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Abstract. Hylomecon vernalis Maxim. has traditionally been 
used to promote blood circulation, alleviate pain, dissipate 
stasis, and reduce swelling. The aim of the present study 
was to investigate the effect and potential mechanism of 
H. vernalis Maxim. ethanol extracts (HVMEE) on the growth 
and apoptosis of human colon cancer HT‑29 and SW620 cells. 
H. vernalis samples were extracted three times with ethanol, 
dried, and concentrated into powder. The components of 
HVMEE were investigated using high performance liquid 
chromatography in tandem with mass spectrometry analysis. 
MTT assay was used to investigate the effect of HVMEE 
on viability of human colon cancer HT‑29 and SW620 cells. 
Apoptosis of HT‑29 and SW620 cells was evaluated using flow 
cytometric analysis. Expression levels of apoptosis and cell 
cycle‑related proteins were assessed by western blot. The find-
ings demonstrated that the alkaloid content of HVMEE was as 
high as 89.67%, and it effectively inhibited viability in HT‑29 
and SW620 cells, with IC50 values of 0.105±0.022 mg/ml and 
0.146±0.013 mg/ml, respectively. In addition, HVMEE induced 
apoptosis in HT‑29 and SW620 cells, by increasing caspase‑3, 
caspase‑9 and BCL2 associated X expression, and reducing 
Bcl‑2 expression. The present study suggests that HVMEE has 
a potential role in the treatment of colorectal cancer.

Introduction

Colorectal cancer (CRC) is one of the most common cancers 
worldwide, with an annual incidence rate of 1.2 million and 
an annual mortality rate of over 600,000 individuals (1,2). 
Despite considerable advances in surgical techniques and 
neoadjuvant chemotherapy, the survival rate of CRC remains 
poor (3). Antimetabolites, such as 5‑fluorouracil (5‑FU), have 
therapeutic properties for patients with CRC; however, the side 

effects, which include myelotoxicity and GI toxicities (such as 
diarrhea and stomatitis), limit their long‑term use. Thus, there 
is an urgent need for the development of new drugs with more 
specific effects and low toxicity.

Natural products have been shown to be excellent and 
reliable sources in pharmaceutical development of anti-
cancer drugs  (4,5). Sinomenine (SIN), an alkaloid from 
Sinomenium  acutum, inhibits proliferation in SW1116 
colorectal cancer cells by promoting G1 phase arrest, 
with concomitant suppression of COX‑2 expression  (6). 
Bisleuconothine A, a bisindole alkaloid, inhibits cell prolifera-
tion and induces apoptosis in HCT116 and SW480 colorectal 
cancer cells, by increasing caspase cleavage (7). Furthermore, 
it dramatically suppresses Wnt target gene expression in an 
in vivo HCT116 xenograft model, through upregulation of 
β‑catenin phosphorylation and subsequent Wnt signaling 
inhibition (7). Piperlongumine (PPLGM), an alkaloid isolated 
from the long pepper (Piper longum L.), selectively triggers 
cancer cell death in HCT116 colorectal cancer cells, through 
activation of the JNK signaling pathway (8).

Hylomecon vernalis Maxim. has long been used in tradi-
tional Chinese medicine for improving the local blood supply, 
dissipating blood stasis, and relieving pain. Alkaloids have 
multiple biological activities, including antitumor, anti‑inflam-
matory, and analgesic effects. In the present study, the aim was 
to investigate the effect of HVMEE on viability and apoptosis 
of HT‑29 and SW620 human colorectal cancer cells and its 
potential mechanism.

Materials and methods

Chemicals and reagents. MTT was purchased from 
Sigma‑Aldrich; Merck Millipore (Darmstadt, Germany). 
Polyclonal rabbit anti‑human cleaved caspase‑3 (1:1,000; cat. 
no. 9661S), monoclonal rabbit anti‑human cleaved caspase‑8 
(1:1,000; cat. no.  9496S), polyclonal rabbit anti‑human 
cleaved caspase‑9 (1:1,000; cat. no.  9505S), monoclonal 
mouse anti‑human BCL‑2 (1:1,000; cat. no. 15071S), poly-
clonal rabbit anti‑human Bax (1:1,000; cat. no.  2772S), 
monoclonal rabbit anti‑human cyclin D1 (1:1,000; cat. 
no. 2978S), monoclonal rabbit anti‑human CDK4 (1:1,000; cat. 
no. 12790S), monoclonal rabbit anti‑human CDK6 (1:1,000; 
cat. no.  13331S) and monoclonal rabbit anti‑human p21 
(1:1,000; cat. no. 2947S) primary antibodies were purchased 
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from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
N‑Benzyloxycarbonyl‑Val‑Ala‑Asp (O‑Me) fluoromethyl 
ketone (Z‑VAD‑FMK) was purchased from Beyotime Institute 
of Biotechnology (Haimen, China). The monoclonal mouse 
anti‑human β‑actin primary antibody was obtained from 
Abcam (1:1,000; cat. no.  ab8226; Cambridge, UK). Goat 
anti‑mouse and goat anti‑rabbit secondary antibodies were 
purchased from Thermo Fisher Scientific, Inc., (1:5,000; cat. 
nos. A16072 and A16110, respectively; Waltham, MA, USA).

Extraction of HVMEE. H. vernalis Maxim. was purchased 
from Shaanxi Panlong Pharmaceutical Co., Ltd. (Shangluo, 
China). Briefly, the dried root of H. vernalis Maxim. (10.0 kg) 
was extracted with 70% ethanol three times. The extracts 
were combined, concentrated, and dried at 80˚C to obtain the 
HVMEE. High‑performance liquid chromatography (HPLC) 
in tandem with mass spectrometry analysis was used to assess 
the main ingredients in the extracts. HPLC was conducted 
in tandem with mass spectrometry using an Agilent 1260 
HPLC and AB SCIEX 4500Q trap triple quadrupole mass 
spectrometer with ESI source: Mobile phase 0.1% (v/v) (A) 
formic acid aqueous solution and (B) acetonitrile; injection 
volume 5  µl; column temperature 35˚C, using a gradient 
elution mode. Run times from 0‑10 min up to 15% B and from 
11‑20 min up to 27% B. The HPLC system consisted of a C18 
column (3.9x300 mm, 10 µm) with 1 ml/min flow rate. The 
MassHunter (Agilent Technologies, Inc., Santa Clara, CA, 
USA) system was used.

Cell culture. Human CRC cell lines HT‑29 and SW620 
were obtained from the American Type Culture Collection 
(Manassas, VA, USA). The cells were cultured in RPMI‑1640 
(Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal calf serum (Gibco; Thermo Fisher Scientific, Inc.;  
cat. no.  10437‑028), 100  U/ml penicillin, and 100  U/ml 
streptomycin in an atmosphere of 95% oxygen and 5% CO2 
at 37˚C.

Cell viability assay. HT‑29 and SW620 cells were seeded in 
96‑well plates at a density of 2x104 cells/well for 24 h, then cells 
were treated with 0.01, 0.03, 0.1, 0.3, 1, and 3 mg/ml HVMEE 
for 24 h in complete medium. Following treatment, 20 µl of 
MTT solution (5 mg/ml) was added to each well for 4 h. The 
cells were then washed three times with PBS, and the resulting 
formazan was resuspended in 150  µl dimethyl sulfoxide. 
Absorbance was measured at 570 nm with a Bio‑Rad ELISA 
reader (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). The 
experiment was repeated independently three times.

Flow cytometric assay for Annexin V apoptosis detection. 
Cell apoptosis was detected using an Annexin V‑fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) apoptosis detec-
tion kit (BD Biosciences, Franklin Lakes, NJ, USA). Briefly, 
HT‑29 and SW620 cells were grown at a density of 5x105 
per well in 6‑well plates. In accordance with the IC50 values 
obtained from the MTT assay, the cells were treated with 
0.01 or 0.05 mg/ml HVMEE for 24 h. Using the MTT assay 
results, the IC50 values were 0.105±0.022 mg/ml for HT‑29 
and 0.146±0.013 mg/ml for SW620 cells. The authors iden-
tified that the minimum effective concentration of HVMEE 

was 0.01 mg/ml for HT‑29 and SW620 cells. Therefore, five 
times the minimum effective concentration of HVEMEE was 
0.05 mg/ml, which is a concentration with a significant effect, 
whilst bearing an apoptosis rate (for both HT‑29 and SW620) 
of <50%.

Then, a total of 1x106 cells were collected with centrifuge 
(700 x g) 3 min at room temperature, washed with ice‑cold PBS 
and resuspended in 1X binding buffer [10 mM Hepes/NaOH 
(pH 7.4), 140 mM NaCl, 2.5 mM CaCl2] at a concentration of 
1x106 cells/ml. Annexin V‑FITC (5 µl of a 25 µg/ml solution) 
and PI (5 µl of a 250 µg/ml solution) were added to 100 µl 
of cell suspension. The cells were then gently vortexed and 
incubated at room temperature in the dark for 15 min. Then, 
400 µl of ice‑cold binding buffer was added and mixed gently 
before the cell preparations were examined by flow cytometry 
(FACSCalibur; BD Biosciences).

Flow cytometric assay for nuclear DNA content distribution 
detection. To determine cell cycle distribution, cells were 
collected with centrifuge (700 x g) 3 min at room temperature, 
washed with ice‑cold PBS and fixed for 2 h in 75% ethanol at 
‑20˚C. The cells were then treated with 1% RNase A for 5 min 
at 37˚C and stained with 50 mg/ml PI for 30 min. Fluorescence 
intensity was examined by flow cytometry using a FACS 
Calibur (FACSCalibur; BD Biosciences).

Caspase‑3 activity. Caspase‑3 activity in HT‑29 and SW620 
cells was detected using the caspase‑3 activity assay kit 
(Beyotime Institute of Biotechnology), as per the manufac-
turer's instructions. HT‑29 and SW‑620 cells were plated in 
culture dish (diameter, 10 cm) at a density of 1x106 cells and 
allowed to grow for 24 h. The cells were then treated with 
HVMEE and Z‑VAD‑FMK (10  µM) for 24  h or 48  h in 
complete medium with 37˚C. Following drug treatment, absor-
bance values were measured at 405 nm. Results were adjusted 
to the total protein content, and activity was expressed as nmol 
of p‑Nitroaniline per mg of total protein.

Western blot analysis. HT‑29 and SW‑620 cells were plated in 
culture dish (diameter, 10 cm) at a density of 10x106 cells and 
allowed to grow for 24 h. Then, HT‑29 cells and SW620 cells 
were treated with 0.01 and 0.05 mg/ml HVMEE for 24 and 
48 h. The cells were then collected with a centrifuge (700 x g) 
3 min at room temperature, and resuspended in lysis buffer 
(Beyotime Institute of Biotechnology) for 30 min in an ice 
bath. Following centrifugation at 14,000 x g at 4˚C for 30 min, 
the supernatant was collected. Protein concentrations were 
determined using the Bradford method. Equal protein amounts 
(30 µg) were separated by 15% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis, transferred electrophoretically 
to nitrocellulose membranes (Pall Corporation, New York, 
NY, USA) and blocked with TBS buffer containing 0.05% 
Tween‑20 and 10% non‑fat milk for 2 h at room temperature. 
The membranes were then incubated overnight at 4˚C with 
various primary antibodies, followed by horseradish peroxi-
dase‑conjugated secondary antibodies at room temperature for 
1.5 h. Following washing the membranes three times for 5 min 
in TBS buffer containing 0.05% Tween‑20. Immunoreactive 
proteins on the membrane were detected using the Immobilon 
Western HRP substrate (EMD Millipore, Billerica, MA, 
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USA). The bands were quantified using Multi Gauge version 
3.2 software (Fujifilm Holdings Corporation, Tokyo, Japan). 
Experiments were repeated independently 3 times, and the 
relative expression of the target protein was normalized to the 
level of β‑actin in the same sample.

Statistical analysis. SPSS software (version, 13.0; SPSS, Inc., 
Chicago, IL, USA) was used for the statistical analysis. Data 
were expressed as the mean ± standard deviation. Statistical 
analyses were carried out using a one‑way analysis of vari-
ance and Fisher's least significant difference (LSD) t‑test to 
compare differences between groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Results of mass spectrometry. Ion flow results from HPLC 
analysis of the HVMEE are demonstrated in Fig.  1. The 
alkaloid content of the HVMEE was as high as 89.67%. The 
principal alkaloids observed were allocryptopine, protopine, 
berberine, sanguinarine, chelerythrine, tetrahydroberberine, 
and coptisine; their relative contents were 13.48, 55.33, 0.16, 
14.86, 5.81, 0.002, and 0.02%, respectively (Fig. 1).

HVMEE decreases viability in HT‑29 and SW620 cells. The 
effect of HVMEE on cell viability was assessed by MTT assay. 
As demonstrated in Fig. 2, HVMEE effectively decreased cell 

Figure 1. Total ion chromatogram of the sample solution. Cps, counts per second; 1, protopine; 2, allocryptopine; 3, berberine; 4 coptisine; 5, chelerythrine;  
6, sanguinarine; 7, Ttetrahydroberberine.

Figure 2. Effect of HVMEE treatment on colorectal cancer cell viability. Cell viability was measured by MTT assay in HT‑29 and SW620 cells treated with 0, 
0.01, 0.03, 0.1, 0.3, 1, and 3 mg/ml HVMEE for 24 h. Data are presented as % of live cells relative to control untreated cells. n=3 independent repeats. HVMEE, 
Hylomecon vernalis Maxim. ethanol extract.
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viability in HT‑29 and SW620 cells in a concentration‑depen-
dent manner. The IC50 values were 0.105±0.022 mg/ml for 
HT‑29 and 0.146±0.013 mg/ml for SW620 cells (Fig. 2).

HVMEE treatment triggers cell apoptosis. Apoptosis of 
HVMEE colorectal cancer cells was assessed by flow cytom-
etry analysis. As demonstrated in Fig. 3, the percentages of 
apoptotic cells (the sum of B2 and B4 quadrants of the flow 
cytometry plots) in the untreated control HT‑29 (Fig. 3A) and 
SW620 cells (Fig. 3B) were 3.7±0.3% (Fig. 3A and C) and 
4.9±0.2% (Fig. 3B and C), respectively. When exposed to 
0.01 mg/ml HVMEE for 24 h, the percentage of apoptotic cells 
increased to 15.3±1.4% in the HT‑29 cells (P<0.01; Fig. 3A 
and C) and 9.9±1.8% in the SW620 cells (P<0.05; Fig. 3B 
and C). When exposed to 0.05 mg/ml of HVMEE for 24 h, 
the percentages of apoptotic cells increased to 27.7±1.3% in 
the HT‑29 cells (P<0.01; Fig. 3A and C) and 19.7±0.7 in the 
SW620 cells (P<0.01; Fig. 3B and C). In addition, treatment 

of HT‑29 and SW620 cells with 0.01 and 0.05 mg/ml HVMEE 
resulted in a significant increase in caspase‑3 activation in 
both cell lines compared with untreated control  (Fig.  4). 
The HVMEE‑induced caspase‑3 activity was significantly 
blocked by pretreatment with a general caspase inhibitor, 
Z‑VAD‑FMK (Fig. 4).

HVMEE induces cell cycle arrest at the G1 phase in HT‑29 
and SW620 cells. The cell cycle phase distribution in 
HT‑29 (Fig. 5A) and SW620 (Fig. 5B) cells was examined 
following treatement with 0.01 and 0.05  mg/ml HVMEE 
for 24 h. Flow cytometric analysis of nuclear DNA distribu-
tion demonstrated a concentration‑dependent increase of G1 
proportions in HVMEE‑treated cells, compared with untreated 
control cells (Fig. 5).

HVMEE affects apoptosis‑related protein expression. 
Following 24 and 48  h of 0.01 and 0.05  mg/ml HVMEE 

Figure 3. Effect of HVMEE treatment on apoptosis. (A) HT‑29 and (B) SW620 cells were treated with 0, 0.01 or 0.05 mg/ml HVMEE for 24 h, and apoptosis 
was detected using Annexin V‑FITC/PI staining and flow cytometry analysis. (C) Quantification of apoptotic cells as % of total (sum of B2 and B4 quadrants). 
The experiment was repeated independently three times. *P<0.05 and **P<0.01 vs. untreated control cells. HVMEE, Hylomecon vernalis Maxim. ethanol 
extract; B1, necrotic cells; B2, cells at end stage of apoptosis; B3, viable cells; B4, cells at the early stage of apoptosis; FITC, fluorescein isothiocyanate; PI, 
propidium iodide.
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treatment in HT‑29 and SW620 cells, expression levels of 
several apoptosis‑related proteins were examined by western 
blotting (Fig. 6A and B, respectively). Expression levels of 
pro‑apoptotic proteins cleaved caspase‑3, cleaved caspase‑9, 
and Bax increased in HVMEE‑treated cells compared with 

untreated cells (Fig. 6). Expression levels of cleaved caspase‑8 
presented no significant change (Fig. 6). By contrast, expres-
sion levels of Bcl‑2, an apoptosis inhibitor and a central 
regulator of caspase activation, significantly decreased in the 
HVMEE‑treated cells compared with untreated cells (Fig. 6).

HVMEE affects cell cycle‑related protein expression. 
To test the mechanisms of HVMEE‑induced cell cycle 
arrest, expression of cell cycle‑related proteins was further 
assessed by western blotting. Following treatment of HT‑29 
and SW620 cells with 0.01 and 0.05 mg/ml HVMEE for 24 
and 48 h, the expression levels of cyclin D1, cyclin depen-
dent kinase (CDK)  4, and CDK6 decreased significantly 
in HVMEE‑treated cells compared with the untreated 
cells (Fig. 7). By contrast, protein expression levels of cyclin 
dependent kinase inhibitor 1A (known as p21) were signifi-
cantly upregulated in the HVMEE‑treated cells compared 
with the untreated cells (Fig. 7). Since induction of p21 leads 
to CDK inhibition and cell cycle arrest at the G1/S check-
point (9‑11), these data indicate that the HVMEE‑induced G1 
phase arrest may be due to inhibition of CDK4/6‑cyclin D1 
complexes by p21 upregulation.

Discussion

Apoptosis is an important process to maintain tissue homeo-
stasis by eliminating potentially deleterious cells. Deregulated 
apoptotic cell death causes diseases, such as cancer. In 
cancer cells, the incidence of apoptosis and the rate of cell 
proliferation are uncontrolled  (12,13). Therefore, inducing 

Figure 4. Effect of HVMEE treatment on caspase‑3 activity. HT‑29 and 
SW620 cells were treated with 0.01 or 0.05  mg/ml HVMEE for 24 or 
48 h, following which caspase‑3 activity was measured. Treatment with 
the general caspase inhibitor Z‑VAD‑FMK (10 µM) for 24 h or 48 h with 
0.05 mg/ml HVMEE. **P<0.01 vs. untreated control cells. ##P<0.01 vs. treat-
ment with 0.05 mg/ml HVMEE. The experiment was repeated independently 
three times. HVMEE, Hylomecon vernalis Maxim. ethanol extract; pNA, 
p‑nitroaniline; Z‑VAD‑FMK, N‑Benzyloxycarbonyl‑Val‑Ala‑Asp(O‑Me) 
fluoromethyl ketone.

Figure 5. Effect of HVMEE treatment on cell cycle phase distribution. (A) HT29 and (B) SW620 cells were treated with 0, 0.01 or 0.05 mg/ml HVMEE for 
24 h, and cell cycle phase distribution was analyzed by flow cytometry. Numbers in the plots denote the % of total cells in the G1 phase. The experiment was 
repeated independently three times. HVMEE, Hylomecon vernalis Maxim. ethanol extract.
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Figure 6. Effect of HVMEE treatment on apoptosis‑related protein expression. (A) HT29 and (B) SW620 cells were treated with 0.01 or 0.05 mg/ml HVMEE 
for 24 and 48 h, then expression levels of apoptosis‑related proteins cleaved caspase‑3, ‑8, ‑9, Bax and Bcl‑2 were examined by western blotting. β‑actin was 
used as an internal reference for normalization of signals. *P<0.05 and **P<0.01 vs. untreated control cells. HVMEE, Hylomecon vernalis Maxim. ethanol 
extract; Bcl‑2, BCL2 apoptosis regulator; Bax, BCL2 associated X apoptosis regulator. The experiment was repeated independently three times.

Figure 7. Effect of HVMEE treatment on cell cycle‑related protein expression. (A) HT29 and (B) SW620 cells were treated with 0.01 or 0.05 mg/ml HVMEE 
for 24 and 48 h, then expression levels of cell cycle‑related proteins CDK4, CDK6, cyclin D1 and p21 were examined by western blotting. *P<0.05 and **P<0.01 
vs. untreated control cells. HVMEE, Hylomecon vernalis Maxim. ethanol extract; CDK, cyclin dependent kinase; p21, cyclin dependent kinase inhibitor 1A. 
The experiment was repeated independently three times.
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apoptosis is a potential method of treating cancer. Several 
chemotherapy drugs, including 5‑FU, irinotecan, and oxali-
platin, display anticancer effects partly by inducing apoptosis 
in cancer cells (14‑16). In addition, many alkaloids, such as 
6‑Acetonyldihydrochelerythrine, piperine, and monoterpene 
bisindole alkaloids, exert antitumor functions by affecting 
apoptosis (14‑16). In the present study, flow cytometry was 
used to analyze the effects of HVMEE on apoptosis of colon 
cancer cell lines HT‑29 and SW620. The HT‑29 cell line origi-
nated from the primary tumor tissue of a colorectal cancer 
patient, while the SW620 cell line originated from a lymph 
node metastatic site of a colorectal cancer patient with a Dukes' 
C classification (17,18). Therefore, these two cell lines were 
selected to test the effects of HVMEE in order to represent the 
two different states of colorectal cancer, at the primary and the 
metastatic stage, respectively. The findings from the MTT and 
flow cytometry assays demonstrated that HVMEE exhibited a 
more potent effect on HT‑29 cells than SW620 cells, indicating 
that HVMEE may be more efficient in treating primary rather 
than metastatic colorectal cancer.

Caspases, a family of cysteine proteases, are central regula-
tors of apoptosis. Caspase‑8 is involved in the death receptor 
apoptotic pathway and caspase‑9 is involved in the mitochon-
drial apoptotic pathway. Following activation, they cleave and 
activate downstream effectors, such as caspase‑3, which subse-
quently cleave cytoskeletal and nuclear proteins (19). Western 
blot analysis demonstrated that HVMEE treatment increased the 
expression levels of cleaved caspase‑3 and ‑9, but had no signifi-
cant effect on expression of cleaved caspase‑8. HVMEE‑induced 
caspase‑3 cleavage was prevented by pretreatment of HT‑29 and 
SW620 cells with a pan‑caspase inhibitor, Z‑VAD‑FMK. These 
data suggest that HVMEE induced apoptosis in CRC cells in a 
caspase‑dependent manner.

The Bcl‑2 protein family, which is important in the mito-
chondrial apoptotic pathway and whose abnormal expression 
is related to the development of CRC (20), is divided into two 
functional subfamilies: Anti‑apoptotic proteins [(Bcl‑2 and 
BCL2‑like 1 (Bcl‑xL)] and pro‑apoptotic proteins [(Bax and 
BH3 interacting domain death agonist (Bid)] (21,22). HVMEE 
greatly reduced Bcl‑2 expression and increased Bax expression 
in a time and concentration‑dependent manner, suggesting that 
HVMEE triggered apoptosis in CRC cells by regulating the 
Bax/Bcl‑2 protein ratio.

The transition from one cell cycle phase to another occurs 
in an orderly fashion and is regulated by two types of impor-
tant components: Cyclins and CDKs. Different cyclins reach 
their maximum activity levels during different phases of the 
cell cycle (23,24). In the present study, HVMEE treatment was 
demonstrated to trigger G1 phase arrest. In order to explore the 
mechanism, expression of proteins associated with G1 phase 
transition was further investigated. Cyclin D1 is overexpressed 
in many human cancers, including CRC, and it binds to CDK4 
and CDK6 to form a CDK4/6‑cyclin D1 complex, which is 
essential for cells to enter the G1 phase (9). Western blot analysis 
demonstrated that HVMEE treatment decreased expression 
levels of cyclin D1, CDK4, and CDK6 compared to untreated 
cells. p21, which prevents the replication of damaged DNA, 
is important in CDK inhibition and G1 phase arrest (10,11). 
HVMEE treatment increased p21 expression compared with 
untreated cells. Therefore, HVMEE may induce G1 arrest in 

CRC cells partly through upregulation of p21 expression. Of 
note, p53 expression levels in HVMEE‑treated HT‑29 and 
SW620 cells exhibited no significant change compared with 
the untreated cells (data not shown). HT‑29 cells have a mutant 
p53 gene which suggests that p53 may not be as significant in 
cell cycle and apoptosis regulation in HT‑29 cells (25). Taken 
together, these findings imply that HVMEE induced cell cycle 
apoptosis and arrest in a p53‑independent manner.

In conclusion, HVMEE was obtained from Hylomecon 
vernalis and demonstrated to exhibit a potent growth inhibi-
tory effect in HT‑29 and SW620 colorectal carcinoma cells. 
The possible mechanism of HVMEE antitumor effect may 
be related to inducing apoptosis and G1 phase arrest. These 
data suggest that HVMEE may have potential in the clinical 
prevention and treatment of colon cancer.
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