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Abstract: The objective of the present study was to evaluate the tumor and apoptotic effects of dihydromethysticin 
kavalactone against human osteosarcoma (MG-63) cells. Antiproliferative activity was measured with the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Apoptosis induction by dihydromethysticin was 
demonstrated by fluorescence microscopy, quantitative videomicroscopy and Annexin V-FITC apoptosis detection 
kit. Mitochondrial membrane potential disruption was demonstrated by rhodamine-123 dye using flow cytometry. 
We also evaluated the effect of dihydromethysticin on PI3K/Akt pathway with an immunoblotting analysis. The 
results showed that the compound induced dose-dependent as well as time-dependent antiproliferative effects 
against MG-63 cell growth. Cell death and apoptotic body formation was noticed followed dihydromethysticin treat-
ment at various doses. The percentage of apoptotic cells (early apoptosis + late apoptosis) increased from 6.63% 
in untreated control to 23.92%, 23.81% and 93.9% in 25 µM, 75 µM and 100 µ Mdihydromethysticin-treated cells 
respectively. Flow cytometric analysis showed dihydromethysticin induced an increase in G0/G1 cells (apoptotic 
cells). Furthermore, we observed mitochondrial transmembrane depolarization along with decreased phosphoryla-
tion levels for PI3K, AKT (Ser 473), AKT (Thr 308), GSK-3β, and BAD. These reductions were associated with down 
regulation of AKT and upregulation of both GSK-3β and BAD.

Keywords: Osteosarcoma, dihydromethysticin, apoptosis, Flow cytometric, anticancer effect

Introduction

Osteosarcoma (OS) is the most frequent form 
of non-hematopoietic, primary bone tumor 
occurring mostly in young adults and adoles-
cents. It is characterized by a high grade neo-
plasm with rapid growth and early metastasis. 
The incidence of OS is somewhat higher in 
males than females, which is attributable to a 
longer duration of skeletal growth in males [1, 
2]. OS most frequently occurs in the metaphy-
seal area of long bones adjacent to or involving 
the growth plate, with approximately 75% of all 
cases occurring in the distal femur and proxi-
mal tibia [2-4]. In spite of the recent progress in 
understanding the pathophysiology of osteo-
sarcoma, this tumor type particularly metastat-
ic and recurrent osteosarcoma continues to 

cause death of adolescents at an alarming 
pace [5]. Chemotherapy including both adju-
vant and neoadjuvant chemotherapy along with 
local limb-preserving surgery constitute the 
most effective current therapeutic strategy [6, 
7]. Even after the introduction of belligerent 
chemotherapy and wide removal of tumors 
through surgery, 35-55% of osteosarcoma 
patients with initially localized disease subse-
quently experience recurrence. Methotrexate 
drug has been reported to treat osteosarcoma 
with some success, but the problem with this 
chemotherapeutic drug is that it is effective 
only at higher doses. High drug doses ultimately 
result in serious side-effects to the patient. 
Recently, combinations of methotrexate with 
doxorubicin and cisplatin have been useful in 
treating osteosarcoma patients. But still these 
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combinations have limited success in improv-
ing metastasis-free survival and the poor 
response of previously treated patients with 
relapsed osteosarcoma [8, 9]. Keeping this in 
view, there is an urgent need to discover new 
natural and synthetic compounds with poten-
tial to inhibit osteosarcoma at low doses with 
high efficacy and lower serious side-effects. 
The objective of our research work was to inves-
tigate the growth inhibitory effect of a plant-
based natural product against osteosarcoma. 
Natural products have contributed significantly 
to the development of anticancer drugs. Among 
the 79 FDA approved anticancer drugs and vac-
cines from 1983-2002, 9 of them were directly 
from the isolation of natural products and 21 of 
them were natural product derivatives. Also 
among the 39 synthetic anticancer drugs, 13 of 
them were based on a pharmacophore origi-
nated from natural compounds [10]. We 
focused on Dihydromethysticin natural product 
which is a kava lactone having potent growth 
inhibitory activity against MG-63 osteosarcoma 
cell line. We studied its effect on cell viability, 
cell cycle phase distribution, apoptosis, PI3K/
Akt pathway and mitochondrial membrane 
potential loss in human MG-63 osteosarcoma 
cell line. 

Materials and methods

Chemicals and other reagents

Dihydromethysticin was purchased from Sigma 
Chemical Company (St. Louis. Co), and dis-
solved in 100 mg/ml solution of DMSO and 
stored at -20°C in the absence of light prior to 
use. Deionized water was used in all experi-
ments. Dulbecco’s modified Eagle’s medium, 
fetal bovine serum (FBS), penicillin-streptomy-
cin were obtained from Hangzhou Sijiqing 
Biological Products Co., Ltd, China. MTT kit was 
obtained from Roche (USA). Annexin V-FITC-
Propidium Iodide Apoptosis Detection Kit was 
purchased from (Beyotime Institute of Bio- 
technology, Shanghai, China). All other chemi-
cals and solvents used were of the highest 
purity grade. Cell culture plastic ware was 
bought from BD Falcon (USA).

Cell line and cell viability testing by MTT assay

Human osteosarcoma cell line (MG-63) was 
purchased from Guangdong Medical College 
(Zhanjiang, China) and was kept at 37°C in a 
humidified atmosphere containing 5% CO2. The 

cells were cultured in Dulbecco’s modified 
Eagle’s media supplemented with 10% fetal 
bovine serum and 100 U/mL penicillin and 100 
μg/mL streptomycin. Inhibition of cell prolifera-
tion by dihydromethysticin was evaluated by 
the MTT assay. Briefly, cells were plated in 
96-well culture plates (1 × 106 cells/well). After 
24 h incubation, cells were treated with dihy-
dromethysticin (0, 2.5, 5, 25, 75 and 100 μM, 
eight wells per concentration) for 12, 24 and 48 
hours, MTT solution (10 mg/mL) was then 
added to each well. After 4 h incubation, the 
formazan precipitate was dissolved in 100 μL 
dimethyl sulfoxide, and then the absorbance 
was measured in an ELISA reader (Thermo 
Molecular Devices Co., Union City, USA) at 570 
nm. The cell viability ratio was calculated by the 
following formula:

Inhibitory ratio (%) = (OD control-OD treated)/
OD control × 100%.

Cytotoxicity was expressed as the concentra-
tion of dihydromethysticin inhibiting cell growth 
by 50% (IC50 value).

Fluorescence microscopic study of dihydrome-
thysticin-induced cell apoptosis and nuclear 
morphology changes

Morphological observation of nuclear change 
was assayed with Hoechst 33258 using fluo-
rescence microscopy. Human osteosarcoma 
cancer (MG-63) cells (1 × 105 cells/ml) were 
seeded in 6-well plates and were exposed to 
varying concentrations (0, 25, 75 and 100) of 
dihydromethysticin for 48 hours at 37°C. The 
cells were collected, washed, fixed in 3% para-
formaldehyde for 20 min and then stained with 
10 μg/mL Hoechst 33258 (Hoechst Staining 
Kit, Beyotime, China) for 10 min at room tem-
perature. Fluorescence microscopy (Model 
IX51; Olympus, Japan) was used to detect and 
measure cell shape captured from different 
random visual fields. The ratio of apoptotic cells 
to total cell number was calculated.

Computer-assisted phase contrast microscopy 
(quantitative videomicroscopy)

Quantitative videomicroscopy procedure was 
done as reported in earlier studies [11, 12]. The 
cytotoxic effects induced by dihydromethysticin 
against MG-63 cells were detected directly 
using inverted-phase microscopy. This experi-
ment was employed to capture digital images 
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of the cell culture at various compound concen-
trations (0, 25, 75 and 100 µM) for 48 h period 
generating 1500 high quality images that can 
be converted to watchable, running movies of 
5-6 minutes length. 

Cell apoptosis and quantification by Annexin 
V-FITC assay

This assay gives an insight whether the cell 
death occurred is due to apoptosis or necrosis 
along with providing a quantitative measure of 
the apoptotic as well as the necrotic cells. 
Apoptosis detection was performed using the 
Annexin V-FITC and PI apoptosis kit. MG-63 
cells were plated at a density of 1 × 106 cells/
well into 12-well plates and incubated for 12 h. 
Apoptosis was induced by treating cells with 
different concentrations (0, 25, 75 and 100 
µM) of dihydromethysticin. The cells were tryp-
sinized, rinsed twice with PBS, and resuspend-
ed in 1 × binding buffer. Cells grown in media 
containing an equivalent amount of DMSO with-
out any compound treatment functioned as 
control. After incubation in the dark for 20 min 
at room temperature, 500 μL of binding buffer 
was added and the samples were instantly ana-
lyzed with a flow cytometer (Becton Dickinson, 
San Jose, CA). The annexin V-FITC−/PI− popula-
tion was regarded as normal, while the annexin 
V-FITC+/PI- and Annexin V-FITC+/PI+ popula-
tions were taken as measurements of early and 
late apoptotic cells, respectively. The percent-
age of live, apoptotic and necrotic cells were 
analyzed and calculated by Flow cytometry.

Cell cycle phase distribution analysis by flow 
cytometry

Cell cycle analysis was carried out by flow 
cytometry (Becton Dickinson, San Jose, CA) 
equipped with CellQuest 3.3 software. ModFit 
LT cell cycle analysis software was used to 
determine the percentage of cells in the differ-
ent phases of the cell cycle. Briefly, MG-63 cells 
(1 × 105 cells/well) were treated with various 
concentrations of dihydromethysticin (0, 25, 75 
and 100 µM) for 48 hours. The cells were col-
lected, washed with ice cold PBS buffer, fixed 
with 70% alcohol at 4°C for 12 hours, and 
stained with Propidium iodide in the presence 
of 1% RNAase A at 37°C for 20 minutes before 
total cellular DNA content was analyzed by flow 
cytometry.

Measurement of mitochondrial membrane 
potential (ΔΨm)

Rhodamine-123 as a cationic fluorescent probe 
has been used for the measurement of mito-
chondrial membrane potential. The human 
osteosarcoma cells (MG-63) were seeded at 1 
× 105 cells/well into 6-well plates. After 24 h 
incubation, cells were subjected to different 
concentrations (0, 25, 75 and 100 µM) of dihy-
dromethysticin for 48 h. Untreated controls and 
treated cells were harvested and washed twice 
with PBS. The cell pellets were then resuspend-
ed in 5 mL of fresh incubation medium contain-
ing 2.0 μM rhodamine 123 and incubated at 
37°C in a thermostatic bath for 20 min with 
gentle shaking and then analyzed by means of 
flow cytometry (Becton Dickinson, San Jose, 
CA).

Western blot detection of the expression of the 
proteins including PI3K/AKT/GSK-3β pathway 

After treatment with various concentrations (0, 
25, 75 and 100 µM) of dihydromethysticin for 
48 hours, the cells were collected and washed 
with PBS. The cells were lysed at a ratio of 106 
cells in 200 μl lysis buffer with 2 μl protease 
inhibitors, followed by 20 min incubation at 4°C 
and 5 min centrifugation at 15,000 r/min. The 
supernatant was then aspirated. Western-blot 
detection was executed briefly as follows: 1.5 
hour blocking of the cellulose acetate mem-
brane, then the addition of the diluted primary 
antibody, and incubation for 12 h at 4°C. After 
membrane washing in the wash solution, 
1:2000 diluted horseradish peroxidase-conju-
gated goat anti-mouse or goat anti-rabbit IgG 
was added followed by 2 hour incubation at 
room temperature. After membrane washing 
again, the substrate was added for develop-
ment. PI3K, Akt, GSK-3β (Cell Signaling 
Technology Corp.), protease inhibitors (Pierce 
Co.), Protein Detector LumiGLO Western Blot 
Kit containing horseradish peroxidase-conju-
gated goat anti-mouse and goat anti-rabbit sec-
ondary antibodies were used in the research. 
The experiments were repeated three times.

Statistical analysis

The data are presented as mean ± SD for the 
three experiments performed in triplicate. 
Using SPSS11.5 statistical package, we per-
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Figure 1. Growth inhibitory effect of dihydromethysticin against human osteosarcoma (MG-63) cells. *P < 0.05 vs. 
control group. **P < 0.01 vs. control group. 
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formed Student’s t-tests for the statistical anal-
yses, a value of P < 0.05 was considered to be 
statistically significant.

Results and discussion

Effect of dihydromethysticinon the viability of 
human osteosarcoma (MG-63) on cells

MG-63 cells were treated with different con-
centrations (0, 2.5, 5, 25, 75 and 100 µM) of 
dihydromethysticin for 12, 24, and 48 hours 
and cell viability was evaluated using an MTT 
assay. Figure 1 shows the dose-dependent as 
well as time dependent growth inhibitory 
effects of dihydromethysticin on the cell viabili-
ty of MG-63 osteosarcoma cells. The percent-
ages of growth inhibition at various concentra-
tions in osteosarcoma cells were determined 

Figure 2. Effect of dihydromethysticin on nuclear morphology (chromatin condensation) in human osteosarcoma 
cells (MG-63). MG-63 cells were treated with 0 µM (A, untreated control), 25 µM (B), 75 µM (C) and 100 µM (D) 
respectively for 48 h and stained with Hoechst 33258. The nuclear morphology was observed by fluorescent micro-
scope (magnification 500 ×). White arrows represent nuclear chromatin condensation and apoptotic body forma-
tion. 

Figure 3. Quantitative videomicroscopy analysis human osteosarcoma cell line (MG-63) treated with various con-
centrations of dihydromethysticin. The arrows show rounded cells which represent the dead (through cytostatic and 
cytotoxic effects) cells. A, represents untreated cells; B, represents 25 µM, C represents 75 µM and D represents 
100 µM concentration of dihydromethysticin. Data are expressed as the means ± SEM. The morphological analyses 
were carried out at a 100 × magnification. 

as the percentage of viable treated cells in 
comparison with viable cells of untreated con-
trols. At lower doses of dihydromethysticin, 
time periods of 12, 24 and 48 h had a less 
effect on tumor cell growth inhibition. However, 
at higher doses, exposure of tumor cells to 
greater duration of time resulted in higher 
growth inhibition and 48 h exposure at 100 µM 
dose led to over 90% growth inhibition. 

Apoptosis detection by nuclear staining with 
Hoechst 33258 for cellular morphological 
study

In order to evaluate whether the dihydrome-
thysticin induced apoptotic effects in human 
osteosarcoma cells (MG-63), we examined the 
effect of dihydromethysticin on nuclear mor-
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phology using Hoechst 33258 staining involv-
ing a fluorescence microscope. The MG-63 
cells were treated with different doses of dihy-
dromethysticin (Figure 2A-D). Figure 2A, repre-
sents untreated cells which showed normal 
nuclear morphology without any signs of chro-
matin condensation, Figure 2B-D represent 25, 
75 and 100 µM doses of dihydromethysticin 
respectively. Dihydromethysticin treated cells 
showed dose dependent chromatin condensa-
tion which increases from A-D. The nuclei of 
untreated control MG-63 cells were stained in 
less bright blue and homogeneous color. By 
contrast, after treatment with different doses 
of dihydromethysticin for 48 h, most cells exhib-
ited very intense staining of condensed and 
fragmented chromatin. The white arrows point-
ed at the condensed chromatin with typical 
apoptotic bodies. 

Figure 4. Dot plot of human osteosarcoma cells (MG-63) after exposure to 0 (A, untreated cells), 25 (B), 75 (C) and 
100 µm (D) concentration of dihydromethysticin for 48 h and flow cytometry analysis with Annexin V-FITC versus PI. 
The different quadrants differentiate necrotic cells (Annexin V-/PI+, left upper quadrant, Q1) from early apoptotic 
cells (Annexin V+/PI-, right lower quadrant, Q4) and late apoptotic cells (Annexin V+/PI+, right upper quadrant, Q2). 
Q3 quadrant shows the percentage of live cells. The percentage of apoptotic cells increased from (A) to (D) indicat-
ing a dose-dependence. 

Quantitative videomicroscopy analysis by 
inverted phase microscope

Quantitative videomicroscopy or computer-
assisted phase contrast microscopy allows us 
to differentiate between different kinds of 
growth inhibitory effects (cytostatic or cytotoxic 
effects) of dihydromethysticin against human 
osteosarcoma cells. Figure 3A-D depicts the 
results of videomicroscopy assay in MG-63 
cells. Cells that perished appeared rounded 
and refringent under quantitative videomicros-
copy analysis. The proportion of this cell type in 
MG-63 cells was higher following treatment 
with dihydromethysticin at higher doses (B, C 
and D represent 25, 75 and 100 µM concentra-
tion of dihydromethysticin) indicating higher 
cell death at higher concentration of dihydro-
methysticin. This assay showed that dihydro-
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methysticin induced cell death through both 
cytotoxic and cytostatic effects inducing 
marked vacuolization processes which finally 
led to cell death.

Quantification of cell apoptosis by annexin V-
FITC/PI assay

This assay gives a quantitative measure of cell 
apoptosis as well as differentiates between 
various forms of cell death like necrosis and 
apoptosis. Annexin V staining can identify phos-
phatidyl serine and as such can be used for its 
analysis. After cells are stained with annexin V 
in tandem with propidium iodide (PI), this 
reagent enters the cell only when the plasma 
cell membrane is damaged. The results of this 
assay are shown in Figure 4A-D and reveal that 
the apoptotic effects of dihydromethysticin on 
MG-63 cells are dose-dependent. The percent-
age of apoptotic cells (early apoptosis + late 
apoptosis)increases from 6.63% in untreated 

Figure 5. Effect of dihydromethysticin on the cell cycle phase distribution in human osteosarcoma cells. A. Repre-
sents control cells; B-D. Represent effect of 25 μM, 75 μM and 100 μM, 75 μM and 100 μM dihydromethysticin 
respectively. Compared to control cells, dihydromethysticin-treated cells indicate a significant increase in the sub-
G1 (G0/G1) population of cells which is a hallmark of apoptosis and DNA damage caused by this natural product. 

control (A) to 23.92%, 23.81% and 93.9% in B 
(25 µM), C (75 µM) and D (100 µM) treated cells 
respectively. The different quadrants differenti-
ate necrotic cells (Annexin V-/PI+, left upper 
quadrant, Q1) from early apoptotic cells 
(Annexin V+/PI-, right lower quadrant, Q4) and 
late apoptotic cells (Annexin V+/PI+, right upper 
quadrant, Q2). Q3 quadrant shows the percent-
age of live cells. The percentage of apoptotic 
cells increased from A to D indicating a dose-
dependence (Figure 4A-D).

Effect of dihydromethysticin on cell cycle 
analysis

Flow cytometric analysis involving propidium 
iodide (PI) as a DNA-staining agent was used to 
evaluate the effect of dihydromethysticin on 
the cell phase distribution in osteosarcoma 
cancer cells. The results are shown in Figure 
5A-D indicating that the fraction of the G0/G1 
cells increased (enhanced G0/G1 peak) signifi-
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cantly with increasing concentration of dihydro-
methysticin. Control (untreated cells) cells 
showed 2.1% at G0/G1 phase which increased 
to 15.3% (Figure 5B), 69.2% (Figure 5C) and 
89.9% (Figure 5D) after treatment with 25, 75 
and 100 µM dose of dihydromethysticin respec-
tively. The percentage of cells in G2/M phase 
decreased considerably with increase in dihy-
dromethysticin dose. The control cells showed 
a normal pattern of DNA content that reflected 
G0/G1, S and G2/M phases of the cell cycle 
(Figure 5A).

Effect of dihydromethysticin on mitochondrial 
membrane potential loss (ΔΨm)

Mitochondrial membrane potential (MMP, 
ΔΨm) is an indicator of mitochondrial function 
which is closely related with mitochondrial 

membrane permeability. To evaluate the effects 
of dihydromethysticin on the mitochondrial 
apoptotic pathway, the ΔΨm in MG-63 osteo-
sarcoma cancer cells treated with different 
concentrations of dihydromethysticin was mea-
sured using rhodamine 123 as fluorescent 
probe. As shown in Figure 6A-D, the number of 
cells with depolarized mitochondria increased 
with dihydromethysticin dose. The percentage 
of ΔΨm disruption increased from 10.2% in 
control cells to 28.3%, 35.6% and 58.1% in 25, 
75 and 100 μM doses of dihydromethysticin 
respectively.

Effect of dihydromethysticin on the PI3K/AKT 
pathway

The PI3K/AKT/GSK-3β signaling pathway is sig-
nificant for cell existence and apoptosis. AKT 

Figure 6. Disruption of mitochondrial membrane potential after dihydromethysticin treatment. Mitochondrial mem-
brane potential of MG-63 cells after treatment with dihydromethysticin by using Rh-123 staining. A. Treatment with 
0 μM dihydromethysticin; B. Treatment with 25 μM dihydromethysticin; C. Treatment with 75 μM dihydromethysti-
cin; D. Treatment with 100 μM dihydromethysticin; The experiments were repeated three times and representative 
photographs are shown.
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plays a central role in tumorigenesis and tumor 
progression by endorsing cell proliferation and 
inhibiting apoptosis [13]. In this study, we per-
formed immunoblotting analysis to unravel the 
mechanisms of dihydromethysticin-induced 
apoptosis in osteosarcoma cells and the results 
are shown in Figure 7. MG-63 cells treated with 
dihydromethysticin (0, 25, 75 and 100 μM) for 
48 h revealed decreased phosphorylation lev-
els for PI3K, AKT (Ser 473), AKT (Thr 308), GSK-
3β, and BAD. These reductions were associat-
ed with down regulation of AKT and upregulation 
of both GSK-3β and BAD (Figure 7), thus indi-
cating dihydromethysticin inhibited AKT activa-
tion and activated GSK-3β and BAD. BAD, is a 
pro-apoptotic member of the Bcl-2 protein fam-
ily that plays an important role in apoptosis.

Discussion

The phosphatidylinositol 3-kinase/Akt signaling 
pathway (PI3K/Akt) is a well-established and 
crucial signal transduction pathway which is 
thought to play a significant role in the regula-
tion of cell division in the malignant cells. 
Published reports reveal that this pathway has 
a critical role in the suppression of apoptosis 
and elevation of cell proliferation by affecting 
the activation state of a range of downstream 

Natural products are continuously gaining 
attention due to the serious side-effects of syn-
thetic drugs and relatively safe nature of natu-
rally occurring compounds. Recent reports 
have revealed that a number of natural prod-
ucts mostly nutraceuticals isolated from plants 
inhibit PI3K/Akt signalling pathway, and display 
strong anticancer activities. Most of these com-
pounds are found in our diet and as such are 
safe for consumption. Some of these com-
pounds are genistein, deguelin [19], fisetin 
[20], indoles [21] and apigenin [22]. Recent 
reports also show that apigenin inhibits PI3K/
Akt signaling pathway either by direct inhibition 
of PI3K/Akt activity, or by indirect activation of 
AMPKTSC axis [23].

The aim of our research work was focused on 
the antitumor activity of a kavalactone-dihydro-
methysticin against MG-63 osteosarcoma 
cells. Kavalactones are isolated from Kava (P. 
methysticum), which is a shrub growing peren-
nially in the islands of the South Pacific [24, 
25]. Kavalactones are known as the active con-
stituents responsible for the observed thera-
peutic activities of Kava [26]. Dihydromethysticin 
has been reported to show analgesic, anticon-
vulsant, and anxiolytic effects [27]. To the best 
of our knowledge, the current study on dihydro-

Figure 7. Effect of dihydromethysticin on the PI3K/AKT/ GSK-3β pathway. Di-
hydromethysticin inhibited the constitutively active PI3K/AKT/glycogen syn-
thase kinase-3β (GSK-3β) signaling pathway in osteosarcoma cancer cell lines 
in a dose-dependent manner. The cells were treated with dihydromethysticin 
for 48 h at indicated doses. 

effector molecules [14, 15]. 
This renders the Akt pathway 
a favorable target for the 
development of novel thera-
peutic approaches. This 
pathway is closely related to 
the incidence and develop-
ment of a diversity of human 
malignancies [16-18]. These 
results, and the fact that 
PI3K and other kinases in 
the PI3K pathway are very 
much appropriate for phar-
macological studies, make 
this pathway one of the most 
attractive targets for thera-
peutic involvement in cancer 
treatment [13]. On the other 
hand, numerous downstream 
substrates of PI3K/AKT path-
way, for instance BAD, BAX 
and glycogen synthase 
kinase-3β (GSK-3β) are also 
responsible for development 
of chemotherapeutic resis-
tance in malignant cells [14]. 
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methysticin constitutes first such report on this 
compound. Our results showed that dihydrome-
thysticin induced dose-dependent as well as 
time dependent antiproliferative effects in 
MG-63 cells. Cell death and apoptotic body for-
mation was noticed followed dihydromethysti-
cin treatment at various doses. The percentage 
of apoptotic cells (early apoptosis+late apopto-
sis) increases from 6.63% in untreated control 
to 23.92%, 23.81% and 93.9% in 25 µM, 75 
µM and 100 µ M dihydromethysticin-treated 
cells respectively. Flow cytometry indicated 
that dihydromethysticin induced an increase in 
G0/G1 cells (apoptotic cells). Mitochondrial 
transmembrane depolarization along with de- 
creased phosphorylation levels for PI3K, AKT 
(Ser 473), AKT (Thr 308), GSK-3β, and BAD 
were also observed. 

In conclusion, dihydromethysticin shows potent 
antitumor effects in human MG-63 osteosar-
coma cells and these antitumor effects are 
mediated through the induction of apoptosis, 
cell cycle arrest, loss in mitochondrial mem-
brane potential and decreased phosphoryla-
tion levels for PI3K, AKT (Ser 473), AKT (Thr 
308), GSK-3β, and BAD.
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