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Highlights 

 Toxic were examined in human liver cancer cells and human normal liver cells. 

 Cells morphologies were analyzed by employing multiple methods. 

 Ginseng rust rot epidermis shows enhanced anti-cancer activity and little toxicity.  

 Anti-cancer action was ascribed to the collapse of the cellular membrane in cells. 

 

Abstract 

Hepatocellular carcinoma (HCC) is one of major leading causes of cancer death 

worldwide. As a traditional medicine, the anti-cancer function of ginseng is being 

growingly recognized and investigated. However, the effect of ginseng rust rot on 

human HCC is unknown yet. In this study, the HCC cells were treated with different 

parts of mountain cultivated ginseng rust rot and compared with human normal liver 

cells. The morphology, survival rate and β-actin expression of the cells were changed 

by introducing the ginseng epidermis during the incubation process. Notably, the results 

reveal that the ginseng epidermis can induce apoptosis by altering the morphologies of 

cells, indicating the practical implication for the HCC treatment and drug development. 

 

Abbreviations: HCC, hepatocellular carcinoma; GR, ginseng roots; GE, ginseng 

epidermis; GWE, ginseng roots without epidermis 
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1. Introduction 

Cancer, which is uncontrolled, invasive and sometimes metastasizing, gives us the 

creeps (Tai et al., 2010). Over recent years, cancer is one of the major global diseases 

that has depicted a drastic increase in morbidity and mortality rates (Pang et al., 2018; 

Gao et al., 2018). There are many factors causing the problem of cancer development, 

such as inheritance, obesity, smoking, infection, physical inactivity and even negative 

emotion (Torre et al., 2012; Ferlay et al., 2015). Among various cancers, hepatocellular 

carcinoma (HCC) has been regarded as the most frequently malignant tumor worldwide 

due to its aggressive malignance and high prevalence (Yoon et al., 2012). Currently, 

chemotherapy or radiotherapy is the mainstay for tumor therapy, which not only 

directly kills tumor cells but also damages normal cells (Fox et al., 2016). As a result, 

patients have many symptoms including vomiting, nausea, pain, fatigue, anemia, 

anorexia, hair loss and poor quality of life (Wong et al., 2015; Kashinath et al., 2013). 

Therefore, finding potent complementary and alternative medicines with few adverse 

effects has become growingly urgent for cancer treatments.  

It has been reported that natural compounds from plants are becoming popular 

alternative medicines with remarkable bioactivities and minimal toxicity (Ahuja et al., 

2018; Hyemin et al., 2012). Moreover, tremendous efforts have been made to study the 

efficacy of ginseng about the apoptosis of cancer cells (Qi et al., 2011; Lee et al., 2018; 
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Kim et al., 2018). Ginseng occupies a prominent position as a medicinal herb and has 

been widely used for thousands of years in North America and Asian countries (Wang 

et al., 2015). It has attracted increasing attention as a natural product with a variety of 

pharmacological activities including anti-tumor, anti-shock, anti-fatigue, anti-oxidant 

and anti-inflammatory (Christensen 2009). According to the literature, ginseng 

cultivated and grown in naturally mountainous forests is named “mountain cultivated 

ginseng” (Kwon et al., 2011). However, in naturally mountainous environments, 

ginseng plants are vulnerable to be attacked by bacteria, fungi and nematodes during 

the cultivation, in which root rot is one of the most common diseases (Kim et al., 2017; 

Farh et al., 2018). Meanwhile, to the best of our knowledge, the anti-tumor activity of 

mountain cultivated ginseng rust rot has rarely been reported. Besides, it has been 

proved that the subtle mechanical or morphologic changes of the cells are crucial for 

the description of cell behaviors (Virjula et al., 2017; Kim et al.,2014).  

In this work, the different constituents of mountain cultivated ginseng rust rot were 

extracted and their cytotoxicity on human liver cancer cells and human normal liver 

cells was examined. The morphologies of the cells before and after the treatment with 

ginseng epidermis were also analyzed by employing multiple methods. In addition, the 

possible anti-cancer mechanism was explored. 

2. Materials and methods 

2.1. Chemicals 

RPMI 1640 medium and fetal bovine serum (FBS) were obtained from Hyclone 
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Laboratories Inc., (Waltham, USA). 3-(4, 5-dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) and dimethyl sulfoxide (DMSO) were purchased 

from Solarbio Science & Technology Ltd., (Beijing, China). Trypsin was from Sigma-

Aldrich Inc., (Milwaukee, USA). Anti-ACTA2 antibody and HRP-conjugated Rabbit 

anti-mouse lgG were purchased from BBI-Life Sciences Co., (Beijing, China). Other 

reagents were of at least analytical grade and used as received without further 

purification. 

2.2. Plant material and extract preparation 

    The mountain cultivated ginseng rust rot was collected from Changbai Mountain 

in the northeast of China. Briefly, the ginseng roots, the epidermis and the roots without 

epidermis were cut into small pieces and extracted with 95% ethanol at 110 oC for 6 h 

by soxhlet extractor, respectively. After cooling to room temperature, the resulting 

products were collected by vacuum freeze-drying and named as GR, GE and GWE, 

respectively. Furthermore, the micro and nano structures of GR, GE and GWE were 

examined by scanning electron microscope (SEM, Quanta 250). 

2.3. Cell culture  

Human normal liver cells (HL-7702) were grown with RPMI 1640 medium 

containing 15% FBS, and human liver cancer cells (SMMC-7721 and HepG2) were 

cultured in RPMI 1640 medium supplemented with 10% FBS. In this study, all cells 

were incubated with 5% CO2 at 37 oC. 
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2.4. Cell viability assays 

The logarithmic growth phase of HL-7702, SMMC-7721 and HepG2 cells were 

seeded into 96-well plates with the density of 6×103 cells per well. After adhering to 

the surface, cells were treated with GR, GE and GWE at various concentrations (0, 

30.75, 61.5, 125, 250 and 500 μg mL-1) for 48 h. Thereafter, 20 μL of 1 mg mL-1 MTT 

solution in phosphate (PBS) was individually added to each well. After incubated for 

other 4 h at 37 oC, the solution was carefully removed and replaced by 150 μL DMSO. 

The OD value was determined at the wavelength of 490 nm. The cell viability assays 

were repeated in triplicates and the cell viability can be calculated using the following 

equation: Cell viability (%) =ODsample / ODcontrol×100%, where ODsample represents the 

average OD value of the cells treated with GR, GE and GWE, and ODcontrol is the 

average OD value of the cells treated without GR, GE and GWE. 

2.5. Scanning electron microscopy 

HL-7702, SMMC-7721 and HepG2 cells were prepared according to the early 

literature with some modifications (Huang et al., 2011). In a typical procedure, 

sterilized coverslips were first placed into 12-well plates. Approximately 3×104 cells 

were plated onto each well in 1 mL RPMI 1640 medium and incubated under the same 

conditions as described above. Different concentrations of GE (0, 50, 100 and 200 μg 

mL-1) were added and the cells were incubated at 37 oC for 24 h. The medium was then 

removed and subsequently 1 mL 4 % glutaraldehyde solution was added to each well 

staying overnight. All coverslips were washed several times with the PBS and 
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dehydrated in ethanol. The coverslips were then immersed in tertiary butyl alcohol 

overnight. The resulting coverslips were dried in a critical point dryer and coated with 

1.5 nm gold for scanning electron microscopy (SEM) imaging.   

2.6. Inverted microscopy 

In the experiments, the method of cell culture was the same as mentioned in the 

section of scanning electron microscopy. Briefly, 3×104 cells per well were seeded into 

12-well plates in 1 mL RPMI 1640 medium and incubated. Cells were exposed to GE 

solutions with the different concentrations 0, 50, 100 and 200 μg mL-1 for 24 h. The 

medium was then removed and washed by PBS buffer. The cell morphologies were 

observed by inverted microscope. 

2.7. Atomic force microscopy 

The process to prepare the HL-7702, SMMC-7721 and HepG2 samples for an 

atomic force microscope (AFM) was similar to that for the SEM samples without gold 

coating. Finally, the cells were detected by AFM (Agilent technologies, 5500) for 

imaging. 

2.8. Western blotting 

After the incubation of the HL-7702, SMMC-7721 and HepG2 cells in 6-well 

plates (1×106 per well), the cells were treated with GE (0, 100, 150, 200 and 250 μg 

mL-1). After 24 h incubation, the harvested cells by 0.25 % trypsin were thawed and 

refrozen three times in the PBS buffer and then centrifuged (10000 rpm, 10 min), 
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collected and heated for 7 min at 100 oC. Typically, the same number of cell 

supernatants were loaded onto a 10% SDS-PAGE and electrotransferred to a 

polyvinylidene fluoride (PVDF) membrane. The membrane was then blocked with 5% 

bovine serum albumin (BSA) for 1 h and incubated overnight with Anti-ACTA2 

antibody (1:5000) at 4 oC. After washed by PBST for three times, the membrane was 

incubated with HRP-conjugated Rabbit anti-mouse lgG (1:5000) for 1 h at room 

temperature. The bands were visualized using the DAB method. The number of cells 

was confirmed by a Nexcelom cellometer. 

2.9. Statistical analysis 

Experimental data were expressed as means ± the standard error of the mean 

(S.E.M.). All statistical analyses were analyzed by GraphPad Prism 5 (GraphPad 

Software Inc., USA). A p value < 0.05 was considered to be statistically significant. 

3. Results 

3.1. The ultrastructure of ginseng-extracted compounds  

Here in, the typical SEM images of the obtained GR, GWE and GE powders after 

their dispersions in water are shown in Figs. 1A-1C. There are some white dots 

dispersed on the porous surfaces in Figs. 1A and 1B. Obviously, a plenty of randomly 

distributed roughly spherical particles are found in Fig. 1C compared with the GR and 

GWE.  
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Fig. 1. Typical SEM images of GR (A), GWE (B) and GE (C). 

3.2. Cell viability 

MTT assay is a classical tool used for effectively evaluating cell survival rates. To 

explore the cytotoxic effects of as-extracted ginseng-derived compounds on the cells, 

SMMC-7721 and HepG2 cells were incubated with the increased concentrations of GR, 

GWE and GE, and their viabilities were then measured by MTT assay. In addition, the 

effects of different samples on HL-7702 cells were also performed for comparison. Figs. 

2A-2C show the cell viabilities of SMMC-7721, HepG2 and HL-7702 cells before and  
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Fig. 2. The cell viability of SMMC-7721 (A), HepG2 (B) and HL-7702 (C) cells with 

different concentrations of GR, GWE and GE. The cell viability of SMMC-7721, 

HepG2 and HL-7702 cells with different concentrations of GE (D). The data are 

displayed as the mean ± S.E.M. of three independent experiments (*P<0.05, **P<0.01, 

***P<0.001 when compared with different concentrate of GR). 

after the treatments with GR and GE, respectively. Obviously, there were no distinct 

alterations on the three types of cells at the concentration range from 0 to 500 μg mL-1, 

implying that GR and GWE had no obvious toxicity to human normal liver cells or liver 

cancer cells at the concentrations. However, it can be seen that the cell viability shows 

a slight change at first, and then significantly decreased after the treatment with GE at 

125 μg mL-1. Besides, the effect of GE on SMMC-7721, HepG2 and HL-7702 cells was 

further compared. As shown in Fig. 2D, the survival rate of HL-7702 (91.3%) cells was 

just marginally greater than those of HepG2 (89.3%) and SMMC-7721 (89.5%) cells 

when the GE concentration was 125 μg mL-1. With the increase of GE concentration 

(250 μg mL-1), the survival rate of HL-7702 (54.7%) cells was gradually higher than 

those of HepG2 (53.3%) and SMMC-7721 (51.1%) cells. When the GE concentration 

was increased to 500 μg mL-1, the maximum survival rate of HL-7702 (31.7%) cells 

was about 1.12 and 1.09 times of the corresponding value for HepG2 (28.3%) and 

SMMC-7721 (29.0%) cells, respectively. 

3.3. Cell morphology  

The changes in cells on the nanoscale can be observed directly by morphological 
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analysis. Figs. 3, 4 and 5 depict the images of HL-7702, SMMC-7721 and HepG2 cells 

with or without the GE treatment observed by inverted microscope, SEM and AFM, 

respectively. Because the samples were prepared according to the different microscope 

methods used, each method may lead to distinctive artifacts (Yang et al., 2013). As 

shown in Fig. 3, the control cells were alive without GE. Whereas, the cell morphology 

changed visibly to become more unapparent when the GE concentration was increased 

from 50 μg mL-1 to 200 μg mL-1 and a gradual decrease in the number of cells was also 

observed. Furthermore, with the increase of GE, a lot of impurities including numerous 

densely distributed small particles as well as some obviously large particles appeared 

in the view. The presence of the impurities might be resulted from the production of 

cell metabolites, cellular debris or GE residues. 

To obtain more detailed image information of the cells, SEM technology was 

applied. Remarkably, the untreated cells presented plenty of microvilli and the patterns 
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Fig. 3. Inverted microscope images of the HL-7702 (A-D), SMMC-7721 (E-H) and 

HepG2 (I-L) cells incubated with GE at 0 (A, E and I), 50 (B, F and J), 100 (C, G and 

K) and 200 μg mL-1 (D, H and L) for 24 h. The circles show the large particles of 

impurities. 

were more regular (Figs. 4A, 4E and 4I). Along with the GE increasement, HL-7702, 

SMMC-7721 and HepG2 cells suggested collapsed cell membrane as well as 

aggravated cavity formation. Loss of membrane integrity and microvilli were also 

observed after the GE incubation, which could block the exchange of biological 

information between the cells and inhibit cell proliferation. Interestingly, the elongated 

shape of cells can be found on the images of three cells (Figs. 4D, 4H and 4L) after the 

GE (200 μg mL-1) treatment. With the GE treatment going on, more and more chips 
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were seen in the images. The findings implied that the cellular membranes were 

dissolved. 

 

Fig. 4. SEM images of the HL-7702 (A-D), SMMC-7721 (E-H) and HepG2 (I-L) cells 

incubated with GE at 0 (A, E and I), 50 (B, F and J), 100 (C, G and K) and 200 μg mL-

1 (D, H and L) for 24 h. 

In recent years, AFM has been widely used in the study of cells due to its high 

sensitivity and reliability (Dong et al., 2007; Lazar et al., 2013; Li et al., 2014; Zhang 

et al., 2013; Alsteens et al., 2017; Krieg et al., 2018). A set of topography images of 

HL-7702, SMMC-7721 and HepG2 cells were investigated by AFM in the contact 

mode, as shown in Fig. 5. For the cells adhered to the coverslips, only a few metabolites 

and lots of intact cells were observed (Figs. 5A, 5E and 5I). After incubation with GE, 
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a large number of unique shape cells arose, in addition to a lot of wastes. Observation 

on the images showed that the morphological changes were embodied as increased in 

length and decreased in cell integrity, illustrating that the morphological changes were 

dose-dependent. 

 

Fig. 5. AFM cantilever-deflection images of the HL-7702 (A-D), SMMC-7721 (E-H) 

and HepG2 (I-L) cells incubated with GE at 0 (A, E and I), 50 (B, F and J), 100 (C, G 

and K) and 200 μg mL-1 (D, H and L) for 24 h. 

3.3. Analysis of western blotting 

Western blot was one of the gold standard techniques for investigating the amount 

of individual proteins (Ma et al., 2014; Rajeshwary et al., 2014). In order to examine 

whether the GE influences the expression of β-actin, HepG2 and SMMC-7721 cells 
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were selected for the treatment with GE (0, 100, 150, 200 and 250 μg mL-1) and 

incubated for 24 h. As displayed in Fig 6, GE-treated HepG2 and SMMC-7721 cells   

 

Fig. 6. Effects of GE on β-actin expression in HepG2 (A) and SMMC-7721 (B) cells. 

exhibited a reduction in β-actin expression with the raised concentration of GE. 

4. Discussions  

With the advances in pharmacology and phytology, the effect of ginseng is one of 

current research focuses in the field of cancer treatment and a wealth of valuable 

information have been reported (Nawab et al., 2015; Castroaceituno et al., 2016). 

However, ginseng is different in its effect and potency for anti-cancer functions due to 

various modes of action (Kang et al., 2011; Poudyal et al., 2013; Yu et al., 2017; Shi et 

al., 2018). Peralta et al. (2009) reported that ginseng exhibited its anti-cancer activity 

by the down-regulation of COX-2 expression in breast cancer cells. Wang et al. (2009) 

indicated that the mitochondrial pathway played a key role in the apoptosis of ginseng-

mediated human colorectal cancer cells. Additionally, Park et al. (2016) reported that 

ginseng could suppress the proliferation of human prostate cancer cells. 

In this study, GR, GE and GWE were extracted from mountain cultivated ginseng 

rust rot by heat processing. According to the SEM images, the random distribution 
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grains of GE and the irregular shapes of GR and GWE structures can be observed 

evidently. Besides, the results from the MTT indicated that the GE was less cytotoxic 

for HL-7702 cells than HepG2 and SMMC-7721 cells when the concentration was 

greater than 125 μg mL-1. However, the GR and GWE had little inhibitory effect on 

HCC until 500 μg mL-1. The different cytotoxic effects on the cells could be caused by 

different sizes of GR, GE and GWE from which the smaller GWE particles had shown 

stronger cytotoxicity. Thus, we speculated that GE could have a potential to induce the 

apoptosis of human liver cancer cells. This assumption was supported by the 

morphological changes in cells (Figs. 3, 4 and 5). The cell volume loss is a basic feature 

of programmed cell death (Bortner et al., 1998; Yang et al., 2010). The SEM as well as 

AFM results both clearly demonstrated that the cell deformation and membrane 

collapse with the increase of GE concentration. It was noted that when GE was absent, 

the morphologies of the three types of cells were normal and abundant. Therefore, the 

results revealed that the GE-induced damage of cell membrane was the main factor for 

the reduction of cell viability. 

It is known that the cell apoptosis is closely related to proteins, such as membrane 

skeleton protein (Yang et al., 2010). Membrane skeleton protein is one of the two-

dimensional proteins in most cell types and plays an important role in the cell shape, 

cytokinesis, secretion, protein organization and signal transduction pathway (Basu et 

al., 2015; Wang et al., 2010). In parallel, actin fulfills the intracellular transport, 

membrane dynamics and migration, adhesion and contraction as well as cell-cell 

contact regulation. All the cellular functions make actin a typical type of membrane 
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skeleton proteins (Melak et al., 2017). The results indicated that the expression of β-

actin was downregulated after HepG2 and SMMC-7721 cells were treated with GE (Fig 

6). It was reported that the dynamic regulation of actin cytoskeleton regulated the 

changes of cell morphology and the formation of adhesion structure (Wang et al., 2010). 

Hence, we hypothesised that the decrease of the β-actin modulated by GE could 

promote the apoptosis of HepG2 and SMMC-7721 cells. According to the results of 

morphology detection, cell viability and western blotting experiments, the GE could 

induce the cell apoptosis by changing cell morphology and suppressing communication 

between cells via destabilizing β-actin protein.  

5. Conclusions  

In summary, the epidermis of mountain cultivated ginseng rust rot exhibits 

enhanced anti-cancer activity and little toxicity to human normal liver cells than the 

ginseng roots and the ginseng roots without epidermis. The SEM results demonstrated 

that the ultrastructures of ginseng epidermis were composed mostly of randomly 

distributed ball-shaped particles, and the mechanism of anti-cancer actions of ginseng 

epidermis might be ascribed to the collapse of the cellular membrane in cells. Besides, 

western blotting analysis revealed that the expression of β-actin was decreased with the 

increase of ginseng epidermis concentration, further implying that the ginseng 

epidermis had a significant impact on the β-actin to induce the cell apoptosis. Thus, the 

as-extracted ginseng epidermis can be considered as a promising anti-tumor medicine 

with a potential application prospect in cancer treatments.  
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