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Antioxidant and Anti-inflammatory Effects of Yam (Dioscorea
batatas Decne.) on Azoxymethane-induced Colonic Aberrant
Crypt Foci in F344 Rats
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ABSTRACT: Yam (Dioscorea batatas Decne.) has long been used as a health food and oriental folk medicine because of its
nutritional fortification, tonic, anti-diarrheal, anti-inflammatory, antitussive, and expectorant effects. Reactive oxygen
species (ROS), which are known to be implicated in a range of diseases, may be important progenitors of carcinogenesis.
The aim of this study was to investigate the modulatory effect of yam on antioxidant status and inflammatory conditions
during azoxymethane (AOM)-induced colon carcinogenesis in male F344 rats. We measured the formation of aberrant
crypt foci (ACF), hemolysate antioxidant enzyme activities, colonic mucosal antioxidant enzyme gene expression, and co-
lonic mucosal inflammatory mediator gene expression. The feeding of yam prior to carcinogenesis significantly inhibited
AOM-induced colonic ACF formation. In yam-administered rats, erythrocyte levels of glutathione, glutathione peroxidase
(GPx), and catalase were increased and colonic mucosal gene expression of Cu/Zn-superoxide dismutase (SOD), Mn-SOD,
and GPx were up-regulated compared to the AOM group. Colonic mucosal gene expression of inflammatory mediators
(i.e., nuclear factor kappaB, inducible nitric oxide synthase, cyclooxygenase-2, tumor necrosis factor alpha, and inter-
leukin-1beta) was suppressed by the yam-supplemented diet. These results suggest that yam could be very useful for the

prevention of colon cancer, as they enhance the antioxidant defense system and modulate inflammatory mediators.
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INTRODUCTION

Colorectal cancer (CRC) is a leading cause of mortality
and morbidity in the western world (1). In Korea, the
morbidity of CRC has increased dramatically in the last
decade. According to the 2011 cancer statistics of the
National Cancer Information Center, between 1999 and
2011, the age-standardized morbidity per 100,000 in-
habitants increased from 27.0 to 52.7% for men and
from 17.1 to 27.6% for women. The overall morbidity of
CRC increased annually by 6.1% in men and 4.5% in
women during the same period (2). Epidemiological
studies have shown that a diet high in calories and ani-
mal fats and low in fruits, vegetables, and fiber; a lack of
physical activity; obesity; and alcohol consumption are
associated with an increased risk of CRC (3). Consump-
tion of fruits and vegetables that are rich in antioxidant
nutrients may help to prevent colon cancer by minimiz-
ing the genotoxic effects of free radicals and lipid peroxi-
dation by-products (4). It has been estimated that 70~90%

of colon cancer deaths can be linked to diet (5).

Reactive oxygen species (ROS), which are known to be
implicated in a range of diseases, may be important pro-
genitors of carcinogenesis (6). Under conditions of oxi-
dative stress, where levels of ROS are not in balanced
with antioxidants, ROS can be detrimental to cells, lead-
ing to uncontrolled proliferation, inflammation, or apop-
tosis (7). These deleterious actions of ROS can be coun-
tered by antioxidant defense systems, such as super-
oxide dismutase (SOD), glutathione peroxidase (GPx)
and catalase (CAT). These enzymes are important for
the inactivation of many environmental mutagens and
play a central role in protecting cells from oxidative in-
jury (8). ROS are also critical to several signal trans-
duction pathways, as they act as second messengers in-
volved in the activation of NF-«xB (9). Activated NF-xB
further induces the transcription of pro-inflammatory
mediators, such as cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS), tumor necrosis factor-al-
pha (TNF-o), and interleukin-1 (IL-1) (10,11). NF-«xB is
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a promoter of tumorigenesis that regulates inflammation
through the overexpression of iNOS, COX-2, and in-
flammatory cytokines, such as TNF-a and IL-1§ (12,13).

Yam is a perennial trailing rhizome plant of the Dio-
scorea genus (Dioscoreaceae family), that has long been
used as health food and oriental folk medicine because
of its nutritional fortification, tonic, anti-diarrheal, anti-
inflammatory, antitussive, and expectorant effects (14).
Recent studies have shown that yam had in vivo and in
vitro antioxidant and anti-inflammatory properties and nu-
merous biological and pharmacological activities (15-19).
Therefore, this study aimed to investigate the efficacy of
yam at preventing azoxymethane (AOM)-induced colon
tumors by modulating the antioxidant and anti-in-
flammatory systems.

MATERIALS AND METHODS

Materials

The root of Dioscorea batatas Decne was obtained from
Andong Bukhu Nonghyup (Gyeongbuk, Korea), freeze-
dried and powdered. AOM was purchased from Sigma
(St. Louis, MO, USA). The assay kits for glutathione
(GSH), SOD, GPx, and CAT were obtained from Cayman
Chemical Co. (Ann Arbor, MI, USA). The AIN-76A diet
was obtained from Teklad Lab Animal Diets; Harlan
(Madison, WI, USA). All other chemicals were of re-
agent grade.

Animals and experimental diets
Male Fisher 344 rats (5 week-old) were obtained from

Table 1. Composition of the experimental diets (unit: g/kg diet)

Group
Ingredients
AOM AOM+2%Y AOM+5%Y

Starch 400 388.5 358.7
Sugar 250 250 250
Corn oil 50 493 48.2
Casein 200 198.6 196.6
Cellulose 50 48.9 47.3
Mineral” 35 35 35
Vitamin® 10 10 10
Choline 2 2 2
Methionine 3 3 3
Yam powder - 20 50

YMineral mixture: CaCOs (292.9 g/kg), CaHPO,4-2H,0 (4.3 g/kg),
KH2PO4 (43.1 g/kg), NaCl (250.6 g/kg), MgS04-7H;0 (99.8 g/kq),
Fe(CsHs07)- 6H,0 (6.23 g/kg), CuS04-5H,0 (1.56 g/kg), MnSQO,-
H,0 (1.21 g/kg), (NH2)6M07024'4H20 (0.025 g/kg), NazSeO3-5HzO
(0.015 g/kg), ZnCl; (0.005 g/kg).

2\jitamin mixture: vitamin Ds (58.2 mg/kg), a-tocopherol-acetate
(1,200.0 mg/kg), retinol-acetate (93.2 mg/kg), vitamin Ks (6.0
mag/kg), thiamin-HCI (59.0 mg/kg), vitamin B, (0.2 mg/kg),
vitamin C (588.0 mg/kg), pyridoxine-HCI (29.0 mg/kg), D-biotin
(1.0 mg/kg), folic acid (2.0 mg/kg), inositol (1,176.0 mg/kg),
Ca-pantothenate (235.0 mg/kg), riboflavin (59.0 mg/kg), nico-
tinic acid (294.0 mg/kg), sucrose (96,257.017 mg/kg).

Central Lab. Animal Inc. (Seoul, Korea), housed under a
12-h light/dark cycle in a temperature (23+2°C) and hu-
midity (50+5%) controlled room. Rats were acclimat-
ized to the above conditions for one week with free ac-
cess to standard laboratory rodent chow and drinking
water until the initiation of the experiment. The rats
were randomly assigned to receive one of three treat-
ment diets (n=12 rats per group) modified from the
AIN-76A diet (Table 1): control diet, control diet with
2% yam, and control diet with 5% yam. After one week
of experimental diet consumption, all rats were injected
with AOM subcutaneously once a week for 2 weeks at a
dose of 15 mg/kg body weight. All animals were euthan-
ized by CO; inhalation 8 weeks after the initial AOM
injection. Throughout the experimental period, weekly
body weight and food consumption were recorded. This
animal study was approved by the university committee
for the care and use of laboratory animals.

Sample preparations

After euthanasia, blood samples were collected from the
abdominal aorta and centrifuged at 3,000 rpm for 20
min to separate the plasma from the blood cells. Eryth-
rocytes were lysed in four volumes of ice-cold water and
centrifuged at 10,000 g for 15 min at 4°C. The super-
natant (hemolysate) was collected and stored at —80°C.
The entire colon was excised, flushed with ice-cold saline,
and longitudinally opened. The colonic mucosa was col-
lected by scraping with a rubber policeman, immediately
treated with RNAlater, and stored at —80°C until sub-
sequent molecular analysis.

Quantification of aberrant crypt foci (ACF)

ACF analysis was done according to the method de-
scribed by Bird (20). Briefly, colons were longitudinally
opened, rinsed with saline and fixed flat between two
pieces of filter paper in 10% buffered formalin for a min-
imum of 24 h. The colons were then cut into 3 seg-
ments (proximal, middle, and distal), stained with 0.2%
methylene blue in phosphate buffered saline for 5 to 10
min, placed on a microscope slide with the mucosal side
up, and visualized through a light microscope at 40x
magnification. ACF were distinguished from surround-
ing normal crypts by their increased size, a significantly
increased distance from the lamina to the basal surface
of the cells, and an easily discernible pericryptal zone.
The total number of ACF and the number of aberrant
crypts in each focus were counted. ACF were catego-
rized by crypt multiplicity (1, 2, 3, or >4 crypts). ACF
containing four or more aberrant crypts/focus were cate-
gorized as multicrypts.

Measurement of glutathione and antioxidant enzyme activity
GSH and antioxidant enzymes (i.e., SOD, GPx, CAT)
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were measured in hemolysates using commercially avail-
able detection kits (Cayman Chemical Co.) according to
the manufacturer's instructions.

Analyses for gene expression in colonic mucosa

Total RNA was extracted from the scraped colonic mu-
cosae using an RNA preparation kit (Qiagen, Valencia,
CA, USA) according to the manufacturer's instructions.
Real-time reverse transcriptase (RT)-PCR was carried
out using a One Step SYBR PrimeScript RT-PCR kit
(Takara Bio Inc., Shiga, Japan). mRNA levels were ana-
lyzed with Exicycler3 (Bioneer Co., Daejeon, Korea).
Primers were designed with Primer3 software, and pur-
chased from Bioneer Co. The PCR primer pair sequences
are listed in Table 2. A quantitative analysis of gene ex-
pression was conducted using the comparative cycle
threshold (2*“") method with B-actin as an internal
control (21).

Statistical analyses
Data are expressed as the mean=SD. One-way ANOVA

Table 2. Primer sequences

Target gene Primer sequence (5'—3')

B-Actin F: CAC CAG TTC GCC ATG GAT

R: ATC ACA CCC TGG TGC CTA
Cu/Zn-S0D F: GTC GTC TCC TTG CTT TTT GC

R: TCT GCT CGA AGT GAA TGA CG
Mn-S0D F: CGT CAC CGA GGA GAA GTA CCA CGA

R: CAG CCT GAA CCT TGG ACT CCC ACA
GPx F: GAA GGT AAA GAG CGG GTG AG

R: AGG AGA ATG GCA AGA ATG AAG
CAT F: AAG CTG GTT AAT GCG AAT GG

R: CAA GTT TTT GAT GCC CTG GT
NF-«B (pé5) F: ACG ATC TGT TTC CCC TCA TC

R: CAC TTG TAA CGG AAA CGC AT
COX-2 F: ACT ACG CCG AGA TTC CTG AC

R: CAA TGT TCC AGA CTC CCT TG
iNOS F: GTG TTC CAC CAG GAG ATG TT

R: ACC GCT TTC ACC AAG ACT G
IL-1B F: GCC TCA AGG GGA AGA ATC TAT

R: CAA ACC GCT TTT CCA TCT TCT
TNF-a F: GAG CTC AAG CCC TGG TAT G

R: CGG ACT CCG TGA TGT CTA AG

SOD, superoxide dismutase; GPx, glutathione peroxidase; CAT,
catalase; NF-kB, necrosis factor-kappaB; COX, cyclooxygenase:
iNOS, inducible nitric oxide synthase: IL, interleukin: TNF-o, tumor
necrosis factor-alpha.

and subsequent Duncan’s multiple range tests were used
for multiple comparisons. Significance was set at a=0.05.

RESULTS AND DISCUSSION

General observations

There were no considerable differences in body weight
gain and food intake among control and yam-fed groups
until the end of the study. In addition, liver weight and
colon length were not significantly different among
groups (Table 3).

Effect of yam on colonic ACF formation
To determine the effect of yam on the induction of ACF
by AOM, rats were fed the control diet (AOM) or the
control diet containing 2% (AOM+2%Y) or 5% yam
(AOM+5%Y) for 10 weeks. Colons were removed, and
ACF number and multiplicity were determined. The
number and distribution of ACF in the colon are shown
in Table 4. The mean number of ACF/colon in the rats
administered AOM alone was 171.5+55.1 ACF/colon.
However, compared to the AOM group, dietary feeding
of yam at a dose of 2% (118.6+36.8 ACF/colon) or 5%
(110.8+23.8 ACF/colon) reduced AOM-induced ACF
formation in a dose-dependent manner. More impor-
tantly, the number of ACF containing 1, 2, 3, and 4 or
more crypts was decreased by yam-feeding compared to
the AOM only treated group. Compared to the AOM
group, rats in the AOM+5%Y group had 35% fewer
one-crypt foci, 37% fewer two-crypt foci, and 42% fewer
three-crypt foci (P<0.05). In addition, rats in the
AOM+2%Y group had 45% fewer ACF with four or
more crypts (P<0.05) compared to the AOM group. The
number of ACF in the proximal region of the colon was
particularly reduced in yam-supplemented groups. On
average, there were 47.5+16.2 ACF in the proximal re-
gion of the colons of rats in the AOM+2%Y group and
40.8+30.4 ACF in the proximal region of the colons of
rats in AOM+5%Y group, while there were 81.8+28.4
ACF in the proximal region of the colons of rats in the
AOM group.

ACF are microscopic lesions that are postulated to
precede the development of adenomas and are consid-

Table 3. Effect of yam on body weight, food intake, liver weight, and colon length in rats

Grou Body weight gain Food intake FER Liver Colon length
P (g/rat) (o/day/rat) (%) ) (cm)
AOM 228.0£33.9™ 11.5+1.6™ 21.8+2.6™ 7.10+0.54" 4.22+0.38™
AOM+2%Y 2237133 12.1£1.6 21.0+1.2 6.97+0.47 4.331£0.54
AOM+5%Y 2244190 11.7£10 21.0x15 7.1520.59 4.38+0.72

Values are meanSD (n=12).

FER: Food efficiency ratio (%)=body weight gain (g)/food intake (g)x100.

ns: not significant.
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Table 4. Effect of yam on AOM-induced colonic ACF formation in rats

AOM AOM+2%Y AOM+5%Y
Total no. of ACF/colon 171.5+55.1° 118.6+36.8™ 110.8+23.8°
Crypt multiplicity of ACF
1 crypt 39.1+14.4™ 275140 254169
2 crypts 45.0+16.7™ 37.9+17.0 28.5+£10.4
3 crypts 34.4+11.8° 24.9+7.9%* 19.846.3°
>4 crypts 53.0£16.3° 29.24£11.9° 35.8+17.1%
Distribution of ACF
Proximal colon 81.8+28.4° 475+16.2° 40.8+30.4°
Middle colon 64.0+25.5™ 49.0+18.0 41.2+271
Distal colon 25.4+£12.3™ 224+115 274156
Values are mean£SD (n=6). Values are the number of ACF.
Different superscripts (a,b) within a row indicate significant differences among groups (~<0.05).
ns: not significant.
Table 5. Effect of yam on erythrocyte antioxidant enzyme activities in rats
Antioxidant enzymes AOM AOM+2%Y AOM+5%Y
GSH (nmol/mg Hb) 3.74+2.32° 5.33+£3.25° 15.29+8.90°
SOD (U/mg Hb) 215.3136.2° 193.3+£26.7° 159.1+£14.0°
GPx (pmole/min/mg Hb) 1.15+0.19° 1.4040.22° 1.50£0.19"
CAT (umole/min/mg Hb) 3.13£0.53° 4.26+0.61° 4024054

Values are mean£SD (n=12).

Different superscripts (a,b) within a row indicate significant differences among groups (~<0.05).

ered to be the earliest premalignant lesions of colon car-
cinogenesis (20). ACF multiplicity increases with time
and appears to be a predictor of tumor outcome (22).
These observations justify the use of the colonic ACF as-
say as a tool for the screening of potential chemo-
preventive agents in colon tumors prior to the evalua-
tion of such agents in clinical studies.

Supplementation with yam not only inhibited the
growth of ACF by decreasing the total number of ACF,
and the number of ACF with multicrypts, but also af-
fected the distribution ACF within the colon, especially
in the proximal colon. Typically, ACF develops as early
as 2~4 weeks after carcinogen administration and ap-
pears predominantly in the middle-colon during early
time points. With time, ACF begin to appear in the dis-
tal and proximal colon (23). Our results clearly demon-
strate that the dietary feeding of yam prior to carcino-
genesis significantly inhibits AOM-induced colonic ACF
formation in rats. The suppressive effect of yam on total
colonic ACF formation was also associated with a reduc-
tion in crypt multiplicity. ACF with crypt multiplicity are
more likely to persist, increase in size through multi-
plication and develop into malignant tumors (24). Also,
yam may intervene with the development of ACF at later
time points by suppressing of the number of ACF that
from in the proximal colon.

Effect of yam on antioxidant enzyme activities
The effect of yam on erythrocyte antioxidant enzyme ac-

tivities (Table 5) was evaluated in this study. The con-
centration of GSH was 4-fold higher in the 5% yam
group and the activities of GPx and CAT were 25% and
36% higher, respectively, in the 2% yam group, and 30%
and 28% higher, respectively, in the 5% yam group.
However, SOD activity was significantly decreased by
yam supplementation.

Red blood cell (RBC) changes have been detected in a
number of human pathologic conditions and after ex-
posure to xenobiotics that induce oxidative stress. Ery-
throcytes are in constant contact with potentially dam-
aging levels of oxygen, but under normal conditions
their metabolic and antioxidant defense systems are ca-
pable of reversing any damage incurred (25). The anti-
oxidant defense system includes SOD, CAT, GPx, gluta-
thione-S-transferase, and glutathione reductase, and GSH.
Oxidation of erythrocytes is associated with membrane
injury, methemoglobin formation, osmotic fragility, and
cell destruction. Oxidative stress in RBCs can be an in-
dicator of RBC-related disorders or systemic oxidative
stress. For example, decreased GPx and CAT activities
and increased Cu/Zn-SOD activity have been reported in
the erythrocytes of patients with gastric cancer. Several
studies have reported that mucilage and phenolic com-
pounds extracted from yam exhibit strong hydroxyl and
superoxide anion radical scavenging activities (26-28).
In this study, the erythrocyte levels of GSH, GPx, and
CAT in yam-administered rats were significantly in-
creased, whereas SOD activity was similar to that of the
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AOM group. Our study shows that yam could act as a
free radical scavenger and enhance the function of oxida-
tive stress protective systems (e.g., GSH, GPx, and CAT).
We hypothesize that the superoxide scavenging activity
of yam decreased erythrocyte levels of the substrate for
SOD, thus preventing yam-induced changes in eryth-
rocyte SOD activity.

Effect of yam on antioxidant enzyme gene expression
We evaluated the mRNA expression of antioxidant en-
zymes in the colonic mucosa (Table 6). Compared to
the AOM group, Cu/Zn-SOD expression was 2.45-fold
greater in the 2% yam-supplemented group and 2.12-
fold greater in the 5% yam-supplemented. Mn-SOD and
GPx expressions were 1.51-fold and 1.83-fold greater,
respectively, in the 5% yam-supplemented group. CAT
expression was also increased in the yam-treated groups.
The cytotoxicity of AOM, a potent colon cancer induc-
ing agent, is considered to be mediator of oxidative
stress (29). Two characteristics of tumor cells are in-
creased ROS generation and decreased capacity to elimi-
nate ROS (30). Cancer cells use ROS to stimulate pro-
liferation, invasion, migration and angiogenesis. Impor-
tantly, cancer cells have also developed mechanisms to
use ROS to evade apoptosis (31). Antioxidant enzymes
are a major mechanism for protecting cells against en-
dogenous and exogenous toxic compounds such as ROS
and chemical carcinogens (32). CAT, GPx, and SOD are
considered to be “first line of defense” antioxidants and
are extremely important in the prevention of oxidative
damage. Treatment with carcinogens or tumor pro-
moters usually decreases levels of antioxidant enzymes
in the colon. A decline in these enzymes may enhance
subsequent oxidative stresses, leading to increased oxi-

Table 6. Effect of yam on gene expression of antioxidant en-
zymes in the colonic mucosa of rats

Antioxidant AOM AOM#2%Y  AOM¥5%Y
enzyme
Cu/Zn-S0D
ACy 1.04£1.07° —0.25+0.69° —0.04+0.34°
2naacT 1.00 2.45 212
Mn-SOD
ACy 3.96+070%° 4224106  3.36+057°
Qmaacr 1.00 0.83 1.51
GPx
ACy 1.7340.86 1.36+£0.23°  0.86+0.19"
Yl 1.00 1.30 183
CAT
ACy 2.22+043"  2.28+0.89 1.78+0.35
QraaeT 1.00 0.96 1.36

Values are mean£SD (n=6).

Different superscripts (a,b) within a row indicate significant dif-
ferences among groups (~<0.05).

ACy, mean of Cr value for the target gene—mean of Cy value
for p-actin: 27%%CT differential gene expression in the target
sample compared to the normal sample counterpart.

ns: not significant.

dation of DNA bases and subsequent mutagenesis and
carcinogenesis (33,34).

In this study, the expression of GPx, Cu/Zn-SOD and
Mn-SOD in the colon was significantly up-regulated.
The expression of CAT was also up-regulated, but not
significantly. SOD catalyzes the dismutation of super-
oxide anions into hydrogen peroxide, while GPx and
CAT catalyzes the conversion of hydrogen peroxide, a
powerful and potentially harmful oxidizing agent, to wa-
ter and oxygen (34). Many studies have demonstrated
that yam exhibits a wide range of biological activities in-
cluding antioxidant and anti-inflammatory effects
(15-19). Many biologically active compounds in yam, in-
cluding polyphenols, flavonoids, steroid saponins, and
mucilage proteins, have direct ROS scavenging ability
and stimulate the upregulation of antioxidant enzyme
expression, thus contributing to the antioxidant activity
of yam (14). Our results suggest that yam has an anti-
oxidant capability in animals experiencing AOM-induced
oxidative stress and that this effect occurs through the
modulation of the activities and gene expression of anti-
oxidant enzymes.

Effect of yam on the gene expression of inflammatory
mediators

Table 7 shows the colonic mucosal gene expression of
inflammatory mediators, NF-xB, iNOS, COX-2, TNF-q,
and IL-1B. Compared to the AOM group, the relative
mRNA expression of NF-kB/p65 was significantly down-
regulated to 0.53 and 0.57 in the 2% and 5% yam-sup-
plemented groups, respectively. The expression of in-
ducible inflammatory enzymes, iNOS (0.16 in AOM+
2%Y, 0.14 in AOM+5%Y) and COX-2 (0.03 in AOM+

Table 7. Effect of yam on gene expression of NF-«B, inflam-
matory enzymes and cytokines in the colonic mucosa of rats

AOM AOM+2%Y AOM+5%Y
NF-kB/p65

ACy 3.361035°  4.28+044°  4.16+0.60°

Yl 1.00 0.53 0.57
iNOS

ACy 8.62+0.61° 11.2+0.39° 11.5+0.97°

QraeT 1.00 0.16 0.14
COX-2

ACy 5.70+£1.27° 10.84£1.91° 9.4240.50°

2naacr 1.00 0.03 0.08
TNF-o

ACy 329+124°  307+050°  5.42+052°

Qmaacr 1.00 1.16 0.35
IL-1B

ACy 3.9840.48° 4091045  5.20+0.90°

Yl 1.00 0.93 0.43

Values are mean£SD (n=6).

Different superscripts (a,b) within a row indicate significant dif
ferences among groups (~<0.05).

ACr, mean of Cr value for the target gene—mean of Cr value
for B-actin; 278407 differential gene expression in the target
sample compared to the normal sample counterpart.
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2%Y, 0.08 in AOM+5%Y) was also significantly sup-
pressed by the yam-supplemented diet. The expression
of pro-inflammatory cytokines, TNF-a and IL-1B, was
significantly inhibited to 0.35 and 0.43, respectively, in
the 5% yam-supplemented group compared to the AOM
group.

NF-«B is an important regulator of cellular responses
because it is a "rapid-acting” primary transcription factor
(i.e., a transcription factor that is present in cells in an
inactive state and do not require new protein synthesis
to become activated). This allows NF-«xB to be a first
responder to harmful cellular stimuli. Known inducers
of NF-xB activity are highly variable and include ROS,
TNF-a, IL-1B, and bacterial lipopolysaccharides (LPS)
(35). Expression of NF-kB has been shown to promote
cell proliferation, whereas inhibition of NF-«B activation
blocks cell proliferation. Thus, the use of NF-«xB as a tar-
get for anticancer therapy is currently a subject of active
research by pharmaceutical companies (36). In the pres-
ent study, supplementation with yam suppressed the ex-
pression of NF-«B in rats with AOM-induced colon car-
cinogenesis; this suppressive effect is one of the key
mechanisms for the prevention of colorectal tumors by
yam supplementation.

TNF-a is one of the most important proinflammatory
cytokines. TNF-o is primarily produced by monocytes
and macrophages, is secreted during the early phase of
acute and chronic inflammatory diseases, and triggers
diverse inflammatory cascades such as the secretion of
other cytokines, including IL-1, IL-6, and IL-8 (37).
Several studies have shown that the expression of
TNF-o during inflammation is dependent upon the acti-
vation of NF-«B. Cells exposed to TNF-a activate NF-«B,
leading to the expression of inflammatory genes, such as
COX-2, lipoxygenase-2, cell-adhesion molecules, inflam-
matory cytokines, chemokines, and iNOS (37,38). In ad-
dition, TNF-a has been found to mediate initiation, pro-
motion, and metastasis for most tumor cells (36). In
agreement with these observations, mice deficient in
TNF-o are resistant to skin carcinogenesis (39). This
study revealed that yam has several anti-inflammatory
abilities, including its ability to down-regulate the ex-
pression of TNF-a and IL-1p in AOM-induced rats and
its ability to inhibit NF-xB activation through the sup-
pression of inflammatory cytokines. Therefore, our data
suggest that yam may have the potential to prevent co-
lon carcinogenesis by modulation of inflammatory pro-
cesses.

The enzyme responsible for prostaglandins (PGs) syn-
thesis exists in two isoforms, COX-1 and COX-2. COX-1
is constitutively expressed in many tissues, but the ex-
pression of COX-2 is regulated by mitogens, tumor pro-
moters, cytokines, and growth factors. Overexpression
of COX-2 and subsequent PGs production have been im-

plicated in colon carcinogenesis (37). Thus, dietary agents
that can suppress NF-xB have the potential to inhibit
COX-2 expression. Nitric oxide synthase (NOS) is re-
sponsible for the release of the gaseous free radical nitric
oxide (NO) during the transformation of L-arginine to
L-citrulline. Excessive and prolonged iNOS-mediated
NO generation has been linked to inflammation and
tumorigenesis. iNOS is overexpressed in human colon
tumors and in rats treated with a colon carcinogen (40).
COX-2 and iNOS expression are regulated by the tran-
scription factor, NF-xB (38). Several recent studies have
reported that the anti-inflammatory activity of yam oc-
curs via the inhibition of iNOS and COX-2 expression
(15-18). In the present study, yam substantially reduced
gene expression of COX-2 and iNOS.

In conclusion, the results of our study strongly suggest
that yam plays a protective role against AOM-induced
colon tumors. In addition, our findings indicate that yam
exerts its protective effect by inhibiting ACF formation
(a preneoplastic marker), enhancing the antioxidant de-
fense system, and hampering colonic inflammation by
inhibiting the NF-xB pathway. Inhibition of NF-xB sub-
sequently down regulates inflammatory markers such as
COX-2, iNOS, TNF-o, and IL-1pB. These effects may be
attributed to the antioxidant and anti-inflammatory na-
ture of yam. However, further investigation into the al-
tered activity of antioxidant enzyme and the altered con-
tent of signal transduction proteins in the colonic muco-
sa is necessary to further elucidate the potential of yam
as a chemopreventive agent against colon tumors.

ACKNOWLEDGMENTS

This work was supported by 2011 Andong National
University Research Fund.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun
MJ. 2006. Cancer statistics, 2006. CA Cancer J Clin 56:
106-130.

2. National Cancer Information Center: Cancer statistics.
http://www.cancer.go.kr/mbs/cancer/subview (accessed
March 15, 2014).

3. SungJJ, LauJY, Goh KL, Leung WK, Asia Pacific Working
Group on Colorectal Cancer. 2005. Increasing incidence of
colorectal cancer in Asia: implications for screening. Lancet
Oncol 6: 871-876.

4. Stone WL, Papas AM. 1997. Tocopherols and the etiology of



88

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Son et al.

colon cancer. J Natl Cancer Inst 89: 1006-1014.

. Schatzkin A, Kelloff G. 1995. Chemo- and dietary prevention

of colorectal cancer. Eur ] Cancer 31: 1198-1204.

. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser

J. 2007. Free radicals and antioxidants in normal physio-
logical functions and human disease. Int J Biochem Cell Biol 39:
44-84.

. Ji LL, Gomez-Cabrera MC, Vina J. 2007. Role of nuclear

factor kB and mitogen-activated protein kinase signaling in
exercise-induced antioxidant enzyme adaptation. Appl Physiol
Nutr Metab 32: 930-935.

. Ray G, Husain SA. 2002. Oxidants, antioxidants and carcin-

ogenesis. Indian J Exp Biol 40: 1213-1232.

. Poli G, Leonarduzzi G, Biasi F, Chiarpotto E. 2004. Oxidative

stress and cell signaling. Curr Med Chem 11: 1163-1182.
Surh YJ, Chun KS, Cha HH, Han SS, Keum YS, Park KK, Lee
SS. 2001. Molecular mechanisms underlying chemopreven-
tive activities of anti-inflammatory phytochemicals: down-
regulation of COX-2 and iNOS through suppression of
NF-«B activation. Mutat Res 480-481: 243-268.

Lappas M, Permezel M, Georgiou HM, Rice GE. 2002.
Nuclear factor kappa B regulation of proinflammatory
cytokines in human gestational tissues in vitro. Biol Reprod
67: 668-673.

Shen HM, Tergaonkar V. 2009. NFkappaB signaling in
carcinogenesis and as a potential molecular target for cancer
therapy. Apoptosis 14: 348-363.

Ohta T, Takahashi M, Ochiai A. 2006. Increased protein
expression of both inducible nitric oxide synthase and
cyclooxygenase-2 in human colon cancers. Cancer Lett 239:
246-253.

Yang MH, Yoon KD, Chin YW, Kim JW. 2009. Phyto-
chemical and pharmacological profiles of Dioscorea species
in Korea, China and Japan. Kor J Pharmacogn 40: 257-279.
Jin M, Suh §J, Yang JH, Lu Y, Kim SJ, Kwon SY, Jo TH, Kim
JW, Park YI, Ahn GW, Lee CK, Kim CH, Son JK, Son KH,
Chang HW. 2010. Anti-inflammatory activity of bark of
Dioscorea batatas DECNE through the inhibition of iNOS and
COX-2 expressions in RAW264.7 cells via NF-xB and
ERK1/2 inactivation. Food Chem Toxicol 48: 3073-3079.

Lu Y, Jin M, Park SJ, Son KH, Son JK, Chang HW. 2011.
Batatasin I, a naturally occurring phenanthrene derivative,
isolated from tuberous roots of Dioscorea batatas suppresses
eicosanoids generation and degranulation in bone marrow
derived-mast cells. Biol Pharm Bull 34: 1021-1025.

JinM, LuY, YangJH, Jo TH, Park YI, Lee CK, Park SJ, Son KH,
Chang HW. 2011. Anti-inflammatory activity of 6-hydroxy-
2,7-dimethoxy-1,4-henanthraquinone from tuberous roots
of yam (Dioscorea batatas) through inhibition of prosta-
glandin D, and leukotriene C4 production in mouse bone
marrow-derived mast cells. Arch Pharm Res 34: 1495-1501.
Chiu CS, DengJS, Chang HY, Chen YC, Lee MM, Hou WC,
Lee CY, Hunag SS, Huang GJ. 2013. Antioxidant and
anti-inflammatory properties of Taiwanese yam (Dioscorea
Jjaponica Thunb. var. pseudojaponica (Hayata) Yamam.) and its
reference compounds. Food Chem 141: 1087-1096.

Miyoshi N, Nagasawa T, Mabuchi R, Yasui Y, Wakabayashi
K, Tanaka T, Ohshima H. 2011. Chemoprevention of azoxy-
methane/dextran sodium sulfate-induced mouse colon carci-
nogenesis by freeze-dried yam sanyaku and its constituent
diosgenin. Cancer Prev Res 4: 924-934.

Bird RP. 1987. Observation and quantification of aberrant
crypts in the murine colon treated with a colon carcinogen:
preliminary findings. Cancer Lett 37: 147-151.

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2T

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

method. Methods 25: 402-408.

McLellan EA, Medline A, Bird RP. 1991. Dose response and
proliferative characteristics of aberrant crypt foci: putative
preneoplastic lesions in rat colon. Carcinogenesis 12: 2093-
2098.

Bird RP. 1995. Role of aberrant crypt foci in understanding
the pathogenesis of colon cancer. Cancer Lett 93: 55-71.
Alrawi SJ, Schiff M, Carroll RE, Dayton M, Gibbs JF, Kulavlat
M, Tan D, Berman K, Stoler DL, Anderson GR. 2006.
Aberrant crypt foci. Anticancer Res 26: 107-119.

Kurata M, Suzuki M, Agar NS. 1993. Antioxidant systems
and erythrocyte life-span in mammals. Comp Biochem Physiol
B 106: 477-487.

Nagai T, Nagashima T. 2006. Functional properties of
dioscorin, a soluble viscous protein from Japanese yam
(Dioscorea opposita Thunb.) tuber mucilage tororo. Z
Naturforsch C 61: 792-798.

Lin SY, Liu HY, Lu YL, Hou WC. 2005. Antioxidant activities
of mucilages from different Taiwanese yam cultivars. Bot Bull
Acad Sin 46: 183-188.

Bhandari MR, Kawabata J. 2004. Organic acid, phenolic
content and antioxidant activity of wild yam (Dioscorea spp.)
tubers of Nepal. Food Chem 88: 163-168.

Fiala ES. 1977. Investigations into the metabolism and mode
of action of the colon carcinogens 1,2-dimethylhydrazine
and azoxymethane. Cancer 40: 2436-2445.

Szatrowski TP, Nathan CF. 1991. Production of large
amounts of hydrogen peroxide by human tumor cells. Cancer
Res 51: 794-798.

Storz P. 2005. Reactive oxygen species in tumor progression.
Front Biosci 10: 1881-1896.

Ozen T, Korkmaz H. 2003. Modulatory effect of Urtica dioica
L (Urticaceae) leaf extract on biotransformation of enzyme
systems, antioxidant enzymes, LDH and lipid peroxidation
in mice. Phytomedicine 10: 405-415.

Umesalma S, Sudhandiran G. 2010. Chemomodulation of
the antioxidative enzymes and peroxidative damage in the
colon of 1,2-dimethyl hydrazine-induced rats by ellagicacid.
Phytother Res 24: S114-S119.

Rajeshkumar NV, Kuttan R. 2003. Modulation of carcino-
genic response and antioxidant enzymes of rats admini-
stered with 1,2-dimethylhydrazine by Picroliv. Cancer Lett
191: 137-143.

Chandel NS, Trzyna WC, McClintock DS, Schumacker PT.
2000. Role of oxidants in NF-kappa B activation and TNF-
alpha gene transcription induced by hypoxia and endotoxin.
J Immunol 165: 1013-1021.

Escarcega RO, Fuentes-Alexandro S, Garcia-Carrasco M,
Gatica A, Zamora A. 2007. The transcription factor nuclear
factor-kappa B and cancer. Clin Oncol 19: 154-161.
Maihofner C, Charalambous MP, Bhambra U, Lightfoot T,
Geisslinger G, Gooderham NJ; Colorectal Cancer Group.
2003. Expression of cyclooxygenase-2 parallels expression
of interleukin-1beta, interleukin-6 and NF-kappaB in human
colorectal cancer. Carcinogenesis 24: 665-671.

Tak PP, Firestein GS. 2001. NF-kB: a key role in infla-
mmatory diseases. J Clin Invest 107: 7-11.

Moore RJ, Owens DM, Stamp G, Arnott C, Burke F, East N,
Holdsworth H, Turner L, Rollins B, Pasparakis M, Kollias G,
Balkwill F. 1999. Mice deficient in tumor necrosis factor-
alpha are resistant to skin carcinogenesis. Nat Med 5: 828-
831.

Rao CV, Kawamori T, Hamid R, Reddy BS. 1999. Chemo-
prevention of colonic aberrant crypt foci by an inducible
nitric oxide synthase-selective inhibitor. Carcinogenesis 20:
641-644.



