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Naturally-Occurring Novel Anticarcinogens : Conjugated Dienocic
Derivatives of Linoleic Acid (CLA)
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Abstract

Anticarcinogenic conjugated dienoic derivatives of linoleic acid(CLA) is present in grilled beef,
cheese, and related foods. CLA is generated via isomerization of linoleic acid in the ¢cow s rumen
by anaerobic bacteria and foud preceessing as well. Another source of CLA is its endogenous
generation via the carbon centered free radical oxdation of linoleic acid. We propose thai the
formation and generation of CLA in vive represents a previously unrecognized in situ “defense
mechanism” against membrape attack by oxygen free radicals. The cis, 9-irans, 11 CLA isomer is
selectively incorporated into cellular phospholipid, which exhikits a potent antioxidant, reduces
the activation of 2-amino-3-methylitaidaze (4, 5-f) quinoline (IQ) for bacterial mutagenesis, and
inhibits ornithine decarboxylase(0ODC) activity induced by 12-0-tetradecanoylphorhol-13.acetate
(TPA). We believe that at least these three biological activities of CLA explain the anticarcino-

genic activity of CLA.
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Table 1. Modulation of rat liver 8-9 mediated bac-
terial mutagenesis by a partially purified
fraction from grilled ground beef

(see vef, 12}

Revertant colonies/assay
(% of control without modulator‘

Modulator Uninduced , FH7> Arocu;ézsﬁg
- indu
(q-cise/pldte) Sk9 duced 5.9 o
i@ 0 100 100 106
125 45 48 75
50 17 14 38
2-Amino- g . 1 100 100
fluorene 125 TH+6 11718 9544173
30 318 94.4-3

499196

el AEAE “mutagencsis modulator” (A 8 A}
911 B ARGE E¢hde] Bl Sogel whe o
27 f&E wn sEch

CLA2| #ors 7}

“Mutagenesis modulator” 9 “‘"?:}?}"é (anti-initation
effect) & miceo] s 2APEGH
AT dPBdr= 7,
(GMBAI 2% tumor® F48 2-stage mouse epi-
Z ALESET) grilled

ground beefof #] F&& mutagenesis modulators

1), ek

lzfdlmethy benz La] anthracene
deramal carcinogenesis model

mouse"F&] % papilloma %=\ papillomaZ 712 mouse

& (tumor incidence) & FAA AT, 13 muiagenesis
modulatorel] FFE F8F AUELE o 4EE
A FapA B linoleic acid®} conjugaied dienoic
oA (3 oA aier gA oAl a7l2 shE R
oY (Fig 2), olE ofAdAlE 2ZALF conjugaied
lincleic acid®l #HEFAZE WA "CLA ol&tn P33ty
o,

Linoleic acid?}t 48 F &4 F48A 434
{carcinogenesis) & £33he= ity acide]”] =S ¥
Iroleic acid®] o]AA9 CLAE A4%s #d9E &
gEdR ¥amm g

getAor @ag CLAG 44 8= benzo
{a)pyrene (BP) &8 343 mouse forestomach 4¢3
S A8 El E I (anti-initiation effect) 7} YT
(Tabie 2). Female ICR miceo] CLAQ. 1ml)Z olive
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Fig. 1. Inhibition of initiation of mouse epidermal
tumors by mutagenesis modulator prepared
from grilied ground beef (see ref. 13 for more
detzil), SENCAR mice were topically treated
with modulator (20mg in 0.2m! acetone/mouse)
or control (0.2ml acetone). Five minute later
an initiating dose of BMBA(19nM in 0.2ml
acetone/mouse) was applied. One week later,
twice weekly application of TPA{(2xg in 0.2ml
acetone/mounse) was commenced and continu-
ed for the remainder of the experiment.

oil {0 1ImD) &} E¥eld Yol =8 g H7
FA3 F8.9d BP 2med 0.2mlY olive oild &
el AFEAs G ol9k e TS 43 e
3} forestomach tumorE 234} Control mice
= olive oil (0. 1ml) &£ linoleic acid (0. iml) st
olive oil (0.1m) <€ E¥std CLANT S} B& o
2 A=y, CLAg] AelE forestomach papilloma
2] A3l lincleic acidl} olive ol H2l§ controlo]
Bl A 46~67% HAEE FAEYUR, tumor incidence
= controle] W& 30% ZAe %ok |
CLA®] anti-promotion EI-Z FAE2] 9sled 3
Z DMBAZ rat®] mammary tumor® 38 3 0
5% CLAZ 43 semi-purified diet® e mamm-
ary tumor S £ romotion) A2 Z7, CLak
a2l'F tumorT& controldl #lSte] 50% w2 FAAl

9, 11-GLA isower s

L] cis, gl

trans trang  Sizlrany  clacha-8, 12-Linoleic acid

Fig, 2. Typical models of CLA. Four 8, 11-CLA iso-
mers were represented and compared to
linoleic and stearic acids. (see ref. 8)

A3 wmor incidence® vH% tumor 2 H L%
ADE AU {p. et al., 1991 unpublished data).

ol e dAiE FEFIYW CLAE anti-initiatorsd
anti-promotor® HH| FAAolTh & CLAE
DMEAZ tumorg® §
del ¥ BPER twumorE HEHE mouse forestomach

F1281 = 2-stage mouse skin mo-

carcinogenesis model! (3.5 initiation model} o]+ 73&
g ety E3E H9m, DMBAZ wmord #2
3 mammary carcinogenesis (promotion model) o 4
X 7% anti-prometore] &S s

CLAS| &et7|at

olx|Eoll CLA2| ineorporation

CLAS ahtzhg-& olgetr] dAsMe 9A CLAS
AAP Lo ofe siule] BN ol "art ok
CLAY: linoleic acia®) wha71AlZE e IAE F3
FE F AAY incorporation Bohes AMH-E
Soh. AR wiglycerideo) & 8788 CLA o144 =
7} incorporation E91A %, membrane] phespholi-
pidel &= @A cis, $-wans, 11 CLA °]&Aj7te] Fig.
30 B ubs} o] BFE Folg CLAFC] uld
sted CLA®] incorporatione] 7=, Mae] 3
&8} Agd phospholipid”}t o} 8% J8%
= Aol d]50]® o] cis, 9-trans, 11 CLA °]4# 9]
phospholipid® incorporationS ©]2} &t=lio] AR
A 4&e fodn PRgdh, F$7] cis, 9-trans,
11 CLAE Agjgdel sl oAz gadmag,
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Table 2. Inhibition of BP-induced forestomach neoplasia in female ICE mice by CLA® {seeref. T)

Tumor Worestomach tumors®

Mice per incidence Body weight Food intake
ma Tumors/  Tumors/tumor- {g/mouse) {Kcal/week/mouse)

Experiment Treatment  yheormoent %) bos
mouse earing mouse

I Olive oil 22 0.9 | 36205 3.8+05 31.52+0.7 87.1+3.00
CLA 19 708 1.4+0.5° 2.0+0.3 33.2+0.9 90,7 +3.95
Lineleic acid 14 8.9 3.5+41.3 45+1.3 32.7+0.8 95.7+3.89

I Olive oil 24 95.8 58408 6.0+0.7 30.8+0.8 96.3+2.19
CLAS 24 95.8 21+06 3.2+086 29.3+0.6 85.0+1.86
Linoleic acid 22 100.0 6.3+13 6.3+1.3 30.6+0.7 95.012.30

it Qlive oil 22 100.0 5.0+08 5.0+0.6 33.1+0.9 86.9+1.44
cra 24 708 1.74+0.4° 2.5+0.3 30.0+0.6 90.5+1.32
Linoleic acid 20. 90.0 3.7+0.7 41406 31.8+08 79.2:+1.53

* (.1 m! CLA or linoleic acid was administered p.o. with 0.1 m! clive oil twice weekly for 4 weeks, and other mice were
treated slmilarly with .1 ml olive oil in Experiment 1, or 0.1 ml olive oil plus 0.1 m! Saline in Experiments [ and .
All mice were administered p.c. with 2.0 mg BP in 0.2 ml olive oil once weekly for 4 weeks.

25 mice intubaied with saline but not BP developed no forestomach tumors nor any abnormal for estomach pathology.

* Mean body weight over a period of 22 weeks.

¢ Mean-+SEM.

° Significantly different from the other column values in the same experiment at p<0.025 (Turkey's w test) for
tumerg/mouse and tumors/tumor-bearing mouse ; and at p<0.05 (x* test) for tumor incidence (in Experiment 1, the
incldenced of CLA group is only significantly different from that of the olive oil group).

! Tamors that developed in 8 mice {out of 24) accounted for 38% of total tumors.

ZALEL A5 CLAY linoleic acid®] ®lrF 1:1000Y

© 15 o} 7R gabs) A,
2 g #T CLA, olive ol B lincleic acid® &A@
g H% mouse forestomach & WAAH ] AFE-E pro-
g CLA tocol’off #81e] female ICR mices] A2j3 ¥, mice
3 1o- Y | liver microsomes 28832 °|E microsomes AME-
2 L sl cLAg @48 EBE RAaATS 7 o 4%
é AE cis, O-trang, 11 CLA o} A= livers A Eol=
‘;0'5 =% AMEL phospholipidl = incorporation = %1
E o} ©]E microsomed #2714 free radical A A
& At A7 A CLAS A2 $ microsomes
8 8 CONTROL- LA olive oil B linoleic acid® 2l contrel microsome
3 o iy Bl oxve o el 7E ML
G i T 7 ygen stressel] wis) 24 APEE HAd
2 3 4 =3, ferrcus iron(Fe™} &2 free radical® AAste

Fig. 3. Incorperation of cis, 9-trans, 11 CLA isomer AAY ALdE CLAS & ol #Hu}, olsgl #
into forestomach phespholipid. (see ref. 7 and 2 Eitye CLAZF microsome® phospholipidol

Table 2 i i .
able 2 in this paper) incorporation® i ©l A Jebyol
ot AbEl RS CLAY= mouse embryo fibroblast 'cell culturesy A}
BpPel dialel A $%E wioht Y. ClAs BPH
e im LiunSl in vien FALE HE T °
CLAS invivosh in viroo] ] st B3/ ST yamge 999238 detoification 22 HEHIH

ez PAE CLAE linoleic acid®t E8sice o}, 2 CLAE S5 BPol macromolecule (DNA,
CLAY &arsl #H3E doseresponse A BE Eaba
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" RNA 9 protein) 9] adduct 42 A8bAz) 9w

intracellularel water-soluble BP (detoxified BP) %5 &
7M. Fibroblastel A BPY 243 cytochrome
P450o] =l8]A] Hruls peroxidative mechanismoll €
# dobr] B, of Fe CLAY g8EEE
&2 o 45 ek

ClLAY] ¥ateh 7]12%8 ol Biele H¥eld ¢
HA kAl @x9, EA4zx 2 BARZ gy
= itk invivo B in viredl A BolA  gpectropho-
tometric datacll ¢3H CLA #2h) <134 HL 24
22 Yot 382 A “heta-hydroxy acrolein” CLA
A7t F28 44z $4 & JeERE Edoti,
o] CLA® beta-hydroxy acrclein FEA+ beta-
hydroxy acrolein $-%¥-2] enolization=l] 2&} &34
< vebd B9 ollel, FEAL beta-hydroxy
acrolein Al 5219 transiton metald chelation
FoEzAM iz HHE JEdCIE P beta-
hydroxy acrolein BEje] &A= Eucalvtusd ¢
waxge] EAgel REATD, o CLA $AW
o e FH °15ZH(conjugated double bond) I
A= iron® T transition metal® A chelation
ot

1Q Soieioj zt4 #af

Cis, 9-trans, 11 CLA ¢]4A7} mouse liver micro-
some®) incorporaton = &wf °] CLA® S, pphy-
murium TA 1009) EQdole] e 1QY #4& A
A H G, = 903 H female ICR miced] CLA, olive
oil {control} 2 linoleic acid® mouse forestomach <+
FAAY protoco”e] F8A 45 EF H W} A
W A2 53 & mouse liver27E $-98 Bilsid S
typhymurium TA 1009] o8 FEEHe] 4EE &
A%, CLAE H2iF $-92 contral®lt} linoleic acid
& M@ 9T Sd¥elE 9T Qe BHE A
. a8t el 22 CLAY E3E BPov
DMBASH Z& %?i'aﬁ o] £dd dsiMs vehiA

ook A, o AdE CLAZT 9R IQE 84
# AFie= cytochrome P450 isozymeol ¥t 23 - 7hy
o2 A%%g nAes Aoz YzhgEoh

Tumor promotor TAP2{ EA &3l
"CLA®] anti-promotionE -2 FHE7] 3] mouse

forestomachel 12-0-tetradecanoyiphorbol-13-acetate
(TPA) & A &j&led ornithine decarboxylase (ODC) &
Ao 73 - female ICR mouseo] TPA 6pg
& vEF AT B9 & ODC 84L& 23E 37
ODC &4 o tissueol s $% (nduction) & R}
2 FAZE /MG 5 A0 0DC ¥4 (TPAS
AelatA @oke AfRoh of vl = FHL TPA
A 6A13F Fof ek 28y, CLAS mouse
forestomach % T4 protocol®ell €14 wla] A& (A
Al 800x1 CLA/AF) % ¥ 6ug TPAT A& A S
ODC B4 F33% Arstgoh

o] ¢} 7«3}01 CLAZ} TPAZ #4%§ ODC &4 & H4
AZe olfe oy wies d9¢ 4 vk oy
1, '__1'—6? #alet sle 22 phospholipide] incorpora-
tion¥l cis, 9-trans, 11 CLAY} TPASH TPAS receptor
¢} protein kinase C(PK-C)o] AL wsfsln gidh
o Ak a@ld ClAaw: PK-Ce 48 zdd
= regulatoroith, PK-CE AEWelM superoxide
A4E THHAY o Bol, CLAE HPHQY a8
Az g 2 ootm, Pl gAakskA (PK-C
E control3t superoxide?] WAL LA ZA)
[

n'% % H‘{L‘q-

CL.A sources

U7ke] FAFolE 10ppm °lde] CLA(HEE dis,
9-trans, 11 CLA o]AH) 7} -Frsle] b, o &
CLAS} spurcesel] d&llAie 27X E A1 4+ gl
th Yy 2 £0085EE) FENEL A4z 2
& 3id. o|F FFE T 2000ppm FE TH
Bol glof mF Abg 199% &% CLA 43 TS lor
oo AslsElm i, (LAY $35F2] 34
AAeta sle W71 AT Butyrivibrio fibrisolvens
of i8] linoleic acid2 €] A= ¢l

@y 8 FUAFLRRE FFHE CLA o9ld,
linoleic acid?}t free radicaldl] 2|8 ~rzlgdo] %3 Lo
EABHE albumin DA} 2HgEste] CLAYE AA
M= ABAECH g CLA §&FE oxygen
siresedl] &AM JujETE. P& B, 4F CLA
TEFE ¢F FE5A7F % Al (oxygen sterss?t
2 ) F718u, FFE F9{oxyeen
stress7t 2 A ole i@ 2A AlelA
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CLAS] A732 oxypen stress?] ZAIRre] ofjel, A
¥ oxidative damageEBE HFE7 i Ee
& wie] FAsln 2eln Ba gd g giad)
= “Feed-back loop ol 213 Hzjoivh, A Ee
o8} $FHE CLAR ofeb oj2idt &34 w48 A
otk

CLAO| Cist efoz o5t |

CLAE AR 2 Eoll+ g aetEd Fol A
I kel E3 EAlo] §l2m and-inidation® anti-
promotion EHE FA XD FUE LR,
22 putritionistvd oncologist?] Al atolth,  TiziA
o} gergd CLasl thated dgsiojol & Hrhx o

T FAF gioh A, AF Feof datdlg 9l 3
A EA CLAS A2 77 S8t e ey g4
of obd WaHor Aastol b, o4& CLA

2 AAEE v AR (Buivrivibrio fibrisolvens 57 %
Ml sle] FAR 2 od rlgdth. FHAR,

CLAY @ 9 s SUA97] Sistes CLA
A2A (CLAS] ascorbic acd HEA 8% $43t=
Aol wlgad, Afie, HT UEE A9 24
Nl el Ao oislel ¥WrlA MEQl Helicobacter
riorizt 8% A9 B4 gden A8 o
o] M Y Lo MieluA #E free
radicals A-3aled, olSo] A EE Haldtd o
A2 gEcky il oizte] o W &S ZrAA
7171 $8ked CLAY watal 9l et & Helicobacter
pyloriel WA ded Q3] B9k 7hx ]/']r elelz )le}-
goh vhAgtoz Wyl iAol CAS ¥l
cojugated fatty acid® A3/t J FA el CLA

o] #FE mol7] T AFH sof ¥ Aol
o ok
h=a =
ZEAEL Bty Aixe] WA &g (anti-

initiator/anti-ptomotor} 98 CLA grilled ground heef
g A& Bk CLAE grilled ground beel &
o %, cheese @ olE WHAEA To| EA)3c)
ClLas ¥azzo] dd MAshe @714 bacteriash
214 linoleic acidZ¥E AAAEH, A& 715 FolA

- vtol 2 el

= AMEct o]HL FF invivool A linoleic acid4!
carbon centered free radical Beje] 4tdlel olsf A34g
712 @k CLAE ofF 2 a atgagle] Wy
A, AFNA LEiA 9R B3 free radicaldl] o5
3}e} membrane® E T3 in situ defense mecha-
nism Q&L g, olE EF cytochrome P450
isozymed) S5 A#se W, ODC 84 ¥4
g Al A, Helx CLAS o] A7k
hiological activityZd CLA g7l 4te] #odeles 3lez
AZEs.
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