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Oroxylin A is a flavonoid found in the roots of Scutellaria

baicalensis Georgi, a herbal medicine commonly used as

an antipyretic, analgesic, antitumor, and anti-inflammatory

agent. It has recently been investigated for its anticancer

activities in hepatoma, gastric, and breast tumors. Here, we

investigated the antitumor effects of oroxylin A in human

colon carcinoma HCT-116 cells in vitro and in vivo. We

characterized the proapoptotic effect of oroxylin A using

diamidino-phenyl-indole (DAPI) and annexin V/PI staining.

We then found that both caspase-3 and caspase-9 were

activated, the expression of Bcl-2 protein decreased, and

the expression of Bax protein increased after treatment

with oroxylin A. In addition, oroxylin A increased nuclear

transcription factor erythroid-related factor 2 (Nrf2)

expression and induced Nrf2 translocation into the

nucleus. Furthermore, we found that oroxylin A treatment

elevated intracellular reactive oxygen species levels and

increased the protein expression level of two of the Nrf2

target genes heme oxygenase-1 and NADP(H):quinone

oxidoreductase-1 in HCT-116 cells. Finally, our study

demonstrated that oral administration of oroxylin A

significantly decreased tumor volume and weight in

immunodeficient mice that were inoculated with

HCT-116 cells. The in-vivo chemopreventive efficacy of

oroxylin A against HCT-116 human colon cancer was

accompanied by its proapoptotic and Nrf2-inducing

activities, which correlates with the in-vitro study. This is

the first demonstration of oroxylin A-dependent

chemoprevention in colon cancer and may offer a potential

mechanism for its anticancer action in vivo. Anti-Cancer
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Introduction
Despite the tremendous progress in the early detection and

treatment of cancer, the overall mortality rates for most

cancers of epithelial origin have not declined in the past

three decades [1]. Thus, considerable attention has been

paid to cancer prevention in recent years. Studies have

proven that this strategy is indeed effective in reducing the

incidence of cancer in well-defined high-risk groups [2,3].

Chemopreventive compounds offer great potential in the

fight against cancer by inhibiting the carcinogenesis process

through the regulation of cell-defensive and cell death

machineries. To block the initiation of carcinogenesis,

enhancement of the detoxifying and antioxidant enzyme

system for efficient neutralization and elimination of endo-

genous or exogenous carcinogenic species represents a good

starting point, particularly for high-risk populations exposed

to environmental carcinogens. With regard to the latter

stages of carcinogenesis, induction of apoptosis and cell

cycle arrest in precarcinoma and carcinoma cells is an

attractive goal for many dietary antiproliferation agents.

Nuclear transcription factor erythroid-related factor 2

(Nrf2) is an important protein for chemoprevention and

is crucial for protection against xenobiotics that cause

DNA damage and initiate carcinogenesis [4]. Blocking

agents, acting by preventing carcinogens from reaching

the target sites, from undergoing metabolic activation,

or from subsequently interacting with crucial cellular

macromolecules such as DNA, RNA, and proteins at

initiation stages, increase Nrf2 activity and activate

downstream phase II and antioxidant enzymes. These

enzymes detoxify and eliminate harmful reactive inter-

mediates that are formed by carcinogens [5]. Oltipraz,

3H-1,2,-dithiole-3-thione, sulforaphane, and curcumin are

considered potential chemopreventive agents because

these compounds increase Nrf2 activity [6–9].

Oroxylin A (C16H12O5) is a flavonoid isolated from the

root of S. baicalensis Georgi, a conventional herbal

medicine commonly used as an antipyretic, analgesic,

antitumor, and anti-inflammatory agent [10–12]. PC-

SPES, a proprietary herbal blend containing S. baicalensis
Georgi, which has been used since 1996 by thousands of

men for ‘prostate health,’ has been demonstrated to have

anticancer activities against colon cancer in vitro using

colon cancer cell lines and in vivo using the Apcmin mouse
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model [13]. In addition, studies have shown that oroxylin

A could be a promising candidate for the selective and

effective management of inflammation and cancer. Chen

et al. [14] reported that oroxylin A inhibited lipopoly-

saccharide-induced expression of inducible nitric oxide

synthase and cyclooxygenase-2 in RAW264.7 macrophages

that overexpress Bcl-2. Recently, our laboratory demon-

strated that treatment with oroxylin A inhibited the

growth of human gastric carcinoma BGC-823 cells by

inducing G2/M cell cycle arrest through the inhibition of

Cdk7-mediated Cdc2/p34 expression [15].

In the current study, we showed that oroxylin A has

chemopreventive activity against colon cancer; this may

be due to its induction of apoptosis and Nrf2 activity.

This compound was found to induce apoptosis and

increase Nrf2 expression and its translocation to the

nucleus in HCT-116 cells. Examination of the Nrf2 target

genes heme oxygenase-1 (HO-1) and NADP(H):quinone

oxidoreductase-1 (NQO-1) provided a mechanistic frame-

work for the exploration of oroxylin A as a novel

chemopreventive agent for human colon cancer. In

addition, the chemopreventive activity of oroxylin A was

demonstrated in an in-vivo xenograft immunodeficient

mouse model.

Materials and methods
Reagents

Oroxylin A was isolated from the root of S. baicalens
as previously described [16]. Samples containing oroxylin

A at a minimum of 99% purity were used for the experi-

ments unless otherwise indicated. Oroxylin A (200 mmol/l)

was dissolved in dimethylsulfoxide (DMSO) and stored

at – 201C. Concentrations of 50, 100, and 200mmol/l were

used in this study and were freshly diluted using the basal

medium to a final DMSO concentration of 0.1%. Controls

were treated with the same amount of DMSO as that used

in the corresponding experiments. Antibodies against poly

(ADP-ribose) polymerase (PARP), procaspases 3, 8, and

9, Bcl-2, Bax, Lamin A, Nrf2, HO-1, and NQO-1 were

obtained from Santa Cruz Biotechnology (Santa Cruz,

California, USA). Antibodies against b-actin (BM0627) were

from Boster (Wuhan, China). IRDyeTM800-conjugated

secondary antibodies were obtained from Rockland Inc.

(Philadelphia, Pennsylvania, USA). 3-(4,5-Dimethylthiazol-

2-yl)-2,5- diphenyltetrazolium bromide (MTT) was pur-

chased from Sigma (St Louis, Missouri, USA).

Cell culture

Human colon carcinoma HCT-116 cells were obtained

from the Cell Bank of Shanghai Institute of Biochemistry

and Cell Biology, Chinese Academy of Sciences. Cells

were cultured in 90% McCoy’s 5A medium (Sigma)

supplemented with 10% fetal bovine serum (Sijiqing,

Zhejiang, China), 100 U/ml of benzyl penicillin, and

100 mg/ml of streptomycin. Cells were cultured in a

humidified environment with 5% CO2 at 371C.

Cell viability assay

Cell viability was measured using the colorimetric MTT

assay as described previously. Experiments were per-

formed in triplicate and in a parallel manner for each

concentration of compound tested, and the data are

presented as the mean±SE. Control cells were treated

with culture media alone. After incubation for 24 h,

absorbance (A) was measured at 570 nm. The survival

ratio (%) was calculated using the following equation:

survival ratio (%) = (Atreatment/Acontrol)� 100. IC50 values

were measured as the concentration that caused 50%

inhibition in cell viability and were calculated using the

Logit method.

Diamidino-phenyl-indole staining

HCT-116 cells were cultured in McCoy’s 5A medium until

they reached the mid-log phase. At that time, cells were

treated with 50, 100, and 200mmol/l of oroxylin A for 24 h.

Cell morphology was monitored using an inverted light

microscope. Floating and attached cells were harvested

with 0.02% (w/v) EDTA and 0.25% (w/v) trypsinase. Cells

were then fixed with ice-cold 4% paraformaldehyde for

20 min and washed with ice-cold pPBS before permeabi-

lization with 0.3% Triton X-100. Finally, the cells were

washed with ice-cold PBS and stained with fluorochrome

dye diamidino-phenyl-indole (Santa Cruz). Fluorescence was

observed using a fluorescence microscope (Olympus IX51,

Tokyo, Japan) with a peak-excitation wavelength of 340 nm.

Annexin V/propidium iodide staining

Apoptosis was measured using the fluorescein isothiocya-

nate-labeled annexinV/propidium iodide (PI) Apoptosis

Detection kit (Biovision, MoutainView, California, USA)

according to the manufacturer’s instructions. Flow cyto-

metric analysis was performed immediately after supravital

staining. The data acquisition and analysis were performed

in a Becton Dickinson FACSCalibur flow cytometer (BD

Biosciences, San Jose, California, USA) using CellQuest

software (Becton Dickinson, San Jose, California, USA).

Cells that were in the early stages of apoptosis were

annexin V positive, whereas cells that were both annexin V

and PI positive were in the late stage of apoptosis.

Western blot analysis

After treatment with 100 mmol/l of oroxylin A for 15 min,

30 min, 1 h, 2 h, and 4 h, HCT-116 cells were collected

and lysed in 1 ml of cold lysis buffer (100 mmol/l of Tris-

Cl, pH 6.8, 4% (m/v) SDS, 20% (v/v) glycerol, 200 mmol/l

of b-mercaptoethanol, 1 mmol/l of phenylmethylsulfonyl

fluoride, and 1 g/ml of laprotinin). Lysates were trans-

ferred to a 1.5-ml microcentrifuge tube and centrifuged

at 12 000g for 15 min at 41C. Protein concentration was de-

termined using the Bradford method (Bio-Rad, Richmond,

California, USA). Equal amounts of protein samples

652 Anti-Cancer Drugs 2012, Vol 23 No 6

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



(40 mg) were subjected to electrophoresis on a 12% SDS

polyacrylamide gel. The separated proteins were trans-

ferred onto nitrocellulose membranes (Millipore, Billerica,

Massachusetts, USA) that were blocked with 10% nonfat

milk (w/v) in PBS for 1 h at 371C and incubated with

primary antibodies in PBS containing 0.1% Tween-20

buffer (PBST) for 1 h at 371C or overnight at 41C. The

membranes were washed three times with PBST and

incubated with the IRDye800-conjugated secondary

antibody for 1 h at 371C, followed by washing three times

with PBST. Signal detection was achieved using the two-

color infrared imaging system (Odyssey, LI-COR Bio-

sciences, Lincoln, Nebraska, USA). All blots were

stripped and reprobed with polyclonal anti-b-actin anti-

body to ascertain equal loading of protein.

Nuclear and cytoplasmic extraction

HCT-116 cells were passaged 24 h before treatment with

100 mmol/l of oroxylin A. After treatment, cells were

harvested by centrifugation and washed twice with PBS.

Cells were then lysed on ice in three volumes of

cytoplasmic extraction buffer. Nuclear and cytosol lysates

were isolated separately using a Nuclear/Cytosol Fractio-

nation Kit (BioVision, Mountain View, California, USA)

according to the manufacturer’s instructions. The protein

concentration of the nuclear and cytoplasmic extracts was

determined by a Bio-Rad protein assay dye using the

Bradford method. Extracts were stored at – 701C until

further experimentation.

Measurement of intracellular reactive oxygen species

Reactive oxygen species (ROS) production was moni-

tored by flow cytometry using 20,70-dichlorofluorescein-

diacetate (DCFH-DA). Samples of 1� 106 cells were

collected and washed with cold PBS, resuspended in

PBS, and incubated for 30 min at 371C with 10 mmol/l of

DCFH-DA. Fluorescence was measured at 488 nm

(excitation) and 525 nm (emission) using the FACSC

alibur flow cytometer.

HCT-116 xenograft tumor study

Six-week-old male BALB/c immunodeficient mice were

obtained from the Shanghai Slac Laboratory Animal

Limited Company. The animals were housed in sterile

filter-capped microisolator cages and provided with a

sterilized diet and water. HCT-116 cells (2� 106/0.2 ml/

mouse) were suspended in 90% McCoy’s 5A medium and

injected subcutaneously into the right flank of each

mouse to initiate tumor growth. Oroxylin A was dissolved

in a solution (vehicle) containing polyethylene glycol,

benzyl alcohol, ethanol, and water (40 : 0.1 : 10 : 49.1).

Twenty-four mice were randomly separated into four

groups (six mice/group). Oroxylin A was administered by

an oral gavage at 50, 100, and 200 mg/kg every day

beginning a week before injection of the tumor cells. The

mice were killed 3 weeks after injection of the tumor

cells. Body weight and diet consumption were recorded

twice weekly throughout the study. After xenografts

started growing, their sizes were measured every other

day. Tumor volume was calculated according to the

equation: ‘0.5236 L1(L2)2, where L1 is the long axis and

L2 is the short axis of the tumor’. At euthanasia, tumors

were excised, weighed, and stored at – 801C until further

analysis. Animal care was in accordance with the approved

protocol and institutional guidelines.

For western blot analysis, tumor samples were crushed

into a powder with a mortar and pestle. After evaporation

of most of the nitrogen, powdered tissues were lysed with

lysis buffer (10 mmol/l of Tris–HCl, pH 7.4, 50 mmol/l of

sodium chloride, 30 mmol/l of sodium pyrophosphate,

50 mmol/l of sodium fluoride, 100 mmol/l of sodium

orthovanadate, 2 mmol/l of iodoacetic acid, 5 mmol/l of

ZnCl2, 1 mmol/l of phenylmethylsulfonyl fluoride, and

0.5% Triton X-100). The lysate was homogenized by

passing through a 23-gauge needle three times or

sonicating for 10 s, and kept in ice for 30 min The homo-

genate was centrifuged at 13 000 rpm for 15 min at 41C.

The supernatant was transferred to a clean tube and

stored at – 801C until further analysis.

Statistical analysis

All results were presented as means±SD from duplicate

or triplicate experiments performed in a parallel manner.

Statistical analyses were performed using analysis of

variance. All comparisons were made relative to untreated

controls and significant differences were indicated as

*P < 0.05 and **P < 0.01.

Results
Oroxylin A induced apoptosis in Human colon

carcinoma HCT-116 cells

The effects of oroxylin A on HCT-116 cell viability were

measured by an MTT assay. As shown in Fig. 1a, cell

viability decreased dose dependently in cultures exposed to

oroxylin A for 24 h. Cell death was further assayed by

diamidino-phenyl-indole staining, which detects nuclear

morphology (Fig. 1b). The number of condensed and

fragmented nuclei increased with the exposed concentra-

tions of oroxylin A. The annexinV/PI staining assay showed

that the percentage of apoptotic cells increased with an

increase in concentration, and when cells were treated with

200mmol/l of oroxylin A for 24 h, the apoptosis rate reached

38.7% (both early and late apoptosis combined, Fig. 1c).

These results demonstrated that oroxylin A induced

apoptosis in HCT-116 cells in a dose-dependent manner.

Caspase-mediated PARP cleavage likewise showed that

oroxylin A-induced apoptosis of HCT-116 cells was a

concentration-dependent process (Fig. 1d). We then

explored the involvement of caspases in oroxylin A-

mediated apoptosis. Immunoblot analysis showed that,

compared with the control, both caspase-3 and caspase-9

were activated after oroxylin A treatment for 24 h,

whereas caspase-8 remained unchanged. Furthermore,
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the expression of Bcl-2 protein decreased and the

expression of Bax protein in HCT-116 cells increased

after treatment with oroxylin A.

Oroxylin A-dependent Nrf2 activation and translocation

to the nucleus

Compounds that increase Nrf2 activity are potential

chemopreventive agents. In this study, we determined

whether oroxylin A treatment increases the expression of

Nrf2, and 100mmol/l of tBHQ was used as a positive control.

As shown in Fig. 2a, Nrf2 protein expression was increased

30 min after 100mmol/l of oroxylin A treatment. Under

homeostatic conditions, Nrf2 is suppressed by association

with Keap1, but is stimulated upon exposure to oxidative or

electrophilic stress. Once activated, Nrf2 translocates into

nuclei and upregulates a group of genes that act in concert to

Fig. 1
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Oroxylin A induces apoptosis in HCT-116 cells. (a) Inhibitory effect of oroxylin A on the proliferation of HCT-116 cells. Data are shown as the
mean±SD (n = 3). (b) Diamidino-phenyl-indole staining of HCT-116 cells treated for 24 h with dimethylsulfoxide (DMSO; i), oroxylin A (50mmol/l; ii),
oroxylin A (100mmol/l; iii), and oroxylin A (200 mmol/l; iv). (c) Fluorescence-activated cell sorter analysis of annexin-V and PI staining of control (i),
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three independent experiments. (d) Effects of oroxylin A on the expression of poly (ADP-ribose) polymerase (PARP), procaspase-3, 8, 9, Bcl-2, and
Bax proteins. FITC, fluorescein isothiocyanate.
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combat oxidative stress. In this study, we demonstrated that

the protein level of Nrf2 in the nucleus was increased after

100mmol/l of oroxylin A treatment for 15 min, 30 min, 1 h,

and 2 h and decreased in the cytoplasm in comparison with

the control (Fig. 2b). Thus, oroxylin A treatment induced

the translocation of Nrf2 to the nucleus.

Effects of oroxylin A on reactive oxygen species levels

and Nrf2 target gene expression

As shown in Fig. 3a, oroxylin A treatment for 15 min,

30 min, 1 h, 2 h, and 4 h increased the intracellular level of

ROS in a time-dependent manner, and a 1-h pretreat-

ment with N-acetyl-L-cysteine effectively blocked the

induction of ROS. In addition, oroxylin A treatment

increased the protein expression of two of the Nrf2 target

genes HO-1 and NQO-1 in a time-dependent manner

(Fig. 3b). These data demonstrated that oroxylin A

treatment increased the intracellular level of ROS, which

in turn might cause the activation of Nrf2 and induction

of its downstream phase II enzymes HO-1 and NQO-1.

Effects of oroxylin A oral administration on the growth

of HCT-116 exnograft tumors in immunodeficient mice

Male immunodeficient mice were treated with vehicle or

oroxylin A (50, 100, 200 mg/kg) by an oral gavage once a

day for 28 days beginning a week before the injection of

HCT-116 colon cancer cells. Tumor growth was measured

every other day, and tumor volume (V) was calculated

(Fig. 4a). At the end of the experiment, the tumor

volume was significantly different between the treatment

and the control groups. The mean±SEM tumor volume

was 1868±624 mm3 for the control group and 560±251,

390±83, and 195±112 mm3 for mice treated with 50,

100, and 200 mg/kg of oroxylin A, respectively. In

addition, tumor weight was also significantly different

between the treatment and the control groups, with the

200 mg/kg of oroxylin A treatment group being the lowest

(Fig. 4b). Oral oroxylin A administration did not show any

gross sign of toxicity as monitored by body weight and

diet consumption, as there was no considerable change in

body weight gain and diet intake profiles between control

and oroxylin A-fed groups (data not shown). These results

suggested the in-vivo chemopreventive efficacy of

oroxylin A when mice were exposed to it before colon

tumor xenograft implantation, without any toxicity.

Oroxylin A induced apoptosis in HCT-116 xenograft

tumors

Resistance to apoptosis is a peculiar feature of almost every

type of cancer, including colon cancer. Therefore, we

analyzed HCT-116 tumor xenografts for the potential

proapoptotic effects of oroxylin A that may have played a

role in its overall antitumor efficacy. Caspase-mediated

PARP cleavage showed that oral administration of oroxylin

A induced apoptosis in HCT-116 xenograft tumors (Fig. 5).

In addition, both caspase-3 and caspase-9 were activated

Fig. 2
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Oroxylin A increases Nrf2 expression and its nuclear translocation. (a) Cells were incubated with 100 mmol/l of oroxylin A for the indicated times.
Whole-cell extracts were prepared and analyzed by western blot using an anti-Nrf2 antibody. (b) The nucleus and cytoplasm extracts were separated
and analyzed by western blot using an anti-Nrf2 antibody.

Oroxylin A induces Nrf2 in HCT-116 cells Hu et al. 655

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



after oroxylin A treatment for 24 h, whereas caspase-8

remained unchanged, which agreed with the in-vitro cell

culture study. Furthermore, the expression of Bcl-2 protein

decreased and the expression of Bax protein increased in

HCT-116 xenograft tumors after treatment with oroxylin A.

These findings suggested that the antitumor efficacy of

oroxylin A against in-vivo colon tumor growth involved

induction of apoptosis, and the effects of oroxylin A on

caspases, Bcl-2, and Bax levels may, in part, account for its

proapoptotic and chemopreventive effects in HCT-116

tumors.

Oroxylin A activated Nrf2 in xenograft tumors

To determine whether oroxylin A could activate Nrf2

in vivo compared with the in-vitro cell culture study, we

used western blot to measure Nrf2 protein levels in

HCT-116 xenograft tumors. Indeed, it was found that the

Nrf2 level decreased in the cytoplasm and increased in

the nucleus in a dose-dependent manner, indicating that

Nrf2 was activated after oral administration of oroxylin A

in the xenograft tumor tissues (Fig. 6), which may also

account for the chemopreventive effects of oroxylin A in

HCT-116 tumors.

Discussion
In recent years, interest in the pharmacological effects of

flavonoids in cancer chemoprevention has increased

markedly. Oroxylin A, a naturally occurring monoflavonoid

extracted from S. baicalensis Georgi, has been shown to be a

promising candidate for selective and effective manage-

ment of inflammation. Clinical studies have determined

the effects of compounds isolated from S. baicalensis on the

prevention and treatment of prostate cancer [17]. Studies

in our lab and others have demonstrated that oroxylin A

induced apoptosis in various cancer cells [18,19]. However,

the chemopreventive effect of this compound as well as its

potential mechanism have not been determined.

Oroxylin A-dependent apoptosis of preinitiated and/or

neoplastic cells may indicate a protective mechanism

against neoplastic transformation and tumor develop-

ment. This may result from the elimination of genetically

damaged cells or cells that divide inappropriately due to

mitogenic and/or proliferative stimuli. Many chemopre-

ventive agents induce apoptosis. These agents include

curcumin, phenethyl isothiocyanate, sulforaphane, silibi-

nin, silymarin, and resveratrol [6–9,20–22]. Studies

(including ours) have found that the induction of

apoptosis by some of these agents is at least partially

responsible for their chemopreventive activities

[7,9,20–23]. Therefore, we hypothesized that oroxylin A

Fig. 3
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may exert its chemopreventive activity through the

induction of apoptosis. We examined the effects of

oroxylin A treatment on HCT-116 cell proliferation, and

our results demonstrated that oroxylin A inhibited HCT-

116 cell growth and induced apoptosis through induction

of the caspase cascade and affecting the expression of the

Bcl-2 family proteins.

Chemical insults by environmental toxicants and endo-

genous oxidants can cause degenerative diseases such as

cancer. Phase II and antioxidative enzymes provide a

cellular defense against chemical stress and act in concert

to detoxify and eliminate harmful reactive carcinogenic

intermediates [1]. Under physiological conditions, these

enzymes are expressed at a relatively low level. However,

their expression is greatly induced in response to

exposure to a variety of chemical compounds including

isothiocyanates (e.g. sulforaphane) and dithiolthiones

(e.g. 1,2-dithiole-3-thione, oltipraz). In addition, it has

been established that these compounds exert their

protective response partly through the activation of the

Nrf2 signaling pathway. Therefore, a plausible mecha-

nism by which agents may impart their chemopreventive

activity is by the induction of detoxification and

antioxidant enzymes through the activation of Nrf2.

Upon release from Keap1, Nrf2 translocates into

the nucleus. After translocation, Nrf2 dimerizes with

Maf and binds the antioxidant response elements

present in the promoter of Nrf2-target genes, which

results in the transcriptional activation of these

genes [24,25]. Indeed, in our present study, we found

that oroxylin A induced the translocation of Nrf2, which

increased the expression of its downstream target genes

HO-1 and NQO-1.

It has been shown that exposure to the chemopreventive

agents produces a certain level of ROS or electrophiles,

and causes mild oxidative/electrophilic stresses in cells

[26–28]. Such mild oxidative stresses are sufficient to

initiate the signaling pathways that, in turn, activate

a variety of cellular events, such as induction of phase II

and antioxidant enzymes, expression of tumor-suppressor

genes, and inhibition of cell proliferation [29]. Here, we

found that oroxylin A treatment increased the intracel-

lular level of ROS in a time-dependent manner, which in

turn might cause the activation of Nrf2 and induction of

its downstream phase II enzymes HO-1 and NQO-1.

Animal models that are currently used to assess the

efficacy of potential chemopreventive agents, including

carcinogen induced with carcinogens specific for parti-

cular organ sites, transgenic/mutant animals with inser-

tions, deletions, or mutations at targeted gene sites

known to enhance cancers in a specific organ. For colon

cancer, rats induced with the carcinogen azoxymethane,

and genetically engineered models including Min/+ ,

APC 1638, and the MSH2 mismatch repair-deficient

mouse, have been used as chemopreventive models [30].

In addition, the xenograft nude mice model has also been

used to validate the chemopreventive activities of natural

products against head and neck, prostate, lung, and colon

cancers [31–36], by administering the compounds before

the implantation of the tumor cells. Therefore, here,

we used a xenograft nude mice model to study the

chemopreventive activity of oroxylin A.

Fig. 5
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Our study showed that continuous oral administration of

oroxylin A (starting 1 week before implantation of HCT-

116 colon xenografts) to nude mice significantly retarded

the growth of tumors in comparison with mice treated with

vehicle. In addition, this compound induced apoptosis and

also activated Nrf2 in the xenograft tumor tissues. Future

in-vivo and in-vitro correlation studies are necessary to

better understand the pharmacological efficacy of oroxylin

A as a potential chemopreventive agent.
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