative images of scratch 
assay and quantitative analysis (C and D). Data are represented as mean ± SD values from three independent replicates, each performed in triplicate. *, P < 0.05; **, 
P < 0.01; ***, P < 0.001; ****, P < 0.0001; ns, non-significantly different compared to untreated controls. 
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3.2. Inhibition effects of G4 on B16F10 melanoma cell migration 

Invasion and cell migration refer to the movement of cells from one 
location to another. In cancer, this process is crucial for the spread of 
cancer cells from the primary tumor to surrounding tissues and distant 
organs, leading to metastasis (Chambers et al., 2002). We investigated 
the impact of G4 on the migratory and invasive capacities of B16F10 
melanoma cells. B16F10 melanoma cells were exposed to varying con
centrations of G4 (0.125, 0.25, and 0.5 mg/mL), after which the effects 
on invasion and migration were evaluated. Our results demonstrated a 
significant (*p < 0.05) reduction in invasion by the B16F10 melanoma 
cells at a G4 concentration of 0.25 mg/mL (Fig. 3 A and B) in 24 h 
treatment compared to control group. 

Additionally, G4 demonstrated notable inhibition of B16F10 mela
noma cell migration at concentrations of 0.125, 0.25, and 0.5 mg/mL 
(Fig. 3 C and D). Crucially, these inhibitory effects were observed to 
escalate in a dose-dependent and time-dependent fashion, suggesting 
that increased G4 concentrations have a more profound suppressive 
effect on the invasion and migration potential of B16F10 melanoma 
cells. These findings suggest that G4 may possess anti-metastatic prop
erties, potentially limiting the spread of B16F10 melanoma. Building 
upon this observation, we proceeded to confirm the anti-metastatic 
potential of the G4 extract through experiments conducted under the 
ex-vivo conditions using the aortic rings assay. 

3.3. Effect of G4 on ex-vivo angiogenesis 

To assess the influence of G4 on micro-vessel outgrowth, we carried 
out an ex-vivo aortic rings assay. As expected, the introduction of VEGF 
(20 ng/mL) prominently promoted micro-vessel sprouting around the 
aortic rings, as shown in Fig. 4 A. Intriguingly, aortic rings treated with 
G4 displayed a marked reduction in micro-vessel outgrowths compared 
to the control rings (*p < 0.05). The administration of G4 led to sig
nificant suppression of micro-vessel formation, as illustrated in Fig. 4 A. 
In particular, the G4 extract, at a concentration of 0.5 mg/mL, entirely 
halted the VEGF-induced micro-vessel sprouting in rat aortic rings. 
These results suggest that G4 has a suppressive effect on capillary 
sprouting from the rat aortic rings, underscoring its potential anti- 
angiogenic properties. 

3.4. Descriptions of apoptotic features 

Based on the results described above, we next examined the various 
established independent indicators of apoptosis, specifically the 

translocation of phosphatidylserine from the inner to the outer leaflet of 
the plasma membrane (Galluzzi et al., 2018), utilizing Annexin-V 
staining and induction of cell membrane permeabilization using propi
dium iodide (PI), cellular morphogen, nuclear condensation, genomic 
DNA fragmentations in the B16F10 cells. Subsequent flow cytometric 
analysis was employed to assess apoptosis in both G4-treated and un
treated B16F10 melanoma cells. The outcomes revealed pronounced 
alterations in cell morphology and fluorescent DNA labeling in G4- 
treated B16F10 melanoma cells, pointing to evident DNA fragmenta
tion (Fig. 5 A and D). Notably, marked morphological differences were 
observed in B16F10 cells post-G4 treatment relative to the control 
group. Post-exposure to varied G4 concentrations, the cells displayed a 
contracted appearance and evident chromatin condensation (Fig. 5 A). 

These observations indicate that G4 treatment prompts considerable 
changes in cell morphology nuclear condensation, and genomic DNA 
fragmentation, hallmarks of apoptotic processes in B16F10 melanoma 
cells. This suggest that G4 treatment initiates apoptosis. For that reason, 
to measure the number of Annexin-V positive, PI positive cells by flow 
cytometry. (Fig. 5 B and C). Together, these analyses consistently 
demonstrate the induction of apoptosis in melanoma cells by G4. 

3.5. G4 modulates apoptotic protein expression in a dose- and Time- 
Dependent manner 

To elucidate the mechanism behind G4-induced apoptosis and its 
influence on cell cycle regulatory proteins, we conducted a western blot 
analysis. This was to observe changes in protein expression in B16F10 
melanoma cells after treatments that varied in dose and duration. We 
inspected the expression levels of pro-apoptosis regulatory proteins, 
notably cleaved-PARP, p-p53, and cleaved-caspase-3. The western blot 
analysis of lysates from B16F10 cells (Fig. 6 A) highlighted an 
augmented expression of cleaved-PARP, p-p53, and activated caspase-3 
in a manner that was both dose and time-dependent post-G4 treatment, 
three markers of apoptosis (Fig. 6 A). This data suggests that G4 treat
ment amplifies the expression of pro-apoptosis proteins, implying its 
role in advancing apoptosis in B16F10 melanoma cells. 

Additionally, we assessed the protein levels of several cell cycle 
regulatory proteins, such as cyclin B1, cyclin D1, cyclin D3, cyclin E, and 
CDK-2, in B16F10 melanoma cells post-treatments that varied based on 
time and dosage. Our observations (Fig. 6 B) indicated that the G4 
treatment diminished the expression of cyclin B1, cyclin D1, cyclin D3, 
cyclin E, and CDK-2 relative to the control group. This data implies that 
the G4 extract modulates the expression levels of cell cycle regulatory 
proteins in B16F10 melanoma cells. In summation, our results indicate 

Fig. 4. Inhibition of in vitro angiogenesis by G4, evaluated using the rat aortic ring assay. (A) Representative images depicting micro-vessel outgrowths captured by 
phase-contrast microscopy after 7 and 9 days of incubation. (B) Quantification of micro-vessel outgrowths. Values are represented as mean ± 3 SD (from triplicate 
measurements). *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; ns, non-significantly different compared to untreated controls. 
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that the apoptosis induced by G4 in B16F10 melanoma cells is tied to 
variations in the expression of pro-apoptosis and cell cycle regulatory 
proteins, underscoring the potential mechanisms that drive the 
apoptotic effects of the G4 extract. 

3.7. Xenograft assay 

To assess the anti-cancer activity of G4 in vivo, we next utilized a 
B16F10 melanoma xenograft model in BALB/nu/nu nude mice. B16F10 
cells were injected into 5-week-old mice at a concentration of 1 x 106 

cells per mouse. This was followed by the oral administration of G4 at a 
dose of 175 mg/kg/day over a four-week period. Our data showed that 
G4 had significant in vivo anti-tumor effects in the B16F10 melanoma 

xenograft model (Fig. 7 A). The tumor volume in the G4-treated group 
was noticeably smaller compared to that in the control groups (Fig. 7 D). 
Additionally, after euthanizing the mice, tumor weights were deter
mined. There was a pronounced reduction in tumor weight for the G4- 
treated mice (Fig. 7 B). Importantly, the body weights of mice in both 
the G4-treated and control groups were similar, with no significant 
variances detected (Supplementary Fig. S3). This suggests that G4 
extract administration did not significantly affect the overall body 
weight of the mice. Our results highlight that G4 extract has strong anti- 
cancer effects in a murine melanoma model. The pronounced reduction 
in both tumor volume and weight, along with the lack of adverse effects 
on body weight, emphasize the potential of G4 as a therapeutic option 
for melanoma treatment. 

Fig. 5. Analysis of apoptotic features in B16F10 cells following treatment with G4. (A) Morphological alterations in B16F10 cells following treatment with G4 at 
concentrations of 0.125, 0.25, and 0.5 mg/mL for 24 h, compared to controls. Cells treated with G4 displayed a shrunken appearance, accompanied by chromatin 
condensation (highlighted by white arrowheads in the lower right panel). Scale bars represent 20 μm. (B) Representative dual parametric dot plots illustrating PI 
fluorescence (y-axis) versus Annexin V-FITC fluorescence (x-axis). (C) Bar graphs showing the percentages of viable, early apoptotic, and late apoptotic cells. (D) 
Observation of DNA fragmentations in B16F10 cells treated with G4, as visualized by DNA gel electrophoresis. 
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4. Discussion 

Melanoma, distinguished by its aggressive nature, high metastatic 
potential, and resistance to conventional treatments, underscores the 
need for novel therapeutic avenues. Multi-herbal formulations, rooted in 
traditional medicine, have emerged as promising sources for discovering 
novel cancer preventive and therapeutic agents (Kaur et al., 2019; 
Oyungerel et al., 2015). Herbal extracts, renowned for their wide 
spectrum of biological activities and minimal toxicity, stand as a 
promising reservoir of potential anti-cancer agents (Kiyohara et al. 
(2004)). Over 60 % of anti-cancer drugs find their origins in the plant 
kingdom (Cragg and Newman, 2005; Si et al., 2020). This study aimed to 
evaluate the anti-melanoma potential of the G4 extract, derived from a 
multi-herb formulation with historical significance in Mongolian folk 
medicine (MFM) and Traditional Kazakh medicine (TKM). Despite 
limited existing reports on these materials, our study represents the 
inaugural effort to scrutinize the effects of these extracts on B16F10 
melanoma cells (Bayarmaa et al., 2018; Cheriet et al., 2020). Our find
ings demonstrate the anti-cancer effects of the G4 extract, including the 
promotion of apoptosis, induction of cell cycle arrest, and inhibition of 
migration and angiogenesis in B16F10 cell lines in vitro. Treatment with 
the G4 extract resulted in a dose and time-dependent reduction in cell 
proliferation (Fig. 1 and Fig. 2 A) and migration (Fig. 3 D) in B16F10 
melanoma cells. Microscopic examination after 24 h of G4 treatment 
revealed signs of apoptosis in B16F10 cell lines, characterized by nuclear 
blebbing and notable nuclear fragmentation (Fig. 5 A). These observa
tions, including nuclear fragmentation and the maintenance of apoptotic 
body structure, suggest that G4 treatment initiates apoptosis, marked by 
distinct morphological alterations (Galluzzi et al., 2018). 

To further validations of inductions of apoptosis, we evaluated DNA 
fragmentation, a hallmark of apoptotic cell death (Galluzzi et al., 2018; 
Kiddane et al., 2022). Cells exposed to varying concentrations of G4 
extract underwent genomic DNA isolation followed by analysis using 
agarose gel electrophoresis. Our experimental findings showcased a 
distinct ladder pattern in G4-treated cells after 24 h relative to the 
control cells (Fig. 5 D, Supplementary Fig. S1), signifying that G4 
potently induces apoptosis in B16F10 cells. We then examined the cor
relation between apoptotic induction and cell cycle phases by 

conducting flow cytometry on cells treated with G4 at different con
centrations (0.125, 0.25, and 0.5 mg/ml). The morphological alterations 
in the cellular nucleus (Fig. 5 A), and flow cytometric assessments of cell 
cycle phase results (Fig. 5 B) provided corroborative evidence. 
Furthermore, our results highlighted the anti-angiogenic potential of the 
G4 extract, suggesting a potential anti-metastasis effect in an ex-vivo 
aortic ring assay model (Fig. 4), because micro-vessel outgrowth is 
important factor of melanoma spreading. Additionally, we utilized an in- 
vivo xenograft mouse model, orally administering G4 (175 mg/kg/day) 
to nude mice inoculated with B16F10 cells. The average tumor volume 
and weight were notably reduced in the G4-treated group (Fig. 7). In our 
preliminary investigation, the G4 extract exhibited non-toxicity in mice, 
evident for up to 21 days post-treatment. This was manifested by stable 
weight maintenance and the absence of clinical symptoms, such as 
diarrhea. These findings underscore the potential therapeutic value of 
the G4 extract in cancer management. Finally, we identified potential 
volatile compounds in G4 extract using GC–MS (Supplementary Fig. S1) 
and in the Table S1 listed chemical components of the extract. Never
theless, the specific compounds accountable for inducing cell death and 
the overall therapeutic efficacy of this treatment remain to be clarified. 
As a result, continued investigation of the G4 extract and its components 
is essential. 

Study limitations 

First, this study employed a single cell line, B16F10. Second, given 
that other anti-cancer mechanisms exist, additional studies are essential 
to identify the effector compounds. Nevertheless, these findings may 
serve as a reference in cancer medicine and traditional medicine, as this 
investigation was the inaugural effort to showcase the anti-melanoma 
effects of the G4 formulation derived from selected traditional medici
nal plants in a mouse xenograft model using the B16F10 cell. 

Conclusion 

In conclusion, our in vitro data demonstrated that the G4 extract can 
induce cytotoxicity via the apoptosis pathway in B16F10 cells. In vivo, 
the oral administration of G4 extract reduced the melanoma tumor mass, 

Fig. 6. G4-mediated modulation of apoptosis and cell cycle regulatory proteins, assessed through western blot analysis in a dose- and time-dependent manner. (A) 
Western blot analysis of apoptotic markers, including activated PARP and activated p53, demonstrating dose- and time-dependent changes. (B) Decreased expression 
levels of cyclin B1, cyclin D1, cyclin D3, cyclin E, and CDK2 following G4 treatment. 
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suggesting a significant anticancer effect and highlighting the potential 
to investigate effector molecules involved in this action. 
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