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Abstract. The present study demonstrates the mechanism of 
2 flavonol glycosides, hyperoside and rutin, in the induction 
of apoptosis in HT‑29 human colon cancer cells through the 
bioactivity‑guided fractionation and isolation method. The 
chemical structure of hyperoside and rutin, isolated from the 
roots of Nelumbo nucifera, were established using extensive 
1‑ and 2‑dimensional nuclear magnetic resonance experiments 
and absolute high resolution fast‑atom bombardment mass 
spectrometry, ultraviolet‑visible and Fourier transform infrared 
spectroscopy spectral analytical methods. The treatment of 
HT‑29 colon cancer cells with hyperoside and rutin signifi-
cantly decreased cell viability in a dose‑dependent manner. 
The concomitant activation of the mitochondria‑dependent 
apoptotic pathway of hyperoside and rutin occurred via modu-
lation of Bcl‑2‑associated X protein and B‑cell lymphoma 2 
expression, resulting in the activation of cleaved caspases‑3, 
‑8 and ‑9 and cleaved poly‑(ADP‑ribose) polymerase. The 
findings of the present study indicate that hyperoside and rutin 
induce apoptosis in HT‑29 human colon cancer cells, and that 
this phenomenon is mediated via the death receptor‑mediated 
and mitochondria‑mediated apoptotic pathways. These results 
suggest that hyperoside and rutin may be useful in the develop-
ment of a colon cancer therapy protocol.

Introduction

Colorectal cancer is the second most prevalent malignancy and 
the leading cause of cancer‑associated mortality worldwide (1). 
The incidence rates of colorectal cancer have been rapidly 
increasing in Asia due to smoking, the increased tendency for 

being overweight and the excessive consumption of meat and 
alcohol (2,3). Multiple phytochemicals have been identified 
through epidemiological studies as potential cancer‑fighting 
agents that may be obtained from commonly consumed fruits 
and vegetables (4,5).

Although the toxicity of chemotherapy is a major obstacle 
for the successful treatment of cancer, chemo and radiation 
therapies are the major tools for cancer treatment, at present. 
For these reasons, the identification of safe components with 
a high selectivity for killing cancer cells from natural sources 
is required (6,7). Certain secondary metabolites from natural 
plants exhibit biological activities, which are considered to be 
critical for maintaining human health. The development of 
high quality varieties that contain increased levels of bioactive 
components may improve the medicinal value of plants (8).

Nelumbo nucifera, the lotus, is an aquatic perennial plant 
that is commonly cultivated in water gardens in tropical Asia 
and Australia (9). The flowers, seeds, young leaves, rhizomes 
and roots of N. nucifera are used for edible and medicinal 
sources in Asian regions. The roots of N. nucifera have been 
identified as being rich in dietary fiber, vitamins B1, B2, B6 
and C, potassium, phosphorus, copper and manganese (10). 
N.  nucifera contains biologically effective f lavonoids, 
including kaempferol, quercetin, rutin and hyperoside, exhibits 
anti‑inflammatory, ‑oxidant, ‑fungal, ‑microbial and tyrosinase 
inhibitory activities, and has protective properties in carbon 
tetrachloride‑induced liver damage (11‑18).

In a previous report, the anti‑proliferative effect of a 70% 
ethanol extract of the root of N. nucifera on HT‑29 human 
colon cancer cells was investigated, which was based on cell 
viability, Hoechst 33342 nuclear staining, apoptosis analysis, 
western blotting and reverse transcription‑polymerase chain 
reaction (RT‑PCR) analyses. N. nucifera was indicated to 
inhibit the growth of colon cancer cells by the activation of the 
mitochondria‑dependent apoptotic pathway via the modulation 
of Bcl‑2‑associated X protein (Bax) and B‑cell lymphoma 2 
(Bcl‑2) expression (19).

Flavonoids are polyphenol compounds that are commonly 
identified in plants and have gained considerable interest 
and attention in recent years, due to the bioactive functions 
they possess. Among these flavanoids, hyperoside and rutin 
are composed of flavan‑3‑ol glycosidic linkages, which are 
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molecules of joined together glucose and glucose and rhamnose, 
respectively (Fig. 1). Despite evidence for the numerous biolog-
ical effects of flavan‑3‑ols, the anti‑cancer effects of hyperoside 
and rutin‑induced apoptosis have not been investigated.

Numerous previous studies aimed to identify anticancer 
components from natural sources (20‑23). Therefore, the effects 
of hyperoside and rutin on the proliferation and apoptosis in 
HT‑29 human colon cancer cells, through activity‑guided frac-
tionation and isolation methods, are investigated in the present 
study.

Materials and methods

Chemicals and reagents. Propidium iodide (PI) and 
3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) were purchased from Merck Millipore (Darmstadt, 
Germany) and Sigma‑Aldrich (St. Louis, MO, USA), respectively. 
Primary antibodies included anti‑mouse β‑actin (sc‑47778), and 
rabbit monoclonal anti‑Bcl‑2 (sc‑492) and anti‑Bax (sc‑493) 
(dilution, 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA), and were purchased from Santa Cruz Biotechnology, 
Inc. (Dallas, TX, USA). Rabbit monoclonal antibodies against 
cysteinyl aspartate‑specific cleaved caspase‑3 (9661), ‑8 (8592) 
and ‑9 (7237) and poly‑(ADP‑ribose) polymerase (PARP; 5625) 
antibodies were purchased from Cell Signaling Technologies, 
Inc. (Danvers, MA, USA). Secondary antibodies included goat 
anti‑rabbit IgG‑horseradish peroxidase (HRP; sc‑2004) and 
goat anti‑mouse IgG‑HRP (sc‑2005) (dilution, 1:2,000), and 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). All other chemicals and reagents were of the highest 
analytical grade.

Plant materials. The roots of N. nucifera were purchased 
at Nonghyup Hanaro mart (Yangjae, Seoul, Korea) in 
May 2012 (19). Roots were dried using an automatic food 
dryer (LD‑528WG; L'equip Co., Ltd., Seoul, Korea) and then 
were ground to fine powders.

Instrumental analysis. The uncorrected melting points (MPs) 
were determined using Mitamura‑Riken Kogyo MEL‑TEMP 
apparatus (Mitamura Riken Kogyo Inc., Tokyo, Japan). 
Ultraviolet‑visible (UV‑Vis) spectra were obtained using 
a JP/U3010 spectrometer (Hitachi, Ltd.,Tokyo, Japan) and 
infrared (IR) spectra were obtained on a FT/IR‑5300 spec-
trometer (Jasco International Co., Ltd., Tokyo, Japan). The 
electron ionization (EI) and fast‑atom bombardment‑mass 
spectrometry (FAB‑MS) spectra were obtained on a 
JMS‑700  spectrometer (JEOL, Ltd., Tokyo, Japan). The 
nuclear magnetic resonance (NMR) spectra were measured on 
an Avance‑500 spectrometer (500 MHz; Bruker Corporation, 
Billerica, MA, USA), and the chemical shifts were referenced 
against tetramethylsilane (TMS) and deuterium dimethylsulf-
oxide (DMSO‑d6) as NMR solvents. Column chromatography 
(CC) was run on a silica gel 60 (70‑230 or 230‑400 mesh; 
Merck Millipore) and Sephadex LH‑20  (25‑100 mm; GE 
Healthcare Life Sciences, Uppsala, Sweden). Thin layer chro-
matography (TLC) was performed on silica gel 60F254 and 
RP‑18254S plates. TLC plates were visualized using UV 
light, stained with FeCl3, aniline hydrogen phthalate and 20% 
H2SO4, and then heated at 70‑80˚C for 5 sec.

Extraction and isolation of compounds. The dried powdered 
roots of N. nucifera (800 g) were extracted 3  times using 
70% ethyl alcohol (EtOH) under 70‑80˚C reflux conditions to 
produce 92 g extracts. The 70% EtOH extract was suspended 
in water and successively partitioned with n‑hexane, dichlo-
romethane (CH2Cl2), ethyl acetate (EtOAc) and n‑butanol 
(n‑BuOH) to yield solvent‑soluble fractions. A 12‑g portion of 
the EtOAc fraction was subjected to silica gel CC and eluted 
with CH2Cl2‑methanol (MeOH) mixtures with increasing 
concentrations of MeOH (0, 20, 50, 70 and 100%) to produce 
12 fractions (E‑01‑E12). Fraction E‑08 was submitted to silica 
gel CC using CH2Cl2‑MeOH, in the ratios of 1:9, 1:7, 1:5 and 1:2, 
to yield fifteen sub‑fractions. The sub‑fractions E‑08‑8 (110 mg) 
and E‑08‑11 (180 mg) were successively purified using Sepadex 
LH‑20 CC and vacuum liquid chromatography (VLC) with 
MeOH to produce hyperoside (28 mg) and rutin (34 mg).

Cell culture. The human colon cancer HT‑29 cell line was 
obtained from the Korean Cell Line Bank (Seoul, Korea). 
The normal colon epithelium FHC cell line was obtained 
from the American Type Culture Collection (Manassas, 
VA, USA). HT‑29  cells were maintained in Roswell Park 
Memorial Institute (RPMI)‑1640 medium, supplemented 
with 10% Invitrogen fetal bovine serum (FBS; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 100 units/ml penicillin 
and 100 µg/ml streptomycin (Gibco; Thermo Fisher Scientific, 
Inc.). FHC cells were maintained in Dulbecco's modified Eagle 
medium nutrient mixture F‑12 (DMEM)/F‑12, which contained 
10 ng/ml cholera toxin, 0.005 mg/ml insulin, 0.005 mg/ml 
transferrin, 100 ng/ml hydrocortisone, supplemented with 10 % 
FBS, 100 units/ml penicillin and 100 µg/ml streptomycin. All 
of the cell lines were cultured in a humidified chamber with 5% 
CO2 at 37˚C. Cell counts were performed using a hemocytom-
eter from Hausser Scientific (Horsham, PA, USA).

Cell viability assay. The cytotoxic effects of hyperoside 
and rutin on the HT‑29 and FHC cell lines were estimated 

Figure 1. Chemical structure of (A) hyperoside and (B) rutin.
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colorimetrically using the MTT method, which is based on the 
reduction of tetrazolium salt by mitochondrial dehydrogenase 
in viable cells (24). Briefly, the cells were seeded in a 96‑well 
plate (density, 1x104 cells/ml) and were then treated with hype-
roside and rutin at final concentrations of 0, 100 and 200 µm. 
Subsequent to 24 h incubation, MTT solution was added to 
each well at a final concentration of 0.4 mg/ml. Subsequent to 
2 h of incubation, the supernatants were aspirated and replaced 
with 150 µl of dimethyl sulfoxide (DMSO) to dissolve the 
formazan product. The absorbance at 570 nm was then read 
using a spectrophotometric plate reader (model 550; Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The results were 
calculated as percentages of the unexposed control.

Nuclear staining with Hoechst 33342. The nuclear morphology 
of the cells was observed using Hoechst 33342 DNA‑specific 
blue fluorescent dye. The viable cells were stained homo-
geneously, whereas the apoptotic cells that had undergone 
chromatin condensation or nuclear fragmentation were not 
stained (25). The HT‑29 cells were treated with hyperoside and 
rutin at the various concentrations. Cells were then fixed for 
30 min at 37˚C in 100% MeOH, washed with PBS, and stained 
with 2 µg/ml Hoechst 33342 (Sigma‑Aldrich). The cells were 
observed under a BX51 fluorescence microscope and images 
were captured with a DP70 camera (Olympus Corporation, 
Tokyo, Japan).

Apoptosis analysis. An Annexin V/PI double staining assay 
was carried out in order to distinguish between the early and 
late apoptosis stages. The stages were determined using an 
ApoScan™ Annexin V‑FITC apoptosis detection kit (BioBud, 
Seoul, Korea) in hyperoside and rutin‑treated HT‑29 cells. The 
cells were trypsinized, harvested and washed with PBS. The 
cells were resuspended in 1X binding buffer (500 µl) and incu-
bated with 1.25 µl of Annexin V‑fluorescein isothiocyanate 
(concentration, 200 µg/ml) at room temperature for 15 min. 
The supernatant was then removed following centrifugation at 
400 x g for 10 min. The cells were resuspended in 500 µl of 
1X binding buffer and the cell suspensions were then stained 
with 10 µl PI (concentration, 30 µg/ml) at 4˚C in the dark. 
Fluorescence was quantified using FACSCalibur flow cytom-
etry (BD Biosciences, Franklin Lakes, NJ, USA). The levels of 
early and late apoptosis were determined as the percentage of 
Annexin V+/PI‑ or Annexin V+/PI+ cells, respectively.

Western blot analysis. Western blot analyses were performed, 
as previously described (20). The cells were cultured, harvested 
and lysed on ice for 30 min in lysis buffer (120 mM NaCl; 
40  mM Tris, pH 8.0; 0.1% nonyl phenoxypolyethoxyle-
thanol) and were then centrifuged at 13,000 x g for 15 min. 
Lysates from each sample were mixed with 5X sample buffer 
[0.375 M Tris‑HCl; 5% sodium dodecyl sulfate (SDS); 5% 
β‑mercaptoethanol; 50% glycerol; 0.05% bromophenol blue, 
pH 6.8] and were then heated to 95˚C for 5 min. Equal amounts 
of protein were separated by 12% SDS‑polyacrylamide gel 
electrophoresis (SDS‑PAGE) and were transferred onto a nitro-
cellulose membrane. The membranes were then washed with 
Tris‑buffered saline (10 mM Tris, 150 mM NaCl) containing 
0.05% Tween‑20  (TBST), and were then blocked in TBST 
containing 5% nonfat dried milk. The membranes were 

incubated with respective specific primary antibodies overnight 
at 4˚C. Subsequent to 3 washes in TBST, the membranes were 
incubated with the appropriate secondary antibodies coupled 
to HRP for 1 h at room temperature. The membranes were then 
washed 3 times in TBST with 15 min between each step, and 
protein detection was performed using an enhanced chemilu-
minescence western blotting detection kit. The data of specific 
protein levels are presented as multiples relative to the control.

RT‑PCR. Cells were treated with dihydroxyflavone at 10 µg/ml 
for various lengths of time, and were treated with hyperoside 
and rutin at final concentrations of 0, 100 and 200 µm. Total 
RNA was isolated from the cells using Gibco TRIzol® reagent 
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol, and quantitated using spectrophotometry. Total 
RNA (5 µg) was reverse transcribed into cDNA by incubating 
with Invitrogen SuperScript®™ RNase H reverse transcriptase 
(Thermo Fisher Scientific, Inc.). PCR was conducted in a reac-
tion composed of 40 µg of 1.25X reacting mix, 1 µl enzyme mix, 
1 µl forward primer (200 nM), 1 µl reverse primer (200 nM) and 
RNA. cDNA was performed with following conditions: cDNA 
synthesis at 45˚C for 30 min, followed by denaturation at 94˚C 
for 2 min. A total of 40 cycles of PCR amplification were then 
performed with following conditions: 94˚C for 15 sec, 60˚C for 
30 sec, and 68˚C for 1 min. The last cycle was followed by final 
extension step at 72˚C for 5 min.

The primer pairs (Bionics, Seoul, Korea), forward and 
reverse, respectively, were as follows: β‑actin, 5'‑CCT​CTA​
TGC​CAA​CAC​AGT​GC‑3' and 5’‑ATA​CTC​CTG​CTT​GCT​
GAT​CC‑3'; Bcl‑2, 5'‑AGC​TGC​ACC​TGA​CGC​CCT​TCA‑3' and 
5'‑AGC​CAG​GAG​AAA​TCA​CAG​AGG‑3'; Bax,5'‑ATG​GAC​
GGG​TCC​GGG​GAG​CAG‑3' and 5'‑CAG​TTG​AAG​TTG​CCG​
TCA​GA‑3'. PCR was performed for 40 cycles. Temperature 
cycling was initiated with each cycle, using the Takara PCR 
Thermal Cycler Dice (Takara Bio, Inc., Otsu, Japan), as 
follows: β‑actin, 98˚C for 10 sec (denaturation), 55˚C for 30 sec 
(annealing), 72˚C for 1 min (extension); Bcl‑2, 98˚C for 10 sec, 
60˚C for 30 sec, 72˚C for 1 min; Bax, 98˚C for 10 sec, 60.5˚C 
for 30 sec and 72˚C for 1 min. The amplified products were 
resolved on 1% agarose gels, stained with ethidium bromide 
(Sigma‑Aldrich) and photographed under ultraviolet light 
using a Mini BIS image analysis system (DNR Bio-Imaging 
Systems Ltd., Jerusalem, Israel).

Statistical analyses. SPSS software version 22.0 (IBM SPSS, 
Armonk, NY, USA) was used to analyse the data. The results 
were subjected to analysis of variance, followed by the Tukey 
range test in order to analyze the differences between condi-
tions. In each case, the P<0.05 was considered to indicate a 
statistically significant difference. All measurements were 
made in triplicate, and all values are given as the mean ± stan-
dard deviation.

Results

Isolation of pure compounds. The dried and ground 
compounds of the root of N. nucifera were extracted with 70% 
EtOH and successively fractionated using n‑hexane, CH2Cl2, 
EtOAc and n‑BuOH to identify the cytotoxic solvent‑soluble 
fractions of the HT‑29 human colon cancer cell line, through 
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the activity‑guided fractionation and isolation method (26) 
Of the fractions, the EtOAc‑soluble fraction of N. nucifera 
demonstrated a strong cytotoxicity with an half maximal 
inhibitory concentration value of 26.7±0.8 µg/ml (data not 
shown), based on the cell viability assay. CC was applied to the 
EtOAc‑soluble fraction for the isolation of pure compounds. 
The chemical structures of the pure compounds were char-
acterized as hyperoside and rutin based on physicochemical 
methods, co‑TLC, MP, FAB‑MS, UV‑Vis, FT‑IR, and proton 
(1H)‑ and 13C‑NMR spectral data (Fig. 1).

Spectral data of hyperoside. The spectral data were as follows: 
Pale yellowish powder (MeOH); FeCl3 and aniline hydrogen 
phthalate color reaction, positive; MP, 197‑202˚C; UV (MeOH) 
λmax, 280 (4.54), 364 (4.36) nm; IR vmax (KBr), cm‑1: 3,380 (OH), 
1,660 (α,β‑unsaturated C=O), 1,612, 1,490 (aromatic C=C), 
1,240  (aromatic C‑O), 1,062 and 1,012  (glycosidic C‑O); 
FAB‑MS, 465 [M+H]+ m/z; 1H‑NMR (500 MHz, DMSO‑d6): 
δ 8.27 (1H, s, 5‑OH), 7.66 (1H, dd, J=2.1, 8.4, H‑6'), 7.56 (1H, 
d, J=2.1, H‑2'), 6.82 (1H, d, J=8.4), 6.43 (1H, d, J=1.9, H‑8), 
6.22 (1H, d, J=1.9, H‑6) and 5.36 (1H, d, J=7.6, anomeric proton); 
13C‑NMR (125 MHz, DMSO‑d6): δ 181.4 (C‑4), 164.4 (C‑2), 
162.4 (C‑7), 161.0 (C‑5), 160.1 (C‑7), 156.6 (C‑9), 150.2 (C‑4'), 
145.2 (C‑3'), 121.2 (C‑1'), 119.1 (C‑6'), 116.1 (C‑5'), 113.2 (C‑2'), 
105.1 (C‑10), 103.1 (C‑3), 99.1 (C‑8), 97.7 (Glc‑1"), 77.0 (Glc‑5"), 
76.7 (Glc‑2"), 76.1 (Glc‑3"), 70.1 (Glc‑4") and 60.4 (Glc‑6").

Spectral data of rutin. The spectral data were as follows: Pale 
yellowish powder (MeOH); FeCl3 and aniline hydrogen phthalate 
color reaction, positive; MP, 202‑204˚C; UV λmax  (MeOH), 
268 (4.50), 375 (4.26) nm; IR vmax (KBr), cm‑1: 3,360 (OH), 
1,670 (α,β‑unsaturated C=O), 1,600, 1,512 (aromatic C=C), 
1,240  (aromatic C‑O), 1,060 and 1,015  (glycosidic C‑O); 
FAB‑MS, 611 [M+H]+ m/z; 1H‑NMR (500 MHz, DMSO‑d6): 
δ  7.68  (1H, d, J=2.1, H‑2'), 7.54  (1H, dd, J=2.1, 8.4, H‑6'), 
6.85 (1H, d, J=8.4, H‑5'), 6.40 (1H, d, J=1.8, H‑8), 6.18 (1H, 

d, J=1.8, H‑6), 5.31  (1H, d, J=7.6, anomeric proton) and 
0.92 (3H, d, J=5.5, Rha‑6); 13C‑NMR (125 MHz, DMSO‑d6), 
δ  177.24  (C‑4), 163.97  (C‑7), 161.09  (C‑9), 156.50  (C‑5), 
156.30  (C‑2), 148.29  (C‑4'), 144.63  (C‑3'), 133.16  (C‑3), 
121.48  (C‑6'), 121.05  (C‑1'), 116.15  (C‑5'), 115.11  (C‑2'), 
103.83 (C‑10), 101.04 (C‑Glc"), 100.64 (C‑Rha"), 98.58 (C‑6), 
93.49  (C‑8), 76.30  (Rha‑5"), 75.77  (Glc‑5"), 73.95  (Glc‑2"), 
71.70 (Rha‑4"), 70.43 (Rha‑3"), 70.25 (Rha‑2"), 69.86 (Glc‑4"), 
68.14 (Rha‑5"), 66.89 (Glc‑6") and 17.63 (Rha‑6").

Cell viability in FHC and HT‑29 cell lines. In the preliminary 
investigation, the EtOAc‑soluble fractions of the roots of 
N. nucifera were observed to exhibit significant cytotoxicity 
on the HT‑29 human colon cancer cells (IC50, 26.7±0.8 µg/ml). 
A bioactivity‑guided isolation of the cytotoxic EtOAc‑soluble 
fraction on HT‑29 human colon cancer cells was performed, 
leading to the isolation of 2 flavonol glycosides, hyperoside and 
rutin. The effects of hyperoside and rutin on the growth of FHC 
human colon normal cells and HT‑29 human colon cancer cells 
was examined using an MTT assay. The cells were exposed to 
various concentrations (0‑200 µm) of the flavanoids for 24 h, 
and the cytotoxicity was determined as a percentage of the 
viable treated cells in comparison with the number of viable 
untreated control cells. As shown in Fig. 2, hyperoside and 
rutin did not affect the proliferation on FHC colon normal cells 
in a dose‑dependent manner. However, hyperoside and rutin 
significantly inhibited the proliferation of HT‑29 human colon 
cancer cells in a dose‑dependent manner. Subsequent to 24 h of 
exposure, hyperoside and rutin induced 25.6 and 37.1% growth 
inhibition at the concentration of 200 µm, respectively (Fig. 3). 
Therefore, hyperoside and rutin were selected for the subsequent 
experiments from the flavonoids isolated from N. nucifera.

Induction of apoptosis in HT‑29 cells. The apoptogenic proper-
ties of the compounds were investigated through morphological 
changes in HT‑29 cells. Nuclear Hoechst 33342 staining was 

Figure 2. Cytotoxic effect of (A) hyperoside and (B) rutin on normal human 
colon cells. Cell viability at the indicated concentrations of hyperoside and 
rutin in human normal colon cells from the FHC cell line was assessed at 
24 h, using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
assays.

Figure 3. Cytotoxic effect of (A) hyperoside and (B) rutin on HT‑29 human 
colon cancer cells. Cell viability at the indicated concentrations of hyperoside 
and rutin on human colon adenocarcinoma cells from the HT‑29 cell line was 
assessed at 24 h, using 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide assays. *P<0.05 vs. control cells.
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performed in order to determine whether the anti‑proliferative 
effect of hyperoside and rutin was due to apoptosis. As shown 
in Fig. 4, HT‑29 cells that were treated with hyperoside and 
rutin exhibited a number of morphological changes, including 
cell shrinkage, condensed chromatin, rounding, blebbing 
and an increased density of apoptotic bodies compared with 
the untreated control cells. The number of apoptotic cells 
increased in a dose‑dependent fashion.

Effects on apoptosis in HT‑29 cells. In order to quantify the 
percentage of apoptotic cells, flow cytometry analysis was 
performed using double staining with Annexin V and PI. 
The Annexin V‑/PI‑ population was considered to account for 

unaffected cells, the Annexin V+/PI‑ population for early apop-
tosis, Annexin V+/PI+ for late apoptosis and Annexin V‑/PI+ for 
necrosis. The results showed that the treatment of the cells with 
hyperoside and rutin significantly increased the percentage of 
apoptotic cells compared with untreated control cells (Fig. 5). 
The total apoptotic cell populations of hyperoside and rutin were 
increased by 52.4 and 56.5% at 200 µm, respectively, compared 
with the control. These results indicate that hyperosde and rutin 
may induce apoptosis in HT‑29 human colon cancer cells.

Effects on Bcl‑2 and Bax expression. In order to study the 
effects of hyperoside and rutin on apoptosis in HT‑29 cells, the 
expression levels of apoptosis regulatory proteins, including 

Figure 4. Induction of apoptosis by (A) hyperoside and (B) rutin on HT‑29 human colon cancer cells. The formation of apoptotic bodies in Hoechst 33342‑stained 
cells were observed using fluorescent microscopy (magnification, x400).

  A

  B
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Bcl‑2 and Bax were examined. The mitochondrial pathway is 
an important apoptosis pathway as it regulates the apoptotic 
cascade via a convergence of signaling at the mitochondria. 
Bcl‑2 interacts with the mitochondrial plasma membrane and 
prevents mitochondrial membrane pores from opening during 

Figure 5. Induction of apoptosis by (A) hyperoside and (B) rutin on HT‑29 human colon cancer cells. Flow cytometric analysis was performed on HT‑29 human 
colon cancer cells that were incubated with hyperoside and rutin for 24 h. The right bottom quadrant represents Annexin V‑stained cells (early‑phase apoptotic 
cells). The top right quadrant represents PI ‑ and Annexin V‑stained cells (late‑phase apoptotic cells). Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X 
protein.

Figure 6. Effect of (A) hyperoside and (B) rutin on the expression of 
apoptosis‑associated proteins on HT‑29 human colon cancer cells. Cell 
lysates were electrophoresed and Bax and Bcl‑2 were detected using 
western blot analysis. (C) Statistical analysis of apoptosis. Bcl‑2, B‑cell 
lymphoma 2; Bax, Bcl‑2‑associated X protein.*P<0.05 vs. control cells.

Figure 7. Expressions of caspase‑related proteins by (A) hyperoside and 
(B) rutin on HT‑29 human colon cancer cells. Cell lysates were electropho-
resed, and cleaved caspases‑3, ‑ 8 and ‑ 9 and PARP were detected using 
immune‑blotting analysis. PARP, poly adenosine diphosphate ribose poly-
merase.

Figure 8. Expression of mRNA levels by (A) hyperoside and (B) rutin in 
HT‑29 human colon cancer cells. Total RNA was electrophoresed, and Bax 
and Bcl‑2 were detected by reverse transcripton‑polymerase chain reaction. 
Bcl‑2, B‑cell lymphoma 2; Bax, Bcl‑2‑associated X protein.
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apoptosis, blocking the signals of apoptotic factors  (22). 
As shown in  Fig.  6, hyperoside and rutin increased Bax 
expression but decreased the expression of Bcl‑2, each in a 
dose‑dependent manner. Also, a densitometric analysis of the 
bands showed that hyperoside and rutin caused a dose‑depen-
dent increased the Bax/Bcl‑2 ratio (Fig. 6C).

Effects on caspase expression. The disruption of the mitochon-
drial plasma membrane by hyperoside and rutin was followed 
by the activation of the cleaved caspases‑3, 8 and 9 and target 
protein PARP, respectively (Fig. 7). These results, together with 
the Bax/Bcl‑2 ratio suggested that hyperoside and rutin may 
induce apoptosis through the regulation of apoptosis‑associated 
protein expression in HT‑29 human colon cancer cells.

RT‑PCR analysis. RT‑PCR analysis was used to examine any 
alterations in Bax and Bcl‑2 expression. During apoptosis, 
Bcl‑2, a negative regulator of apoptosis, prevents mitochondrial 
membrane pores from opening; however, the positive regulator, 
Bax, produces the opposite effect. As a result, hyperoside and 
rutin increased Bax expression, but decreased the expression 
of Bcl‑2 in a concentration‑dependent manner (Fig. 8).

Discussion

Uncontrolled proliferation is a significant biological feature 
of cancer cells, and the inhibition of cell proliferation may 
achieve the arrest of tumor growth (27). Colorectal cancer is 
the second leading cause of cancer‑associated mortalities in the 
Western world (28). Colorectal cancer is hypothesized to arise 
as a result of the transformation of normal colonic epithelial 
cells into a colorectal carcinoma, as an adenomatous polyp. 
Increased understanding of cancer has led to the development 
of numerous novel anticancer agents and associated natural 
therapies, a variety of which clinically target the inhibition 
of cancer cells, but not normal cells; however, numerous anti-
cancer agents are also toxic to normal cells. Therefore, novel 
agents that are derived from natural sources, which specifi-
cally target colorectal cancer but have a decreased toxicity for 
normal colonic epithelial cells, hold enormous potential (20).

Apoptosis is an extremely important phenomenon due to 
the maintenance of cellular homeostasis by the regulation of 
cell division and cell death (29). The mitochondrial‑associated 
pathway is regulated by anti‑apoptotic members, including 
Bcl‑2 and Bcl‑2‑like 1, and pro‑apoptotic members, including 
Bax, Bcl‑2‑antagonist/killer 1, BH3 interacting domain death 
agonist, Bcl‑2 associated agonist of cell death and Bcl‑2‑like 11, 
of the Bcl‑2 family. The anti‑apoptotic proteins on the outer 
membranes of the mitochondria maintain the integrity of the 
mitochondria, through inhibiting apoptosis in the presence 
of various apoptotic stimuli (30). In response to an apoptotic 
stimulus, the pro‑apoptotic proteins reside in the cytosol and 
translocate to the mitochondria, which leads to the formation 
of membrane pores at the mitochondrial membranes (31). The 
data in the present study showed that apoptosis with hyperoside 
and rutin is associated with the upregulation of Bax protein 
and the downregulation of Bcl‑2 expression, each in a dose 
dependent manner.

Caspase‑3 is one of the key executioners of apoptosis, and 
is either partially or totally responsible for the proteolytic 

cleavage of numerous proteins, including PARP (32). PARP 
is an important factor that allows cells to maintain viability, 
but the cleavage of PARP facilitates cellular disassembly and 
acts as a major marker for caspase‑dependent apoptosis (33). 
The cleaved form of PARP was detected in hyperoside and 
rutin‑treated HT‑29 cells. These data indicate that hyperoside 
and rutin induce apoptosis via the mitochondrial pathway. 
To the best of our knowledge, the present study is the first 
to demonstrate the cytotoxic effects of hyperoside and rutin 
on HT‑29 human colon cancer cells, and provides a possible 
mechanism for this activity. The present study indicates that 
hyperoside and rutin may be the promising candidates for 
chemotherapy of colon cancer.
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