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Abstract

Isomers of conjugated linoleic acid (CLA), unsaturated fatty acids found in ruminant meats and dairy products, have been shown to
reduce adiposity and alter lipid metabolism in animal, human, and cell culture studies. In particular, dietary CLA decreases body fat and
increases lean body mass in certain rodents, chickens, and pigs, depending on the isomer, dose, and duration of treatment. However, the
effects of CLA on human adiposity are conflicting because these studies have used different mixtures and levels of CLA isomers and diverse
subject populations. Potential antiobesity mechanisms of CLA include decreased preadipocyte proliferation and differentiation into mature
adipocytes, decreased fatty acid and triglyceride synthesis, and increased energy expenditure, lipolysis, and fatty acid oxidation. This review
will address the current research on CLA’s effects on human and animal adiposity and lipid metabolism as well as potential mechanism(s)
responsible for CLA’s antiobesity properties. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

What is CLA and where is it found? A naturally occur-
ring fatty acid (see Fig. 1 for structure), CLA is produced in
the rumen of ruminant animals by the fermentative bacteria,
Butyrovibrio fibrisolvens, which isomerizes linoleic acid
into CLA. Another source of CLA in ruminants is synthesis
via � 9-desaturase of trans-11 octadecanoic acid [1]. In
vivo, CLA is found in dairy products such as milk and
cheese as well as ruminant meats such as beef and lamb
(Table 1). In cheese, the amount of CLA ranges from 3.6 to
8.0 mg/g lipid while milk products contain 3.4 to 6.4 mg/g
lipid [2]. Depending on the animal species, tissue, and diet,
CLA content in ruminant meat products varies from 2.7 to
5.6 mg/g lipid [3]. Finally, butter contains approximately
720 mg/100 g food (wet weight) [4]. The relative quantities
of CLA isomers in commercially available crude mixtures
(i.e., �41% cis-9, trans-11, 44% trans-10, cis-12, 7%
trans-9, trans-12 CLA) and food (i.e., ruminant meats and
milk contain �80% cis-9, trans-11 CLA and 10% trans-10,

cis-12 CLA) varies considerably [5]. Serum levels of CLA
isomers in non-vegetarians have been reported to be in the
20–70 �M range, with cis-9, trans-11 and trans-10, cis-12
isomers representing 80 and 10%, respectively [5].

The first hint that CLA may be important. In 1987, Mi-
chael Pariza’s group at the University of Wisconsin at
Madison made the seminal observation that CLA, mixtures
of geometric and positional conjugated dieonic isomers of
linoleic acid isolated from grilled beef, or from a base-
catalyzed isomerization of linoleic acid, inhibited chemical-
ly-induced skin neoplasia in mice [6]. This discovery led
their group to a flurry of research examining CLA’s bene-
ficial effects on cancer [7], immune function [8], athero-
sclerosis [9], weight gain and food intake [10], and body
composition [11]. On the basis of these studies, it was
concluded that feeding (0.5%, w/w) a commercially avail-
able crude mixture of CLA isomers prevented chemically-
induced tumors, protected against the catabolic effects of
immune stimulation, improved feed efficiency, reduced ex-
cess weight gain, reduced body fat, increased lean body mass,
and lowered blood lipids. Other studies support CLA’s anti-
carcinogenic (for review, see 12, 13), antiatherogenic [9,14],
antidiabetic [15], as well as antiobesity [11,15–25] properties.
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2. CLA decreases body fat and increases lean body mass

Dietary CLA decreases adiposity in various animal mod-
els and in humans. For example, rodents fed 1–1.5% CLA
(w/w) as a crude mixture of cis-9, trans-11 and trans-10,
cis-12 isomers had less body fat and greater lean body mass
than control animals [11,15–17,20–23]. Feeding 0.05–1.0%
(w/w) mixed CLA isomers to pigs also increased feed effi-
ciency and reduced back fat without affecting total body
weight [24]. Similarly, feeding 0.07–0.5% (w/w) mixed
CLA isomers to growing pigs for 8 weeks increased feed
efficiency and lean body mass while reducing fat deposition
compared to control pigs [25].

Feeding Sprague-Dawley rats 0.25–0.5% (w/w) of a
crude mixture of CLA isomers for 5 weeks reduced retro-
peritoneal and parametrial fat pad weights without affecting
growth rate or food intake [21]. Moreover, these reductions

in fat pad weights were attributable to a decrease in adipo-
cyte size rather than cell number. In contrast, Tsuboyama-
Kasaoka et al. (2000) found that adipocytes isolated from
female C57BL/6J mice underwent apoptosis following
4–28 days supplementation with 1% (w/w) mixed CLA
isomers [20]. Tumor necrosis factor-alpha (TNF-�), a
known inducer of apoptosis in adipocytes [26], levels also
increased in mice fed the mixed CLA isomer diet. However,
Yamasaki et al. [27] found that Sprague-Dawley rats fed
1–2% (w/w) mixed CLA isomers had no difference in body
weight, food intake, or feed efficiency compared to the
controls, although the CLA-treated animals did have lower
levels of triglyceride (TG) in white adipose tissue, liver, and
serum. Furthermore, the levels of non-esterified fatty acids
in each of these tissues were decreased.

These data suggest that dietary CLA reduces adiposity in
several animal models, thereby inhibiting the development
of obesity-related diseases. However, pigs fed 1% (w/w)
mixed CLA isomers for 8 weeks as part of an isoenergetic
diet showed no change in heat production, energy retention,
or body weight [28]. Secondly, obese Sprague-Dawley rats
fed 2% (w/w) mixed CLA isomers plus a high fat diet for 8
weeks following a 9 week period of food restriction exhib-
ited no differences in fat regain, plasma leptin, or insulin
levels compared to controls, although lipoprotein lipase
(LPL) activity was increased [29]. Thus, experimental con-
ditions such as age, type, and metabolic status of the animal
model, as well as the level, isomer, and duration of CLA
treatment may play an integral role in how CLA affects
body composition. One proposed mechanism for CLA’s
antiobesity action is that it increases metabolic rate, thereby
increasing energy expenditure [16]. For example, two stud-
ies in AKR/J mice found that supplementation with 1%
(w/w) mixed CLA isomers increased energy expenditure
without upregulating uncoupling protein (UCP) gene ex-
pression in skeletal muscle, white adipose tissue, or kidney,
although UCP gene expression was slightly increased in
brown adipose tissue [22,23].

Although the work cited above provides convincing ev-
idence that CLA’s antiobesity actions in animals are isomer-
and dose-specific, the physiological relevance and interpre-

Fig. 1. Structure of linoleic acid, cis-9, trans-11 CLA and trans-10, cis-12 CLA.

Table 1
CLA content of various foods*

Food mg/g fat Food mg/g fat

Dairy product Meats/fish
Condensed milk 7.0 Lamb 5.8
Colby 6.1 Fresh ground beef 4.3
Butter fat 6.1 Veal 2.7
Ricotta 5.6 Fresh ground turkey 2.6
Homogenized milk 5.5 Chicken 0.9
Cultured buttermilk 5.4 Pork 0.6
American processed cheese 5.0 Pork 0.6
Mozarella 4.9 Egg yolk 0.6
Plain yogurt 4.8 Salmon 0.3
Custard style yogurt 4.8
Butter 4.7
Sour cream 4.6 Vegetable oils
Cottage 4.5
Low fat yogurt 4.4 Safflower oil 0.7
2% milk 4.1 Sunflower oil 0.4
Mediam cheddar 4.1 Peanut 0.2
Ice cream 3.6 Olive 0.0
Parmesan 3.0
Frozen yogurt 2.8

* Based on values reported by Lin et al. (2), Chin et al. (3), & the
University of Wisconsin Food Research Institute (Dr. Pariza, Director).
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tation of these data for the prevention or treatment of
human obesity are less clear and conflicting. For example,
CLA treatment (3.4–6.8 g/day) for 6 months reduced body
fat mass of obese and overweight adult men and women
[30]. Similarly, CLA supplementation (4.2 g/day, mixed
isomers) of middle aged adults for 3 months decreased the
proportion of body fat compared to controls [31]. Exercis-
ing adults consuming 1.8 g/day mixed CLA isomers for 12
weeks had reduced body fat compared to placebo controls
[32]. In contrast, CLA supplementation (3–3.4 g/day, mixed
isomers) over 2–3 months did not affect fat mass, fat-free
mass, percent body fat, body weight, or blood lipids of
adults [33–36]. This discrepancy may be due to the type and
amount of CLA isomers consumed, treatment duration, and
body weights and energy intakes of the subjects. For exam-
ple, many rodent studies found that feeding 0.5% CLA
(mixed isomers) in the diet (w/w) for 6–8 weeks reduced
adiposity. Assuming a 300 g growing rat consumes 15 g of
feed daily, this would equal �75 mg CLA/day or 225 mg/kg
body weight. In contrast, several human studies have fed
only 3 g/day of CLA (mixed isomers) for 6–12 weeks. For
a 70 kg adult, this is � 43 mg/kg body weight of CLA and
�5 times less than the 0.5% (w/w) level fed to rodents.
Therefore, the dose for a 70 kg person that would be equiv-
alent to the dose used in rodent studies would be 16 g/day
of CLA (mixed isomers). Currently, the effect of trans-10,
cis-12 CLA on human adiposity is unknown.

Another question concerning CLA studies is which iso-
mer(s) of CLA is responsible for its antiobesity effects.
When hamsters were fed a hypercholesterolemic diet sup-
plemented with either 1% (w/w) mixed CLA isomers, 0.2%
(w/w) cis-9, trans-11 CLA, or 1% (w/w) linoleic acid, ani-
mals consuming the mixed CLA isomer diet had signifi-
cantly lower weight gain, but greater food intakes than
animals consuming either the cis-9, trans-11 CLA or lino-
leic acid diet [37]. Another study suggested that the trans-
10, cis-12 isomer is the more potent antiobesity agent in
mice compared to other CLA isomers, although the direct
effects of the isomers were not determined in these animals
[19]. This led Pariza’s group to the discovery that feeding
CLA enriched in the trans-10, cis-12 isomer decreased body
fat of mice to a greater extent than a mixture enriched in
cis-9, trans-11 CLA [18]. Although these data suggest that
the trans-10, cis-12 isomer of CLA is the more potent
antiobesity isomer in animals, more research is needed us-
ing individual CLA isomers in humans.

3. CLA isomers differentially affect adipogenesis

CLA has been shown to inhibit the growth and differen-
tiation of preadipocytes into mature, TG-rich adipocytes in
culture. For example, Park et al. [11] demonstrated that
cultures of mature murine 3T3-L1 adipocytes treated with
20–200 �M of crude mixture of CLA isomers for 2 days
had 8% less lipid, 66% lower LPL activity, and 22% more

glycerol release (e.g., lipolysis) compared to control cul-
tures. Subsequently, Park et al. [19] reported that the cul-
tures of mature 3T3-L1 adipocytes treated with 44 �M
trans-10, cis-12 isomer of CLA or 100 �M of a crude
mixture of CLA isomers had 66% less LPL activity, 55%
less TG content, and 1.8-fold more lipolysis than control
cultures. In contrast, treating cultures with cis-9, trans-11 or
trans-9, trans-11 isomers had no impact on cellular lipid
status. However, these authors did not examine CLA’s in-
fluence on preadipocyte proliferation or differentiation.

Satory and Smith [38] found that low levels (1–6 �M) of
a crude mixture of CLA isomers reduced the proliferation of
3T3-L1 (pre)adipocytes, but increased their rate of differ-
entiation (i.e., stimulated lipid accumulation). Contrary to
these data, Brodie et al. [39] found that 25–100 �M of a
crude mixture of CLA isomers inhibited the proliferation of
cultures of 3T3-L1 preadipocytes. Furthermore, mRNA lev-
els of two critical transcription factors, peroxisome prolif-
erator-activator receptor gamma (PPAR�) and CCATT en-
hancer binding protein alpha (C/EBP�), and adipose fatty
acid binding protein (aP2) were lower in CLA-treated cul-
tures compared to control cultures, suggesting that CLA
attenuated (pre)adipocyte differentiation.

Our group [40] and Pariza’s group [18] have demon-
strated that mixed isomers of CLA, and more specifically
the trans-10, cis-12 isomer of CLA, reduce TG content in
differentiating 3T3-L1 preadipocytes. Furthermore, these
effects were shown to be dependent on treatment period, as
TG content in cultures treated with trans-10, cis-12 CLA
throughout the entire differentiation period was decreased to
a greater extent than in cultures treated only during either
the first 3 days or last 3 days of differentiation [41]. Evans
et al. [40,41] also demonstrated that the TG-lowering effects
of mixed CLA isomers and the trans-10, cis-12 isomer of
CLA were significant even in the presence of exogenous
antioxidants, suggesting lipid peroxidation did not play a
role in CLA’s TG-lowering actions. Finally, concurrent
supplementation of 3T3-L1 preadipocytes with increasing
doses of linoleic acid resulted in a dose-dependent increase
in TG content compared to cultures treated with trans-10,
cis 12 CLA alone, suggesting CLA’s suppression of TG
accumulation is reversible [41]. Linoleic acid supplementa-
tion also prevented some of the morphological changes
associated with trans-10, cis-12 CLA treatment as seen with
scanning electron microscopy [41]. This rescuing effect of
linoleic acid has also been shown in cultures of human
hepatocytes [42] and adipocytes [43,44] treated with CLA.

In examining CLA’s effects on adipocyte differentiation
and gene expression, Choi et al. [45] determined that 10–
100 �M trans-10, cis-12 CLA reduced stearoyl-CoA de-
saturase –1 (SCD-1) gene expression without affecting
PPAR�2, C/EBP�, aP2, SCD-2, or fatty acid synthase gene
expression in 3T3-L1 adipocytes. SCD-1 is responsible for
the desaturation of saturated fatty acids (SFA) such as
palmitate (16:0) and stearic acid (18:0) into monounsatu-
rated fatty acids (MUFA), including palmitoleic acid (16:1)

510 M. E. Evans et al. / Journal of Nutritional Biochemistry 13 (2002) 508–516



and oleic acid (18:1) necessary for synthesis and storage of
TG. Brown et al. [46] similarly found that although neither
acute or chronic treatment of differentiating human (pre)a-
dipocytes with trans-10, cis-12 or cis-9, trans-11 CLA in-
fluence the protein levels of PPAR� or C/EBP�, the trans-
10, cis-12 isomer increased the SFA:MUFA ratio. This
suggests that trans-10, cis-12 CLA selectively decreases the
synthesis of MUFA, thereby increasing the ratio of SFA to
MUFA without inhibiting adipocyte differentiation per se.

In contrast, Ding et al. [47] found that isolated mature
porcine adipocytes treated with 50–300 �M cis-9, trans-11
CLA for 24 h exhibited increased Oil Red O (ORO) staining
compared to trans-10, cis-12 CLA, or linoleic acid. How-
ever, neither isomer altered PPAR� mRNA levels indicat-
ing that although CLA may act as a ligand for PPAR�, it
does not induce PPAR� expression. Finally, Evans et al.
[41] showed that PPAR�2 protein level increased following
acute (2 days) treatment with trans-10, cis-12 CLA or cis-9,
trans-11 CLA. However, PPAR�2 protein level decreased
following chronic (6 days) treatment with trans-10, cis-12,
but not cis-9, trans-11, CLA treatment. Thus, CLA may
have different effects on adipocyte differentiation depend-
ing on isomer type and concentration, treatment period,
culture conditions, and species. Therefore, more research is
needed to determine exactly how CLA inhibits TG accu-
mulation and more specifically, if it affects preadipocyte
differentiation versus lipid metabolism.

4. CLA Alters Lipid Metabolism In vivo and In vitro

Insulin sensitivity and lipogenesis. CLA has been re-
ported to alter glucose and lipid metabolism in animal and
cell culture models. A study in Zucker fatty rats, a model for
Type 2 diabetes, found that 1.5% (w/w) dietary CLA (mixed
isomers) improved insulin sensitivity, glucose tolerance,
hyperinsulinemia, and hyperglycemia after 14 days of treat-
ment [15]. In contrast, consuming mixed isomers of CLA
induced a tissue-specific insulin resistance in adipocytes of
non-obese mice, thereby reducing glucose uptake and lipo-
genesis [17]. Contrary to these data, cows fed 10 g/day of
either cis-9, trans-11 or trans-10, cis-12 CLA for 4 days
experienced no change in plasma glucose or insulin levels,
although de novo lipogenesis was decreased while plasma
non-esterified fatty acid levels increased with trans-10,
cis-12 supplementation [48]. A similar study in cows sup-
plemented with 100 g/day of mixed CLA isomers for 1 day
found a decrease in both de novo fatty acid synthesis and
fatty acid desaturation [49]. In support of these data, we
found that de novo lipogenesis [44] and TG esterification
[50] decreased with increasing levels of trans-10, cis-12, but
not cis-9, trans-11, CLA in cultures of human preadipo-
cytes. Contrary to these data, 3T3-L1 preadipocytes treated
with 50 �M trans-10, cis-12 CLA had higher levels of
14C-oleic acid incorporation into both total lipid and spe-
cifically triglyceride than either linoleic acid-treated or con-

trol cultures [51]. Collectively, these data suggest that trans-
10, cis-12 CLA decreases TG content, in part, by decreasing
fatty acid synthesis and esterification into TG, at least in
certain species and model systems.

Peroxisome proliferation and �-oxidation. Mitochondria
and peroxisomes are subcellular organelles that consume
oxygen and oxidize fatty acids. When oxidative phosphor-
ylation in mitochondria is uncoupled or peroxisomes are
induced, fatty acid oxidation rates increase without propor-
tional increases in ATP synthesis, resulting in energy wast-
age as heat. This energy wastage can lead to reductions in
serum and tissue lipids and body fat. Several studies have
examined the ability of CLA to increase peroxisomal or
mitochondrial activity or fatty acid oxidation. In one such
study, rats were fed a diet containing either 0.5–1.5% (w/w)
mixed isomers of CLA or a peroxisome proliferator (Wy-
14,643) [52]. CLA had little or no effect on body weight,
liver weight, or hepatic peroxisome proliferation compared
to the Wy-14,643-fed rats. However, both 1.5% CLA and
Wy-14,643 increased total liver lipid content. Hepatic fatty
acyl-CoA oxidase (ACO; the rate-determining enzyme for
peroxisomal �-oxidation) and fatty acid binding protein
(L-FABP) mRNA levels were also increased relative to
control rats, but not to the degree of Wy-14,643 fed rats.
Finally, 100 uM CLA activated a PPAR response element
construct through activation of endogenous PPAR subtypes
(primarily PPAR� and PPAR�-the subtypes found in the
liver) expressed in FaO cells (a rat hepatoma cell line).
From these results, the authors concluded that mixed iso-
mers of CLA are able to activate PPAR� and �, but do not
function as peroxisome proliferators per se in this model.

The previous results were confirmed in two more studies
by Martha Belury’s group [53,54], in which mice fed 0.5–
1.5% (w/w) CLA compared to 1.5% linoleic acid had in-
creased levels of ACO, L-FABP, and cytochrome
P450IVA1, enzymes that are involved in peroxisome pro-
liferation [53]. In vitro, CLA (specifically the cis-9, trans-11
isomer of CLA more so than the trans-10, cis-12 isomer)
was also a high affinity ligand for PPAR� and PPAR�.
Furthermore, the cis-9, trans-11 isomer of CLA induced
accumulation of PPAR-responsive mRNAs including ACO,
L-FABP, and cytochrome P450IVA1 in a rat hepatoma cell
line [54].

The effects of CLA treatment are, to a large extent,
reminiscent of the effects observed when animals are treated
with PPAR� ligands. Although recent data from Pariza’s
lab using PPAR�-null mice indicate that effects of mixed
CLA isomers on general body composition were indepen-
dent of PPAR�, disruption of the PPAR� gene abolished
the CLA-induced activation of a subset of PPAR� target
genes [53]. Unfortunately, this study did not address iso-
mer-specific effects of CLA, and it is possible that the
effects of one isomer was masked by the other. Moreover,
the direct effects of CLA on (pre)adipocytes were not in-
vestigated. Collectively, these data suggest that CLA in-
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creases peroxisomal activity, and that PPAR� can indeed
mediate some of these effects of CLA at the cellular level.

Several studies support CLA’s ability to increase fatty
acid oxidation. For example, Sergiel et al. demonstrated that
rats oxidized radiolabeled cis-9, trans-11 and trans-10,
cis-12 CLA to a much greater extent than radiolabeled
linoleic acid over a 24 h period [56]. Similarly, isolated
perfused livers from rats fed 1% (w/w) mixed CLA isomers
for 2 weeks produced significantly more ketone bodies and
less cholesterol compared to isolated livers from 1% (w/w)
linoleic acid-fed rats [57]. In addition, the ratio of �-hy-
droxybutyrate: acetoacetate increased, leading the authors
to postulate that dietary CLA appears to exert its hypolipi-
demic effect by increasing �-oxidation of fatty acids at the
expense of fatty acid esterification. In support of this hy-
pothesis, we observed a 55% increase in �-oxidation of
14C-labeled oleic acid in 3T3-L1 preadipocytes treated with
50 �M trans-10, cis-12 CLA for 6 days [51]. In agreement
with these data, Martin et al. [58] found that the trans-10,
cis-12 isomer of CLA increased hepatic and adipose carni-
tine palmitoyl-CoA transferase-1 (CPT-1) in rats consuming
1% (w/w) trans-10, cis-12 CLA in the diet for 6 weeks.
Moreover, Martin et al. [58] suggest that trans-10, cis-12
CLA, because of its geometric and positional structure, was
more efficiently oxidized by enzymes of the �-oxidation
pathway than either cis-9, trans-11 CLA or other unsatur-
ated fatty acids. In vivo, rats fed mixed CLA isomers had
decreased respiratory quotients, indicating they had in-
creased rates of fat oxidation [16,21]. Taken together, these
data advance the concept that trans-10, cis-12 CLA de-
creases TG content, in part, by increasing mitochondrial
fatty acid oxidation.

CLA incorporation into cellular lipids. CLA has also
been shown to alter the fatty acid profile of various tissues
in both animal and cell culture studies. Numerous studies
have determined that CLA incorporates into tissues lipids of
rodents, chickens, and ruminant animals following dietary
CLA consumption [59–63]. However, the cis-9, trans-11
isomer of CLA was found in higher concentrations in tissue
lipids than the trans-10, cis-12 isomer. Higher levels of the
cis-9, trans-11 CLA isomer were also detected in vitro in
3T3-L1 preadipocytes treated with either 50 �M cis-9,
trans-11 or trans-10, cis-12 CLA [41]. The significance of
this observation is unclear as research has not yet deter-
mined if this is the result of increased incorporation of the
cis-9, trans-11 isomer into the lipid fractions or increased
metabolism of the trans-10, cis-12 isomer. We also found
that differentiating cultures of human preadipocytes treated
with trans-10, cis-12 CLA for 12 days had 1.0- and 5.5-fold
more trans-10, cis-12 CLA in their phospholipid and neutral
lipid fractions, respectively, compared to the vehicle (BSA)
control cultures [46]. Collectively, these data demonstrate
that CLA incorporates into cellular lipids.

CLA’s effects on SFA: MUFA ratio. In vivo and in vitro
studies have determined that CLA treatment alters the ratio
of saturated to unsaturated fatty acids, especially the ratio of

palmitate:palmitoleate and stearate:oleate. For example,
laying hens fed 0.5% (w/w) mixed CLA isomers for 84 days
produced eggs with a higher ratio of 16:0/16:1 and 18:0/
18:1 compared to control hens [64]. Furthermore, cows
consuming 50–100 g/day of mixed CLA isomers for 5 days
produced milk with a similar increase in 16:0/16:1 and
18:0/18:1 [61]. Pigs fed 1 to 5% (w/w) mixed CLA isomers
had increased levels of SFA and decreased levels of unsat-
urated fatty acids intramuscularly [65]. Finally, sows fed
2% (w/w) mixed CLA isomers for 35 days had more 16:0
(g/100g lipid) and less 18:1 in their backfat as well as
increased 16:0 and decreased 16:1 in their milk compared to
controls [60].

Cell culture studies have shown similar CLA-mediated
increases in SFA:MUFA ratios. Specifically, Lee et al. [66]
found that treatment of H2.35 liver cells with 150 �M
mixed CLA isomers for 20 h increased 16:0 and 18:0, while
decreasing 18:1 levels compared to control cultures. Com-
parable results have been observed in 3T3-L1 adipocytes
that were treated with 10–100 �M trans-10, cis-12 CLA
during differentiation [45]. We found that differentiating
cultures of human preadipocytes treated with trans-10,
cis-12 CLA for 12 days had significantly higher SFA:
MUFA ratios (combined C16 and C18 fatty acids) in their
phospholipid and neutral lipid fractions, respectively, com-
pared to control cultures [46]. Taken together, these data
demonstrate that CLA incorporates into cellular lipid and
alters fatty acid composition of the cultures. Thus, CLA
may act to inhibit lipogenesis and TG esterification through
a disruption in the fatty acid desaturation process.

One of the key desaturation enzymes involved in lipo-
genesis is SCD-1 (also known as �9 desaturase); an enzyme
that catalyzes �9-cis desaturation of a number of fatty acid
substrates including palmitoyl and stearoyl-CoA. Desatura-
tion of these SFA is necessary to produce MUFA essential
for incorporation into the sn-2 position of TG. Since the
ratio of SFA:MUFA increases with CLA, inhibition of
SCD-1 activity and/or transcription may be one explanation
for CLA’s lipid-lowering effects [45].

In support of this concept, mice fed 0.5% (w/w) CLA in
a diet containing either high carbohydrate or 5.0% (w/w)
corn oil experienced a 45 or 75% decrease, respectively, in
SCD-1 mRNA levels in the liver compared to controls [66].
The addition of 150 �M of mixed isomers of CLA to H2.35
mouse liver cells also reduced SCD-1mRNA expression.
However, this inhibition was not seen when the cells were
treated solely with the cis-9, trans-11 isomer of CLA, sug-
gesting isomers other than cis-9, trans-11 CLA (i.e., trans-
10, cis-12) inhibit SCD-1 gene expression.

Bretillon et al. [67] determined that 30–120 nM cis-9,
trans-11 and trans-10, cis-12 CLA decreased the activity of
�6-desaturase in rat liver microsomes compared to vehicle
treated cultures. However, the trans-10, cis-12 isomer of
CLA only reduced the activity of �6-desaturase at the
highest level (120 nM). Interestingly, �9 desaturase activity
was inhibited only with trans-10, cis-12 CLA treatment.
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Another study using rat liver microsomes found that 100
�M mixed isomers of CLA reduced �9 desaturase/SCD-1
activity compared to vehicle cultures [68]. Furthermore, the
trans-10, cis-12 CLA isomer was responsible for this de-
crease. These last two studies treated the rat liver microsomes
for only 15 min, suggesting that CLA exerts its effect primarily
on enzyme activity rather than mRNA or protein synthesis.

Mixed isomers of CLA inhibited either SCD-1 mRNA or
activity in liver cells [69] and adipocytes (mixed isomers
and specifically trans-10, cis-12 CLA) [45]. Furthermore,
Park et al. [68] found that the trans-10, cis-12 isomer of
CLA specifically inhibited SCD-1 activity in isolated rat
liver microsomes. Thus, CLA appears to exert some of its
antilipogenic effects through an isomer specific, desatura-
tion-dependent reduction in the synthesis of MUFAs- es-
sential components for TG and phospholipid synthesis.

CLA, arachidonic acid(AA), and AA-derived eicosanoid
synthesis. CLA treatment has been suggested to inhibit the
production of adipogenic fatty acids such as linoleic acid,
AA, and their eicosanoid metabolites. A reduction in AA
and other adipogenic fatty acids may decrease TG esterifi-
cation, conversion into phospholipids that are critical for
cellular metabolism, and/or synthesis into lipid second mes-
sengers, such as prostaglandin J2 (PGJ2), that may regulate
adipogenesis. Several studies have observed such a CLA-
mediated decrease in these longer chain fatty acids. For
example, Belury and Kempa-Stecko [70] determined that
CLA (cis-9, trans-11 and trans-10, cis-12 isomers) incorpo-
rated into the hepatic neutral lipids and phospholipids of
mice at the expense of linoleic acid and AA. Furthermore,
Sugano et al. [71] observed a decrease in hepatic 20:4
concentrations following 1% (w/w) mixed CLA isomer sup-
plementation for 2 weeks in rats. More recently, Stangl [72]
found a decrease in both 18:2 and 20:4 in the livers of rats
consuming 3% (w/w) mixed CLA isomers for 39 days. In
laying hens, the yolks of the hens fed 2.5% mixed CLA
isomers also contained lower levels of 18:2, 18:3, and 20:4

compared to control hens [73]. Therefore, CLA may de-
crease AA-derived cell signals such as prostaglandins and
leukotrienes that are critical regulators of cell growth, dif-
ferentiation, and metabolism.

CLA and lipolysis. Several studies have suggested that
CLA alters lipid metabolism by inducing lipolysis. For
example, Baumgaurd et al. [48] found that plasma non-
esterified fatty acid levels were increased in cows fed 10
g/day trans-10, cis-12 CLA for 4 days, although they did not
investigate the mechanism behind this increase. Park et al.
[11] observed that mature 3T3-L1 adipocytes treated with
100 �M mixed CLA isomers had higher levels of glycerol
release compared to BSA controls. Recent studies have
confirmed that the trans-10, cis-12 isomer of CLA was
responsible for this increase in glycerol release in murine
adipocytes [19,51]. In cultures of human adipocytes, trans-
10. cis-12 CLA either increases [74] or has no effect [50] on
basal lipolysis. Thus, it appears that CLA may decrease TG
content, in part, by increasing basal lipolysis.

5. Potential Antiobesity Mechanism of Action of trans-
10, cis-12 CLA (Fig. 2)

CLA decreases adipogenesis. The effects of CLA on
adipogenesis and TG content are multifarious, ranging from
effects on preadipocyte proliferation to adipocyte differen-
tiation and metabolism (see Figure 2 for mechanisms pro-
posed by the authors). In vitro and in vivo studies have
demonstrated that CLA decreases adipocyte cellularity by
decreasing proliferation [39,40] or adipocyte size [21,40,43,
44]. In addition, the trans-10, cis-12 isomer induces apo-
ptosis in mice [20] and 3T3-L1 preadipocytes [41]; an
observation that also correlates with a reduction in adipo-
cyte cellularity. CLA has been suggested to decrease adi-
pocyte size and TG content by decreasing differentiation;
however, these results are inconsistent. By decreasing

Fig. 2. Our central hypothesis for how conjugated linoleic acid (CLA) decreases adipocyte triglyceride (TG) content. Our working hypothesis is that trans-10,
cis-12 attenuates TG content and droplet morphology of primary cultures of human (pre)adipocytes and alters lipid morphology by enhancing energy
expenditure (EE), lipolysis, and fatty acid oxidation. We postulate that PPAR� activation may be responsible, in part, for up-regulating rate-determining
enzymes in peroxisomes and mitochondria. Alternatively, trans-10, cis-12 may decrease PPAR� activity, thereby down-regulating the expression of
rate-determining, lipogenic genes controlling lipogenesis and TG esterification.
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PPAR� expression or activity, CLA may reduce the expres-
sion of lipogenic enzymes that control lipogenesis and TG
esterification. However, with the exception of decreased LPL
expression and activity [11,18,66], the expression of these
enzymes and their activities has not been demonstrated.

CLA decreases lipid synthesis. CLA decreases fatty acid
desaturation and elongation potentially through a reduction
in SCD-1 activity and expression. Decreased SCD-1 activ-
ity could lead to an increase in the SFA:MUFA ratio, inhi-
bition of de novo fatty acid and TG synthesis, as well as
decreased production of pro-adipogenic phospholipids such
as PGJ2 [44–46,66,68].

CLA increases lipolysis. CLA increases basal lipolysis in
3T3-L1 preadipocytes [18,19,51] and human adipocytes
[74], leading to a decrease in TG content [48,19,51].

CLA increases energy expenditure and fatty acid oxida-
tion. CLA has diverse effects on lipid metabolism, depend-
ing on the isomer type, dose, and duration of treatment and
the metabolic status and species of the subject. This includes
an induction of �-oxidation in rodents [57,59] and 3T3-L1
preadipocytes [51]. Further support for this concept comes
from in vivo data from rodent liver [52,53,55,57,58], adi-
pose tissue [58,75], and muscle [20], as well as in vitro data
from hepatocytes [54], demonstrating that mixed isomers of
CLA increased respiratory quotient (RQ), peroxisomal
�-oxidation, and the expression of CPT-1, ACO, and
UCP-2. Trans-10, cis-12 CLA is believed to be more effi-
ciently oxidized than other unsaturated fatty acids due to its
geometric and positional structure. CLA also induced
PPAR� expression in hepatocytes, which has been postu-
lated to mediate CLA’s effects on lipid metabolism [54].

6. Conclusions/implications

Although animal and cell culture experiments seem to
clearly support an isomer-specific role for CLA in prevent-
ing or reducing adiposity, it is too early to predict the extent
to which CLA supplements will be useful in humans. At
present, it is known that the effects of CLA on adipogenesis
and lipid metabolism in animals are isomer-, dose-, time-,
and species-dependent. Specifically, the trans-10, cis-12
isomer seems to be isomer responsible for CLA’s antiobe-
sity effects in animals and in (pre)adipocytes from both
animals [19,40,41,51] and humans [43,44,46,50]. Further-
more, termination of CLA supplementation results in an
increase in TG content or adiposity in 3T3-L1 preadipocytes
[41] or rats [18]. Since the effects of CLA seem to be
short-lived, it is possible that when an individual stops
taking CLA, body fat would likely return to previous, if not
higher levels than before CLA consumption. Therefore, long-
term supplementation will likely be necessary if CLA were the
only treatment used to control adiposity. However, there are no
long-term studies on CLA in animals or in humans, making
such an endeavor questionable in terms of efficacy and safety.

It is difficult to consume enough CLA in its natural form

(i.e., red meats or cheeses) to decrease body fat, especially
for vegetarians or individuals consuming a low-fat diet.
Moreover, the CLA found in these foods is mostly cis-9,
trans-11 CLA, rather than trans-10, cis-12 CLA-the putative
antiadipogenic isomer. In addition, dietary fatty acids, es-
pecially MUFAs and n-6 fatty acids such as linoleic acid,
may reverse CLA’s antiobesity effects. Therefore, CLA
supplements may be most effective in combination with a
fat-reduced diet [30], in physically active subjects [32], or in
overweight subjects [30]. Such CLA supplements should be
used with caution as they are both expensive and their safety
has not been evaluated. In addition, like all nutraceuticals,
CLA supplements are not regulated, thus the concentration
of CLA may be questionable.

In conclusion, more research is needed, especially
among humans, to determine the isomer-specific mecha-
nisms of action and efficacy of CLA as an antiobesity agent.
It is especially important to note that the long-term effects
of CLA are unknown, thus they should be addressed before
recommending CLA supplementation to humans. Further-
more, optimal isomer, timing, and dosage of CLA along
with the effects of energy intake and BMI of the subjects on
CLA efficacy in humans remain unclear. Lack of such
knowledge is of significance as it impedes the development
of isomer-specific, CLA fortified foods or supplements for
the prevention or treatment of obesity, the most prevalent
nutrition-related disease in America.
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