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ABSTRACT

The study was designed to compare the anti-carcinogenic effect of different level of conjugated linoleic acid (CLA) in 1,2-
climethylhydrazine (DMH)-treated rats by determining biomarkers (apoptosis, cell proliferation, eicosanoids, 1,2-diacylglycerol) and
phospholipid fatty acid profile in colonic mucosa. Eighty male Sprague Dawley rats weighing 180-220g were randomly divided into
4- groups depending on the content of CLA, i.e. 0.0% CLA, 0.5% CLA, 1.0% CLA, 1.5% CLA. The experimental diet contained
protein 21.6%, carbohydrate 54.6%, and fat 14.5% including CLA mixture at different level by weight. The experimental diet was
fed for 14 weeks with the initiation of intramuscular injecdon of DMH, which was injected twice a week for 6 weeks to give total
amount of 180 mg/kg body weight. Regardless of the amount of CLA supplemented to diet, CLA significantly increased the
apoptotic index but did not have significant effect on cell proliferation in colonic mucosa. CLA was undetected in colonic mucosal
phospholipid of rats fed the 0% CLA diet and increased to 5.9mg/g phospholipid in rats fed the 0.5% diet. The apoptotic index was
iacreased by 251% and the 1,2-DAG content was decreased by 57% in rats fed 0.5% CLA. No further changes in these variables
were observed when CLA in the diet was raised to 1.0% or 1.5%. However, dietary CLA decreased mucosal levels of prostaglandin
{ PG)E,, thromboxane (TX)B, and arachidonic acid in dose-dependent manner. The present data indicate that dietary CLA can
ia1h:bit DMH-induced colon carcinogenesis by mechanism probably involving increased apoptosis. (Korean J Nutrition 35(5) :
505~511,2002)
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A BAClA A e ERE #ESYUT E Kim”E
1,2-dimethylhydrazine(DMH)Z th3%-8 FaA]zl #
oA o} Al CLA 1% (w/w)E A713& W CLAE
H7FHA 38 2R e FHLAES FFRen, o
A4u] XS apoptosisE F7HI7IT g xR 9
prostaglandin(PG)E:, thromboxane(TX)A.2] &a&
w23 QA2 e arachidonic acid(AA)9] &S @&
o224 giget &3t BAE Al

obA A7tfoll A= thAdel thek CLAS] 3t 2o o3t
A3e 2lo] W] CLA #71dE Aol FAY 1% FFAA
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1. A4gHy

2 JFo= A% 6579 Sprague Dawley & 577

£ 15792 13/ 5 *]’Trd e, A Sl whet G2yl
olal 43, & Aojujel CLA H7iake wteba 0.0% CLA.
0.5% CLA, 1.0% CLA, 1.5% CLATSZ Yt} 8%}
7z welelel DMH(Aldrich chemical Co, Milwoukee,
Wis) 1.5g& 0.9% saline 100mlel &&A1z1 & 1M
NaOHZ pH 6.72 43t &, § 5 A5 kg?
DMH 15mg& F 23¥ w2 653+ 2% FABl &
FolZo] 180mg/kgel HEE 3t A¥ 4ol DMH
FALe} FAlol Al FHete] 14527 ARSEeH(Fig. 1).

2. A9l

AF Hol= FA 100g F v~ o] oF 21.6g, FAo) ¢
54.6¢, 1o 14.5g(F 30%kcal, CLAS E#a4)7} 5
52 FAsYen, v AR 4L FYsHA sad
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Chow diet -
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| owr | |
0 wk 6 wks 14 wks

Fig. 1. Experimental design.

YCLA: conjugated linoleic acid, *BT: beef tallow

*DMH: All rats were intramuscularly injected with 1,2-dimethyl-
hydrazine 15mg/kg body weight twice a week for 6 weeks to give
total dose of 180mg/kg.

(Table 1). 2E 2840} linoleic acid(LA) &3 4
ole] = A& F 3.7%7F HEE SFFHE FUsiNe,
CLAE 74l galstafol A Ajzsle] ZH Aol 4
o] £A19] 0.5%. 1.0%. 1.5% FT22 HA7}s19t}. 250
Y A 23 Agole 30T WE Basdr) 23
FEL& 12 hr dark-light cycleZ A A3 B3} 2o|=
AHREA 9E F YRS FFAeH, AFE T
3 2r2 A|7hell A3}

3. NENH

AY7|7F 1457} B £ overnight fasting 3 A
ol ethyl etherZ w3 17 & i3-S Zhd & Hol&
A gol ot A distal € FEOZHE o lem
AelA 1em¥ #et HA] JZA)o £ 10% formalin &
Aol) 1AA|Z] TS apoptosisE A3 A WF 2
Atk =3 dige] AxFAE F4s] Y4ME &
FHollA) M= 1kg F bromodeoxyuridine(BrdU, Sigma
Co) bmgg B FAstn AEsHA @Az Foll 24 HE
ethyl ether® wIHAIZl &, dBS Zehd 3 Zo|=2 2}
A ol Hoh. A9 distal € F-EolA oF lem$olA
lem® A2 Z2& HAA AR £ 70% ethanoldl
IAAA ¥F 2@t dFde] Aehx2AL gpatula®
o] £83 3 PGE,, TXB®} 1,2-diacylglycerol(DAG)
g SHsn AANFY At =4S E437] #Adko

Table 1. Diet composition of experimental groups

Dietary groups"

Ingredients 0.0% CLA 0.5% CLA 1.0% CLA 1.5% CLA
g/100g diet
Corn starch 54.60 54.60 54.60 54.60
Casein 21.60 21.60 21.60 21.60
Beef tallow 12.00 11.23 1047 9.70
Corn oil 2.50 2.55 2.59 2.63
CLA-rich oil® - 0.72 1.44 2.15
L-methionine 0.30 0.30 0.30 0.30
o-Cellulose 3.70 3.70 3.70 3.70
AIN-76 Mineral mix 4.00 4.00 4.00 4.00
AIN-76 Vitamin mix 1.00 1.00 1.00 1.00
Choline bitartrate 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00
% Nutrients of calculated as calories
Total calorie, kcal/100g diet 435.3
Protein, % 19.85
Fat, % 29.98
Carbohydrate, % 50.17

CLA: conjugated linoleic acid

"0.0% CLA group contains no CLA in diet. 0.5%, 1.0%, 1.5% CLA
groups contain 0.5%, 1.0%, 1.5% CLA by weight in diet, respec-
tively.

2CLA-rich oil contains 69.98% CLA mixture.
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4. HREYY apoptosis 57

thg Al =29] apoptosisE ZA317] A& oM &
Hlg Z321& 5449 paraffin blockS YFe1 23 4 pm
2 ¥ ¥ apoptosis7t dojuh= MEel DNA strand
breake] DNA¢] 3-OH @l terminal deoxynucleotide
transferase(TdT)®] ZA§el 71=& F TUNEL ¥4
Gavridli®& ©]€3 ApopTag Peroxidase Kits(Intergen
Co. #2 Manhattanville Rd, Purchase, NY)Z A-83}4
AN o] Ptdn|H oz HEo HIHEE WA}

5. B MESY Z5F

NEFAE SAE7] A AollA 58 AAH B
A FAE FJAAII7] @Az Aol BrdUE AT kg 7
Smgs B FAIYZ, BrdUE phosphate buffer
saline(PBS, pH 7.4) &4 madA rEQt}. HE =<
% Z4] distal colon2 A=& &2} €olA icecold PBS
gaoz 2 Aol oA AFE AAE 70% ethanol
o A 22& 54391 paraffin blocks HEa 23]
£ 4m= HH F albumin®® FHIF slided] A
monoclenal anti-BrdU antibodyE ©]-8% W28
WY 7122 ¥ BrdU staining kit(Zymed. San
Francisco) 2 BrdU”} DNA 238 AEE #&33ct,

6. H7EEA PGE, ¥ TXB, 8F 5%

TXB;”9} PGE,” ¥4¢ 98 tid dute] 94%e F
314 indomethacin®] 3% 0.05 M Tris buffer(pH 8.0,
0.25M sucrose, ImM EDTA) 2ml #7135 & #3253}
At #2 AL 37C shaking water batholl 30%7t 4]
3}%tH71 0.35ml ice cold ethanole d7Fstar o7]¢] 1M
cizric acid® F7Iste] AR TE F 4,000 x gol A
1587 94 EEsdv. 4EdSs #H3kd C-18 solid
phase extraction column®ll loading3 ¥ methylformate
£ TIAA e 824 338l Aavtas AT H
assay bufferdll €327 preformed TXBS} PGEZ Z7}
TXB. enzyme immunoassay(EIA) system(Amersham
L.fe Science, Buckinghamshire, England)®} PGE,
EIA system(Cayman, Ann Arbor, MD)-& AM&3to &
At

7. W3NS F CINTY A T

e AAF Halo] Blighst Dyerd] Wyoz
A& FE5e old At B E 9] A ==
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il butylated hydroxy toluene2 0.006% TFo=2
A7reh gl F&3 AFL Ax ka2 dxAT
5 dA%F9] chloroformel £3)A1z] F silica gel thin
layer chromatography(TLC) plates} spot3t] Duncan¥
Lloyd®e] ¥hgeg @AAAZY. A F A=A sgshs
B-92 3l Lepagest Roy®9) one-step methylation ¥
Hos methylationrZth. Fatty acid Methyl Ester
(FAME)+ gas chromatography(Hewlett Packard
Model 5890 )& ol-&3tdq #4312, A3 column
2 SP-2330(Spelco, Bellefonte, PA) 0.25mm ID X 60m
(film thickness 0.2 pm)°IAtt. Z+ A%4ke] retention
timeS ¥F FAME(Sigma, Louis, MO)3} H]i3}] 2]
ste] 7} Abake] dhEe ME-EE RAISHT

8. A9 1,2-DAG &F 5%

NG S A F F3to AAAE F£28 w9} 2 Wy
02 A& %3 ¥ silica gel TLC plated] 22 4
o7 AN F 1,2-DAGe] #HFsle RIS FHdld
Fletcher™e] #hylo]l wle} & =481tk ]9 triolein
Al diacylglycerol® ¥ 8902 ARE3IT

9. 3NEYN

B E A¥AAe= Statistic Analysis System(SAS)
program® general linear model(GLM)E& ©]-&3}
p<0.05 fF2l5=29l4 Duncan’s multiple range test®
AF3A

4 o

1. 4O1MFBY AT NS

2lo]¢] CLA A7bgl w2 1452+ 433 Aol AAF
£ ZE 2AA £HY AolE A gen AFE T
e} Aol & #EE & UAHFig. 2, Fig. 3).

2. Q¥ ¥ MEES N EFA

WAL A EL] HEZAL AREH o2 CLA H7t 9
3|4 crypt height®} labling index #ol 23 J&S
v X)x] ke, proliferative zone #= 4#A Je= 2
&5 BojA| ggirti(Table 2).

3. 4% YN XS apoptosis

A Al A apoptosis®] AEE v CLA §
A7} ol Hls) CLAS #713 BE FolM F9J8HA E5ke
U CLA A7}l W2 xbol= f9)31A] 24tHTable 3).
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4. W3HY PGE, X TXB, &F

Table 4014 ™ dHzHe] PGE.% TXB, ¥3<
Hlws) 2H CLA F3712el Hl& CLARZE ZE &
A fo)atA Egkth. CLA 37kl ¥ 845 PGE.%
TXB, ##& 0% ZaHe 2%& Bgov CLA 371
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Fig. 2. Changes of food intake in DMH-treated rats fed different
level of conjugated linoleic acid (CLA).
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Fig. 3. Changes of body weight in DMH-treated rats fed different
level of conjugated linoleic acid (CLA).

Table 2. Effect of CLA mixture on cell kinetic indices of colonic
mucosa in 1,2-dimethylhydrazine-treated rats

o] 0.5% FZol vl 1.5%U wuto] FofstAl A
t}. wabA o] Aol HsHe CLA 37+ $7171 U3
Ao Yol A PGESH TXB. A4S FaAz+E 338
T ANt

5. Q3HY 3 ANT CLA AAY &7

Table 5014 % 1A 49 CLAY #3& CLA
F37} #olME CLAS 24T & filen CLA 37k
ME CLA /b 4880l 25 6.0~8.3% TT 2
FrEEAT. A C20 - 4(AA)S) FFL CLA 737}
Z3 CLA 0.5% #&& #9& o)/t fiuAT CLA
1.0%% CLA 1.5% F&AE Frdshdl wgkoh. 22iu
1.0% CLAS} 1.5% CLAT AtelolE frel @ 2polE 1o
A st

Table 3. Effect of CLA mixture on apoptosis (%) of colonic mucosa
in 1,2-dimethylhydrazine-treated rats

Dietary group N Apoptosis (%)
0.0% CLA 5 19.85 + 6.64°
0.5% CLA 6 49.83 + 19.61°
1.0% CLA 5 45.77 + 14.86°
1.5% CLA 5 51.59 + 492°

Values are mean + SD. N = number of samples.
Values with different letter are significantly different at p < 0.05.

Table 4. Effect of CLA mixture on colonic mucosal levels of PGE,
and TXB, in 1,2-dimethylhydrazine-treated rats

Dietary group N PGE; TXB;
ng/mg tissue
0.0% CLA 7 21.06 + 1.11° 691 + 1.11°
0.5% CLA ] 16.04 + 4.19° 570 + 1.01°
1.0% CLA 7 14.14 + 2.80° 4.41 + 0.81™
1.5% CLA 8 1047 + 5.28° 378 % 0.56°

Values are mean + SD. N = number of samples.
Values with different letter are significantly different at p < 0.05.
PGE,: prostaglandin E,, TXB,: thromboxane B,

Table 5. Effect of CLA mixture on the relative percentage of fatty acid
profile of colonic mucosal phospholipid in 1,2-dimethythydrazine-

treated rats”

Experimental Crypt Labling Proliferative
groups height index zone
No. of cells % %
0.0% CLA 21.07 +£ 192 9.11 + 169 5291 + 10.76™
0.5% CLA 19.13 £ 2.25 8.70 + 143 3551 + 3.87°
1.0% CLA 18.35 £ 1.90 1561 + 3.43 6543 = 9.27°
1.5% CLA 19.51 + 0.82 1399 + 4.01 49.13 + 11.46%

Dietary group N CLA AA
%
0.0% CLA 6 ND"? 5.56 + 1.02°
0.5% CLA 6 6.74 + 2.84° 456 + 0.85°
1.0% CLA 6 8.34 + 2.06* 1.75 + 0.77°
1.5% CLA 6 6.02 + 1.31° 1.61 £ 0.69°

Mean £ SE. n = 5-7

Values with different letter are significantly different at p < 0.05.
Crypt height = total # of cells in each crypt.

Labeling index = (total # of labeled cells / crypt height) X 100
Proliferative zone = (position of highest labeled cell /crypt height)
X 100

UFatty acid composition was expressed as the relative % of total
fatty acid methyl ester.

ND: not detected

Values are mean + SD. N = number of samples.

Values with different letter are significantly different at p < 0.05.
CLA: conjugated linoleic acid, AA: arachidonic acid



Table 6. Effect of CLA mixture on colonic mucosal level of 1,2-DAG
i1 1,2-dimethylhydrazine-treated rats

Dietary group N 1,2-DAG
pg/mg tissue
0.0% CLA 6 0.23 £ 0.12°
0.5% CLA 6 0.10 + 0.04°
1.0% CLA 8 0.14 + 0.06°
1.5% CLA 8 0.12 + 0.04°

CLA: conjugated linoleic acid, 1,2-DAG : 1,2-diacylglycerol
‘Values are mean + SD. N = number of samples.
Values with different letter are significantly different at p < 0.05.

6. H3EY 1,2-DAGY BT

2o DAG ##e CLA F37} #ol v]8) CLAS
AR 22 2ol felstA wgten, CLA 37139 o
2 fojg atol= HolAl etrh(Table 6).

I

Apoptosist FEHSH, Aoz SEJ A EAK(cell
death)®]  FEl2A o] AE BeoA] T8 et
o] Fxolr}® BA ZA A apoptosis®] FEE A
29 (mitosis) 8] &xe} o] dojuhx|vt, We} AeleA
(pathophysiological)ql #Adx ME F23 HEAL
AYE o] FA R HERZ 9 wAo] 315 o] A
BE A ok wab et ST A hF A A2
7} Ycarcinoma) 02 ¥ HE AHL NE 52 F719)
apoptosis®] HAAQ 7HAhe} By on, o|AL FU9
A7)9} Fell GFE PIXA Dot Ip 5 & CLA
DNA 3738 #4aA7)a, bel-29] 23S AAaNAS B
ohie}l pregmalinant lesion®l* apoptosisE <
‘£7}N A, Thompson 57 o8 §-H¢HS F12H3l
4 CLAE 2o]2 Fogro =M {A2249] apoptosis
3 F7MAI1E ZeR BausHa gt # AT e 2]
o A7}k CLAZF didy M E2] apoptotic indexE
S O AR FAdE 9 HolA] g
o2 wol CLAZ} apoptosisE =324 DMHeI
A3 L] g & AA s Ao g Al dt.

2old] LAE #H7lsha Axu LAY o] F7lsln
AA2] §do] F7t5 o) eicosancid AL F7HH®
$71d PGESt TXBx= W] 54, oW 24 &
& MEZFA mutagenesis, angiogenesisE F7HA
2151 M ¥APH (apoptosis) g ZarlZozH 394
#2130} " whdel CLAZ #3718 20| & Fojshd $41%)
A g 1A A Ye] CLA o] F7lstal AA ke

b4

o A
D= =g

l‘ulm
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Z4Em PGEF TXB, @de] ZAstgcd ol¢ 2
eicosanoid &4 7H4AE cyclooxygenase(COX) et #eo] 9l
ot A3t ? ole CLAZ 43RS o CLAS AAJL
A== HA A rate-limiting step$! A 6-desaturase]
71424 CLAZ} LASH ZA3l7] "ol AA 4o A"
0® & AZe AxEY sn28 CLARYol F713kx,
CLA¥Y desaturation® elongationoll €3+ thAl#tA& A
2w o] #AEQr conjugated diene FZE A}
et CLAZE AlolA] diAt=]o] conjugated diene
C20 : 3A8,12,14, conjugated diene C20 :4A5,8,12,14%}
conjugated diene C20 : 445,8,11,13°] A= =d],* o
g} 2+& conjugated diene bondZE 7} C18~20 A4k
£ COXY inhibitor24 eicosanoid A< Alst=
2% CLA 439 98 PGE,# TXB, §4°] #agE A
0% FEFH1 et

w2tA] CLAE LAYA AAR 9] A& aA7| 3 91A
Aol AAS HES ZaArZ Bt ol eicosatetraene-
CLAE COXell 9JaiA AH-E + & AAY ¥& #AA
71AY% COXolA AASH BATSZH eicosanoide] 44
& 2N oz et 28-S Yepdoka syt ”

£ dFdAME CLA &E7F 2elA diFd At x4 e
CLA #o] Z71stsiet 2ol 5 CLA &0 1.0% ol
24 9 XA o] AA FiFo] FStA #AAFE B F
AATE o] Aol LA £FEL AXA9] At x4
AHA o2 FE XA B AP ZE Ag o]
o] LAY &fo] 2lo] & EF9 3.7%= =T 24
5147] W&ol Ao] F CLA 3] 1.0%%} 1.5%Y = <!
A F AA go] AT AL Ao)2 4FF CLAZ
3 AR W= AAY o] AAHUS RAolzta Alejd
o}, & Aolo] CLAZ #H7Wek o] $71845 g4
PGE.%} TXB, ##°] wold 2E #3348 4 3t 0|2
3f Aole] CLA 7ol F71E4E AXA 9 AA
& 213, PGE,% TXB, $&0| 24agozn Ax
7} 959 AFE s W AR G AAE HE 4
UL Aoz AlgE.

1,2-DAG phosphatidylinositol(PI)7} phospholipase
C(PLC)Y 7kr&afiel o3 A" EFEA protein
kinase C(PKC)& &43A17ith. AlZW PKC #49] &
7} nuclear protein® sl & AE F23 £
3}, tumorigenesis. apoptosis, FAAF L& FH F
L3 9% 34 Aoh” webd 1,2-DAGS] 3ek wsh=
A3 el 9] Az A Al MIZE (sensitivity)oll F&F
& FA Huz AX W9 1.2-DAGY &3 7gaAd ¢

1>

N
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Ackd oo HolfAS Fsk=l BFAd= second
messenger system?| 84& A3 Ee A9 F IS
Aolgta FZdtt

B Ao CLA ¥37F 7(0.0%)°0 ¥ls] CLAE 37}
g BE oA 1.2-DAG 3ol fosiAl #Ax3dd
(Table 6). ©]= human prostate cancer cell¢! PC30ll
100mM9] CLAE A&dle 2473t Fo DAG kol
50% Aad A} RS9 T.* Apoptosis7t LolutE F
et MEje] DAG ol ZAHAE=d™ |24 DAGE
antiapoptosis®} A X9 survival signal2A 83 7|%
& e Ao AlFEY. B dPoME AXU DAG &
F} apoptotic indexh= 98} BAIE RAFOEZMN T2
AT A7 AT & F YU

2E

26t

b=

1) lelol] H7}3k CLAY #H718F0.5~1.5%)°l 488l
o] & FFog A AFAHENA apoptosisE F71HA]
Ao NES A= o8 I3 v £t

2) CLAT® #7igol A#gle]l o A9 XA /¢
HYon, drlEgol 1.0%013Y o A=} AA FFS
ol stAl A

3) CLA #7}go] &5 7] PGE.2t TXB:2
e oS FAaHAY

4) CLAE 713 4agle] 28 FE22 gz e
1.2-DAG 3F& frolstAl 2222

Z334, CLAE 2°] FA19] 0.5% °I% A7H=0S 9
© AT AAAUE A= AT g3 AsA
2719 eicosanocids ¥ 1.2-DAGY] &3 #28HA 74
A7) hFA M 2] apoptosisE EMAAEN
o] A3 HA S AAAE T AL Rolgta Al Hrt.
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