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ABSTRACT

The objective of the study was to observe the effect of n-3 PUFA on cell proliferation and apoptosis by determining
mRNA and protein of COX-2 and eicosanoid product and the mRNA and protein of Bax and Bcl-2 related to apoptosis
in colon carcinogenesis of 1,2- dimethylhydrazine (DMH)-treated rats. Ninety male Sprague Dawley rats weighing
about 170g were divided into 3 groups, control and n-3 PUFA supplemented groups (FO group: 6.2 mmoles n-3 PUFA;
2FO group: 12.4 mmoles n-3 PUFA) and fed experimental diet for 14 weeks. All rats were intramuscularly injected
with DMH 15 mg/kg twice a week for 6 weeks to deliver total dose of 180 mg/kg body weight. Compared with the
control group, 6.2 mmoles n-3 PUFA significantly reduced the levels of mRNA and protein expression of COX-2 and
2-series eicosanoids (TXB, and PGE,) and decreased cell proliferation in colonic mucosa. However, high levels of n-3
PUFA supplementation significantly increased the levels of mRNA and protein expression of COX-2, TXB2 and PGE2,
and increased cell proliferation which was similar level to that of control group. Compared with the control group, n-3
PUFA, regardless of the amount, significantly increased apoptotic index in colonic mucosa. Western blot and RT-PCR
analyses showed that the levels of mRNA and protein expression of Bax were significantly increased by 6.2 mmoles n-
3 PUFA, but decreased by 12.4 mmoles n-3 PUFA. The analyses also showed the levels of mRNA and protein expres-
sion of Bcl-2 were significantly reduced by 6.2 mmoles n-3 PUFA, but increased by 12.4 mmoles n-3 PUFA. The ratio
of Bcl-2/Bax in mRNA and protein was significantly reduced by 6.2 mmoles n-3 PUFA but increased by 12.4 mmoles
n-3 PUFA. Overall, these results indicate that n-3 PUFA could be effective in preventing colon carcinogenesis by
reducing cell proliferation with lower level of COX-2 and 2-series eicosanoid, and increasing apoptosis by inducing
pro-apoptotic gene, Bax and inhibiting anti-apoptotic gene, Bcl-2 in the colonic mucosa of DMH-treated rats. However,
high level of n-3 PUFA supplementation could stimulate colon carcinogenesis by increasing cell proliferation and inhi-
biting apoptosis. (Korean J Nutrition 38(10): 807 ~816, 2005)

KEY WORDS : n-3 PUFA, cell proliferation, apoptosis, COX-2, Bax, Bcl-2, eicosanoid.

N E

Aq8lzAlol| 9J5hE n—3 polyunsaturated fatty acid (P-

A4 20059 10€ 209

A 20054 12€ 169

*Supported by a grant No. R01—-1999—-000-00166-0 (2004)
from the Basic Research Program of the Korea Science &
Engineering Foundation.

$To whom correspondence should be addressed.

E—mail : hspark@khu.ac.kr

UFA) & o] A4%3h= Greenland EskimoolX tj&¢+e)
gl FoeAl W31, TF AFME TR
7yt AlB R n-3 PUFAE 71 Al 2 ASE 5
oA diZt BAgEo] Fos 9 Wektky B sl
o e HI dsth e o3hd wiwAd Al
o] AL ofrlo} X|He FuloMEe BAF AF7} At &
€ g A ATt Bolute AL RO Y ¥
£ di= 128 Ao JehR) ogken, 23l ¢4 %
FAEOIY T, Y, Ax D AR AH7 2L Al

Hlsto] Ao} SHES Hol AR HolAde A7l

© 2005 The Korean Nutrition Society



808 /n—3 PUFA A7)} ciaer @4zt

AbgollA it dEAEEo] ks A%e Bt
ipo L= A

Cyclooxygenase (COX)+ arachidonic acid (AA)7}
eicosanocids® A== A& Folldk= rate—limiting
enzyme®]t}”? COXY isoenzymes® COX-2& AAZ
HE] PGE29} TXA2E FE319 AEFAd #ojditin
d2A Aok Hef AYeistd oA apoptosis7t 7S
W ol A FAlo] TIEER o]7 QlF) il
o JARL"® Reed”?] Hilo)r: Bel-2% anti—
apoptotic JRIEA] HFAPE-S 2Echa s193Y). Siddiqul
592 AT 9J3hd n—3 PUFA7} ¢HAHI1E 9] apoptosis
FEsttty R pEeion) E3 n—3 PUFAY} digt
AP, 74 59 XN HEFAE ARSI
SHATESY Gshzalell ojshd AAolu} SARES Ho
dHetel Ay i ge] 58 & Utk Bt 9
A" TE ATFIME oFE ARSI E & g
o] oW ARt WAEo] FAT T BUEHOW? 10
B8 A 719 BEAR) ol B AFoME
At FAuere. Zolt n—3 PUFA B7}eke Suje) 4
FOE TO2A Az AP0z FES AV A3l
n—3 PUFA 71 uel o dstag el Algsas
apoptosisel] WX S vlwstaal A3 1AE
A R ok}

[
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1. &Y .

4 AF 160~170 g9 Sprague Dawley F R
(Orient, Seoul, Korea) 90v}=E AZol wWe dayo
E 3ToR FRsigith A8 2T o f9) et
w2} 23, & FOT (n—3 PUFA: 6.2 mmole) # 2FOF
(n—3 PUFA: 12.4 mmole) 2 Ur3loH, $52 A3
Hol2 1453 ARl ety wekde DMH (1,2-
dimethylhydrazine dihydrochloride, 99% Acros Or-
ganics, 306—37-6, New Jersey, USA) 1.5g< 0.9%
saline 100 mlel €31A171 ¥ 1M NaOHZ pH 6.7°] =
£F A 3T 27 53igiod, #, ¢ diE2e
FE F 284 AF kg? DMH 15 mge 657+ Fojs}
o F FoFo] 180 mg/kgo) HES 2§ FARSISILL

2. Algalo|

ZT (Control) 9 A3 Aol F Ao|RA 1 kg F
casein 200 g; corn starch 562 g; fat 145 g (beef tallow

Table 1. Composition of linoleic acid and n-3 fatty acids in ex-
perimental groups

Experimental groups

Fatty acids
My Canirol FO" 2FO
g/100 g diet
C18:2 1.94g 1949 1.94g
n-3 fatty acids - 2009 4009

(C20:5+C22:6)
C18: 2 = 194 g (6.93 mmoles); n-3 fatty acids = 2 g (6.2
mmoles); 4 g (12.4 mmoles)
"Fish oil contains 6.58% (w/w) EPA and 29.11% (w/w) DHA.

114.7 g, corn oil 30.3 g); L—methionine 30 g; a—
cellulose 37 g; AIN—-97 mineral mixture 40 g; AIN—
97 vitamin mixture 10 g; choline bitartrate 3 g & F
AEHAT. 28y FOTZ# 2F0ToM e thizolxg o
HHAIRQ] Aol A2 A 315 ot FOT oM beef tallow
57.5 g, fish oil 56 g, corn oil 31.5 g& T} 1, 2FO
oAM= fish oil 112.2 g, corn oil 32.8 g& E&3p] &
Ao] 145 gol HA 228tk zH A8 2)0]9) linoleic
acid 2 H2A -9 2H ¥ n—3 PUFA 332
Table 1jx8} 274 33} o9 fish ol FEIY 4
FAT RN ATo}l ARG APdole uf 23}
o Az o, Az Hol= ~30T WEae] Busl
gt 55 AL 12hr dark-light cycle® ZAEg]
3 E3 Yol AEA HE 7 AEF T, Al
FZ T 28] 722 ATl A3

3. AN

1457319 Ag717k0] B & overnight fastingA7! &
£ ethyl etherZ vEA|A i3-S A78F2 PBS buffer
2 AN $oF ZAAHA dF) WEES AAT o
2] distal EF-2lM 1.5 cm 9% ¥E2 A& 1 cm
5} oBR)o] 89 70% ethanol® 10% formalin &
Aol Z}z} fixA)Z) e A EFAT} apoptosisE 2 &
A7) A8 B3 Basigich TXB,S) PGE, 32 24, <
A2 e} zxukabzA B4 mRNAS) protein &9l AML3}
7] 98l e 23 (mucosa) S AHEICH, liquid
nitrogen®l| ¥4 ¥E31 —70TC FEao AFsigdet. o)
o 53] mRNA F&°| o]8d 232 RNaseZ5H BE
Eojo} 3tE R F|FPof o]gE BE 7|7 0.1% DEPC
(diethyl pyrocarbonate: RNase inhibitor) o]l 24A)7F G-
A Ft) 1217C, 3087 autoclavedtit). Autoclave
3 30% H;0,° 3087 4253 18 absolute ethanol®
A F AR
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WA RS AEFTAE S AReE FHE A
% 1 kg% 5 mg¥ BrdU (5" —bromo—2" —deoxyuridine,
Sigma, St. Louis, MO, USA) & &7l FA13 ¥ 3
1A ol s Aolsksich. PBS buffer® 34l 0
2 g A9Z2AE 91 Gavrieli 399 4PHE o)43}
o t3+e] distal ERFECZHE 1.5 cm 9% 289 2
A& 1 cm AE ZAelA] of4z)e) 23AA 70% ethanol
g-o]| Yoy 4CellM BA3IG T} paraffin blockS THE
A 23& 4 pmE BEE F jon coated slided] THA)
Zt}. BrdU staining kit (Zymed, #93-3943, San Fran-
cisco, CA, USA) & ©]&314 BrdU”} DNA®] 2§ 3
55 A% ¥ P8t dv)@ & A AEFY FEE )
watlet. ola 2zt vlelg 233 10709 cryptS Mest
o dAE AXE A & Fo] FFE Akt of
o crypt heightt= crypt?] &RE] Ad7tA] oj2& £
AZFZE ADA 107 cryptd) BFaLE AXFE Aot
Labeling index (LD & AEZ20] dojt AFE 9 DNA
o BrdU7} #{5v 015 tix dAsle] a8 AEE
labeled cello]2} &0, LI= 8k crypt A3 = labeled cell
o FEE NEEE Y o2 L] FA7} HEFE A
¥ZA0) F7H318-& YERdt) Proliferative zone #to)@
cryptiellx] AlEZF2lo] g HAE vebd 0= o)
ol EEFE AEFAo] gtk AL Jujgtt v}
Z F& AA E89 AEE crypt height® tPro] &
&2 UePd gto R A7) 5858 A EF0) F713
e RAE gn|sit, :

5. IS ¥TMEY Apoptosis &

WS ML apoptosisE EAE7) AsiA AXEFA
SAS A Enlsk A9-ok 2A e distal BEE
O22HE] 1.5 cm 9% FE9 ZAS oF 1 cm A o
HAell 178A1AH 10% formalin §He] Yo 4TolA B
#3107} paraffin blockg e § ZA¢ 4 ym3 A
H3 £ ion coated slideo 1AZTE A Z2) DNA strand
break$} 3'—OH B9 TdT (terminal deoxynucleo-
tide transferase) ] Ao 712& & TUNEL (Termi-
nal deoxynucleotidyl transferase—mediated dUTP—
biotin nick end labeling) ¥PH& o}-83 ApoTag Pero-
xydase In Situ Apoptosis Detection kit (Intergen, NY,
USA) & ARg-8to] aAt £ 38 dnjgos Axe) W
3 AEE vimsiich AIEF S o 24 7z} vl
g 2% 10709 cryptE Agste] F89 HEE Ao
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A & o BEE AXERIT

6. OIYEP thromboxane (TX)B.% prostaglandin (PG)
E 83 &%
el TXB,9 PGE, ¥4'¢ 94 diad==z3)
50 mg& indomethacin& 37FgF 0.05M Tris buffer 2
ml& o} ¥23} 3} 37°C humidified chamberolA] 30
3} incubationd ¥ absolute ethanol& 37}514] ethanol
F57F 16%7F H=F ) 1M citric acidE 7Vl A

- sharm Phamacia Biotech, Little Chalfont Buckingham-

shire, UK) ¢l loading¥ ¥ methylformated E3AIA
Ao} TXB,E F&slo] Aavlag AZARY 181
PGE. ¥4& $l8iM= 4594E Amprep C18 column
{Amersharm Phamacia Biotech, Little Chalfont Buck-
inghamshire, UK) ¢l loading3t ¥ ethyl acetate® 3}
AlA ek PGES F&319] Aavtaz Az 30 7
Zks YA assay bufferol]l A28 214A1A preformed
¥ TXB.$} PGEE& 27} enzyme immunoassay kits sys-
tem (Amersharm Phamacia Biotech, Little Chalfont
Buckinghamshire, UK) & A3 $433Q wiog &
Asgick

7. SEEY AN Y

ReE 4% #8ka phosphate bufferE H7}sh
o] 20% homogenateZ THESIT} ©]A-& 300~500 gl
£ F% % Lepage® Roy™9 one—step methylation
#iell me} methylationdtSith Fatty acid methyl ester
(FAME): gas chromatography (Hewlett Packard,
58901, USA) & °©]83tq #4313 25, columed SP—
2330 fused silica capillary column (Supelco, Bellefonte
PA, USA)& ARSItk 2+ 2)32ke] retention time
Z+ ARl BF X aka) v wsle] Flsle] 7 kg W
&5 ZAIRATH

8. Reverse transcriptase-polymerase chain reaction
(RT-PCR)
thgdete] COX~2, Bax, Bcl—29 mRNA 23g &
At slste] AmEAl Foldl ciadet 50~100 mgel
o} 1 ml®] TRIzol® reagent (Invitrogen life technologies,
Carlsbad, CA, USA)E #7}3}%] Chomczynski$} Sacchi'®
o 2J3) /¢E single—step RNA isolation #8S o] &
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Table 2. Primer sequences used for PCR amplification
MRNA
(Expected
size)
COX-2
(376 bps)

Primer sequences
(in 5°-3’ direction)

forward-AGC AGG CTC ATA C1G ATA GG
backward-ATT GGA ACATIC CTT CCC CC

forward-AGG CGA ATT GGC GAT GAA CTG G
backward-TCC CGA AGT AGG AAA GGA GG

forward-AGC GTC AAC AGG GAG ATGTACC
backward-AGG TAT GCA CCC AGA GTG ATG C

Bax
(310 bps)
Bcl-2
(227 bps)

forword-AGG TCG GIG TCA ACG GATTIG G
backward-TCA CAA ACATGG GGG CATCAG C

GAPDH
(384 bps)

3}o] total RNAS FE33t}. 5% RNATY 1% agarose
gelold 2719 %310] 18S9} 2859 =g Elgion,
4 260 nm$}+ 280 nmellA optical density S Z3351
1 ratio?} 1.7~2.1 Hulel &3] #R18ly, 2 sample
9] 260 nm2] optical density #t2 ©l&3] RNAZ A%
3t9ch RNA 1 g€ RNA PCR kit (ver. 2.1, Takara
Shuzo Inc., Ostu, Japan) S ©]$3)] cDNA (1 pg RNA/
20 p)E A3 Table 26418}k 7o Zt Aol DA
A2 primerE o83l H2A X704 thermal cycler
(Applied Biosystems, GeneAmp PCR system 9600,
CA, USA) 2 PCRS s33I5ith. 2} PCR cycled] k-2
T+ 04CoA 187} denaturation, 55Co)A 187 an-
nealing, 72°CellX 183}t elongationd}] 35 cycle A3
3t} PCR primer sets and PCR amplification pro-
ducts9 sizex Table 2948} 2t} a28)3 PCR pro-
duct 5 u1Z 1% agarose gelolX A7]|9%31 UVAtol
A Polaroid film GelCam© 2 A& &} Image densi-
tometer (Bio—Rad Laboratories, GS—700, LA, USA)
£ o]&3ly AdA] FEE F33tE mRNA 752
glyceraldehyde dehydrogenase mRNA &3} v]ms)
A ZF33191, 2T (Control) & +F& 100%2 3
3lo] AdopE=E Ao

9. Western blot analysis

i ete] COX-29) Bax, Bel—29 @9l =58 &
A1 98l 50~100 mgd] dFE=E ice—cold lysis
buffer (20 mM Hepes, pH 7.5, 150 mM NaCl, 1%
Triton X-100, 1 mM EDTA, 1 mM EGTA, 100 mM
NaF, 10 mM sodium pyrophosphate, 1 mM Na,VO; &
3ol €1 102F<¢t #2338tk AM-8E protease
inhibitors2A] 20 gg/mL aprotinin, 10 #g/mL antipain,

10 ©g/mL leupeptin, 80 xg/mL benzamidine HCI, 0.2
mM PMSFE AHg3191. 00, 1083 94328 (13,000 x
g3t JHES AAS F A S BCA protein
assay kit (Pierce, Rockford, IL, USA) & AR-3}o] A2k}
gk, £ = izl 80~120 pgd 8 sodium dodecyt
sulfate (SDS) — 10% polyacrylamide gel electrophoresis
2 A719% 3 ¥ electrotransferS %3} nitrocellulose
membrane (Bio—Rad Laboratories, Hercules, CA, USA)
of glial g o]FAIZ} 18]3 blocking solution (5%
non—fat milk in TBS—=T: 20 mM Tris—HCI, pH 7.5,
150 mM NaCl, 0.1% Tween 20) ©Z membrane< 14]
ZFg<} blocking® ¥ Z}2} anti—-COX-2, Bax$} Bel-2
(Santa Cruz Biotechnology, CA, USA, 1 : 1,000) &=
B —actin antibody (Sigma, St. Louis, MO, USA, 1 :
2,000) 9} #Zo] 1Azt E<} incubation 3tR1, tHA] o]
blotE anti—mouse EE+& anti—rabbit HRP— conjugated
antibody (Amersham, Arlington Heights, IL, USA) %}
2] incubated % signal® SuperSignal West Dura
Extended Duration Substrate (Pierce, Rockford, IL,
USA)E A3 chemiluminescence W o.& 7133}
gtk 7} band¥ $-2 Image Densitometer (Bio—RAD
Hercules, CA, USA) & ARE31] A8 1, BE sample
o FHAFEL B—actine]l o] EEFEIGon, 121
Zo] A#st batch?] sampled] &% gz +5
& 100%= st I 83 (%) & A

10. U=

A& A 7= Statistic Analysis System (SAS) program
(version 8.1)& ©]&38}] one—way ANOVAZ #4435}
1 HHF + ¥FHA (mean = SD) & EAISIH General
linear model (GLM) € ©]&3}] Duncan’s multiple test®
H) 23313, p<0.05 FFEA F8E AFsAth

4 4

DMHZ tigde FA713 n—3 PUFAE 2ojof 3
7¥st AEAo)R 1453 AFS e ¥ n—3 PUFA2] §ol)
e} o] stugel v kAR 71AdE sl
thed 2 AnE A

1. ACKINT NFF 1T

Holel] 713t n—3 PUFA 3l wla} 359 Aoj4lF
Za} AFS7tel F3A AolE KelR] gt (Table 3).
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Table 3. Food intake and body weight gain in rats during experimental period

Groups Food intake Initial body weight Final body weight " Total weight gain
g/day g g g/day
Control 39.60 £ 9.74 210.28 £ 1495 599.52 = 71.11 3.94 +=0.71
FO 38.60 £ 5.25 212.37 £ 12.99 599.85 = 61.43 3.95 =058
2FO 38.01 £ 5.10 21228 = 12.35 595.46 = 54.02 391 £049

Number of animals = 30 per group
Values are means + SD.

Table 4. Effect of dietary supplementation of n-3 PUFA on cell kinetic indices of the colonic mucosa in DMH-treated rats

Groups Circumference Crypt height” Labeling index” Proliferative zone”
(No. of cells) (No. of cells) (%) (%)
Control 27.2 £3.8° 324 £0.2° 35.7 £3.3° 573 +2.1%®
FQ* 222 +2.3° 240+ 0.6° 270+ 6.0° 360 £ 3.0°
2FO° 24,7 + 3.7% 320+ 0.8° 32,7 + 54% 59.8 + 4.6°

Values are means = SD.N =6

Values with different superscripts were significantly different at p <0.05.

"Crypt height = total # of cellsin each crypt
®Labeling index = (fotal # of labeled celis/crypt height) X 100

YProliferative zone = (position of highest labeled cell/crypt height) x 100
“The experimental diet of FO group contains 2 g (6.2mmoles) n-3 PUFA per 100 g.
®The experimental diet of 2FO group contains 4 g (12.4mmoles) n-3 PUFA per 100 g.

. LN TNIES| NEZY
9] n—3 PUFA 3%l met AEZFH) o)xE 9
2 B3] ke 2 AT A (Table 4).

1) Circumference

LA EY] cryptE A1 circumference?] Al
I gl 8l FOTFolMe R-2skAl Zasiievt
2FOT M= st F2J3h 2fel7t fsict.

2) Crypt height .
op A 2 )22 v ZaA FOZAE olaiA 7t
a5l ot 2FOTellME fold Atol7} figich.

3) Labeling index (L)
izl vl FOT9 LI g2 skl Zasiglout
FOTE Al Z7halgid] #2181 Aol ohigich

4) Proliferative zone (P2)

izl vl FOwlM e FrdstAl 48kl ovt 2FO
Tl E thA) FelEhA S7rste] iR vjsdt 0]
Atk

3. 07899 Thromboxane (TX)B, % prostaglandin

(PG)E2 P

=] eicosanoid ¥%-& vlwd] & A3 TXB,9
PGE, &% 5% diz7el vla] FOTolA 28kl 2
sigon], 2FOT-E Blatat FOTel nlal 238l f2)3)
Al S7E ATt (Table 5).

Table 5. Effect of high level of n-3 PUFA on TXB, and PGE: levels
in colonic mucosa of DMH-freated rats

Groups TXB2 PGE;
ng/g mucosa
Control 268 = 12° 295 +11°
FO" 230+ 11° 251 = 6°
2FO? 303 = 14° 316+ 5°

Values are means £ SD.N =7

Values with different superscripts were significantly different at

p<0.0001.

"The experimental diet of FO group contains 2 g (6.2mmole)
n-3 PUFA per 100 g.

“The experimental diet of 2FO group contains 4 g (12.4mmole)
n-3 PUFA per 100 g.

Table 6. Effect of n-3 PUFA supplementation on the relative % of
major fatty acids in the colonic mucosa of DMH-treated rats

Groups AA EPA DHA
% % %
Control 1.10 = 0.55° ND ND
FO 0.16 + 0.02° 1.47 + 0.04° 3.24 + 0.06°
2FO 0.30 + 0.07° 3.29 + 0.80° 6.87 = 1.81°

Values are means = SD.N =6

Values with different superscripts were significantly different at
p <0.05. .

Fatty acid composition was expressed as the relative % of total
fatty acid methyl ester. ND = Not detected

4, HEERe 2 A

A uke] & ¢1x)2le #-0% arachidonic acid (C20 :
4)E gzl vl& FOY 2FOZoA f98kA 7483
o T 2] Roli= vEREA] dskth EPA (C20 : 5%
DHA (22 : 6)+ dzTIME ZAEHA Fov FOT
of| vl 2FOTolA FreJakAl 2u) o1 o] E4Tt (Table 6)
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Table 7. Effect of different amount of n-3 PUFA on apoptotic
index in colonic mucosa of DMH-treated rats

Groups N Apoptotic index (%)

Control 6 40.52 + 7.69°
FO 6 57.39 + 3.24°
2FO 6 54.36 + 0.86°

P-value p<0.05

Values are means = SD.
Values with different superscripts were significantly different at
p<0.05,

—
Controt FO 2FO
376 bp COX-2
384 bp GAPDH

140 4

1 a
120
a
100 4 ——
o 80 -
c
8
60 o
20
20 4
®)°
L Control

Fig. 1. Effect of dietary supplementation of n-3 PUFA on COX-2
mMRNA levels in the colonic mucosa of DMH-treated rats, A :
.Representative RT-PCR analysis for COX-2 mRNA. B : The data
for COX-2 in both control and treated groups were normalized
by comparing them to the respective mRNA expression levels of
GAPDH and the control level were set at 100%. Bars with diffe-
rent alphabet were significantly different at p <0.05 (Mean =+ SE
for 6 samples in each group) .

5. DY TMES) Apoptosis

A A FE terminal deoxynuclotidy! transferase
(TdT) A%l 71%E F TUNEL @G0 2 apoptotic in-
dex® AHE £ 43, izl vls] 2FOT3 FOTolA
1.3~1.4n)0)d f2skAl 718k 28y FOZ 2F0
T APolellE §9J4Q1 ApolE Ko)x] gttt (Table 7).

6. QIEA COX-2, Bax, Bcl-29f mRNASE EHA U3
dgidete] COX—2, Bax, Bel-29) mRNASH @@

9 BeEE v sl $1siA RT-PCR# Western blots
£ 3835} Fig. 1~40lx z+z v)msiich

Control FO 2FO

80 kD

80

&0

|

’
Fig. 2. Effect of dietary supptementation of n-3 PUFA on COX-2
protein levels in the colonic mucosa of DMH-treated rats, A :
Representative Western blots analysis for COX-2 protein. B : The
data for COX-2 in both control and freated groups were nor-
malized by comparing them to the respective protein expres-
sion levels of S -actin and the control level were set at 100%. Bars
with different alphabet were significantly different at p < 0.05
(Mean = SE for 6 samples in each group).

% Control

Conftrol FO 2FO

P ellA eicosanoid 32 Z2HsR= COX—2 mRNA
(Fig. 1) &%& djzaof His FOTlAM < 32%24 #
olatA SR, 2FOFIAE 2318 FOTolA B
ok ok 341 st Frlele] diRTE o w3

T8 52 oItk sRAE 9id (Fig 2) &
B 27l vl FOTAM ok 57% 507 &
943}711 Hasiglen 2FOTdE 23818 FOrRnt &
AatAl S7tete] dilxTe] FEH Fogt AJolg Holx)
o}—o]-];'l__

ApoptosisE 58 pro—apoptotic gene¢! Bax mRNA
FEE AHE @JJr, 2ol Hs] FOTolA ¢k 5.34)
FE5tAl F718F oy 2FOT M & dRFREE 23]
FrastA AaEo) uiFRTe] 68% FEoE Wit (Fig.
3). kel apoptosisE A8 anti—apoptotic geneg!
Bcl~2 mRNA F5& Uz Hl8)] FOFlM = 37%5
FOF2 FsH ZaHATL 2FOTME tiT9 62%
FaHPoW FOTRT o8k o Ft) o
£& Bax @92 2 FE izl vls] FOTolA:
ok 1.6 Kokl o w3k, 2FOTollAlE FOFell H]

F70
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310 bp
Bax

2270p Bcl2

384 bp | | GAPDH
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Control FO 20
231D Box
26 kD Bcl2
43kD #-actin

600 T |:| Control

500

1

% of Controt

I3y

100

0 |
Bax

Bcl-2

Bcl-2/ Bax

180 1 Control

100

aoﬁ

60 —

% of Control

40

20 |

.
® .

Bel-2

Bcl-2/ Box

Fig. 3. Effect of dietary supplementation of n-3 PUFA on Bax and
Bcl-2 mRNA levels in the colonic mucosa of DMH-tfreated rats.
A : Representative RT-PCR analysis for Bax and Bcl-2 mRNA. B :
The data for Bax and Bcl-2 in both control and tfreated groups
were normalized by comparing them to the respective mRNA
expression level of GAPDH and the control level were set at
100%. Bars with different alphabet were significantly different at
p<0.05 (Mean = SE for 6 samples).

& frefah o weko gizy A ukd 307
FAARA ztolE HolX| edgit} (Fig. 4). ®bdol Bel-2
Gl £FEE dizFel Hs) FOTlME 58%5FoR
A Aae3lal, 2FOTexE FOZRT 3718171 8
Mot FoFt FEE ohglon, UETHY W A
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Fig. 4. Effect of dietary supplementation of n-3 PUFA on Bax and
Bcl-2 protein levels in the colonic mucosa of DMH-freated rats.
A ' Representative Western blots analysis for Bax and Bcl-2 pro-
tein. B : The data for Bax and Bcl-2 in both control and treated
groups were normalized by comparing them to the respective
protein expression levels of* 8-actin and the control level were
set at 100%. Bars with different alphabets were significantly dif-
ferent at p <0.05 (Mean = SE for 6 samples).
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