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K Abstract \

Conjugated fatty acids (CFAs) are a mixture of posal and geometric isomers of polyunsatu rate
fatty acids with conjugated double bonds. Reparticiate that CFAs have potent beneficial effects
including antitumor, antiobese, antiatherogenic antdiabetic activities. The molecules have als
been shown to prevent the onset of hypertensionefRereports suggest that each Cisdmer has
different functions, for example the 10trans; 12sismer of conjugated linoleic aci€CLA) has
anticarcinogenic, antiobese and antidiabetic effewhereas the 9cis, 11trans-CLA i@+ exerts an
anticancer effect. Although it would be interestitmgknow the effects of CFAs dmumans, there
are only few reports concerning the anticancer antiobese effects of CLA in humans. More
detailed evaluations of the physiological bioadtés of CFA isomers on lifestyle related desires i
humans and animals will be of great interest inffatstudies.
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I ntroduction

Lifestyle-related diseases, such as obesity, hiprinia, Arteriosclerosis, diabetes mellitus aggédntension, are wide
spread and increasingly prevalent in industrializedntries. Because of the rapid increase in timebeu of elderly
people, these diseases are important medicallysacieconomically. It is also assumed that onedtbirhuman
cancers is associated with dietary habits andtiifeg1). Although the pathogenesis of lifestyléated diseases
is complicated and the precise mechanisms underifinir development have not yet been elucidatdths been
noted that the quality of dietary lipids could be immportant modulator in terms of the morbidity amdrtality of
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these diseases (2). In particular, polyunsaturfig acids (PUFAs), such as linoleic acid (18 nb), a-linolenic
acid (LNA, 18 : 3, n-3) and arachidonic acid (20, :n-6), are very important for the maintainingfhnctions in
mammalians as essential fatty acids (3). In additib has been reported that the consumption of mgBly
unsaturated fatty acids, such as eicosapentaetidi¢EEPA, 20 : 5, n-3) and docosahexaenoic acidAP22 : 6, n-3),
correlates with a reduced risk cancer and cardiovascular disease in human aimlah studies (4, 5).At present,
conjugated fatty acids (CFAs) have attracted cemalile attention because of their potentially bieimfbiologic
effects of attenuating lifestyle-related disea$e8)( CFAs refer to a mixture of positional and igetric isomers of
PUFAs with conjugated double bonds. Theoreticadlynumber of CFA isomers are possible, with multiple
Combinations of numerical, positional and geomatrionfigurations of conjugation in double bondg(R).

Natural sources and industrial Production of CFAs

Conjugated linoleic acid (CLA), the CFA form of dileic acid, has been detected in milk fat, cheese andnamh
meat (9). The 9cis,11trans (9c¢,11t)-CLA isomeraturally produced through the biohydrogenationrfaturated fatty
acids by the rumenal bacterium Butyrvibrio fibrigahs in ruminants, such as cows, sheep, goats @ameéls (10,
11). The daily intake of CLA has been calculated forieas countries and estimated at several hundred mg in a
typical diet (12-16). There are also other types of CFAdmeplant seed oils. Punicic acid (9c, 11t, 13c-corega
linolenicacid [CLN]) in pomegranate seed aHeleostearic acid (9¢,11t,13t-CLN) in Black berilyand Muscat
seed oil, catalpic acid (9t,11t,13c-CLN) in Alarsdied oil, and calendic acid (8t,10t,12¢c-CLN) in patrigold seed
oil are presenat about72%, 60% to 70%, 31%, and 33%, respectiVabte 1) (17, 18). It has been reported
that several seaweeds contain conjugated triemaictetraenoic fatty acids. Red seaweed, Ptilotenfi, contains
5t,7t,9t,14c,17c-conjugated EPA (CEPA) and 5c,a#4@tCEPA, and Bossiella orbigniana contains 5¢(8d,2t,14c-
CEPA (19, 20). Stellaheptaenoic acid, 4c, 7c, B, 113c, 16¢, 19c-conjugated dodosptaenoic acid, is present in the
green seaweed anadyomen stellete.

Conjugated dienoic acids
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Fig.1. Structure of conjugated fatty acid isomers

Commercial CLA is produced by alkaline isomerizataf linoleic acid-rich oils and tends to contam equimolar
mixture of the 9¢,11t- and 10t,12c-isomers (6-8pdRidion of CFAs converted from LNA, EPA and DHA and
experimental evaluation of their physiological sitis in vitro and in vivo have also been repor(2d, 23). Since
alkaline hydrolyzed oils contain several CFA isospex re-cent concern in the chemical synthesisFALis the
separation of specific isomers. It has been redotiat lipases from Geotrichum candidum and Candid@sa
selectively esterify the 9c,11t-isomer of CLA, amtzymatic methods utilizing these lipases are #ffeéor separating
the 9c,11t-and 10t,12c-CLA isomers (24-26).Othdeptial method$or CLA production include the isomerization
of linoleic acid using bacteria, such as Lactobacillus plantar(27, 28). These methods may contribute to the
preparation of a CFA fraction with maximal physigilzl activity.

During the 1980s, it was demonstrated that extrattgilled ground beef have mutagenesis inhibiteivity and it
was subsequently found that the beef-derived atdigan is CLA (29, 30). The anticarcinogenic acyivaf CLA has
been demonstrated in a chemically induced rat mamsnor model with an effective range of 0.1-1%tle
diet. The inhibitory effects on either the chemicafcinogenesis induced by dimethylbenz(a)anthmaeerthat by
methylnitrosourea, for which the mechanisms of icengenesis and tumor progression differ, also iagic¢hat
CLA pos-sesses multimodes of antitumor action @), The inhibitory effects of CLA on the growth wédrious
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human cancer cells including hepatoma, coloredtedast, and lung have also been studied in vitR) @1).
Although differences irthe 9c,11t-isomer, 10t,12somer and a mixture of isomers have been invdsiigat appears
that CLA anticancer activity is exerted irrespeetof the isomer used (35, 36). Recently, the cytotand antancer
effects of other non-linoleic fatty acids with cagated double bonds have been examined. Thereviganesearch
indicating that dietary CLN inhibits azoxymethamehiced colonic aberrant crypt foci in rats (18)efiehare also
several reports indicating the cytotoxic effects @EN on various human cancer cell lines suggestinat
conjugated trienes are stronger anticarcinogens tiloajugated dienes (17, 22). In a recent study,efffiects of
CEPA andCDHA with conjugated triene structure, picti from EPAand DHA by alkaline isomerization,tamor
cells were in-vestigated (23). The cytotoxic actiamfi CEPA and CDHA were demonstrated in severateanell
lines including colorectal, hepatoma, lung, breastd stomach. Although the mechanisms underlying th
anticancer effect of CFAs have not yet been fullyciglated, the involvement of the induction of apogis,
cytokine modulation and inhibition of cancer caibliferation is demonstrated in vitro and in vivtadies (37, 38).

There are limited reports on the effect of CFA ket@mn cancer development in humans. It has beemtegpthat an
inverse relationship between milk consumption arehbt cancer risk in women suggests the anticayemo effect
of CLA in milk (39). In another study, breast adseatissue CLA content in 360 patients who had Inedlbreast
cancer (n = 261, cases) and those treated forigrbbreast tu-mor (n= 99, controls) was investigd#). As a result,
the CLA content was higher in the breast adiposgugis from controls than that from cases. Receihthgs also
been re-ported that in postmenopausal Finnish woutietary CLA intake and serum CLA level are sigrafitly
lower in can-cer patients than incontrols (41)hAligh direct evidence has not been sufficientlpldisthed, these
findings suggest that CLA supplementation migheffective for the prevention of breast cancer imhas.

Antiobese and Hypolipidemic Properties of CFAs

Although the fat lowering action of CLA was alreasrported in 1971, this effect has again receiattention
following a report in 1997 indicating that a suppéntation of 0.5% CLA in the diet reduced 60% bdéatycoupled
with a 14% increase in lean body mass in mice(42-44prégent, there are a number of studies demongratin
the antiobese and hypolipidemic effects of CLA in anlsnacluding mice, rats and pigs (45-47). We alksparted
that dietary supplementation of 1% CLA reducesatm®unt of abdominal white adipose tissue, serugtyteride
(TG) level and liver TG level compared with a controttdin obese model Otsuka Long-Evans Tokushima fatty
(OLETF) rats (Fig. 2) (48-51). These effects were attridui@ theenhanced fatty acid beta-oxidation and the
suppression of fatty acid synthesis in the livaratidition, CLA enhances fatty acid beta-oxidatwen in brown
adipose tissue and muscle and enhances oxygenmptien and energy ex-penditure in OLETF rats (52). 5
Growing evidence indicates that individual isomefs CLA have specific physiological functions in itip
metabolism. We have reported that the 10t,12c-CddAnier reduces the secretion of apolipoproteinBaGfuitured
human hepatoma HepG2 cefiad exerts its hypolipidemic effect by promotingergy metabolism in OLETF rats
(53, 54). The body-fat-lowering effect of CLA hdsabeen reported in humans, but it seems to lsglesninent than
that in rodents. A small-scale randomized clinici@l conducted in Norway was the first to inveatigthe effect of
CLA on body fat in humans. Healthy and physicaltyive men and women took either a CLA mixture (/@) or
olive ail for 3 months (55). By the eraf trial, subjects taking CLA supplements had a détrease in body fat
content. The other study from the same group waslected to examine the dose-response relationgivpeln
CLA and body fat mass in obese and overweight sibj€56). In the study, the authors concluded ¢hdtetary
supplementation of CLA at 3.4 g/d was sufficient i@dy fat reduction in obese and overweight subjeger a 3-
month period.
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Fig. 2. Antiobese and hypolipidemic effects of CLA in OLETF rats. Asterisk showssignificant
Differenceat P < 0.05.
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The antiobese effects of other non-linoleic fattjdawith conjugated double bonds have also been repoXe
dietary supplementation of CLN, produced by alkalisomerization of LNA, reduced body fat content by
enhancing of fatty acid beta-oxidation in rats (F¥#)tiobese and hypolipidemic effects of CLN welgoareported in
studies with chickens, obese rats and human lieexed cells (58-60).As new approaches concerniigplzese
treatment, the combined effects of CFA and othetady components are now being evaluated. Ibbas reported
that the body-fat-reducing potential of CLA coulé knhanced by a combi-nation with soybean proteth a
sesamin (61, 62). In a fu-ture study, multiple camations of various food factors

Newly Identified Bioactivities of CFAs

Many claims for health benefits other than antiemrend antiobesity effects have been made for GLAnimal
studies. Antiatherogenic effects of CLA have begported instudies with rabbits and hamsters. Fee@is g of
CLA/d for 22 weeks and a 1%-CLA-supplementeigt dor 12weeks are sufficient in reducing aoffatty
streak area in rabbits and hamsters, respectié@yg4). The antidiabetic effects of CLA have beeported in
studies with obese, diabetic rats. In the firsdgiufeeding of a 1.5% CLA digtormalized impaired glucose
tolerance, and the effect @@LA was similar to that of the pharmaceutical agéwiglitazone (65). In a
subsequent study, it was suggested that the aleiticaeffects of CLA are attributable to the spiediiction of the
10t,12c-isomer (66). CLA has also shown effectsromune functions. In rats, splenic levels of im-raglobulin
A (IgA), IgG and IgM increase while those of IgEcdease significantly in animals fed the 1.0% CLAtd67). In
another study, a significant increase in the Ig#G land IgM productivities of rat spleen lymphocyteas rec-
ognized at 0.05% CLA supplementation (68). Veryergly, the hypotensive poperties of CLA have alserb
observed in our studies. In obese, diabetic Zucks and obese OLETF rats, the feeding of a @liXure and
the 10t,12c-CLA isomer prevented the developmenblmsity-induced hypertension (Fig. 3) (69, 70). Wso
reported that dietary CLA prevents the developno¢rissential hypertension innonobese spontanebygbrtensive
rats (71). These effects were attributable to thikty of CLA to regulate the pro-duction of phy$igically active
adipocytokines, such as adiponectin, leptin andioésgsinogen (Fig. 4).Considering the previous gsid
indicating that conjugated trienoic fatty acids @astronger cytotoxic activities than conjugatedndie fatty
acids, the evaluation of the physiological bioatite of CFA isomers other than CLA on atherosdalp
diabetes, allergy and hypertension will be of gietarest in future studies.
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