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Conjugated Linoleic Acids (CLA) as a Potential Chemopreventive Agent
Naturally Occurring Fatty Acids from Ruminants
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Department of Pathology, National Institute of Toxicology Research,
Korea Food and Drug Administration, Seoul 122-704, Korea

Conjugated dienoic derivative of linoleic acids (CLA) is a collective term which refers
to a mixture of positional and geometric isomers of linoleic acid (LA; C18 : 2; n=6).
It is also a naturally occurring substance in animal sources (beef, milk, cheese and dairy
products). In the past two decades, CLA has been shown experimentally to inhibit rat
mammary tumorigenesis, mouse forestomach neoplasia, and mouse skin
carcinogenesis. An explosion of research has been demonstrated the importance of
CLA in health— promotion, e.g. as a dietary chemopreventive agent in addition to
exhibiting anticatabolic and antiatherosclerotic properties. Such research may lead to
the development of new high CLA-containing “funtional foods” designed for cancer
chemoprevention. The role of CLA in energy/fuel metabolism and functions as an
antioxidant need to be further explored. The question of whether the biological activity
of CLA is mediated by activation of the peroxisome proliferator—activated receptors
(PPARs), some tissue—specific steroid hormone receptors, needs to be addressed. If
the cancer protective efficacy of CLA can be characterized further and its mechanism
of action delineated in the near future, there is a good possibility that a CLA-enriched
food product may serve as a prototype of a new generation of designer foods. This
approach may be particularly appealing to people who are unwilling to change their
eating habits but still desire alternative food choices for cancer prevention. We have to
explore the basic and applied research on the promotion of our health by reducing the
risk of coronary heart disease, obesity, and cancer.

Key Words: Conjugated Linoleic Acids (CLA), Functional foods, Designer foods, Cancer
chemoprevention
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Fig. 1. Structure of conjugated linoleic acids (CLA).
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Table 1. Positional and geometric isomers of conjugated linoleic acids from linoleic acids (cis-9,
cis—12-octadecadienoic acid: 18:2)
Isomers
Positions
7-, 9- 8-, 10— 9-, 11— 10—, 12— 11-, 13-
12—, 14~
trans, trans trans, trans trans, trans trans, trans trans, trans trans, trans
Kinds trans, cis trans, cis cis, trans trans, cis trans, cis cis, trans
trans, cis cis, trans cis, cis
cis, cis cis, cis

Ha YL, et al., J Agric Food Chem 1989; 37: 75-81.%

Miller CC, et al., Biochem Biophys Res Comm 1994; 198: 1107-1112.%%
Mossoba MM, et al., J Chromatogr Sci 1991; 29: 324-330.%"

Yurawecz MP, ef al., Lipids 1998; 33: 803-809.%"
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Fig. 2. Effect of CLA on mouse skin carcinogenesis (ref.
Ha YL, et al., Carcinogenesis 1989; 8: 1881~ 1887.).

Fig. 3. Effect pf CLA on mouse skin carcinogenesis (ref.
Ha YL, et al., Carcinogenesis 1989; 8: 1881~ 1887.).
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Fig. 4. Effect of CLA on mouse forestomach neoplasia
induced benzo (a) pyrene (ref. Ha YL, et al., Cancer Res
1990; 50: 1097 ~1101.).
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Fig. 5. Effect of CLA on rat mammary carcinogenesis
induced by DMBA (ref. Ip C, et al., Cancer Res 1994; 54:
121271215.).

of WEZ 0|21 4%7 x3ict o
X Ref Al2pach? map CLAE LelAl 2 @

=20 =
AFMEA ZFoM M AMEZIL ot
Lhel E

conjugated diene T+Z& Zt= X|ghAkel |

= Etag 207021 of2t7|=4HC20 : 4

EAEIOEY  ARMESO  2ofst

oxygenase?} lipoxygenase &4 Sof g&kg Fof &

&Py ol ot ot 'Y AR S CLAS
=]

=
©
s
w
A2
2
x
[00)
(.O
w
R
S
(€3]
-
w
S
1o
r\l
0|>I
J
—_
Ll
?9_
1
-
e

=
=

o
= oz rr
>
2t
i)
4om
N
mﬂﬂ
fo O
_oll_
o lo
gl
=
o

~ o
@)
>
=

K

£Q r o

h
>
o
(@]
>
2
>
_O'L

=
ol
-

k>

o o

(4) HE Charet o kg ap 2o 222/ &
7150 2wE SEHE AO|2E olglFFQ st
2-amino—-3-methylimidazo[ 4,5~ flquinoline  (1Q)di|
o SHE CHZbetol Metudtdol Cf o] &M b4 (colonic
aberrant crypt foci: ACF)el &%& CLA (ALZEU{of
0.5%2 sE)E HAe| s do 7ot ZastH
CHIQ: 4.3%£2.4; CLA£IQ: 1.1+1.3; P<0.05)(Table
2). 19 0|24k DA XM otH{o| oA 7|MOE oA Tt
9| 1Qoll 2|5t & DNA F7tA 2l &2 7oA UA AH|
5cHIQ:  11.53+3.5; CLALIQ:  6.96+2.4;
<0.05)(Table 3). wztM CLAE iEEAERZ FH
= 1Qel weHACHA oM EntA e AXe = U
£ 7HsM 2 HAISIYCE™ CLAZ ®A2l CDF; ote
20| MF0{st 22 Qo o5t DNA 71 NS =
HEolel 2 (e, ), H(2Z)2 v|EH 27| (nont-
raget organ)el CHEZ} AlEtol A i 8h%dct *
=2 Xlo

-

Jeu}, ojaket REHEEQl gzoxymethane (AOM; |
& kg' 15 mg¥ 33 T5tF0{EhHS Foist HE Cf

Zhob Ao AOM §0 2FMEE 36572 AR 2
CLA (AFZLHo 0.5, 1.0, J2|1 1.5% SE2 F0{E)
£ F0{5}0f AOM EH5 Fo{Z(tH=T)2 CLA F0iZ



2 E 2 32l : Conjugated Linoleic Acids (CLA)2| etofgt 31 107

Table 2. Inhibition of IQ-induced aberrant crypt foci by CLA

Group Incidence® ACF/colon AC/colon AC/ACF
IQ 10/10 4.3+2 42 14.2+11.6 3.2+1.72
SFO—IQ 10/10 3.241.72° 12.047.0° 3.941.2°
CLA—IQ 6/10 1.141.3° 4.0+4.6%° 3.6+1.4°
CLA 0/5 0P 0P
SFO 0/5 oP 0P

Data are expressed as mean=SD; means within a column with different superscripts are significantly
different from each other (P<0.05, analysed by ANOVA using SAS).

ACF: Aberrant crypt foci; AC: Aberrant crypts.

IQ: 2—amino—3—-methylimidazo[4,5—-/] quinoline; SFO: safflower oil
9No. of rats bearing ACF/total no. of rats each group.
Liew C, et al., Carcinogenesis 1995; 16: 3037-3043."%

Table 3. Inhibition by CLA of IQ-DNA adducts /in vivo

RALX10’
Tissue Group
Major adducts Total adducts
Liver IQ 9.63+£11.7 9.99+14.7
[Q—CLA 7.02+141 8.3017.6
Colon IQ 9.13+£2.60 11.543.5
IQ—CLA 5.42+1.8° 6.96+2.4°

“Significantly different from corresponding control group
given 1Q alone (P< 0.05).

Data represent mean+SD from groups of seven rats.
Major adduct refers to dG-C8-1Q.

Liew C, et al., Carcinogenesis 1995; 16: 3037-3043.'"
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Table 4. Levels of total CLA and ¢-9, t-11 CLA as a % of total CLA in food products

—
42 oHsi, e

Mtk stich a8{Lt CLAS

a
(e}

o 1o

—>':>|

)

0 oy o 0%
1o 4% mnt 4> > mjo o=

n

&
rir
(o]

40 ¢ H
1> 4
o

02'.

F2 phytohemagglutmm A
o{, Concavanalin A
At=oll of st v

Food Total CLA (mg/g fat) [c9, t11 CLA] (% of total) Reference
Butter 9.4711.9 91 50
Beef 17.3 75 50
Non fat frozen dairy dessert 0.6 90 49
Condensed milk 7 90 49
Natural cheeses 0.6771 17790 8, 49
Processed cheese 3.278.9 17790 8, 49, 54
Cheddar cheese 51754 82788 51
lce cream 3.874.9 73776 55
Sour cream 7.5 78 55
Yogurt 5179.0 82 55
T-bone (cooked) 4.779.9 65 55
T-bone (raw) 4.476.6 59 55
Seafood 0.5 ND 49, 52
Vegetable oils 0.2 45 49, 52
Milkfat 2730 90 53, 56

O'shea M, et al., Trends Food Sci Technol 1998; 9: 192-196.%



B AP BT 2, FLUNY, BT
SOlM CLAS| AtZ 22| HI7IE DI} glQict #2t ot
2, SL=Aufol nftst X|Eo| eHFollT Bevt @
Ak of PHA

AZAE SCIDAH oheAE 0]83510
MDA- MB468 RMet MEFE 8
HE &% 97 ¥ 14T0+| 22t 73% %
o MAS o 5IA
M21 HPB, EH“:HI
2l MCF—MIE—’F
HOiIH HHEAIZI Z2
N o-ix-||—|.04|:|.'43)

R 1 -
In vitro®'2 in vivo"®*" A7 AEE = Ho
=
o

=
tistd= Algo] Al2= =ZX}(species differ—
ences)oll 7|Qlstchs AT oL} ooz T &IE
T -2 A =7} cLael FE o oy £ 3
= |
=

2
o

X 19 00

oot oo ¥ o

A=)

0o i H:| _'_
(@]
—
>
T~
=
m
|
HU
r
=

Z 2k ZHE(anti-tumor activity) o|5to O

2 77} =[ojof s2l2tn Y2HEch

&2 Ok

- Conjugated Linoleic Acids (CLA)2| gfoflgt 1}

(@]
gy
>
N

pAsH(peroxide) MM 2 &’
=(peroxide)e| 4ME FF= L2 CLAY
Atole] AHz|(C-C)7t LAREL B7|
st ok’ d2fut sEo R LAY Px
Aol o|5Z & (conjugated double
‘_rLZEE ﬂ.ouﬂqgg _‘?_‘:'7(10E AAx-l
™oL H7|M Mol ost F=2FT}
MM E0{X|= H|n OFZ oY
ek *4 CLAZF O tiARMEO|l
polyunsaturated fatty acids: PUFA
A =St M HHgst= At
32 XMallotxl= 2=rt
d

an

_.?_
_‘7—_'
[P
_}'og

lo £

i
4 m
B

O
(@]
=}
g m
o 2
Ay
ir

i
0z
i)
my
rlo

i

x

mA 3EH o

|ﬁjol0
M"E':HTJO?.'_
L
oz &
Eﬁ

oY o
Y
[>

=2
\—_||'—.>—H:
b
Rl
0
X2z

i
HT

o
AN

< A m
-

~
S
o

en Bergs
St= dfof| ot
[=

O
[
>
lo
(o]
2
iy
H
rir
2 ol
12 3
Koox ol r|r ”
_}?k
0l
2

m
2
oot |
rr 2
lor
b
)
o o
d
o 0

r
J

o
d

W Rl 0T oA ¥O obf o lob rx N
ob 11
N
£
&
nny
T
XMoo

8) DNA 7t &

19924 Zuso| AERefe wARUERZ AT
CI=ESEE otalF el SiLkRl 2-amino-
3-methylimidazo[4,5-f]quinoline (IQ)oll 2|8t C

Fig. 6. Effect of CLA on LDL cholesterol in rabbits The
P-value of LDL cholesterol was 0.0017 for the 12~ 22
week period. (ref. Lee KN, et al., Atherosclerosis 1994;
108: 197 25.).

Fig. 7. Effect of CLA on LDL cholesterol/HDL choles—
terol ratio in rabbits. The P—value of LDL cholesterol was
0.04 for the 12722 week period. (ref. Lee KN, et al.,
Atherosclerosis 1994; 108: 197 25.).
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