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Dietary Selenium Supplement Prevents Colon Carcinogenesis
Induced by Azoxymethane and Dextran Sodium Sulfate in ICR Mice
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The role of selenium (Se) in modulating colon carcinogenesis induced by azoxymethane (AOM) followed
by dextran sodium sulfate (DSS) was investigated in mice. Five-week old ICR mice were fed on diets
containing different concentrations (0.02, 0.1 or 0.5 ppm) of Se for 24 weeks. Animals received three (0-
2nd weeks) intraperitoneal injections of AOM (10 mg/kg body weight), followed by 2% DSS with drinking
water for additional 1 week. There were 4 experimental groups including vehicle control group, positive
control group given AOM/DSS with AIN-93G normal diet containing 0.1% Se (NSe), a low (0.02 ppm)-Se
diet group (LSe) and a high (0.5 ppm)-Se diet group (HSe). Hematology was analyzed with a blood cell
differential counter. Liver Se was analyzed by inductively coupled plasma-mass spectroscopy. Cell
proliferation and apoptosis were determined by using proliferating cell nuclear antigen (PCNA) for
proliferative activity and apoptotic index by terminal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling (TUNEL), respectively. HSe group showed a low incidence of colonic tumor (64.7%),
compared with the NSe positive control (75%) and LSe (77.8%) groups. In contrast, HSe group exhibited
lower rate of PCNA-positive cells (39.3+6.9%) than positive control (64.3+0.3%) and LSe (57.3+2.9%)
groups. In addition, apoptotic index of HSe group was higher than those of positive control and LSe
groups. These results indicate that Se is a chemopreventive agent for colon carcinogenesis induced by

AOM+DSS in male ICR mice.
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Table 1. Composition of the diets at different selenium status

| dients (g/kg diet) NSe LSe HSe
ngredients ie
9 e g/kg a/kg a/kg
Casein 200 200 200
L-Cystine 3 3 3
Sucrose 88.9 88.98 88.5
Cornstarch 397.486 397.486 397.486
Dyetrose 132 132 132
Soybean oil 70 70 70
t-Butylhydroquinone 0.014 0.014 0.014
Microcrystalline cellulose 50 50 50
Mineral mix (Rx grade, no Fe, Se) 37 37 37
Ferric citrate 5 mg/g as Fe 9 9 9
Sodium selenate 1 mg/g as Se 0.1 0.02 0.5
Vitamin mix 10 10 10
Choline bitartrate 25 25 25
Total 1000 1000 1000
Fe: iron, Se: selenium.
1} 1 2 3 Hark
Group No,. of 1 ] ] ] A !
Mice . . .
Veluele Velicle Velucle
v v v
1. Vehicle 10 [ Homwal selermm di&t]
40N  ACM  40M
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2 AOMDSS +HSe 2 [ (165 ] Homal s e
A0M  AOM  AOM
¥ ¥ ¥
3AOMDSS +LSe 2 | 5 Law selsium diet
A0M  AOM  AOM
¥ ¥ ¥
4 AOMDSS +Hse 2 [ R High selrium di]

Figure 1. Experimental design for colon carcinogenesis in mice. AOM, azoxymethane; DSS, dextran sodium sulfate.
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end labeling (TUNEL; Vector Laboratories, Burlingame,
CA USAYS Fasilon, Al S48 S75k7] Sl
proliferating cell nuclear antigen (PCNA; Santa Cruz,
CA, USA) FAE o]&3 AGxAsIeHA 415 AAlst
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Figure 2. Change in the body weights in mice treated with AOM/DSS and selenium (Se). The body weights of all AOM/DSS
treatment groups significantly decreased compared with the body weight of vehicle control group during 2—4th weeks of treatment
(P<0.05). AOM: azoxymethane, DSS: dextran sodium sulfate, NSe: normal selenium (0.1 ppm) diet, LSe: low selenium (0.02 ppm)

diet, HSe: high selenium (0.5 ppm) diet.
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Table 2. Differential blood cell counts in ICR mice fed different selenium diets

AOM/DSS
Parameters Vehicle
NSe LSe HSe
WBC (10%/uL) 4.61+1.85 2.61+0.61 2.13+0.55 2.32+0.20
RBC (10%/uL) 8.72+0.40 7.11+1.66* 7.72+0.23 7.99+0.57
Hemoglobin (g/dL) 13.40+0.60 11.60+1.13* 12.23+0.25 12.20+0.60
Hematocrit (%) 44.05+£2.80 38.20+4.67* 40.47+1.76 40.97+1.44
MCV (fl) 50.53+0.94 54.5046.22 52.43+2.70 51.40+2.17
MCH (pg) 15.40+0.55 16.65+2.33 15.87+0.40 15.33+0.35
MCHC (g/dL) 30.53+£1.23 30.81+£0.68 30.30+0.89 29.87+0.76

WBC: white blood cells, RBC: red blood cells, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean
corpuscular hemoglobin concentration, AOM: azoxymethane, DSS: dextran sodium sulfate, NSe: normal selenium (0.1 ppm) diet, LSe:
low selenium (0.02 ppm) diet, HSe: high selenium (0.5 ppm) diet. *Significantly different from vehicle control (P<0.05).
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1.4
BAOM/DSS +NSe

1.2 BAOM/DSS +LSe
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1.0

0.8

0.6
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Se concentration (ng/g)
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0.0 P—
Groups

Figure 3. Hepatic selenium levels in mice following feeding of
different concentrations of dietary selenium. Selenium
concentration was determined using an inductively coupled
plasma-mass spectroscopy. AOM: azoxymethane, DSS:
dextran sodium sulfate, NSe: normal selenium (0.1 ppm) diet,
LSe: low selenium (0.02 ppm) diet, HSe: high selenium (0.5
ppm) diet.
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Figure 4. Effect of selenium on tumor incidence and survival
rate of mice treated with azoxymethane/dextran sodium sulfate
(AOM/DSS). NSe: normal selenium (0.1 ppm) diet, LSe: low
selenium (0.02 ppm) diet, HSe: high selenium (0.5 ppm) diet.

| ME 39.33+£6.94%F Uizl vlE)] MEZ2o] &
oA o7 AA|FATHP<0.05).

Sujtze] apoptotic index (A= 1.33£0.67%<1
Hlal FANETLS 8.33+0.67%% 2 =712 YeERAUTH
(P<0.05) (Table 3 and Figure 5). AdF AT E=TAE=
4.50£0.41%% FAUZZ Hls] A7} 284 7Z4a%
o) v, AEE TEEME 11.2541.28%2 UL =
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Table 3. Effect of selenium on cell proliferative and apoptotic indices in AOM/DSS- induced colon carcinogenesis

Groups Selenium (ppm) Proliferative index (%) Apoptotic index (%)

Vehicle 0.1 20.33+2.91 1.33+0.67
AOM/DSS+NSe 0.1 64.33+0.33* 8.33+0.67*
AOM/DSS+LSe 0.02 57.33+2.85 4.50+0.41%
AOM/DSS+HSe 05 39.3316.941 11.25+1.281

AOM: azoxymethane, DSS: dextran sodium sulfate, NSe: normal selenium (0.1 ppm) diet, LSe: low selenium (0.02 ppm) diet, HSe:
high selenium (0.5 ppm) diet. *Significantly different from vehicle control (P<0.05). TSignificantly different from AOM/DSS+NSe (P<0.05).
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Figure 5. Immunohistochemistry on proliferating cell nuclear
antigen (PCNA) in the colon of mice treated with azoxy-
methane/dextran sodium sulfate (AOM/DSS) and selenium
(Se). The PCNA-positive cells were greatly increased by
treatment with AOM/DSS, which were markedly reduced by co-
administration of a high concentration (0.5 ppm) of selenium
(Se). (A) Vehicle control. (B) AOM/DSS+normal Se (0.1 ppm)
diet. (C) AOM/DSS+low Se (0.02 ppm) diet. (D) AOM/DSS+
high Se (0.5 ppm) diet. x100.

Figure 6. TUNEL assay for apoptotic nuclei in distal colon
sections of mice treated with azoxymethane/dextran sodium
sulfate (AOM/DSS) and selenium (Se). The TUNEL-positive
cells were increased by treatment with AOM/DSS, which were
further enhanced by co-administration of Se in a concentration-
dependent manner. (A) Vehicle control. (B) AOM/DSS+normal
Se (0.1 ppm) diet. (C) AOM/DSS+low Se (0.02 ppm) diet. (D)
AOM/DSS+high Se (0.5 ppm) diet. x100.
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