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Effects of luteolin on chemical induced colon carcinogenesis in high fat diet—fed
obese mouse*

Park, Jeong-Eun - Kim, EunjungT
Department of Food Science and Nutrition, Daegu Catholic University, Gyeongsan 38430, Korea

ABSTRACT

Purpose: Colorectal cancer, which is one of the most commonly diagnosed cancers in developing and developed countries,
is highly associated with obesity, The association is largely attributed to changes to western style diets in those countries
containing high—fat and high—energy. Luteolin (LUT) is a known potent inhibitor of inflammation, obesity, and cancer. In this
study, we investigated the effects of LUT on chemical—induced colon carcinogenesis in high fat diet (HFD)—fed obese mice,
Methods: Five—week—old male C57BL/6 mice received a single intraperitoneal injection of azoxymethane (AOM) at a dose
of 12,5 mg/kg body weight, Mice were then divided into four groups (n=10) that received one of the following diets for 11
weeks after the AOM injection: normal diet (ND); HFD; HFD with 0.0025% LUT (HFD LL); HFD with 0.005% LUT (HFD HL). One
week after AOM injection, animals received 1~2% dextran sodium sulfate in their drinking water over three cycles consisting
of five consecutive days each that were separated by 16 days, Results: Body weight, ratio of colon weight/length, and tumor
multiplicity increased significantly in the HFD group compared to the ND group. Luteolin supplementation of the HFD
significantly reduced the ratio of colon weight/length and colon tumors, but not body weight, The levels of plasma TNF—a and
colonic expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase—2 protein increased in response to HFD, but
were suppressed by LUT supplementation, Immunohistochemistry analysis also showed that iINOS expression was decreased
by LUT., Conclusion: Consumption of LUT may reduce the risk of obesity—associated colorectal cancer by suppression of
colonic inflammation,

KEY WORDS: colon cancer, high fat diet, obesity, mouse, luteolin

N B Fe S ol AoR 2uT ok B3], Ay, g

For tiEE e A4 A2 AT St

g A AAF 2 Al HAR 7 &8 TAske Wtke fEd S glon W2 gokdtel A3 Aol

rolm Y| WAR AgEo] 2 Qroeh!? Sjutete] - mivka} diAkek wAmbe] AlEA o] disjA Kirs| e

HARAEZL FHE 20159 o SEEAC) wEd g ok’ F AHIAF F 60%E Aoz FHEte] vyt

A el olof F HAR WYLEo] wom Q7 108t FE uhe-Lof Al WAIQ] azoxymethan (AOM)& A&

Y AERE AA 199 AR yegth el #S ol i<kl HIS| aberrant crypt foci (ACF)2] BrEo]
Bt

2J9101e oA Q017 3HAA Q01S & 22 9l=g] o] Z7}5}92m,° AOM-dextran sodium sulfate (DSS) th#+
T AR aclo]l A AA et B0 30~50%E A o RoA: AAEA o] Fojto] Aol Hoftl

Received: February 2, 2018/ Revised: February 18, 2018 / Accepted: February 19, 2018

* This work was supported by research grants from Daegu Catholic University in 2012.
¥ To whom correspondence should be addressed.

tel: +82-53-850-3523, e-mail: kimeunj@cu.ac.kr

©2018 The Korean Nutrition Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creative-
commons. org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.



Journal of Nutrition and Health (J Nutr Health) 2018; 51(1): 14 ~22 /15

vl g St AAE F7rekgn 20159 wEE
HERE A Ao A= Aol 5 kg S7FE wjuich oSt
0] 4%4 FrRgtthal HauEglon, 53] gAolA
Hjbol] whe el U fdEol B w2 o= Yy
k.t Hlgko] tiARE A= 71K deiAs o
e8] Wel A A= gtAle nEd, adlaedd
AR, W RS A5 adipokine TEE
o U Wute] AEAEo] Fhasln AEFA] 57}
sol gehibgo] HAEE Ao AzkEn Yok
Luteolin (3', 4', 5', 7-tetrahydroxyflavone, LUT)-2 flavo-
noidso]| 43}+= phytochemical®] stz ZZulz], e}
Aol ), Fhuntelst e sunt el ssel, e
2, oz, AV, P, o 1 Sof =gl A
o] B3] FHeElgleh LUTe] Aelahr)soms
s et Som epsivl, dhaere
] SN E et ahot 28 TR
>3, 2 oY in vivoS} in vitro
_1'4 AHF2 A 0] Uy W o] 4]

x7}_16 Z‘"% ol xﬂ ]HOEOI: D/\” ol&d Xiso]'/\é 7Hﬁ’18,19

N

of o
it

270>

4

R

1 2 o

_P“ oln

1

Al itk o=k

AYATAIES HS w LUTE B|ek} ke diget
HPRS oibslis Gabr) Q1S Ao R 7|7t Bt of&| 7t
A in vivo FELHNA o5 8T At Rard Wt
gk weba] 2 Ao A uxukalo)E Fofgh upeA

oA LUTS| 717} e et 2ol ml= &l thshA]

WFHLL FHOR B4 ot
eI
NEsE o Ao|
271 557 C57BL/6 U]——,— 2 3 ]—Eﬂ H}O]g (Busan,
Korea)ol| 4] -Q15}o] 15 ILPARE sh A

o A-gAFLE o] & randomlzed complete
block design)of| &3} 10u}2]4 & 47]14 Fog =gk
g/d4]0] (normal diet, ND)<t, ZX"%4]o] (high fat diet,
HFD, AW & A3 40%), HFD+0.0025% LUT
X3 (HFD LL)w, Z12]3 HFD+0.005% LUT X% (HFD

HL)% A312Jol= AIN-T6A diet 442 H}E&i Table 13}

AFAZASHS A 5 2ol vjute] w2 of7] F o] Azt AFEEL 1247 FEF71E RASHL,
Table 1. Composition of experimental diets
Groups”
Ingredient(Q)
ND HFD HFD LL HFD HL
Casein 200 200 200 200
D.L-methionine 3 3 3 3
Corn starch 150 m 11 11
Sucrose 500 370 370 370
Cellulose 50 50 50 50
Com oil 50 30 30 30
Lard 170 170 170
Mineral mix” 35 42 42 42
Vitamin mix? 10 12 12 12
Choline bitartrate 2 2 2 2
Cholesterol 10 10 10
1+-BHQ" 0.01 0.04 0.04 0.04
Luteolin 0.025 0.05
Total 1,000.01 1,000.04 1,000.065 1,000.09
kecal/kg (% energy)
Protein 800 (20.78) 800 (17.34) 800 (17.34) 800 (17.34)
Carbohydrate 2,600 (67.53) 1,924 (41.70) 1,924 (41.70) 1,924 (41.70)
Faf 450 (11.69) 1,890 (40.96) 1,890 (40.96) 1,890 (40.96)
Total energy 3,850 4,614 4,614 4,614

1) ND, normal diet; HFD, high fat diet; HFD LL, HFD+0.0025% Iuteolin; HFD HL, HFD+0.005% luteolin

2) Composition of AIN-76A mineral

Mix (g/kg): Calcium phosphate, dibasic 500; Sodium chloride 74; Potassium citrate, monohydrate 220; Potassium sulfate 52; Magnesium
oxide 24; Manganous carbonate (43-48% Mn) 3.5; Feric citrate (16-17% Fe) 6, Zinc carbonate (70% ZnO) 1.6; Cupric carbonate (53-55%
Cu) 0.3; Potassium iodate 0.01; Sodium selenite 0.01; Chromium potassium sulfate 0.55; Sucrose, finely powdered 118.03  3) Composition
of AIN-76A vitamin Mix (g/kg): Thiamin hydrochloride 0.6; Riboflavin 0.6; Pyridoxine hydrochloride 0.7; Nicotinic acid 3.0; D-calcium

pantothenate 1.6; Folic acid 0.2; D-biofin 0.02; Cyanocobalamine 0.001;
4) +-BHQ: tert-butylhydroquinone

Ascorbic acid 0.2; Sucrose, finely powdered 992.824

Cholecalciferol (400,000 IU/g) 0.25; Manaquinone 0.005;
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Table 2. Daily food intake and body weight change

Measurements ND HFD HFD LL HFD HL
Food intake" (g/day) 2.29 + 006" 2.15+0.11 2.01 +0.10 2.14+0.11
Initial body weight? (g) 19.1 +0.20™ 19.8 + 0.40 19.7 +0.29 19.8 + 0.49
Final body weight (g) 21.0 + 1.44° 26.8 + 2.06° 27.3 + 1.00° 28.7 + 1.31°
Body weight gain® (g/day) 0.03 = 0.02° 0.10 = 0.03° 0.11 =0.01° 0.13 = 0.02°
FERY (%) 1.05 + 0.97° 4.51 +1.09° 5.31 + 0.53° 5.85 + 0.78°

1) Fresh food was provided to the mice in each group and daily food infake was measured everyday.
3) Body weight gain was calculated by (final body weight-initial body weight)/experimental period (days).

once a week.
4) FER was calculated by body weight gain/daily food intake.

2) Body weight was measured

Values are means = SE. Significant differences are indicated by different letters in a row af p < 0.05 as determined by Duncan’s multiple
range tfest. The alphabet a in the fable was given to the largest number. FER; food efficiency ratio. ND, nomal diet; HFD, high fat diet;
HFD LL, HFD + 0.0025% luteolin; HFD HL, HFD + 0.005% Iuteolin; NS, not significant
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Fig. 1. Weight and length of large intestine. The entire large

intestine from cecum to rectum was taken out and the length of
large intestine was measured with a ruler. The large intestine was
weighed after flushing out luminal contents with phosphate
buffered saline. Values are presented as the mean = SE. Means
with  different letters are significantly different ot p <0.05 by
Duncan's multiple range test. The alphabet a in the figure was
given fo the largest number. ND, normal diet; HFD, high fat diet;
HFD LL, HFD + 0.0025% luteolin; HFD HL, HFD + 0.005% luteolin
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Fig. 2. Chemopreventive effect of luteolin in high fat diet-fed
C57BL/6 mouse. After colon carcinogenesis experiment, the entire
large intestine was taken out, open longitudinally and the number
of tumors was counted macroscopically. Values are presented as
the mean = SE. Means with different lefters are significantly
different at p < 0.05 by Duncan's multiple range fest. The alphabet
a in the figure was given to the largest number. ND, normal diet;
HFD, high fat diet; HFD LL, HFD + 0.0025% luteolin; HFD HL, HFD +
0.005% luteolin
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Fig. 3. Anti-inflammatory effects of Iuteolin in high fat diet-fed C57BL/6 mouse. (A) Plasma TNF-a was measured as described in the
methods. (B) The distal part of large intestine was immunoblotted with relevant antibodies. Photograph of chemiluminescent detection of
the representative blots (left). The relative abundance of each band to its own B-actin was quantified (right). (C) Rectum was removed
and fixed in 10% formalin. Tissue sections were stained with antibody against INOS and photographed at x 200. (a) ND (b) HFD (c) HFD
LL (d) HFD HL. Values are presented as the mean = SE. Means with different letters are significantly different at p < 0.05 by Duncan's
multiple range fest. The alphabet a in the figure was given to the largest number. ND, normal diet; HFD, high fat diet; HFD LL, HFD +

0.0025% luteolin; HFD HL, HFD + 0.005% luteolin
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