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Abstract

Previous work demonstrated that feeding commercial preparations of conjugated linoleic acid (CLA) [a 50:50 mixture of ¢9,t11 and
t10,c12 CLA (cCLA)] partially overcame lipopolysaccharide (LPS)-induced growth depression. The objective of this study was to determine
which CLA isomer was responsible for the reduction of LPS-induced growth depression. Dietary cCLA supplementation for 3 weeks
protected mice from LPS-induced weight loss 24 h after injection compared to mice fed isocaloric and isonitrogenous control diets
supplemented with either corn oil (CO) or a mixture of CO and olive oil. Dietary c9,t11 or t10,c12 CLA led to body weight loss intermediate
to controls and cCLA. After LPS-induced weight loss, the t10,c12 CLA fed mice regained weight faster than the control or ¢9,t11 CLA fed
mice. Dietary t10,c12 CLA and cCLA reduced plasma tumor necrosis factor 2 h after LPS stimulation. While neither ¢9,t11 nor t10,c12 CLA
isomers alone protected from immune-induced weight loss, the t10,c12 CLA isomer induced compensatory gain.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Cachexia is a condition characterized by the general
state of body weight wasting and anorexia that is a result
of immune stimulation [1]. Many chronic and/or inflam-
matory conditions such as infection, cancer, acquired
immunodeficiency syndrome or rheumatoid arthritis result
in a cachectic response [1-3]. Cachexia can be induced
experimentally by injection of bacterial lipopolysaccharide
(LPS) [4,5], and tumor necrosis factor (TNF) is a key
proinflammatory mediator of cachexia [6]. Administration
of TNF is sufficient to induce a cachetic state, while
inhibition of TNF, by neutralizing antibodies or soluble
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TNF receptors, attenuates cachexia [6]. One pathway by
which LPS induces wasting is through the binding of LPS
or TNF to their respective surface receptors (TLR4 or
TNFR2), which activate the proinflammatory NF-xB
signaling cascade [7]. In unstimulated cells, the NF-xB
element resides in the cytoplasm as a heterodimer (p50,
p65 or RelA) in association with its inhibitor proteins
(IkBa, IkBp, or IkB+y) in an inactive form. TLR4 or TNFR
receptor binding leads to activation of the IkB kinases,
leading to the ubiqutin-proteosome-mediated degradation
of IkBs, thus, exposing the nuclear translocation element
of the NF-«B heterodimer. The freed NF-«B translocates to
the nucleus and mediates transcription of various inflam-
matory mediators including IL-1, TNF and cyclooxyge-
nase-2 (COX-2) [7].

Conjugated linoleic acids (CLAs) are a group of geo-
metric and positional isomers of linoleic acid. Conjugated
linoleic acid occurs naturally in lipids derived from ruminant
sources, especially milk and cheese [8]. The two most widely
studied isomers of CLA, ¢9,t11 and t10,c12, are found in an
approximately 50:50 ratio in commercial preparations
(cCLA). In 1987, a ground beef derivative, later described
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Table 1
Experimental diet composition
Mouse diet
Ingredient (g/100 g) 00 c9,t11 t10,c12 CLA90 CcO
CLA CLA
Sucrose 47.6 47.6 47.6 47.6 47.6
Casein 21 21 21 21 21
Corn starch 15 15 15 15 15
CcO 5.75 5.75 5.75 5.5 6
Cellulose 5 5 5 5 5
AIN-76 mineral mix* 3.5 3.5 3.5 3.5 3.5
AIN-76 vitamin mix" 1 1 1 1 1
Calcium carbonate 0.4 0.4 0.4 0.4 0.4
DL-Methionine 0.3 0.3 0.3 0.3 0.3
Choline bitartrate 0.2 0.2 0.2 0.2 0.2
00 0.25 - - - -
c9,t11 CLA - 0.25 - - -
t10,c12 CLA - - 0.25 - -
CLA90 - - - 0.5 -

CLA90, 50:50 mixture of ¢9,t11 and t10,c12 CLA.

? Supplied per kilogram of premix: 500 g calcium phosphate, di-
basic (CaHPO,), 220 g potassium citrate, monohydrate (K3;CsHsO7 - H,0),
74 g sodium chloride, 52 g potassium sulfate, 24 g magnesium oxide, 6 g
ferric citrate (16-17% Fe), 3.5 g manganous carbonate (43-48% Mn),
1.6 g zinc carbonate (70% ZnO), 0.55 g chromium potassium sulfate
[CrK(SOy), - 12H,0], 0.3 g cupric carbonate (53-55% Cu), 0.01 g potassium
iodate (KIO3), 0.01 g sodium selenite (Na,SeO3 - 5H,0), 118.03 g sucrose,
finely powdered.

® Supplied per kilogram of premix: 3 g nicotinic acid or nicotinamide,
1.6 g calcium d-pantothenate, 0.7 g pyridoxine—-HCL, 0.6 g thiamin—HClI,
0.6 g riboflavin, 0.2 g folic acid, 0.02 g d-biotin, 0.001 g cyanocobalamin
(vitamin Bj,), 120,000 RE retinyl palmitate or acetate (vitamin A), 5000 [U
a-tocopheryl acetate (vitamin E), 0.0025 g cholecalciferol (vitamin Dj),
0.005 g menaquinone (vitamin K) finely powdered sucrose to make 1000 g.
All diets contained 0.001 g per 100 g ethoxyquin as a preservative.

as CLA (predominately c9,t11 CLA), was found to have
anticarcinogenic properties [9,10]. Since then, dietary cCCLA
has been shown to prevent body fat accumulation [11,12],
have antiatherosclerogenic properties [13,14] and prevent
immune-induced cachexia [15—19].

Commercially prepared CLA feeding consistently re-
duced immune-induced wasting in various animal models.
Feeding cCLA partially prevented LPS-induced weight loss
in chickens, rats and mice [15-17,20]. In a model of
systemic lupus erythematosis, cCLA supplementation re-
duced body weight wasting that is characteristic of end stage
disease [17]. In a murine model of rheumatoid arthritis,
cCLA supplementation reduced body weight loss due to
immunization of Type II collagen in Freund’s complete
adjuvant [21]. Muscle wasting due to colon-26 adenocarci-
noma (cancer cachexia) was prevented by dietary cCLA
[22]. Commercially prepared CLA also prevented body
weight loss due to intravenous administration of TNF [23].
Mechanisms by which CLAs influence inflammation and
hence immune-induced weight loss may be through its role
in modulation of eicosanoid synthesis via COX inhibition,
cellular regulation by ligation of peroxisome proliferator-
activated receptors (PPARs) and/or modulation of the NF-
kB signal transduction pathway [19,23-25].

Although it is well established that dietary cCLA (mixed
isomers) reduces immune-induced weight loss, no report has
appeared on the isomer-specific effect of CLA on immune-
induced weight loss in vivo. It is therefore the goal of this
study to determine which isomer of CLA, ¢9,t11 or t10,c12
CLA inhibits LPS-induced weight loss.

2. Materials and methods
2.1. Animals

Eight-week-old male BALB/c mice were obtained from
Harlan (Indianapolis, IN) and maintained in accordance
with protocols approved by the College of Agricultural and
Life Sciences Animal Care and Use Committee, University
of Wisconsin, Madison, WI. Animals were acclimated to
their environment for 48 h before being randomly assigned
to diet treatments (n=6 per group). Diet treatments
consisted of a powdered 99% complete diet (TD94060;
Harlan-Teklad, Madison, WI) supplemented with 1% oil
(Table 1). In Experiment 1, there were four diet/injection
groups: (1) 0.25% c9,t11 CLA (Natural Lipids, Hovde-
bygda, Norway)+LPS; (2) 0.25% t10,c12 CLA (Natural
Lipids)+LPS; (3) 0.25% olive oil (OO)+LPS; (4) 0.25%
OO-+vehicle injection. In Experiment 2 there were five diet/
injection groups: (1) 0.25% c9,t11 CLA+LPS; (2) 0.25%
t10,c12 CLA+LPS, (3) a 50:50 CLA isomer mixture (cCLA,
Natural Lipids)+LPS; (4) corn oil (CO)+LPS; and (5)
CO+vehicle injection. Supplemental oil purity (Table 2)
was assessed by gas chromatography using an HP-88 100-m
fused silica capillary column (0.25 mm i.d., 0.2-um film
thickness) as previously described [26]. The total fat
composition of the final diet was 6%, where 5.75% or
5.5% came from CO and 0.25% came from CLA isomers or
00, or 0.5% came from cCLA. (The rate of 0.5% cCLA was
chosen to match CLA isomer content to that of diets fed

Table 2
Fatty acid composition of oils used in diet preparations
Fatty acid (%) Test oil
c9,tll t10,c12 cCLA 00 CO
CLA CLA
c16:0 n/d n/d 0.6 15.3 12.8
c18:0 n/d n/d n/d n/d 24
cl8:1 ¢c9 4.9 n/d 6.4 74.0 29.1
cl8:1 cll n/d n/d 0.3 n/d 0.8
c18:2 ¢9,c12 n/d n/d 0.3 10.6 53.2
c18:2 ¢9,t11 91.8 3.8 42.7 n/d n/d
c18:2 t10,c12 22 94.7 435 n/d n/d
c18:2 cc® 0.8 1.5 1.9 n/d n/d
cl8:2 tt* 0.3 n/d 4.1 n/d n/d
cl8:3 ¢9, cl2, c15 n/d n/d n/d n/d 1.2
c20:0 n/d n/d n/d n/d 0.5

Fatty acids not listed were not detectable under the assay conditions.
Columns may not add to exactly 100% due to rounding. n/d=not
detectable.

% Conjugated cis, cis isomers.

° Conjugated trans, trans isomers.
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Fig. 1. Body weight change normalized to body weight at time of LPS
injection as an immune challenge. Male BALB/c mice (six per group) were
fed diets supplemented with 0.25% ¢9,t11 or t10,c12 CLA or OO for 15 days
prior to intraperitoneal injection of 1 mg/kg LPS. Body weight was
monitored after LPS injection. Data were analyzed with SAS proc mixed
accounting for autocorrelation. Uncommon letter superscripts were signif-
icantly different within a period ( P <.05).

purified isomers.) Animals were fed test diets for 21 days
prior to stimulation. On Day 0, mice were injected
intraperitoneally with 1 mg/kg bacterial LPS (Escherichia
coli O55:B5; Sigma, St. Louis, MO) dissolved in sterile
phosphate-buffered saline (PBS) (0.137 M NacCl, 0.008 M
Na,HPO,, 0.0027 M KCIl, 0.0015 M KH,PO,, pH 7.4) or
the sterile PBS vehicle. In Experiment 2, 1 and 2 h after LPS
stimulation, 100 pl of blood was drawn from the retroorbital
plexus vein using heparinized capillary tubes while animals
were under isoflurane anesthesia. Cumulative body weight
change postinjection was measured at 3, 8, 12 and 24 h after
injections and daily thereafter.

2.2. Plasma tumor necrosis factor

Blood samples collected in Experiment 2 were centri-
fuged at 10,000xg for 5 min. Plasma was collected and
stored at —80°C until analyzed by ELISA. Opti-EIA murine
TNF ELISA kit (BD Pharmingen, San Jose, CA) was used
to measure plasma TNF concentration according the
manufacture’s instructions. Briefly, Nunc MaxiSorb 96-well
plates (Fisher Scientific, Pittsburgh, PA) were coated with
antimouse TNF capture antibody overnight and blocked
with 1% bovine serum albumin in PBS. Diluted plasma
samples were added to the plate and incubated at room
temperature for 2 h. The plate was washed five times.
Biotin-conjugated anti-TNF antibody and streptavidin-
conjugated horseradish peroxidase were added to the plate
and incubated at room temperature for 1 h. The plate was
washed seven times. The substrate solution containing
tetramethylbenzidine and hydrogen peroxide (BD Pharmin-
gen) was incubated with the plate for exactly 15 min prior
to addition of 1 M H;PO, to stop the reaction. Optical
density was read at 450 nm with a reference wavelength of
600 nm on an ELx808 Ultra Microplate Reader (Bio-Tek
Instruments INC, Winooski, VT). The sample TNF

concentration was calculated based on a standard curve
generated using known concentrations of recombinant
murine TNF.

2.3. Statistics

Body weight data were analyzed using the mixed
procedure accounting for autocorrelation of repeated mea-
sures. ANOVA and least significant differences procedures
were performed on data from plasma TNF concentration.
Differences were considered significant at P<.05.

3. Results

In the first study, mice were fed c9,t11 CLA, t10,c12
CLA or OO for 3 weeks prior to LPS stimulation. Fig. 1
shows body weight change normalized to body weight at the
time of LPS stimulation. During the first 8 h after injection
with LPS or PBS, mice in all dietary and injection treatment
groups lost weight. Mice injected with LPS, but not PBS,
continued to lose weight for 24 h after stimulation. All LPS-
injected groups lost approximately 6% of their initial body
weight by 24 h after injection. In the days following
maximal weight loss, the t10,c12 CLA fed mice regained
weight faster than did either the ¢9,t11 CLA or OO fed
mice, such that by 72 h post-LPS injection, differences in
cumulative body weight change were significant. The
cumulative body weight change in the t10,c12 CLA fed
group was no longer statistically different from the OO fed
PBS-injected control group 96 h after LPS stimulation. The
growth rate for the 3 days prior to LPS stimulation was
0.24 g/day across all groups. Given the growth rate of
0.24 g/day, the cumulative body weight change of the mice
in the ¢9,t11 CLA and OO fed LPS-stimulated groups
lagged 3 days of growth behind the PBS-injected group for
the duration of the trial (Fig. 1).

f,b
3 ﬁ ' pe

=

Body weight change (g)

—8—CCLA + LPS
—A—110,c12 CLA + LPS
—8—c9,t11 CLA + LPS
—8—CO + LPS

CO + PBS

0 20 40 60 80 100 120 140 160 180
Time after injection (h)

Fig. 2. Body weight change after injection of LPS as an immune chal-
lenge. Male BALB/c mice (six per group) were fed diets supplemented
with 0.25% c¢9,t11 or t10,c12 CLA, 0.5% of a 50:50 isomer mixture
(cCLA) or CO for 21 days prior to intraperitoneal injection of 1 mg/kg
LPS in PBS or PBS alone. Body weight was monitored daily after LPS
injection. Data were analyzed with SAS proc mixed accounting for
autocorrelation. Uncommon letter superscripts were significantly different
within a period (P <.05).
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Since the results of the first trial showed that individual
isomers of CLA did not protect against immune-induced
weight loss, and since a 50:50 mixture of c9,t11 and
t10,c12 CLA (cCLA) has been previously shown to reduce
weight loss 24 h after LPS injection [16], a second trial was
conducted, which included cCLA as a treatment. In the
second experiment, mice in all diet and injection groups
lost weight in the first 8 h after injection. Lipopolysaccha-
ride-injected, but not PBS-injected, mice continued to lose
weight for the first 24 h after injection (Fig. 2), as observed
in the first experiment. Dietary cCLA partially protected
mice from LPS-stimulated weight loss compared to the CO
fed mice at the 24-h time point. Weight loss in the ¢9,t11
and t10,c12 CLA isomer fed/LPS-injected groups was
intermediate to the LPS-injected cCLA and CO fed groups
(Fig. 2). After the first 24 h, mice in the t10,c12 group
began to regain weight such that by 72 h after LPS
injection, the cumulative body weight change of the t10,c12
fed mice was significantly greater than that of the c9, t10
CLA or CO fed and LPS-injected mice. The t10,c12 CLA
fed mice regained body weight such that the cumulative
body weight change post-LPS injection of the t10,c12 CLA
fed mice was no longer statistically different from PBS-
injected animals at the 96-h time point (Fig. 2). Although
the cCLA fed mice lost less weight 24 h after injection, the
cumulative body weight change post-LPS injection never
became statistically similar to that of the CO fed PBS-
injected group. Growth rate in the cCLA fed mice
following peak weight loss paralleled that of the CO and
c9,t11 CLA fed mice (Fig. 2).

Lipopolysaccharide injection causes increases in plasma
TNF concentration, peaking 1 to 2 h after intraperitoneal
injection across all dietary treatments [17]. In blood samples
collected at 1 h after LPS simulation, ¢9,t11 and t10,c12
CLA and CO fed mice had TNF concentrations of 6 ng/ml
plasma, while the cCLA fed mice had plasma TNF
concentrations of 3 ng/ml (Table 3). Two hours after LPS
stimulation, plasma TNF concentration was reduced in all
groups and cCLA fed mice had significantly lower TNF
concentrations (1.9 ng/ml) than did the CO (4.3 ng/ml) fed
LPS-injected mice. The t10,c12 CLA fed mice had an
intermediate plasma TNF concentration 2 h after LPS
injection (2.3 ng/ml), while the c¢9,t11 CLA fed mice had
plasma TNF concentrations (4.0 ng/ml) similar to the LPS-
injected CO fed mice (Table 3).

Table 3
Plasma TNF concentration 1 and 2 h after LPS injection
Diet/injection treatment Plasma TNF (ng/ml) S.E.

lh 2h lh 2h
cCLA+LPS 2.93? 1.94%¢ 0.74 0.57
t10,c12 CLA+LPS 5.74° 2.34%be 0.90 0.29
¢9,t11 CLA+LPS 5.20° 4.04*° 0.97 0.97
CO+LPS 5.87° 437° 0.81 1.24
CO+PBS 0.47° 0.40° 0.19 0.16

Uncommon superscripts represent significant differences (P <.05).

4. Discussion

The aim of this study was to examine the isomer-specific
effects of CLA on the immune-induced weight loss model
of cachexia. Miller et al. [16] previously used the endotoxin/
wasting model to demonstrate that CLA reduces immune-
induced wasting. In the Miller study, mice were fed a 50:50
mixture of ¢9,t11 and t10,c12 CLA (cCLA) for 15 days
prior to an immune challenge with LPS. Mice fed cCLA lost
less weight 24 h after LPS injection compared to the CO or
fish oil fed LPS-injected mice, and cCLA fed mice regained
weight back to controls levels by 72 h [16]. Other studies
support a role of CLA in protecting animals from immune-
induced cachexia [15-17,19,21,27]. In the LPS-induced
weight loss model of cachexia, animals’ maximum weight
loss occurred 24 h after the inflammatory stimulus. Weight
loss in cCLA fed animals 24 h after LPS stimulation was
approximately half of the weight loss seen in control fed
animals [15,16]. Consistent with literature findings, this
study showed that mice fed a CO diet and injected with LPS
lost up to 8.6% of their initial weight, while mixed isomers
of cCLA partially overcame this weight loss. (Mice fed
cCLA lost 5.6% of initial body weight.) The ¢9,t11 and
t10,c12 CLA fed groups were intermediate between CO and
cCLA fed groups 24 h after LPS injection, losing 7.7% and
6.8% of their initial body weight, respectively (Fig. 2).
Surprisingly, neither ¢9,t11 nor t10,c12 CLA when fed alone
prevented weight loss at 24 h after LPS injection, while the
50:50 mixture of the isomers did prevent weight loss at 24 h.
Recent evidence from an inflammatory bowel disease model
has also shown antiinflammatory effects with the 50:50
mixture of CLA and no antiinflammatory effect when the
mice were fed the individual isomers. At this time, no
explanation can be provided, which explains why the
isomers together are more effective than ¢9,t11 or t10,c12
CLA alone. However, the protective effect of the combined
isomers on preventing LPS-induced weight loss is consis-
tent with previous findings [16,17,22,28].

While LPS and the inflammatory cytokine TNF generate
signals for inflammation via different membrane receptors
(TLR4 and TNFR2, respectively), the pathways converge
by activating the nuclear transcription factor NF-xB [29,30].
Passive immunization against TNF attenuates the toxic
effects of LPS [31], while administration of a dose of TNF
mimics the toxic effect of LPS administration [32]. While it
is established that mixed isomers of CLA inhibit LPS-
induced weight loss and plasma TNF concentration in vivo
[16,17], it is not yet clear which isomer of CLA is
responsible for these effects. ¢9,t11 CLA inhibited LPS-
induced TNF in cultured 264.7 macrophages in vitro [17].
However, ¢9,t11 CLA did not inhibit LPS-induced TNF
release in ex vivo cultured human PBMCs [33], in ex vivo
cultured splenocytes [34] or in ex vivo cultured macro-
phages in response to LPS [35]. Data from the current study
seem to indicate that ¢9,t11 CLA does not reduce serum
TNF concentration either 1 or 2 h after an LPS stimulus in
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vivo. In the case of ex vivo cultured macrophages, t10,c12
CLA was found to be the important isomer in the reduction
of TNF production in response to LPS challenge [35]. The
in vivo data from this study are consistent with the reports
that mixed isomers of CLA inhibit serum TNF concentra-
tion after LPS exposure [17,23,35]; however, t10,c12 CLA
only inhibited plasma TNF concentration 2 h after LPS
injection. Tumor necrosis factor released in response to an
inflammatory process can be the result of either preformed
TNF release or TNF resulting from new synthesis via an
NF-«B-mediated mechanism. The current study design does
not allow us to address whether CLA’s effect on TNF
release is via preformed or through new synthesis mediated
by the NF-«B signal transduction pathway.

Another signal transduction pathway by which TNF
production is controlled is through the PPAR gamma
(PPARY). Evidence for a PPARvy-dependent mechanism for
mixed isomers of CLA in a model of inflammatory bowel
disease has been presented [28]. While a mixture of CLA
isomers was shown to produce a pronounced effect on
inflammation in that model, individual isomers had no effect.
It is difficult to explain if CLA’s regulation of inflammation is
via a PPAR<y-dependent mechanism since both ¢9,t11 and
t10,c12 CLA activate PPARYy to a similar extent [24,36].
Recent evidence indicates the t10,c12 and not the ¢9,t11 CLA
isomer was responsible for inhibiting protein expression in
vivo, presumably through the regulation of NF-kB-mediated
signal transduction [25]. Hence, it is possible that the
antiinflammatory effect of CLA is independent of PPAR‘y
effects on the NF-kB signaling pathway.

Miller et al. [16] showed that animals fed mixed isomers
of CLA regained weight back to nonstimulated control
levels by 72 h after LPS injection, while CO fed or fish oil
fed mice did not completely recover body weight during the
experiment. In the current study, mice fed t10,c12 CLA
recovered LPS-induced weight loss back to the level of the
nonstimulated control, while c9,t11 CLA, cCLA and CO fed
mice did not (Figs. 1 and 2). Mice fed tl10,c12 CLA
compensated for lost weight by recovering initial body
weight by 70 h after LPS injection (in Experiment 1, Fig. 1)
and regaining body weight back to the same level as
nonstimulated (PBS-injected) mice. Mice fed ¢9,t11 CLA or
CO took more than twice as long to recover initial body
weight and lagged the PBS-injected mice for the duration of
both experiments (Figs. 1 and 2). It is unlikely that reduction
in plasma TNF concentration was responsible for the
observed compensatory gain seen in the t10,c12 CLA fed
mice since the compensatory gain in the t10,c12 CLA fed
mice persisted for the duration of the experiments, while
plasma TNF concentration peaked after 1 h after LPS
exposure and is not detectable in plasma after 24 h [37].
Secondly, if reductions in plasma TNF were responsible for
compensatory gain, the cCLA fed mice should also have
regained weight back to the nonstimulated control level.
However, cCLA fed mice never regained weight back to the
level of the PBS-injected control mice.

Another possible explanation for the compensatory gain
is that t10,c12 CLA affects another mediator downstream
from TNF in the signaling cascade. NF-kB activation is
known to cause severe muscle wasting in mice [38].
Cyclooxygenase-2, under the control of the NF-«B signal-
ing pathway, produces prostaglandin E, [39]. Prostaglandin
E, is known to be catabolic to muscle tissue [40].
Furthermore the COX inhibitor indomethacin will attenuate
LPS toxicity [41] and cancer cachexia-related muscle
wasting [42]. Evidence suggests that the t10,c12 CLA
isomer, but not c9,t11 CLA, inhibited NF-kB signal
transduction and COX protein expression and enzymatic
activity both in vitro and in vivo in immune-related tissues
and cells [25]. The regulation of NF-kB by t10,c12 CLA in
adipose tissue has now been reported to be counter to what
was found in immune-related tissue. The t10,c12 CLA
isomer up-regulated NF-<B signaling and related gene
products (i.e., TNF) in adipose tissues [43]. The inhibitory
effect of CLA on NF-kB-dependent products in immune-
related tissues/cells during an inflammatory process is
supported in vivo by CLA’s down-regulation of plasma
TNF, iNOS [17], IL-1p [44] and decreased expression of
COX-2 in lung [25]. Likewise, CLA’s, particularly the
t10,c12 CLA isomer, inhibition of adipocyte lipoprotein
lipase [45] and fat accumulation in adipose [11] would
support an up regulation of NF-kB-related products as
described by Chung et al. [43]. Hence, tissue-specific
regulation of NF-kB by t10,c12 CLA reported by Li et al.
[25] and Chung et al. [43] is consistent with the dietary
effects of CLA in animal studies. Both research groups
suggest that CLA’s regulation of NF-«B appears to be an
unidentified upstream event. It is upstream of NF-kB where
the opposing regulation of NF-xB in immune vs. adipose
tissue may be found.

In conclusion, individual isomers of CLA exhibit discrete
effects on cumulative body weight change after immune
challenge with LPS. Neither ¢9,t11 nor t10,c12 CLA isomer
alone was able to reduce immune-induced weight loss 24 h
after stimulation to the same extent as a 50:50 mixture of the
two isomers. This study confirms that cCLA reduced plasma
TNF after LPS administration and suggests that dietary
t10,c12 CLA may also reduce LPS-induced plasma TNF in
vivo. Only dietary t10,c12 CLA feeding resulted in
compensatory growth after immune-induced weight loss,
an effect that may be due to attenuation of inflammatory
signaling via the NF-xB pathway.
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