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Abstract. Prunella vulgaris (PV), a traditional Chinese 
herb, has been shown to be rich in bioactive chemicals and 
possess anti-proliferative and pro-apoptotic effects on tumor 
cells. The effect of PV on human well-differentiated thyroid 
carcinoma (WDTC), which accounts for the majority of 
common endocrine malignancies, remains to be elucidated. 
The present study aimed to investigate the function of PV on 
WDTC cell lines and apoptosis-associated signaling pathway 
activity. Additional studies demonstrated that PV may induce 
apoptosis in WDTC TPC-1 and FTC-133 cell lines, using 
the Cell Counting Kit-8 assay. Morphological changes of 
apoptotic cells were observed by Hoechst 33342 and acridine 
orange/ethidium bromide staining. In addition, ladder pattern 
of fragmented DNA was observed by DNA gel electropho-
resis. It was also observed that PV significantly increased 
Bcl-2-associated X protein and caspase-3 expression, and 
downregulated B-cell lymphoma-2 expression in TPC-1 and 
FTC-133 by reverse transcription-quantitative polymerase 
chain reaction (P<0.05). Thus, the present results indicated 
that PV has the potential to be a future WDTC therapeutic 
agent.

Introduction

Thyroid carcinoma is the most common endocrine malig-
nancy, comprising 90% of endocrine cancers, but representing 

~1% of whole-body malignant cancers (1,2). Thyroid cancer is 
classified into three types: Well‑differentiated; poorly‑differ-
entiated; and undifferentiated (3). The most prevalent 
types of thyroid cancer are well-differentiated [papillary 
thyroid cancer (PTC) and follicular thyroid cancer (FTC)] 
thyroid carcinomas, which make up ~93% of all thyroid 
cancers (4,5). In addition, the incidence of well-differentiated 
thyroid cancers (WDTC) has increased dramatically in the 
past decade (6). Currently, surgical resection remains the 
most effective treatment for this cancer. Therefore, finding 
an effective natural medicine that has anti-WDTC effects is 
may be of great importance.

There is increasing interest in herbal and botanical reme-
dies in oncotherapy. The botanical herb Prunella vulgaris 
(PV), a common plant cultured in China, Korea, Japan and 
Europe, has been established to have anti-inflammatory, 
anti-oxidant, anti-allergic, anti-microbial and anti-viral char-
acteristics (7). PV has been revealed to be rich in bioactive 
chemicals, including polysaccharides, flavonoids, triterpenes 
and phenolic acid (8). In China, this plant has a history of 
over a thousand years (9) as a traditional Chinese medi-
cine for use in treating sore throat, swelling of the thyroid 
gland, jaundice, fever, infectious hepatitis, dermatosis, skin 
allergies and for accelerating wound healing (10). Previous 
studies identified that PV regulates cellular immunity via 
activating the nuclear factor-B and mitogen-activated protein 
kinase (11), exhibiting anti-estrogenic properties (12), inhib-
iting the gastric cancer cell SGC-7901 growth in vivo (13), 
inducing the apoptosis related protein of Raji cells (14) and 
suppressing lung metastasis (15).

A number of published studies have demonstrated that 
PV may affect the signal transduction, gene expression 
and proliferation of lung, gastric and lymphatic tumor 
cells (13-15). However, the function of PV on WDTC has not 
yet been reported. The present study investigated the effect of 
PV on WDTC cell lines (TPC-1 and FTC-133) and explored 
the activity of apoptosis-associated signaling pathways. The 
present results show that PV increases apoptosis in WDTC 
cells in vivo.
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Materials and methods

PV preparation. PV was provided by Guiyang Xintian Phar-
maceutical Co., Ltd. (lot number JG141002; Guizhou, China) 
and was stored at 4˚C in the dark. The cell culture medium 
contained PV at varying concentrations [5, 10, 20 and 30% 
(v/v)] was diluted with RPMI-1,640 medium supplemented 
with 10% fetal bovine serum (FBS).

Cell lines and cell culture. The human thyroid papillary 
cancer cell line (TPC-1) and follicular thyroid cancer cell line 
(FTC-133) were kindly provided by Dr Ye Lei of Shanghai 
Rui Jin Hospital (Shanghai, China). The cells were cultured in 
RPMI-1,640 medium supplemented with 10% FBS in at atmo-
sphere containing 5% CO2 at 37˚C. The cells were digested by 
0.25% trypsin-0.01% EDTA.

Cell Counting Kit‑8 (CCK‑8) assay. The effect of PV on 
TPC-1 and FTC-133 cells was measured by the CCK-8 assay 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan). 
TPC-1 and FTC-133 were seeded at a density of 3x104 cells/ml 
in 96‑well plates with 100 µl per well at 37˚C for 24 h. Cells 
were then cultured with different concentrations of PV [0, 5, 
10, 20 and 30% (v/v)] for a number of time periods (12, 24 
and 36 h). Subsequently, 10 µl of CCK-8 reagent was added to 
each well, and the 96‑well plates were incubated at 37˚C for 
2 h. The absorbance of each well was determined at 450 nm, 
using an automatic enzyme‑linked immunosorbent assay plate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The 
relative cell viability was calculated as follows: Cell viability 
(%)=[mean optical density (OD) of experimental group/mean 
OD of control group]x100. Experiments were performed 
in triplicate. From the values obtained, the half-maximal 
inhibitory concentration (IC50) for the respective durations of 
treatment was deduced for TPC-1 and FTC-133 cells, using 
curves obtained by plotting percentage inhibition against 
concentration.

Hoechst 33342 staining. TPC-1 and FTC-133 cells in the 
logarithmic growth phase were seeded onto 24-well plates. 
Following pre‑incubation at 37˚C for 24 h, cells were treated 
with PV at IC50. Following 24 h, cells were washed twice with 
PBS and fixed with 500 µl of 4% paraformaldehyde, at 4˚C 
for 10 min. The plate was then washed with PBS and the cells 
were stained with Hoechst 33342 (Dingguo, Beijing, China) 
for 5 min at room temperature in the dark. Subsequently, the 
cells were washed twice with PBS and immediately observed 
under an inverted f luorescence microscope (Shenzhen 
Coosway Optical Technology Co., Ltd., Shenzhen, China) 
at magnification, x200. Live cells exhibited dispersion and 
uniform fluorescence in nuclei, while dead cells were not 
dyed by Hoechst 33342 staining. When apoptosis occurs, 
marked nuclear morphological changes may be observed in 
the nucleus or cytoplasm, including blue fluorescent‑stained 
compact particulates. The cells with three or more fluorescent 
DNA fragments were identified as apoptotic cells.

Acridine orange (AO)/ethidium bromide (EB) staining. TPC-1 
and FTC-133 cells were seeded onto 24-well plates, then 
incubated at 37˚C for 24 h to allow cell adherence. Following 

incubation, TPC-1 and FTC-133 cells were treated with PV 
at IC50, and the treated and untreated cells were washed 
twice with PBS. A total of 200 µl AO/EB (Dingguo) dye mix 
(100 µg/ml AO and 100 µg/ml EB) was added to each well for 
3 min. The viability of the cells was examined using fluores-
cent microscopy (Shenzhen Coosway Optical Technology Co., 
Ltd.) with 5 separate fields of view at a magnification of x200 
to discriminate between live, apoptotic and necrotic cells. AO 
(green fluorescence) stained live and dead cells, whereas EB 
(red fluorescence) stained only the dead cells. Apoptotic cells 
were identified by condensed and fragmented nuclei. Necrotic 
cells were detected by uniformly orange stained cell nuclei 
with EB. All the images were captured with a fluorescent 
microscope equipped with a digital camera.

DNA extraction and fragmentation assay. TPC-1 and FTC-133 
cells were treated with PV at IC50 at 37˚C for 24 h. DNA 
was extracted from treated and untreated cells using Takara 
Minibest Universal Genomic DNA Extraction kit (Takara 
Biotechnology Co., Ltd., Dalian, China). The genomic DNA 
samples were separated in 2% agarose gel by electrophoresis 
and the gel was stained with Golden View (Dingguo) and 
visualized under a UV Trans illuminator (Kodak, Rochester, 
NY, USA).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). The expression of the pro-apoptotic genes 
Bcl-2 associated X protein (Bax) and caspase-3, and the 
anti-apoptotic gene B-cell lymphoma-2 (Bcl-2) were detected 
by RT-qPCR. The PTC-1 and FTC-133 cells were collected 
following treatment with 0% PV or PV at IC50 at 37˚C for 24 h. 
Total RNA was isolated from cells by TRIzol, (Beijing Solarbio 
Science & Technology Co., Ltd., Beijing, China) according to 
the manufacturer's protocol. The total RNA was reverse tran-
scribed into cDNA using a PrimeScript RT reagent kit with 
gDNA Eraser (Perfect Real Time; Takara Biotechnology Co., 
Ltd.). The resulting cDNA was quantified using a RT‑qPCR 
mRNA SYBR Green detection kit (Takara Biotechnology Co., 
Ltd.) to analyze the expression of apoptosis‑associated genes 
using gene‑specific primers. Each reaction was performed in 
a total volume of 20 µl (10 µl Premix, 0.8 µl forward primer, 
0.8 µl reverse primer, 2 µl cDNA 6.4 µl dH2O), using SYBR 
Green PCR reagents (Takara Biotechnology Co., Ltd.) and 
incubated for 5 sec at 95˚C, followed by 50 cycles of 95˚C for 
5 sec, 1 cycle of 60˚C for 20 sec and 60˚C for 30 sec. GAPDH 
was used as an internal control. The primer sequences were 
designed using the program primer BLAST as follows: 
GAPDH forward, 5'-TGA AGG TCG GAG TCA ACG G-3' 
and reverse, 5'‑CTG GAA GAT GGT GAT GGG ATT‑3'; Bcl‑2 
forward, 5'-GGG TGG GAG GGA GGA AGA AT-3' and reverse, 
5'‑TTC GCA GAG GCA TCA CAT CG‑3'; Bax forward, 5'‑CTC 
ACC GCC TCA CTC ACC AT-3' and reverse, 5'-TGT GTC CCG 
AAG GAG GTT TAT T‑3'; and caspase‑3 forward, 5'‑GAG TAG 
ATG GTT TGA GCC TGA G-3' and reverse, 5'-TGC CTC ACC 
ACC TTT AGA AC-3'. Following PCR, the threshold cycle (Cq) 
value of each cell was recorded, and the dates were analyzed 
by the comparative 2-ΔΔCq method (15).

Statist ical analysis. The results are expressed as 
the mean ± standard deviat ion of at least th ree 
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independent experiments. Comparison between groups was  
performed using one-way analysis of variance. Student's 
t-test was performed to evaluate the significance of  
differences in the mean value. P<0.05 was considered to 
indicate a statistically significant difference. The statistical 
analyses were performed using the SPSS 17.0 software for 
Windows (SPSS, Inc., Chicago, IL, USA). GraphPad Prism 5 
(GraphPad Software, Inc., La Jolla, CA, USA) was used for 
graphs.

Results

Effects of PV on cell proliferation and cell morphology. The 
effect of PV on cell viability was examined by the CCK-8 
assay. In order to investigate the anti-proliferative effect of 
PV, TPC-1 and FTC-133 cells were cultured in the presence 
of various concentrations of PV (0, 5, 10, 20 and 30%) for 
12, 24 and 36 h. Subsequent to treatment, the cell viability 
presented marked changes with different concentrations. 
The CCK‑8 assay showed that PV significantly inhibited the 
proliferation of TPC-1 and FTC-133 cells (P<0.05), compared 
with the control condition (untreated cells). As the concentra-
tion increased, the cell viability decreased at all time periods 
(Fig. 1A and B). Following 24 h treatment, the IC50 values 
of PV were found to be 16.3 and 12.7% PV in TPC-1 and 
FTC-133 cells, respectively (Fig. 1C). These data indicated 
that PV significantly reduced the viability of WDTC cells in a 
dose- and time-dependent manner (P<0.05).

The CCK-8 assay indicated that PV may effectively inhibit 
cell proliferation, and this result was confirmed by observing 
cells under bright inverted microscopy. Following incubation 
with IC50 PV for 24 h, cell morphology became smaller in size 
and more rounded in shape, compared with the control group, 
resulting in cells detaching from the surface of the Petri dish. 
The images captured demonstrated that PV caused an altera-
tion in cellular morphology (Fig. 2).

Hoechst 33342 staining. As shown in Fig. 3, the cell nuclei 
of TPC-1 and FTC-133 cells dyed with Hoechst 33342 were 
uniform, round or oval, with uniformity in chromatin distri-
bution with a weak blue color. Following treatment with IC50 
PV for 24 h, more cells appeared to possess apoptotic char-
acteristics, with changes of nuclear morphometry, including 
formation of round cell karyorrhexis particles, chromatin 
condensation, particle shape distribution, bright blue nuclear 
pyknosis and lobulated nuclear fragmentation.

AO/EB staining to detect nuclear changes. Microscopic 
evidence for apoptosis was obtained with AO/EB staining, 
the fluorescent patterns of which depend on the viability 
and membrane integrity of the cells. Significant changes in 
morphology were observed following PV treatment for 24 h 
at IC50, whereas such changes were not observed in the control 
group (Fig. 3). Uniformly green fluorescing nuclei with a 
highly organized cellular structure indicated normal and 
viable cells (Fig. 3; control 1 and control 2). Orange to red 
fluorescing nuclei with highly condensed or fragmented chro-
matin indicated apoptotic cells (Fig. 3; TPC‑1 and FTC‑133). 
The present results revealed the apoptosis inducing ability of 
PV in TPC-1 and FTC-133 cell lines.

DNA fragmentation analysis by PV. The effect of PV on cell 
apoptosis was tested by the DNA ladder formation assay. 
DNA fragmentation is generally considered to be the hallmark 
of apoptosis (16). As shown in Fig. 4, DNA laddering was 
observed subsequent to TPC-1 and FTC-133 cells being treated 
with IC50 PV for 24 h, compared with the control groups. 
The results indicated that PV was able to induce WDTC cell 
apoptosis.

Effects of PV on the expression of apoptosis‑associated 
proteins. The expression levels of apoptosis-associated 

Figure 1. Effects of PV on the proliferation of TPC-1 and FTC-133 by 
Cell Counting Kit-8 assay. (A) Dose and time-dependent anti-proliferative 
effects of PV on TPC-1 cells. (B) Dose and time-dependent anti-proliferative 
effects of PV on FTC-133 cells. (C) TPC-1 and FTC-133 cells were treated 
by different concentrations of PV for 24 h. The data are presented as the 
mean ± standard deviation for three independent experiments. *P<0.05 
compared with the untreated control group. PV, Prunella vulgaris.
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proteins were assessed by RT-qPCR. The present results 
showed that the expression level of Bcl‑2 was significantly 
decreased (P<0.05), while the levels of Bax and caspases-3 
increased in TPC-1 and FTC-133 cell lines treated with PV 
at IC50 for 24 h (Fig. 5). Previous results demonstrated that 
the Bcl-2 protein family and the caspase cascade perform key 
roles in mitochondria-mediated cell apoptosis (17), and the 
present findings indicated that PV activates Bcl‑2, Bax and 
caspase-3 apoptosis signaling pathways in WDTC TPC-1 and 
FTC-133 cell lines that were treated with PV.

Discussion

Due to the advantages of limited side effects and low toxicity 
of traditional Chinese medicines, there has been increasing 

attention on the antitumor active ingredients extracted from 
these medicines (18). PV is a traditional Chinese medicine that 
has been shown to have potential anti‑inflammatory, anti‑prolif-
erative and apoptotic effects on diverse cell systems (19). 
However, the function of PV on WDTC has not been reported.

In order to explore the effect of PV on WDTC cell lines, 
the present study investigated the anti-proliferative activity 
of TPC-1 and FTC-133 cell lines following PV treatment. 
PV showed anti-proliferative effects against TPC-1 and 
FTC-133 cell lines. The CCK-8 assay showed concentration 
and time-dependent cytotoxicity of PV. The morphological 
changes in TPC-1 and FTC-133 cells incubated for 24 h with 
IC50 included clumping of cells with round morphology, retrac-
tion and shrinking of cells. The present results demonstrated 
that PV has anti-proliferative potential, which may be useful 

Figure 2. TPC-1 and FTC-133 cell morphological changes following incubation with PV at IC50 for 24 h. (A) TPC‑1 untreated group; (B) TPC‑1 treated group; 
(C) FTC‑133 untreated group; and (D) FTC‑133 treated group. Magnification, x100. The IC50 value of PV was calculated from cell proliferation plots. Results 
are the mean ± standard deviation from three independent experiments. PV, Prunella vulgaris; IC50, half maximal inhibitory concentration.

Figure 3. Morphology of cell nuclei in TPC-1 and FTC-133 cells treated with PV, observed by Hoechst 33342 and AO/EB staining. Control 1, TPC-1 untreated 
group; TPC‑1, TPC‑1treated group; control 2, FTC‑133 untreated group; and FTC‑133, FTC‑133 treated group. AO/EB, acridine orange/ethidium bromide; 
PV, Prunella vulgaris.
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in deriving the novel anticancer drug for WDTC in the future. 
Fragmented and condensed nuclei in cells are a hallmark of 
apoptotic induction (20). The cell death pathway that is pref-
erential is apoptosis, although necrosis may also occurred to 
a certain extent, and these inferences have been substantiated 
using AO/EB fluorescent staining and Hoechst staining (20,21) 
The present study showed that the nuclei morphology of papil-
lary thyroid cancer cells was changed significantly following 
IC50 PV treatment at 37˚C for 24 h (Fig. 3). The present results 
revealed that PV inhibited the proliferation of WDTC cell 
lines by an apoptotic process. DNA fragmentation is generally 
considered to be the hallmark of apoptosis (22). The present 
DNA fragmentation data supports earlier observation that 
PV induced the DNA fragmentation and subsequent cellular 
damage (Fig. 4).

Mitochondria are cellular organelles, associated with 
execution of apoptosis (23). This is achieved by regulating 
the expression of the anti-apoptotic protein Bcl-2 and the 
pro-apoptotic protein Bax (24). Bcl-2 and Bax come from the 
Bcl-2 family, which may induce apoptosis by inhibiting oxygen 
free radicals, controlling intracellular Ca2+ influx, preventing 
the release of cytochrome c and inhibiting p53 and c-myc (25). 
The present study also demonstrated that the caspase family 
of cysteine aspartic proteases performs a role at the start 
and finish of cell apoptosis, and the caspase‑3 cascade is the 
key point (26). In order to explore the molecular mechanism 
underlying PV-induced cell apoptosis, the expression of Bax, 
caspase-3 and Bcl-2 was detected by RT-qPCR.

The results showed that the mRNA levels of Bcl-2, Bax and 
caspase-3 were changed following PV treatment, compared 
with the control group (Fig. 5). It was also revealed that PV 

may improve the level of the pro-apoptotic protein Bax and 
downregulate the anti-apoptotic protein Bcl-2 expression, 
activating the caspase-3 cascade and inducing apoptosis. This 
may be one of the molecular mechanisms through which PV 
induces apoptosis on WDTC.

In summary, the present study demonstrated that PV may 
induce apoptosis in WDTC TPC-1 and FTC-133 cell lines, 
which was associated with the Bcl-2, Bax and caspase-3 
signaling pathways.

Figure 4. 2% agarose gel showing DNA fragmentation induced by PV. 
Marker, 100 bp DNA ladder marker. Lane 1, TPC‑1 control group; lane 2, 
FTC‑133 control group; lane 3, TPC‑1 treated group; and lane 4, FTC‑133 
treated group. PV, Prunella vulgaris.

Figure 5. Effects of PV on the expression of Bcl-2, Bax and caspase-3 mRNA 
in TPC-1 and FTC-133 cell lines. (A) The mRNA level of Bcl-2 was decreased 
in TPC-1 and FTC-133 cell lines following treatment with PV at IC50 at 37˚C 
for 24 h. (B) The mRNA level of Bax was increased in TPC-1 and FTC-133 
cell lines following treatment with PV at IC50 for 24 h. (C) The mRNA level 
of caspase-3 was upregulated in TPC-1 and FTC-133 cell lines following 
treatment with PV at IC50 for 24 h. Each bar represents mean ± standard 
deviation of three independent experiments. *P<0.05 vs. control group. B-cell 
lymphoma‑2; Bax, Bcl‑2 associated X protein; PV, Prunella vulgaris; IC50, 
Half-maximal inhibitory concentration.
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