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Beta-elemene inhibits differentiated thyroid carcinoma metastasis 
by reducing cellular proliferation, metabolism and invasion ability
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Background: Accelerated glycolysis is a characteristic of carcinoma. The herb-derived compound, beta 
(β)-elemene, has shown promising anticancer effects against various tumors by inhibiting aerobic glycolysis. 
However, its activity against thyroid carcinoma and the mechanism is still unknown.
Methods: Differentiated thyroid carcinoma (DTC) cell lines, including papillary thyroid carcinoma (PTC) 
cell lines (IHH-4, TPC-1, K1), and follicular thyroid carcinoma (FTC) cell line (FTC133) were treated with 
different concentration of β-elemene. The viability of DTC cells was analyzed using the CCK8 method. 
Cell cycle and apoptosis analysis were performed by flow cytometry and western blotting. The cell invasion 
ability was evaluated in Transwell assays. Energy metabolism in living cells was measured using a Seahorse 
XF analyzer. The antitumor effects of β-elemene were analyzed in vivo in a nude mouse xenograft tumors 
model.
Results: CCK8 assays showed β-elemene significantly inhibited DTC cell proliferation in a dose- and 
time-dependent manner. β-elemene promoted cell apoptosis, with increased expression of cleaved caspase-9 
and decreased BCL-2 expression. Transwell assays showed that β-elemene significantly inhibited the invasion 
ability of DTC cells. β-elemene also reduced angiogenesis by decreasing VEGF expression in DTC cells. 
β-elemene reduces the basal oxygen consumption rate (OCR), extracellular acidification rate (ECAR), 
and maximal glycolytic capacity as well as maximal respiration and ATP production. Moreover, β-elemene 
inhibited tumor growth in a mouse xenograft model in vivo.
Conclusions: In this study, we have provided the first evidence of the antitumor effects of β-elemene, 
which was shown to inhibit cell proliferation, promote apoptosis, induce cell cycle arrest, inhibit cell invasion 
ability and reduce angiogenesis. Furthermore, we showed that β-elemene significantly inhibits the respiratory 
and glycolytic ability of human DTC cells. Thus, our findings show the potential of β-elemene as a novel 
treatment for DTC.
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Introduction

Thyroid carcinoma (TC) is one of the most common 
endocrine malignancies, and the incidence has increased 
worldwide more than any other cancer (1,2). In the past 
30 years, the incidence has increased by more than 300% 
in the United States (1). With histology, TC is classified 
into four major types: papillary, follicular, medullary, and 
anaplastic (3). Among all the TC subtypes, differentiated 
thyroid cancer (DTC), which includes the papillary and 
follicular types, accounts for more than 90% of cases (4). 
Following standard surgical treatment in conjunction with 
radioiodine ablation and TSH suppression therapy, the 
5-year disease-specific survival rate of TC is approximately 
98% (5). However, despite its positive prognosis, regional, 
and cervical lymph node recurrence occurs in up to 13% 
DTC patients (6), resulting in a significant challenge to the 
long-term survival of DTC patients.

Otto Warburg first reported aerobic glycolysis in the 
1950s (7). More recently, the theory of the Warburg effect 
has been applied to cancer cell metabolism (8). Although 
oxidative phosphorylation produces ATP more efficiently, 
aerobic glycolysis produces ATP more rapidly, which suits 
the metabolic needs of rapidly proliferating cancer cells (8,9). 
By this theory, DTC cells show higher rates of efficient 
glycolysis (10).

Elemene (1-methyl-1-vinyl-2,4-diisopropylcyclohexane) 
is a lipid-soluble anticancer drug extracted from the 
traditional Chinese medicinal herb Rhizoma zedoariae (11).  
The elemene extract comprises a mixture of beta (β)-,  
delta (δ)-, and gamma (γ)-elemene, with β-elemene as the 
main component, accounting for 60–72% of the three  
isoforms (12). β-Elemene, the active component of 
elemene, is effective against various tumors, including liver, 
lung, and breast cancer (13-15); however, the underlying 
mechanism remains to be fully elucidated. One study 
indicated the anticancer effects of β-elemene combined with  
rapamycin (16). However, the influence of β-elemene alone 
on DTC cells and the underlying mechanism are unclear. In 
this study, we investigated the antitumor effect of β-elemene 
on human DTC cells. Our results showed that β-elemene 
inhibited cell proliferation, promoted apoptosis, and 
arrested cell cycle progression.

Furthermore, β-elemene inhibited DTC cell invasion 
abil ity and reduced angiogenesis .  β-elemene also 
significantly inhibited the respiratory and glycolytic ability 
of human DTC cells, which could form the basis of the 

mechanism antitumor effect of β-elemene. Finally, the 
antitumor effect of β-elemene was confirmed in vivo in a 
mouse xenograft model.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4460).

Methods

Cell culture

Thyroid carcinoma cells were supported in Dulbecco’s 
modified Eagle medium (DMEM) containing 10% fetal 
bovine serum (FBS) and cultured at 37 ℃ in a humidified 
atmosphere containing 5% CO2.  Papillary thyroid 
carcinoma (PTC) cell lines (IHH-4, TPC-1, K1) and 
follicular thyroid carcinoma (FTC) cell line (FTC133) were 
incubated overnight and then exposed to β-elemene (0, 10, 
20, 40, 60, 80, 120 and 160 µg/mL) for 24, 48 or 72 hours.

Reagents and antibodies

β-Elemene (98% purity) was obtained from Yuanda 
Pharmaceuticals (Dalian, China). Propidium iodide (PI), 
RNase, and glycine were bought from Sigma-Aldrich (St. 
Louis, MO, USA). The primary antibodies against cyclinE, 
cyclinB1, CDK1, CDK2, CDK6, caspase-8, cleaved 
caspase-9, BCL-2, VEGF, and β-actin and the HRP-
conjugated goat anti-rabbit IgG secondary antibody was 
from Cell Signaling Technology (Beverly, MA, USA). The 
human DTC cell lines, IHH-4, TPC-1, K1, and FTC133, 
were obtained from the Health Science Research Resources 
Bank (Osaka, Japan). DMEM, FBS, and 0.25% trypsin-
EDTA solution were bought from Gibco (Gaithersburg, 
MD, USA).

Cell viability assay

Cell  viabil ity or the effects  of  β-elemene on cell 
proliferation were measured using the CCK8 method. In 
brief, 4×103 cells/well (IHH-4, TPC-1, K1, and FTC133) 
were evenly distributed and cultured in 96-well plates 
overnight at 37 ℃ in a humidified atmosphere containing 
5% CO2. After that, the cells were incubated for another 
hour at 37 ℃ with 10 μL CCK8. And the optical density of 
each well was measured at 450 nm with a microplate reader 
(Infinite® 200 PRO, Tecan).

http://dx.doi.org/10.21037/atm-20-4460
http://dx.doi.org/10.21037/atm-20-4460
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Cell cycle analysis by flow cytometry

After treatment with various concentrations of β-elemene 
(0, 10, 20, 40, 60, 80, 120 and 160 µg/mL) for 24, 48 or 
72 hours, the cells (1×106) were stained with PI following 
incubation with 0.2 mg/mL RNase for 30 minutes. Finally, 
flow cytometry analyzed the cells using a FACS Calibur 
(Becton–Dickinson, San Diego, CA, USA). Cell cycle phase 
distribution was analyzed with ModFit LT software (Verity 
Software House, USA).

Analysis of apoptosis

IHH-4, TPC-1, K1, and FTC133 cells were seeded at 
1.5×105 cells/well in 6-well plates, incubated overnight, and 
then exposed to 0, 20, 40, or 60 µg/mL of β-elemene for 
24 hours. Cells were collected and incubated with 1 μg/mL 
Annexin V-FITC (Becton–Dickinson) for 20 minutes in the 
dark. Finally, flow cytometry evaluated the samples, and the 
data were analyzed using FlowJo software.

Transwell assay of cell invasion ability

Transwell chambers were prepared by the addition of  
40 μL ECM Gel (dissolved in serum-free medium at 1:7.5) 
per well in the upper chamber. The plates were incubated 
at 37 ℃ for 30 minutes to allow polymerization of the 
Matrigel. Cells treated with different concentrations of 
β-elemene (0, 20, 40, and 60 μg/mL) for 24 hours were 
harvested, resuspended in serum-free DMEM medium, and 
the cell density was adjusted to 1.5×105/mL. Cells (200 μL) 
were then added to the Transwell upper chamber, while 
500 μL of medium containing 10% FBS was added to the 
lower chamber. The plates were incubated for 12 hours at 
37 ℃ in a humidified atmosphere holding 5% CO2. After 
the Transwell chamber was removed, the cells were fixed 
with paraformaldehyde and stained with crystal violet. 
After observation under a Leica upright microscope, the 
Transwell chambers were photographed, and the numbers 
of cells in five randomly selected fields were view recorded.

Western blot analysis

IHH-4, TPC-1, K1 and FTC133 cells were treated 
with different concentrations (0, 20, 40 or 60 µg/mL) 
of β-elemene for 24 hours. The cells were washed twice 
with ice-cold PBS and harvested on ice. The total protein 
content was quantified using the Lowry method. Cell lysate 

proteins (50 μg) were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and electrophoretically 
transferred to nitrocellulose membranes (Immobilon-P; 
Millipore, USA). The membranes were blocked with 5% 
skimmed milk in TBS-T buffer [10 mmol/L Tris (pH 
7.4), 150 mmol/L NaCl and 0.1% Tween-20] at room 
temperature for 2 hours and incubated overnight at 4 ℃ 
with the indicated primary antibodies against cyclinE, 
cyclinB1, CDK1, CDK2, CDK6, caspase-8, cleaved 
caspase-9, BCL-2 or VEGF. The membranes were then 
incubated with HRP-conjugated secondary antibodies 
for 2 h at room temperature. After extensive washing 
with TBS-T buffer, the proteins were visualized with an 
enhanced chemiluminescence reagent. The images were 
analyzed using NIH Image J software.

The respiratory and glycolytic ability of living cells

The XFe 96 Extracellular Flux analyzer (Seahorse 
Biosciences, Billerica, MA, USA) measures real-time uptake 
and release of metabolic end products. Each XFe 96-assay 
well holds a disposable sensor cartridge, embedded with 96 
pairs of fluorescent biosensors (oxygen and pH), coupled 
to fiber-optic waveguides. This technology was used to 
measure oxygen consumption rate (OCR) and extracellular 
acidification rate (ECAR) in cells treated with β-elemene. 
Mitochondrial respiratory ability and glycolytic ability of 
these cells were investigated using commercial kits (Seahorse 
Biosciences) according to the manufacturer’s instructions.

In vivo experiments

Twelve nude mice (aged 4 weeks, 18±2 g) were obtained 
from Shanghai SLAC Laboratory Animal Co. Ltd. 
(Shanghai, China). All animal experiments were approved 
by the Animal Ethics Committee of China Medical 
University. All procedures were performed following 
the Guide for the Care and Use of Laboratory Animals 
and complied with institutional ethical guidelines. Mice 
were injected subcutaneously with 5×106 IHH-4 cells 
and then randomized into two equal groups (n=6) before 
drug treatment was started. β-Elemene was formulated 
as emulsions and injected intraperitoneally. One group 
was treated with β-elemene emulsion (50 mg/kg) every 
three days for 15 days, while the control group was treated 
with blank emulsions alone as the vehicle. Tumors were 
measured using a ruler by the same person weekly post-
treatment. Tumor size was determined by measurement 
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Figure 1 β-Elemene inhibited the growth of human DTC cell lines in a dose- and time- dependent. *, compared to control, P<0.05;  
**, compared to control, P<0.001. DTC, differentiated thyroid carcinoma.
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of the maximum and minimum superficial diameters every 
other day. Tumor volumes were calculated according to the 
formula: V =1/2ab2, where a and b denote the maximum 
and minimum superficial diameter, respectively.

Statistical analysis

All values were expressed as the mean ± standard deviation 
(SD) of at least three independent experiments. Inter-
group differences were evaluated using the Student’s t-test 
and ANOVA. P<0.05 was considered to show statistical 
significance.

Results

Inhibitory effects of β-elemene on the growth of human 
DTC cell lines

To evaluate the antitumor effects of β-elemene on DTC 
cells, we investigated the ability of β-elemene to inhibit 
cell viability in vitro using the CCK8-based colorimetric 
assay. Treatment of DTC cell lines with β-elemene at 
concentrations ranging from 10 to 160 µg/mL for 24, 48, 
and 72 hours showed that cell growth was inhibited in a 
dose and time-dependent manner (Figure 1). The half-
maximal inhibitory concentrations (IC50) of β-elemene 
on IHH-4 cell growth were 42.2±1.53, 36.6±0.85, and 
39.1±1.26 µg/mL at 24, 48, and 72 hours, respectively. The 
IC50 values of β-elemene on TPC-1, K1, and FTC133 cells 
showed a similar trend.

Effects of β-elemene on cell cycle progression of human 
DTC cell lines

After exposure to β-elemene, the populations of IHH-4, 
TPC-1, and FTC133 cells in the G1 phase were increased 

in a concentration-dependent manner, indicating that 
β-elemene induced cell cycle arrest in the G1 phase  
(Figure 2A). Following exposure to β-elemene, the 
populations of K1 in the G2 phase were increased, showing 
that β-elemene induced cell cycle arrest in the G2 phase. 
We measured the expression levels of cyclinE, CDK2, and 
CDK6 by western blot in the IHH-4, TPC-1, K1, and 
FTC133 cells treated with β-elemene (Figure 2B,C). In 
IHH-4, TPC-1, and FTC133 cells, the levels of cyclinE, 
CDK2, and CDK6 decreased in a dose-dependent manner 
after exposure to different concentrations of β-elemene. 
Meanwhile, the expression levels of cyclinB1 and CDK1 
decreased in K1 cells.

Effects of β-elemene on apoptosis in human DTC cell lines

β-Elemene induced apoptosis in IHH-4, TPC-1, K1, and 
FTC133 cells in a dose-dependent manner (Figure 3A).  
Caspase-8 and caspase-9 are markers of the extrinsic 
pathway and intrinsic pathways of apoptosis, respectively, 
while BCL-2 plays a critical role in the inhibition of 
cell apoptosis (17,18). As shown in Figure 3B,C, cleaved 
caspase-9 expression increased, and BCL-2 expression 
decreased in IHH-4, K1, and FTC133 cells following 
β-elemene treatment, while there was no significant change 
in caspase-8 protein expression. However, in the TPC-1 
cell line, β-elemene treatment increased the expression of 
caspase-8 and cleaved caspase-9, while BCL-2 expression 
was reduced.

Effects of β-elemene on the invasiveness of human DTC 
cell lines

As shown in Figure 4A, β-elemene (0, 10, 20, and 40 μg/mL) 
significantly inhibited numbers of IHH-4, TPC-1, K1, and 
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Figure 2 β-Elemene induced cell cycle arrest in the G1 or G2 phase and decreased the expression of cell cycle-associated proteins in human 
DTC cell lines. (A) The IHH-4, TPC-1, and FTC133 cell populations in the G1 phase of the cell cycle were increased in a concentration-
dependent manner after treatment with β-elemene by using flow cytometric analysis. The K1 cell population in the G2 phase of the cell 
cycle was increased by using flow cytometric analysis. (B,C) Based on flow cytometry results, the expression of cell cycle-associated proteins 
were measured. Expression of cyclinE, CDK2, and CDK6 decreased in a dose-dependent manner after exposure of IHH-4, TPC-1, and 
FTC133 cells to different concentrations of β-elemene. Expression levels of cyclinB1 and CDK1 decreased in K1 cells. *, compared to 
control, P<0.05. DTC, differentiated thyroid carcinoma.
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FTC133 cells that migrated through the Matrigel layer in 
Transwell assays in a dose-dependent manner (all P<0.05).

The effect of β-elemene on the expression of VEGF in 
human DTC cell lines

As shown in Figure 4B,C, VEGF expression in IHH-4, 
TPC-1, K1, and FTC133 cells decreased after treated with 
different concentrations of β-elemene in a dose-dependent 
manner.

Effects of β-elemene on the respiratory and glycolytic 
ability of human DTC cells

Energy metabolism is crucial for cell proliferation and 
pathobiological behavior. We hypothesized that β-elemene 
alters energy metabolism in DTC cells, and these changes 
are manifested as reduced proliferation and increased 
apoptosis. To test this hypothesis, we measure the 
mitochondrial respiratory capacity and glycolytic capacity 

of DTC cells pretreated with different concentrations of 
β-elemene (0, 5, 10, 20, 30, 40, and 50 µg/mL) using an 
XFe 96 Extracellular Flux analyzers. After treatment with 
β-elemene at 20 µg/mL, the basal ECAR and maximal 
glycolytic capacity of IHH4 cells were reduced, showing 
that β-elemene inhibits IHH4 cell glycolysis at this dose 
(Figure 5A). Interestingly, β-elemene treatment at 5 µg/mL 
also reduced the basal OCR, maximal respiration and ATP 
production of IHH4 cells, indicating that β-elemene inhibits 
mitochondrial aerobic respiration in IHH4 cell at this dose 
(Figure 5A). The results showed that β-elemene inhibited 
the mitochondrial respiratory ability and glycolytic ability 
of IHH4 cells in a dose-dependent manner. Comparable 
results were obtained in analyses of TPC-1 (Figure 5B), K1 
(Figure 5C), and FTC133 (Figure 5D).

Anti-growth effects of β-elemene on IHH-4 human PTC 
cells in xenograft mice

At 7 and 14 days after treatment with β-elemene or 
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Figure 3 β-Elemene induced apoptosis and changed expression of apoptosis-associated proteins in human DTC cell lines. (A,B) β-Elemene 
induced apoptosis in DTC cells in a dose-dependent manner by using flow cytometric analysis. (C) In IHH-4, K1, and FTC133 cells, 
β-elemene reduced the expression of BCL-2 and increased the expression of cleaved caspase-9, but did not affect caspase-8 protein levels. In 
TPC-1 cells, β-elemene reduced BCL-2 expression and increased the expression of cleaved caspase-9 and caspase-8. *, compared to control, 
P<0.05. DTC, differentiated thyroid carcinoma.
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blank emulsions, tumor volumes in untreated mice were 
significantly larger than those in the drug-treated mice, 
which confirmed β-elemene inhibited the growth of IHH-4 
cells in vivo. Representative images of a tumor mass from a 
mouse treated with either β-elemene or blank emulsion are 
shown in Figure 6.

Discussion

The rapidly increasing incidence of TC is a cause for 
concern in many countries (19,20). Although most thyroid 
cancer patients have an excellent outcome, and well-
differentiated carcinoma is often curable by the combination 
of surgery and radioiodine ablation, approximately 10% 
of these patients lose the ability to respond to radioiodine 
therapy, leading to recurrent disease and death (21-23). 
Thus, new effective therapeutic strategies are urgently 
required in such cases of advanced differentiated thyroid 
carcinoma (DTC) (21).

Accelerated glycolysis is a characteristic of carcinoma 
(22,23). Previous studies have shown a metabolic shift occurs 

in many tumors and correlates with negative prognoses 
(24-26). Our study showed that β-elemene significantly 
inhibited the respiratory and glycolytic ability of human 
DTC cells, with both basal ECAR and maximal glycolytic 
capacity reduced in a dose-dependent manner. These results 
show that β-elemene targets human DTC cell metabolism. 
However, to our prediction, β-elemene treatment did not 
result in the conversion of glycolysis to mitochondrial 
aerobic respiration. β-Elemene treatment reduced the basal 
OCR maximal respiration and ATP production of DTC 
cell lines, indicating that ß-elemene inhibits mitochondrial 
aerobic respiration. This suppression of mitochondrial 
aerobic respiration was observed at concentrations of 
β-elemene as low as 5 µg/mL, while a higher concentration 
(20 µg/mL) was required for suppression of glycolysis. 
Further studies must clarify the metabolism pathways 
influenced by the β-elemene treatment of DTC cells.

Rapid growth is a common feature of tumor cells. Thus, 
growth inhibition and cell cycle arrest are fundamental 
indexes of drug antitumor effects in vitro (27). In our 
study, we observed cell cycle arrest of IHH-4, TPC-1, and 
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Figure 4 β-Elemene inhibited cell invasiveness and decreased VEGF A protein expression in DTC cell lines. (A) β-elemene (0, 10, 20, and 
40 μg/mL) significantly inhibited numbers of IHH-4, TPC-1, K1, and FTC133 cells that migrated through the Matrigel layer in Transwell 
assays in a dose-dependent manner (P<0.05). (B,C) VEGF expression in IHH-4, TPC-1, K1, and FTC133 cells decreased treated with 
different concentrations (0, 10, 20, and 40 μg/mL) of β-elemene (P<0.05). *, compared to control, P<0.05. DTC, differentiated thyroid 
carcinoma. 
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FTC133 cells in the G1 phase following treatment with 
when treated with β-elemene. This effect was accompanied 
by decreased expression of cyclinE, CDK2, and CDK6, 
three proteins are known to regulate the G1 phase. 
Similarly, β-elemene treatment resulted in K1 cell cycle 
arrest in the G2 phase, combined with decreased expression 
of cyclinB1 and CDK1, proteins that regulate the G2 phase 
of the cell cycle. This phenomenon reflected the antitumor 
effects of β-elemene on human DTC cells in vitro in a time- 
and dose-dependent manner.

Bcl-2 family proteins, which are essential regulators of 
cell apoptosis (28), can be divided into subcategories of anti-
apoptotic proteins, including BCL-2, and pro-apoptotic 
proteins, including Bax. The ratio of anti-apoptotic proteins 
and pro-apoptotic protein defines the sensitivity of cells 
to apoptotic signals (29). Studies have shown β-elemene 
induces cell apoptosis via the mitochondrial caspase-
dependent pathway. In lung cancer and prostate cancer, 
β-elemene can reduce BCL-2 expression and increase 
the expression of cytochrome C, ADP ribose polymerase 
(PARP), caspase 3, caspase 7, and caspase 9 (30). In our 
study, we found that β-elemene treatment of IHH-4, K1, 

and FTC133 cells reduced BCL-2 expression and increased 
cleaved caspase-9 expression. These observations showed 
that β-elemene induces apoptosis in IHH-4, K1, and 
FTC133 cells via a caspase-9-dependent pathway. TPC-1  
cells, β-elemene treatment reduced BCL-2 expression, 
while cleaved caspase-9 and caspase-8 expression were 
increased, indicating that apoptosis was induced not only via 
a caspase-9-dependent pathway, but also through a caspase-
8-dependent pathway. Thus, our findings supply evidence 
that the anticancer actions of β-elemene are mediated by 
its ability to regulate cell cycle progression and apoptosis in 
DTC cells.

The invasiveness nature of tumor cells is the main reason 
for the failure of cancer treatment. At present, it is widely 
believed that the adhesion of cancer cells to surrounding 
tissues is a critical factor leading to the migration and 
invasion of tumor cells (31). Therefore, clarification of the 
effect of β-elemene on the invasive ability of DTC cells 
is of great significance in the elucidation of its anticancer 
mechanism. In this study, we found β-elemene inhibited the 
invasiveness of IHH-4, TPC-1, K1, and FTC133 cell lines, 
with amounts of cells passing through Matrigel decreasing 
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in a dose-dependent manner.
VEGF is an essential regulator of tumor angiogenesis, 

which is necessary to meet the increased requirement 
for oxygen and nutrients of rapidly proliferating tumor 
cells (32). Inhibited angiogenesis is likely to induce tumor 
dormancy, necrosis, or apoptosis due to insufficient 
oxygen and nutrients. VEGF is currently considered one 

of the most crucial factors regulating tumor angiogenesis, 
suggesting that reducing VEGF expression is vital for 
DTC treatment. Our results showed that VEGF protein 
expression was decreased after treatment of IHH4, TPC-1,  
K1, and FTC133 cells with different concentrations of 
β-elemene, implicating decreased VEGF expression in the 
mechanism by which β-elemene inhibits DTC proliferation.

Finally, we used a nude mouse tumor xenograft model to 
confirm the antitumor effects of β-elemene in vivo. At 7 and 
14 days after treatment with β-elemene or blank emulsions, 
tumor volumes in untreated mice were significantly larger 
than those in drug-treated mice. Our results also showed 
that β-elemene treatment significantly decreased the tumor 
size and weight at all doses, thus confirming the antitumor 
effects of β-elemene in vivo.

In conclusion, our study provides the first evidence 
that β-elemene has significant inhibitory effects on cell 
proliferation in human PTC (IHH-4, TPC-1, K1) and 
FTC (FTC133) cell lines. The antitumor effects include 
inhibiting cell proliferation, promoting apoptosis, arresting 
cell cycle progression, inhibiting cell invasion ability, and 
reducing angiogenesis. We also demonstrated β-elemene 
inhibits the respiratory and glycolytic capacity of human 
DTC cells, which is, therefore, implicated in the mechanism 
underlying the antitumor effects of β-elemene. Moreover, 
β-elemene inhibited tumor growth in a nude mouse 
xenograft model. Thus, the evidence obtained in this study 
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Figure 6 Anti-growth effects of β-elemene on PTC in a mouse 
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highlights the potential of β-elemene as a novel treatment 
for DTC.
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