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Abstract. Plectranthus excisus is widely distributed 
throughout northeast China. Its active ingredient, diterpe-
noids, exhibits significant antitumor effects. The present 
study examined the antitumor effects of diterpenoid B (DB), 
derived from Plectranthus excisus, and demonstrated that 
DB inhibited the proliferation of tumor cells by inhibiting 
the cell cycle. Reverse transcription-quantitative polymerase 
chain reaction and western blot analysis were used to deter-
mine mRNA and protein expression levels, respectively. The 
results revealed that exposure to DB increased the expres-
sion levels of the transformation associated, protein 53, and 
cyclin-dependent kinase inhibitor 1A, and decreased the 
expression of cyclin-dependent kinase 2. The results of the 
present study demonstrated that DB can inhibit cell cycle 
progression and, therefore, offers potential as a beneficial 
antitumor drug.

Introduction

Plectranthus excisus and other tea-leaves of the Labiatae family 
are Isodons, which are widely distributed throughout northeast 
China. Diterpenoids, which are a typical component of Isodons, 
exhibit antitumor, antibacterial, anti‑inflammatory and anti-
oxidant effects, and provide cardiovascular protection (1-4). 
Diterpenoid B (DB) is synthesized by Plectranthus excisus. 
Previous studies have demonstrated that a number of Isodons 
contain extractable diterpenoids. In China, Isodon plants 
are currently used as raw materials to produce medicines, 

including tablet-based rubescens and anticancer drugs (5,6). 
This present study aimed to provide a theoretical basis for the 
development of caudate lobe Isodon plants, and investigate 
whether DB is able to inhibit the proliferation and progression 
of melanoma. This was with the aim to establish a theoretical 
basis for the anti-tumor effect of traditional Chinese medicine.

Materials and methods

Reagents. The DB used in the present study was obtained 
from China-Japan Union Hospital chemical laboratory and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) was purchased from Sigma-Aldrich (St. Louis, MO, 
USA). RPMI-1640 medium was purchased from Gibco Life 
Technologies (Carlsbad, CA, USA) and fetal bovine serum 
was purchased from HyClone Corp. (Logan, UT, USA). 
The following antibodies were purchased from Santa Cruz 
Biotechnology, Inc. (Dallas, TX, USA): Rabbit polyclonal 
cyclin-dependent kinase 2 (Cdk2; sc-163; 1:200), mouse mono-
clonal transformation related protein 53 (p53; sc-126; 1:200), 
rabbit polyclonal cyclin-dependent kinase inhibitor 1A (p21; 
sc-397; 1:200) and rabbit polyclonal checkpoint kinase 1 (Chk1; 
sc-7898; 1:200). Goat anti-mouse (sc-2005) and anti-rabbit 
(sc-2054) immunoglobulin G horseradish peroxidase-conju-
gated secondary antibodies were used (1:1,000; Santa Cruz 
Biotechnology, Inc.). The anti-β-actin antibody was purchased 
from Promega Corporation (Madison, WI, USA).

Cell culture. The B16 mouse melanoma cell line was main-
tained in RPMI-1640 medium, containing 10% fetal bovine 
serum, in an incubator with 5% CO2 at 37˚C. Trypsin (0.25%) 
was used to digest the cells.

MTT assay. B16 cells in the logarithmic growth phase were 
seeded into 96-well plates at ~5x104 cells/ml. Following 
incubation for 24 h at 37˚C, the cells were exposed to 0.5, 1.0, 
2.0, 4.0, 8.0, 16.0 and 32.0 µg/ml of DB (the experimental 
groups) or remained untreated (control), with four wells for 
each group. The cells were further divided into 24 and 48 h 
treatment groups. Every 24 h, MTT (20 µl of a 5 µg/ml solu-
tion) was added to the wells containing the cultured cells, 
which were then incubated for 4 h. Following incubation at 
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37˚C, the culture medium was removed and 150 µl dimethyl 
sulfoxide was added. The absorbance (A) was measured using 
a microplate reader (Bio-Rad 550; Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) at 490 nm, and the rate of the inhibition 
of cell growth was calculated using the following formula: 
Cell growth inhibition rate (%) = (1 - Aexperimental group / Acontrol 

group) x 100.

Analysis of cell morphology. B16 cells in the logarithmic 
growth phase were digested with trypsin and seeded into 
96-well plates with 100 µl/well suspension containing 
~5x104 cells/ml. Following culture for 24 h, the media was 
discarded. The doses of DB and the incubation durations were 
as described for the MTT assay above. The morphology of the 
cells was observed using an inverted phase contrast micro-
scope (BX41-PHD-P11; Olympus, Numazu-shi, Japan).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). The mRNA expression was measured in the 
B16 cells in the logarithmic growth phase following treatment 
with DB (0.5, 1.0 and 2.0 µg/ml) for 24 or 48 h. The cells were 
digested with 0.25% trypsin and pelleted by centrifugation 
at 2,000 x g for 5 min at 37˚C. The total RNA was extracted 
with TRIzol (Invitrogen Life Technologies, Carlsbad, CA, 
USA) and the concentration and purity of the RNA samples 
were determined by measuring the A260 and A280 optical 
density values using an ultraviolet (UV) spectrophotometer 
(UV-2401PC; Bayer AG, Leverkusen, Germany). The cDNA 
(100 ng) was obtained by RT of 1 µg mRNA with SMART® 
MMLV Reverse Transcriptase (639523; Takara Bio, Inc., Otsu, 
Japan). The PCR kit used was 2XEasyTaq PCR SuperMix 
(AS111-02; Beijing TransGen Biotech Co., Ltd., Beijing, 
China). The primer sequences, which were obtained from 
Sangon Biotech, Co., Ltd. (Shanghai, China), were as follows: 
p53, upstream 5'-CATGGACGATCTGTTGCTG-3' and down-
stream 5'-TCGGGTGGCTCATAAGGT-3'; p21, upstream 
5'-AGCTCAATGGACTGGAAGGG-3' and downstream 
5'-GAGCTGGAAGGTGTTTGGGG-3'; Cdk2, upstream 
5'-GTTGACGGGAGAAGTTGTGG-3' and downstream 
5'-GAAGGACACGGTGAGAATGG-3'; Chk1, upstream 
5'-CTTTGGGAGAAGGTGCCTAT-3' and downstream 
5'-ATGCCGAAATACCGTTGC-3'. β-actin was used as an 
internal control to assess the quality of the cDNA templates. 
The sequences of the β-actin primers were as follows: Upstream 
5'-GTAAAGACCTCTATGCCAACACA-3' and downstream 
5'-GGACTCATCGTACTCCTGCTTG-3'. The sizes of the 
amplified fragments for p53, p21, Cdk2, Chk1 and β-actin were 
543, 485, 302, 431 and 226 bp, respectively. The conditions 
used for qPCR of the p53, p21, Cdk2, and Chk1 genes were as 
follows: 95˚C for 5 min; 30 cycles of 94˚C for 30 sec, 55˚C for 
30 sec, 72˚C for 45 sec and 72˚C for 5 min. The qPCR products 
were visualized using a camera and a digital gel imaging system 
(GIS; Tanon 2500R; Tanon Science & Technology Co., Ltd., 
Shanghai, China). GIS was used to determine the grayscale 
values of the electrophoretic bands for p53, p21, Cdk2 and Chk1. 
The expression levels of these genes were expressed as a relative 
ratio of mRNA against the mRNA of β-actin.

Western blotting. Western blotting was used to determine the 
protein expression levels in the B16 cells in the logarithmic 

growth phase following exposure to DB (0.5, 1.0 or 2.0 µg/ml) 
for 24 or 48 h. Following treatment with DB, the cells were 
washed with phosphate-buffered saline (PBS) and centrifuged 
at 2,000 x g for 5 min. Following centrifugation, protein 
homogenization buffer (100 µl), β-mercaptoethanol (1.2 µl) 
and 200 mmol/l phenylmethylsulfonyl fluoride (0.3 µl) were 
added to the resuspended cells. The cells were ruptured using 
an ultrasonic homogenizer, and the protein concentrations 
were determined using a microplate reader. Protein (40 µg) 
from each sample was electrophoresed and the proteins were 
transferred from the 12% SDS-PAGE gel (Beijing Solarbio 
Science & Technology Co., Ltd., Shanghai, China) onto a 
polyvinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA). The membranes were blocked with 5% non-fat 
milk prior to being incubated at 4˚C overnight with antibodies 
directed against p53, p21, Cdk2 and Chk1. Following incuba-
tion with secondary antibodies for 1 h at room temperature, 
the membranes were processed and analyzed. The expression 
levels of p53, p21, Cdk2 and Chk1 were quantified using a 
color image analysis system (Tanon 4100; Tanon Science & 
Technology Co., Ltd.).

Flow cytometry. The B16 cells were incubated with DB for 
24 or 48 h, digested with EDTA (Sangon Biotech, Co., Ltd.), 
harvested and incubated in 70% ethanol at 4˚C for 24 h. A total 
of ~1x106 cells were resuspended in 100 µl PBS. Subsequently, 
5 µl propidium iodide (PI) was added and the cells were 
incubated in PI for 30 min at room temperature in the dark. 
The cell cycle status was then assessed using flow cytometry 
(FACSCalibur; BD Biosciences, San Jose, CA, USA).

Statistical analysis. The data are expressed as the mean ± stan-
dard deviation. One-way analysis of variance was used to 
determine whether differences were present between the 
groups. All analyses were performed using SPSS 11.5 statis-
tical software (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effects of DB treatment on the proliferation of B16 cells. The 
effects of different concentrations of DB on the B16 cells 
was determined by incubating the cells with DB for 24 or 
48 h. The results of this analysis are presented in Tables I 
and II, and Fig. 1. Following 24 or 48 h treatment with DB, 
proliferation was significantly more inhibited in the cells 
treated with 0.5 µg/m, compared with the cells of the control 
groups (24 h, P<0.05; 48 h, P<0.01). Following 24 h exposure 
to DB, the proliferation of the cells treated with 0.5, 1.0, 
2.0, 4.0, 8.0, 16.0 and 32.0 µg/ml were inhibited by 11.06, 
24.95, 39.23, 63.28, 68.90, 78.54 and 79.87%, respectively 
(Table I). Following 48 h exposure to DB, the proliferation 
of cells treated with 0.5, 1.0, 2.0, 4.0 and 8.0 µg/ml groups 
were inhibited by 38.53, 51.87, 68.32, 80.84 and 86.11%, 
respectively (Table II). These findings indicated that inhi-
bition of the proliferation of B16 cells by DB is time- and 
dose-dependent (Tables I and II).

Effects of treatment with DB on the morphology of B16 cells. 
The B16 cells were incubated with different doses of DB, 
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following which their morphology was assessed using an 
inverted phase contrast microscope. The results revealed that 
the adherent control cells grew well and were transparent, with 
good refractive indices and smooth, clear boundaries. In addi-
tion, proliferation of the control cells was robust. The effects 
of treatment with DB on cell morphology manifested slowly. 
A small number of cells became round and smaller in size 
following treatment with 1 µg/ml DB for 24 h, and a number 
of dead, floating cells were observed. Pronounced changes in 
cell morphology were increasingly apparent with increased 
doses of DB. Following treatment with 2 µg/ml DB for 48 h, a 
marked increase in cell death was observed. The viable cells 
lost their shape and their surfaces were no longer smooth. 
Visible cell debris was also present (Fig. 1).

Effects of treatment with DB on the proliferation of B16 cells. 
The results of the analysis of the cell cycle using flow cytom-
etry are shown in Fig. 2. The area in front of the red peak 
represents the G0-G1 phases, the area following the red square 
represents the G2-M phases and the blue diagonal peaks repre-
sent the S phase. No cell cycle arrest was observed in the cells 
in the blank control group during any phase of the cell cycle. 
However, the cells exposed to DB exhibited arrest, predomi-
nantly in the G1 phase. The number of B16 cells arrested in the 
G1 phase following exposure to 0.5, 1.0 or 2.0 µg/ml DB for 24 
or 48 h was dose-dependent (Fig. 2 and Table III).

Determination of the mRNA expression levels of p53, p21, 
Cdk2, and Chk1 using RT‑qPCR. The effects of treatment 
with 0.5, 1.0 or 2.0 µg/ml DB on gene expression in the B16 
cells was analyzed subsequent to 24 and 48 h exposure. 
Following treatment for 24 h, the mRNA expression levels 
of p53, p21 and Chk1 were significantly increased in the 
cells treated with 1.0 or 2.0 µg/ml DB, compared with the 
control cells (P<0.05). Following 48 h exposure, the mRNA 
expression levels of p53 were significantly increased only in 
cells treated with 2.0 µg/ml DB, while the mRNA expres-
sion levels of p21 and Chk1 were significantly increased in 
cells treated with all three doses of DB (P<0.05; Fig. 3). By 
contrast, the mRNA expression levels of Cdk2 were signifi-
cantly decreased in the cells treated with 2.0 µg/ml DB for 
24 h and in the cells treated with 1.0 µg/ml or 2.0 µg/ml DB 
for 48 h (P<0.05; Fig. 3).

Determination of the protein expression levels of p53, p21, 
Cdk2 and Chk1 using western blot analysis. The effects of 
treatment with 0.5, 1.0 or 2.0 µg/ml DB on the B16 cells were 
analyzed following 24 or 48 h exposure. The protein expres-
sion levels of p53, p21 and Chk1 were significantly increased in 
the cells treated with DB, compared with the control cells (All 
P<0.05), with the exception of Chk1 in the cells treated with 
0.5 µg/ml DB for 24 h. The protein expression of Cdk2 in the 
cells treated with 2.0 µg/ml DB for 24 or 48 h was decreased 
significantly, compared with that observed in the control cells 
(Fig. 4).

Discussion

Melanoma is a highly malignant, melanin-producing tumor. 
A study in the United States reported that during the past two 

Table II. Inhibition of the proliferation of B16 cells treated 
with DB for 48 h.

  Inhibitory 
DM (µg/ml) OD value rate (%)

0 (control) 1.0245±0.100 0
0.5 0.630±0.051 38.53a

1.0 0.493±0.021 51.87a

2.0 0.325±0.010 68.32a

4.0 0.196±0.021 80.84a

8.0 0.142±0.004 86.11a

16.0 0.140±0.019 86.35a

32.0 0.137±0.010 86.60a

OD values are presented as the mean ± standard deviation. 
aP<0.01, vs . control (n=4). DB, diterpenoid B; OD, optical density.

Table III. Analysis of the cell cycle distribution of the cells 
treated with DB for 24 or 48 h, assessed using flow cytometry.

DM (µg/ml) G1 phase (%) G2 phase (%) S phase (%)

24 h
  0 (control) 48.34±1.05 3.81±0.90 48.40±0.57
  0.5 57.54±1.71a 1.78±0.60a 41.73±1.06a

  1.0 62.57±1.21a 0.94±0.08a 36.49±1.24a

  2.0 73.45±1.09a 1.00±0.54a 25.66±1.35a

48 h
  0 (control) 45.39±2.64 4.57±0.45 45.95±0.48
  0.5 57.40±0.87a 1.62±0.37a 43.06±0.94a

  1.0 61.44±1.07a 1.09±0.21a 39.30±0.74a

  2.0 64.30±0.72a 0.47±0.23a 36.46±1.12a

The data are expressed as the mean ± standard deviation. aP<0.05, 
compared with the control group (n=3). DB, diterpenoid B.

Table I. Inhibition of the proliferation of B16 cells following 
treatment with DB for 24 h. 

  Inhibitory 
DM (µg/ml) OD value rate (%)

0 (control) 0.637±0.038 0
0.5 0.567±0.042 11.06a

1.0 0.478±0.013 24.95b

2.0 0.387±0.047 39.23b

4.0 0.234±0.037 63.28b

8.0 0.198±0.027 68.90b

16.0 0.137±0.011 78.54b

32.0 0.128±0.012 79.87b

OD values are expressed as the mean ± standard deviation. aP<0.05, 
compared with the control group; bP<0.01, compared with the control 
group (n=4). DB, diterpenoid B; OD, optical density.
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decades, the incidence of melanoma has increased annually, and 
of the 76,250 patients with newly diagnosed melanoma, 9,180 
succumbed to mortality (7).

A predilection for left-sided skin cancer in the United States 
is considered to be associated with exposure to UV light whilst 
driving (8). The disease has a poor prognosis and mortality rates 
due to skin cancer account for >50% of the total mortality (9). 
Therefore, identifying novel treatments is essential.

The root cause of tumor formation is cell cycle disorder, 
caused by unrestricted cell proliferation, and cell cycle-associated 
genes are important in this process. Cdk2 is a cyclin-dependent 

kinase, which binds to the regulatory proteins Cyclin E and 
Cyclin A. Activation of the Cyclin E-Cdk2 complex promotes 
the progression of the cell cycle through the G1/S phase restric-
tion point into the S phase of the cell cycle. Following entry into 
the S phase, Cdk2 forms a complex with Cyclin A to regulate 
DNA and centrosome replication, and remaining at the G2/M 
phase checkpoint during the conversion process may promote 
the occurrence of mitosis (10-12).

p53 is an important regulator of the cell cycle. In mamma-
lian cells, wild-type p53 is important in the G1/S phase 
transition (13) by binding to and activating the regulatory region 

Figure 2. Flow cytometric analysis of the effects of treatment with diterpenoid B on the cell cycle progression of B16 cells.

Figure 1. Diterpenoid B causes morphological changes in B16 cells following 24 or 48 h of exposure (magnification, x100). With diterpenoid B, the cells turned 
round and did not attach, and many fragments were observed in the medium. The morphological alterations were more significant with increases in dose and 
duration of treatment.
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of p21. The formation of p53-p21 complexes prevents the cells 
from progressing between the G1 phase and the S phase. In 
addition, the activation of p21 inhibits the activity of Cdks. This 
inhibition arrests the cell cycle at the G0/G1 phase transition 
and inhibits proliferation.

Chk1 is a DNA damage-induced cell cycle checkpoint 
mediator, which is important in the G2 phase. The activation 

of Chk1 via phosphorylation, by cell division cycle 25C, 
arrests cells at the G2/M phase transition (14-16). Previous 
studies have demonstrated that G2-phase arrest ensures the 
integrity and stability of chromosomes, and prevents cells 
with abnormal chromosomes from undergoing mitosis (17-19). 
Accordingly, tumor cells with functional Chk1 remain in the 
G2 phase and fail to divide.

Figure 4. Western blot analysis of the protein expression levels of p53, p21, Chk1 and Cdk2 in B16 cells following treatment with DB for 24 or 48 h. Lane 1, 
control group; lane 2, 0.5 µg/ml; lane 3, 1.0 µg/ml; lane 4, 2.0 µg/ml DB group. The data are expressed as the mean ± standard deviation. *P<0.05, compared 
with the control group. DB, diterpenoid B.

Figure 3. Reverse transcription-quantitative polymerase chain reaction analysis of the mRNA expression levels of p53, p21, Chk1 and Cdk2 in B16 cells fol-
lowing treatment with DB for 24 or 48 h. Lane 1, control group; lane 2, 0.5 µg/ml; lane 3, 1.0 µg/ml; lane 4, 2.0 µg/ml DB group. The data are expressed as the 
mean ± standard deviation. P<0.05, compared with the control group. DB, diterpenoid B; M, marker.
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In conclusion, the present study demonstrated that caudate 
Isodon DB, synthesized by Plectranthus excisus, inhibited the 
proliferation of B16 cells. Treatment with DB increased the 
mRNA and protein expression levels of p53, p21 and Chk1, and 
decreased the mRNA and protein expression levels of Cdk2. 
These findings indicated that DB affected the proliferation in 
B16 cells by activating the expression levels of p53 and p21. 
Increasing the expression levels of these two genes inhibited the 
activity of Cdk2 and arrested the cells in the G1 phase. Cdk2 is 
also regulated by Chk1 at the G2/M phase transition (20). This 
regulation maintains the cells in the G2 phase and prevents 
them from dividing. Therefore, the results of the present study 
demonstrated that DB can inhibit cell cycle progression and, 
thus offer potential as a beneficial antitumor drug.
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