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Abstract. In this study, for the first time, the possible antioxidant 
and antiproliferative activities of a hot-water extract (TW100) 
from the root of Tonh khidum (Actinidia kolomikta Maxim) 
were examined in vitro. Total phenolic compound, 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical-scavenging activity and 
superoxide dismutase (SOD)-like activity assays were utilized to 
investigate its antioxidant activity. As a result, TW100 showed a 
strong antioxidant activity. The total phenolic content of TW100 
was 143 µg gallic acid equivalents/mg. The SOD-like activity 
of TW100 was 666,667  U/g extract, and the DPPH radical-
scavenging activity was 129 µg/ml at EC50 which was one 
third of vitamin E (40 µg/ml). The antiproliferative effects and 
ability of the extracts to induce apoptosis were studied in vitro 
using human cervical cancer ME-180 cells. Results showed that 
TW100 inhibited the proliferation of ME-180 cells in a dose- and 
time-dependent manner except at a low concentration (10 µg/ml) 
with an EC50 at 24, 48 and 72 h of 36.28, 30.55 and 29.78 µg/ml, 
respectively. TW100 also induced apoptosis as determined by a 
nuclear fragmentation assay and an analysis of flow cytometry. In 
conclusion, the hot-water extract from the root of Tonh khidum 
possesses potential antioxidant and antiproliferative activities.

Introduction

Tonh khidum (Laotian), or Actinidia kolomikta Maxim, is 
a species of deciduous dioecious woody vine of the genus 
Actinidia. Tonh khidum can be cultivated not only in Laos 
but also in temperate mixed forests of the Russian far east, 
Korea, Japan and China (eastern Asiatic region). It is used 
in traditional medicine for the treatment of diabetes and 
inflammation in Laos. Although the source of Tonh khidum 
is abundant and cheap as a medicinal plant, to the best of 
our knowledge, no systemic research exists on its chemical 

constituents and bioactivities. In particular, no investigation 
has been reported in the literature regarding the antioxidant 
and antiproliferative properties of Tonh khidum in vitro.

It is commonly accepted that under situations of oxidative 
stress, reactive oxygen species (ROS) such as superoxide 
(●O2

-, ●OOH), hydroxyl (●OH) and peroxyl (ROO●) radicals 
are generated. ROS play an important role in degenerative 
or pathological processes such as aging (1), cancer, coronary 
heart disease, Alzheimer's disease (2-4), neurodegenerative 
disorders, atherosclerosis, cataracts and inflammation (5). 
Generally, cells possess endogenous systems [superoxide 
dismutase (SOD), catalase and glutathione peroxide] and 
diet-derived antioxidants (vitamin C and E) that prevent 
or limit ROS-induced tissue damage (6). Oxidative stress 
occurs during an imbalance between ROS and antioxidants. 
Excessive production of ROS may lead to oxidative damage 
in DNA, proteins and other macromolecules resulting in 
their accumulation with age (7,8). Hence, dietary intake 
of antioxidants is necessary and important. The use of 
traditional medicine is widespread, and plants still present a 
large source of natural antioxidants that may serve as leads 
for the development of novel drugs. In order to explore novel 
natural antioxidants, some antioxidant and radical scavenging 
components have been extensively studied in various plants in 
the past 30 years, such as chinacoside in Echinaceae root (9), 
anthocyanin (10), phenolic compounds (11), water extracts of 
roasted Cassia tora (12) and whey proteins (13-15).

Cervical cancer is the third most common malignancy in 
women worldwide and a significant cause of mortality and 
morbidity in women in the developing world (16). Despite 
progress in early detection and treatment, survival rates have 
not shown a marked improvement in the last 10-20 years. 
The development of new anticancer drugs is a key issue for 
cancer chemotherapy due to the fact that cancer cells, which 
are resistant to current chemotherapy, are able to dominate 
the cell population and cause mortality (17). Furthermore, 
traditional or herbal medicine as alternative cancer therapy 
has attracted a great deal of attention recently due to its low 
toxicity and cost.

In light of the above traditional uses of Tonh khidum and 
the current trend to develop antioxidants and anticancer drugs, 
we investigated the antioxidant activity and antiproliferative 
effect of Tonh khidum by assessing its ability to scavenge 
free radicals and inhibit the growth of human cervical cancer 
ME-180 cells in vitro.
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Materials and methods

Plant material. The dried roots of Tonh khidum were 
purchased from Laos. The dried roots were then ground in 
a mill, and the powder, with a particle diameter of <0.2 mm 
(80-mesh), was used in the extraction preparation.

Extraction of TW100. The powder of the roots (50 g) was 
extracted with 1,000 ml of distilled water at 100˚C for 
2  h. After repetitive operation once, the extract was then 
centrifuged at 5,000 rpm for 10 min and filtered through 
Whatman #1 filter paper (Whatman Inc., Hillsboro, OR, 
USA). The filtrate was concentrated in an evaporator at 
40˚C, freeze-dried to a powder as a crude hot-water extract 
(TW100) by a freeze dryer (Christ Alpha, Germany) and 
stored at -20˚C. 

Determination of the polysaccharide content. Polysaccharide 
content was quantified with a modified phenol-sulfuric acid 
method according to Dubois et al (18). The extract was 
precipitated with 87.5% ethanol at 4˚C overnight and then 
centrifuged at 7,000 x g for 30 min. The precipitate was washed 
twice with absolute ethanol and evaporated in a vacuum to 
remove residual ethanol. The precipitated polysaccharide was 
dissolved in distilled water and used for the polysaccharide 
analysis. The color reaction was initiated by mixing 1 ml of 
polysaccharide solution with 0.5 ml of 5% phenol solution and 
2.5 ml of concentrated sulfuric acid. The reaction mixture 
was kept in a 100˚C water bath for 15 min. After cooling to 
room temperature, the optical density (OD) of the mixture 
was determined at 490 nm, and the polysaccharide content 
was calculated with D-glucose as the standard. The results 
were expressed as µg of glucose equivalent/mg of extract.

Determination of total phenolic content. The total phenolic 
content of the extract was estimated according to the Folin-
Ciocalteu colorimetric method with some modifications 
(19). A sample (0.5 ml) was mixed with 0.5 ml of the Folin-
Ciocalteu reagent (Sigma, St. Louis, MO, USA). After 3 min, 
0.5 ml Na2CO3 (20%) was added, and the mixture was made 
up to 5 ml with distilled water. After being kept in the dark 
for 90 min, the OD of the mixture was read at 725 nm. The 
quantification was determined based on a standard curve of 
gallic acid (25-250 µg/ml) (Sigma). Results were expressed as 
µg of gallic acid equivalent (GAE) per mg of extract.

Determination of SOD-like activity. The levels of SOD-like 
activity in the extracts were measured using the SOD Assay 
Kit-WST according to the technical manual provided by 
Dojindo Molecular Technologies, Inc. This assay relies on 
WST-1 [2-(4-iodophenyl)-3-(4-nitrophenyl-5-(2,4-disulfo-
phenyl)-2H-tetrazolium, monosodium salt], which produces 
a water-soluble formazan dye upon reduction with ●O2

-, a 
reaction inhibited by SOD. Briefly, in a 96-well microplate, 
20 µl of sample solution (Sample well and Blank2 well) or 
double-distilled water (Blank1 and Blank3) was mixed with 
200 µl of WST working solution. For Blank2 and Blank3, 
20 µl of dilution buffer was added. Then, 20 µl of enzyme 
working solution was added to each Sample well and Blank1 
well. The plate was incubated at 37˚C for 20 min, and the OD 

was determined at 450 nm using a microplate reader (Bio-Rad 
Model 550, USA). SOD-like activity (inhibition rate, %) was 
calculated using the equation:

SOD-like activity (inhibition rate, %) = (ABlank1 - ABlank3) - (ASample - ABlank2) 
/ (ABlank1 - ABlank3) x 100.

In this equation, ABlank1, ABlank2, ABlank3 and ASample were 
the absorbances of Blank1, Blank2, Blank3 and Sample well, 
respectively. One unit of SOD activity was defined as the 
amount of enzyme having a 50% inhibitory effect on WST-1.

Scavenging activity against the DPPH radical. The effect of 
the extracts on the DPPH radical was estimated according to 
the method of Nakajima et al (20). The OD was measured at 
570  nm with a microplate reader. DPPH radical-scavenging 
activity was assessed using the equation:

DPPH radical-scavenging activity (%) = (1-A sample / A control) x 100.

In this equation, A sample and A control were the 
absorbances of the sample (tested extract) and control, 
respectively.

In this study, the scavenging activity of the sample was 
expressed as the 50% effective concentration (EC50), which 
represented the sample concentration (µg/ml) inhibiting 50% 
of the DPPH radical activity.

Cell line. Human cervical cancer cell line ME-180 was obtained 
from the Institute of Development, Aging and Cancer, Tohoku 
University. The cells were cultured in RPMI-1640 medium 
(Sigma) supplemented with 10% (v/v) heat-inactivated fetal 
bovine serum and antibiotics (100 U/ml penicillin and 100 µg/
ml streptomycin) at 37˚C in a humidified atmosphere of 5% 
(v/v) CO2 in air. The cells were passaged twice a week.

WST-8 assay. To evaluate the effect of the extracts on the 
proliferation and viability of human cervical cancer cell 
line ME-180, the WST-8 [2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, 
monosodium salt] colorimetric assay was performed using 
the Cell Counting Kit-8 (Dojin East, Tokyo, Japan) according 
to the manufacturer's instructions. Cells (5,000/well) were 
seeded into 96-well cell plates in 100 µl of culture medium 
for 24 h prior to drug exposure and then treated with various 
final concentrations of extracts (10, 25, 50, 75 and 100 µg/ml) 
for various durations (24, 48 and 72 h). Controls were treated 
with distilled water as the vehicle. After drug exposure for 
the indicated concentration and time, 10 µl of WST-8 reagent 
were added and incubated for 4 h at 37˚C. Cell viability was 
indicated by the OD at 450 nm with a microplate reader. Data 
were expressed as percentages of the control. 

Nuclear fragmentation assay. Cells were seeded in 6-well 
plates at a density of 2x105 cells/ml containing 2 ml of the 
medium. The cells were cultured for 24 h and then treated 
with TW100 (50 µg/ml) or distilled water. After 24 or 48 h 
of incubation, the changes in the nuclei were observed using 
a Leica fluorescence microscope after staining with Hoechst 
33258 (200 µg/ml).
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Detection of apoptosis by flow cytometry. Briefly, cells were 
seeded in 6-well plates at a density of 2x105 cells/ml and 
allowed to attach overnight, and then treated with the extract 
(50 µg/ml) or distilled water for 24 or 48 h. The cells were 
harvested by trypsin treatment, washed twice with cold PBS, 
fixed in cold 70% ethanol for at least 4 h at 4˚C, re-suspended 
in 3 ml PBS for 5 min, filtered with a 400 mesh sieve, stained 
with propidium iodide (PI) solution (50 µg/ml of PI with 
100 µg/ml of RNase in PBS) at 4˚C for 30 min in the dark, 
and subjected to flow cytometry. The percentage of apoptotic 
cells was estimated using a flow cytometer (BD-LSR, BD 
Biosciences), and the data were obtained and analyzed with 
CellQuest software (Becton Dickinson). 

Statistical analysis. Means of triplicates were measured. 
The Student's t-test was used for comparison between two 
treatments. A difference was considered to be statistically 
significant when p<0.05.

Results

Extraction yield. There was a yield of 11.3 g/100 g of Tonh 
khidum from TW100 on the basis of the experiment method 
used in this study. 

Polysaccharide and total phenolic content. As shown in Fig. 1, 
the polysaccharide content was 311.5 µg/mg extract for TW100, 
and the total phenolic content was 143 µg GAEs/mg extract.

SOD-like activity. In this experiment, we investigated the 
SOD-like activity of TW100 with five different concentrations. 
As shown in Fig. 2, the SOD-like activity was close to 95% at 
1 mg/ml. Accordingly, one unit of SOD activity was defined 
as the amount of enzyme having a 50% inhibitory effect on 
WST-1. Thus, we calculated the SOD activity of TW100 to be 
666,667 U/g extract.

DPPH radical-scavenging activity. In order to investigate 
the DPPH radical-scavenging activity of TW100, we selected 
vitamin E with a strong DPPH radical-scavenging activity 
as a positive control. As shown in Fig. 3, the DPPH radical-
scavenging activity of TW100 (EC50, 129 µg/ml) was close to 
one third of vitamin E (EC50, 40 µg/ml). A lower EC50 value 
indicated a higher DPPH radical-scavenging activity in this 
experiment.

Antiproliferative effect. The antiproliferative activities of 
TW100 on the growth of the human cervical cancer ME-180 

Figure 1. Polysaccharide and total phenolic content of TW100. Data are 
expressed as the mean ± SD of three experiments.

Figure 2. SOD-like activity of TW100. Data are expressed as the mean ± SD 
of three experiments.

Figure 3. DPPH radical-scavenging activity of TW100 and vitamin E. Data 
are expressed as the mean ± SD of three experiments (*p<0.05 vs. vitamin E).

Figure 4. Antiproliferative effects of the various concentrations of TW100 
on ME-180 cells. Viable cells were estimated by the WST-8 assay, and cell 
viability was expressed as a percentage of the control. Data are expressed as 
the mean ± SD of three experiments (*p<0.05 vs. control).
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cell line in  vitro are shown in Fig. 4. TW100 inhibited the 
proliferation of ME-180 cells in a dose- and time-dependent 
manner, except at a low concentration (10 µg/ml). The 
antiproliferative activities of 100  µg/ml TW100 were as 
high as 99% at 72 h, and the EC50 of the antiproliferative 
activities of TW100 at 24, 48 and 72 h were 36.28, 30.55 and 
29.78 µg/ml, respectively. A lower EC50 value indicated higher 
antiproliferative activities in this experiment.

Apoptotic morphological changes. Exposure of ME-180 cells 
to TW100 (50 µg/ml) for 24 and 48 h induced clear morpho-
logical changes, such as nuclei fragmentation (Fig.  5A2 and 
B2), but the same phenomena were not observed for the 
control (Fig. 5A1 and B1) at 24 and 48 h.

Percent change in apoptotic cells. The percentage of apoptotic 
cells reached 11.37 and 29.55% with TW100 (50 µg/ml) treat-
ment at 24 and 48 h, respectively. No significant differences 
were noted in the percentage of apoptotic cells in the control 
at any time point (Fig. 6).

Discussion

The current study demonstrated, for the first time, that the 
crude hot-water extract (TW100) of Tonh khidum showed a 
strong antioxidation activity, reduced viability and induced 
apoptosis in human cervical cancer ME-180 cells. These 
findings were achieved based on the SOD-like activity assay, 
DPPH scavenging activity assay, cell viability assay, morpho-
logical observations and FACS analysis.

Since antioxidant activities are closely linked to various 
diseases, aging and cancer, a growing number of people ingest 
natural herbal extracts with strong antioxidant activity for 
maintenance of their health. Natural antioxidants may also 

be associated with the pharmacological activities of plant 
and microbial sources. In this study, the potential antioxidant 
activity of TW100 was assessed based on two different assay 
techniques. It was confirmed by the stable radical (DPPH) 
scavenging effect (EC50, 129 µg/ml) and strong SOD-like 
activity (666,667 U/g extract). Since the induction of apoptosis 
is now considered to be an favorable strategy for cancer therapy 
(21,22), we also investigated the antitumor activity (EC50 
at 48  h, 28.2 µg/ml) and the induction of apoptosis (11.37% 
at 24 h and 29.55% at 48 h) of TW100. These activities of 
Tonh  khidum provide a pharmacological background for its 
future use as an adjuvant or combination chemotherapy for the 
treatment of cancer.

Polysaccharides are being extensively explored for their 
potential use in the treatment and prevention of cancer. 
The bioactivity of polysaccharides in traditional medicine, 
particularly from medical plants, has been investigated for 
many years (23-27). Some polysaccharides have the ability to 
scavenge free radicals, induce differentiation of cancer cells 
and enhance animal or human antitumor ability via the activa-
tion of various immune responses in the host (24,27-29). We 
also confirmed that TW100 had a high polysaccharide content 
(311.5 µg/mg extract). In order to further confirm whether or 
not the active components of TW100 are polysaccharides, we 
plan to purify polysaccharides in TW100 and evaluate their 
antioxidant and antitumor activities in future studies.

Dietary antioxidants can induce cell differentiation as 
well as inhibit proliferation and apoptosis depending on the 
dose and type of antioxidant, treatment schedule and tumor 
cell type without producing similar effects in most normal 
cells in vitro and in vivo (30,31). However, whether there 
is a relationship between the antioxidant and anticancer 
activity is a controversial issue at present. We observed 
that TW100 showed not only strong antioxidation, but also 

  A

  B

Figure 5. Nuclear morphology of ME-180 cells treated with TW100. Nuclear 
morphological changes were observed by fluorescence microscopy. ME-180 
cells were incubated without extracts (A1 and B1) or with TW100 (50 µg/ml) 
(A2 and B2). A and B are the treatment durations of 24 and 48 h, respectively. 
The arrows point to apoptotic cells. Magnification x400.

  A   B

Figure 6. The percentage of apoptosis in M-180 cells treated with TW100. 
The percentages of apoptotic cells were obtained by flow cytometry. ME-180 
cells were incubated without extracts (A and B - Control) or with 50 µg/ml 
TW100 (A and B - TW100). A and B are the treatment durations of 24 and 
48 h, respectively.
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strong anticancer activities. To prove whether there is a 
specific relationship, we analyzed the relevance between 
the various antioxidation and anticancer activities using 
Excel. We found that the phenolic content was significantly 
correlated with anticancer activity (r2=0.93, p<0.05), but both 
DPPH radical-scavenging and SOD-like activity showed no 
relationship with antiproliferative activity. On the other hand, 
the phenolic content was significantly correlated with DPPH 
radical-scavenging and SOD-like activity (r2=0.94, p<0.05 
and r2=0.99, p<0.05, respectively). These results suggest that 
the inhibition of tumor cell proliferation in vitro by TW100 
is unable to be explained solely by the concentration of 
phenolic compounds or antioxidation. Thus, the inhibition of 
cancer cell proliferation is also attributed to some unknown 
compound(s) present in the hot-water extracts of Tonh 
khidum. Other phytochemicals may play a significant role in 
the antiproliferative activity of Tonh khidum. In subsequent 
investigations, the active component(s), which may be novel 
antitumor component(s), will be isolated from Tonh khidum.

To the best of our knowledge, no published results of a 
similar investigation exist. This study may, for the first time, 
confirm that the crude hot-water extract of Tonh khidum 
exhibits potent antioxidant and antitumor activities. However, 
the active components of Tonh khidum have yet to be eluci-
dated. Thus, further studies are needed to investigate the 
relationship between these active components and the phar-
macological efficacy of Tonh khidum.
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