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DeLany, James P.,, Fawn Blohm, Alycia A. Truett,
Joseph A. Scimeca, and David B. West. Conjugated lin-
oleic acid rapidly reduces body fat content in mice without
affecting energy intake. Am. J. Physiol. 276 (Regulatory
Integrative Comp. Physiol. 45): R1172—-R1179, 1999.—Recent
reports have demonstrated that conjugated linoleic acid
(CLA) has effects on body fat accumulation. In our previous
work, CLA reduced body fat accumulation in mice fed either a
high-fat or low-fat diet. Although CLA feeding reduced energy
intake, the results suggested that some of the metabolic
effects were not a consequence of the reduced food intake. We
therefore undertook a study to determine a dose of CLA that
would have effects on body composition without affecting
energy intake. Five doses of CLA (0.0, 0.25, 0.50, 0.75, and
1.0% by weight) were studied in AKR/J male mice (n =
12/group; age, 39 days) maintained on a high-fat diet (%fat 45
kcal). Energy intake was not suppressed by any CLA dose.
Body fat was significantly lower in the 0.50, 0.75, and 1.0%
CLA groups compared with controls. The retroperitoneal
depot was most sensitive to the effects of CLA, whereas the
epididymal depot was relatively resistant. Higher doses of
CLA also significantly increased carcass protein content. A
time-course study of the effects of 1% CLA on body composi-
tion showed reductions in fat pad weights within 2 wk and
continued throughout 12 wk of CLA feeding. In conclusion,
CLAfeeding produces a rapid, marked decrease in fat accumu-
lation, and an increase in protein accumulation, at relatively
low doses without any major effects on food intake.

body composition; insulin; obesity; fatty acids

CONJUGATED LINOLEIC ACID (CLA) is a group of dienoic
derivatives of linoleic acid produced by bacteria in the
ruminant gut (4). These CLA's are then absorbed and
incorporated in lipid stores. The anticarcinogenic ef-
fects of CLA have been studied for some time (9, 10).
More recently, CLA has been shown to reduce body fat
in mice (18), as well as rats and chickens (17). In our
previous study of the effects of CLA in mice, there was a
reduction in food intake associated with CLA feeding
(24). To better understand the effects of CLA on body fat
accumulation, we extended our studies by determining
if a dose of CLA would reduce body fat without affecting
food intake. Additionally, we determined the time course
of the effects of CLA on body fat in the mouse.
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METHODS

Male AKR/J mice were obtained from the Jackson Labora-
tory (Bar Harbor, ME) at ~4 wk of age. All mice were housed
individually in hanging stainless steel cages with an auto-
matic watering system in a room maintained at 26 = 2°C with
a 12:12-h light-dark cycle. Initially, the mice were fed ad
libitum Purina Mouse Chow (diet no. 5015; Ralston Purina)
and then were switched to a high-fat diet (diet no. D12290,
%fat 45 kcal; Research Diets) 10 days before being randomly
assigned to treatment diets. This period of adaptation to the
high-fat diet was used in both studies described here to
minimize the effect of high-fat diet-induced hyperphagia in
the treatment groups at study initiation.

Two studies were conducted. In the dose-response study, 60
6-wk-old mice were randomly assigned to five treatment
groups (n = 12/group) for feeding varied doses of CLA (0%
control and 0.25, 0.50, 0.75, and 1.0% CLA by weight) in a
high-fat diet (%fat 45 kcal). CLA was obtained from Nu Chek
Prep (Elysia, MN), and the reported isomer content was as
follows: 39.1% cis9,trans11 CLA and trans9,cis1l CLA; 40.7%
trans10,cis12 CLA and 1.8% cis9,cis11 CLA; 1.3% cis10,cis12
CLA; 1.9% trans9,transll and transl0,transl12 CLA; 1.1%
cis9,cis12 linoleic acid; and 14.1% remainder. The 45-kcal fat
diets were formulated by Research Diets (New Brunswick,
NJ), and the CLA-containing diets were prepared by replac-
ing corn oil with CLA (Table 1). Mice were provided ad libitum
access to a preweighed portion of the defined diets in pellet
form placed on the bottom of each cage, with fresh preweighed
diet given at each weighing. The animals and remaining diet
were weighed three times each week (Monday, Wednesday,
and Friday). Food intake was corrected for spillage, and all
measurements were to the nearest 0.1 g. Measurements were
recorded 7 days before the start of experimental diet feeding
and continued throughout the 39 days of CLA feeding.

At the end of the study, after a 3-h fast, the mice were killed
by cervical dislocation and decapitated. Truncal blood was
collected, and plasma was frozen for later measurement of
insulin and leptin by RIA (Linco Research, St. Louis, MO).
Plasma glucose was measured in the control and 1.0% CLA
groups by a colorimetric hexokinase glucose assay (Sigma
Diagnostics, St. Louis, MO). Carcasses were dissected, and
the following organs were removed and weighed: liver, spleen,
left and right kidney, left and right testis, and heart. Simi-
larly, the left and right inguinal, left and right epididymal,
left and right retroperitoneal, and the mesenteric adipose
depots were removed and weighed to the nearest 0.0001 g.
The eviscerated carcass, which included all removed tissues
except the left epididymal adipose depot, left testis, liver,
spleen, and heart, was weighed and then frozen in liquid
nitrogen for later body composition analysis.

The liver and spleen of control and 1% CLA groups were
sectioned and fixed in 10% Formalin or glutaraldehyde for
histopathological examination by light microscopy and trans-
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Table 1. Diet composition

g keal

Fat

Corn oil 44.5 400.8

Hydrogenated coconut oil 5.4 48.4
Protein

Casein 50.4 201.6

pL-Methionine 0.8 3.2
Carbohydrate

Sucrose 28.2 112.6

Maltodextrin 10 38.4 153.6

Corn starch 17.4 69.6
Fiber

Cellulose 7.7 0
Mineral mix 9.0 0
Vitamin mix 2.6 10.2
Choline bitartrate 0.5 0
Total 204.8 1,000

Diet was formulated by Research Diets (New Brunswick, NJ). Diet
composition was as follows: fat, 45 kcal; protein, 20 kcal; carbohy-
drate, 35 kcal. Dietary fat content was designed such that the fatty
acid composition was approximately 1 part saturated and 3 parts
unsaturated. For kcal values, energy content was calculated using 4
kcal/g for protein and carbohydrate and 9 kcal/g for fat. Mineral and
vitamin mix content conformed to the minimum requirements as
defined by the American Institute of Nutrition (AIN) 76A standard.
In those diets containing conjugated linoleic acid (CLA), the CLA was
substituted for corn oil on a weight basis.

mission electron microscopy. Histopathological analysis was
performed by two separate laboratories [the Pathology Depart-
ment at the Louisianna State University Veterinary School of
Medicine (Baton Rouge, LA) and the Experimental Pathology
Laboratories (Herndon, VA)].

The frozen eviscerated carcasses were homogenized in 3 vol
of distilled water using a Polytron (PRO300D PRO; Scien-
tific). Homogenates were dried to constant weight in a 70°C
oven and then finely ground and mixed thoroughly using a
mortar and pestle. The final product was analyzed in tripli-
cate for lipid, protein, and ash content. Lipid was analyzed
using a Soxtec System HT 1043 Extraction unit using 2:1
chloroform-methanol, protein with a Perkin-Elmer Series 11
Nitrogen Analyzer 2410, and ash by a CEM MAS 7000
Microwave Muffle Furnace. Water content of the carcass was
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Fig. 1. Body weight of 5 groups of mice fed high-fat diets containing
increasing amounts of conjugated linoleic acid (CLA). Mice were
weighed 3 times each week. Each point represents the mean = SE for
12 animals.
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Fig. 2. Cumulative food intake of 5 groups of mice fed high-fat diets
containing increasing amounts of CLA. Food intake was weighed 3
times each week. Each point represents the mean *= SE for 12

animals. Energy intake was significantly increased relative to con-
trols in the 0.25% CLA treatment.

calculated by subtracting the dried carcass weight from the
original weight of the eviscerated carcass.

An adiposity index was calculated by dividing the summed
weight of the seven excised adipose depots by the weight of
the eviscerated carcass (which includes all organs but with-
out the gastrointestinal tract and the 7 adipose depots). The
adiposity index has been shown to be highly correlated with
lipid content assayed chemically (r > 0.97; see Ref. 26).

In the time-course study, 80 6-wk-old mice were used. Due
to the large number of animals, the study was divided into
two cohorts of 40 (20 control, 20 treatment) with a staggered
start of 4 wk. A total of 40 mice were used as controls and were
fed an unadulterated high-fat diet, whereas 40 treatment
animals were fed the high-fat diet containing 1% CLA. The
1% dose used in the previous study was chosen for its effect on
body composition and lack of effect on energy intake. The
diets were formulated by the same company with the same
ingredient mixture as that used in the dose-response study.
Measurements of food intake and body weight were taken two
times per week (Tuesday and Friday) using the same protocol
as described in the above study.

Eight animals from the control group and eight from the
treatment group were killed after 2, 4, 6, 8, and 12 wk of CLA
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Fig. 3. Weights of 4 adipose depots (inguinal, epididymal, retroperito-
neal, and mesenteric) in 5 groups of mice fed high-fat diets containing
increasing amounts of CLA. Each bar represents the mean = SE of 12
animals. *P < 0.05 and **P < 0.01, difference from the control group.
For all depots except the mesenteric depot the data are presented as
average of left and right depot weights.
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Table 2. Body composition of mice in dose-response study

CLA EFFECTS ON BODY FAT

CLA, %
Controls 0.25 0.50 0.75 1.0
Body composition, %
Fat 28.77x1.7 27.35*+1.8 22.82*+1.1* 22.78*+1.6* 18.76 = 1.2t
Protein 15.48+0.4 16.32+£0.4 16.57 0.5 16.57*+0.4 18.18+0.3f
Ash 3.24*+0.1 3.03+0.1 3.29+0.1 3.35*0.1 3.57+0.2
Body composition, g
Fat 9.94+0.82 9.34+0.78 7.50 +0.50* 7.11+0.60%1 5.69 +0.42t
Protein 5.27+0.13 551+0.14 5.38+0.15 5.12+0.17 5.46+0.11
Ash 1.10+0.04 1.02+0.03 1.08+0.05 1.03+0.03 1.07+0.05
Water 16.3*x0.3 16.5*+0.3 16.9+0.3 16.8+0.3 16.8*+0.3
Organ weights, g
Kidney 0.638+0.016 0.624 +0.020 0.617*+0.015 0.607 =0.016 0.644 +0.017
Testis 0.114 +0.002 0.113 +0.002 0.112 +0.003 0.117 =0.001 0.118 +0.002
Liver 1.775+0.078 1.844+0.047 1.976 +0.090 2.015+0.070 2.273+£0.092t
Spleen 0.067 =0.003 0.070+0.002 0.072+0.003 0.072+0.001 0.079+0.001f
Adiposity index 0.177 =0.006 0.174+0.006 0.159+0.005 0.141 +£0.003t 0.124+0.002%1

Data are presented as means = SE. Body composition data are presented as % of eviscerated carcass as well as in grams. *P < 0.05and tP <
0.001, significant difference from control. Adiposity index is calculated by dividing the sum of the fat pad weights by the weight of the

eviscerated carcass minus the weight of the fat pads.

treatment. After a 3-h fast, the mice were anesthetized using
halothane, and blood was collected by heart puncture. Mice
were then euthanized by cervical dislocation. Carcasses were
dissected as described in the dose-response study. As in the
dose-response study, seven adipose depots were excised and
weighed, and an adiposity index was calculated. Livers and
spleens were fixed for histopathological examination, and
carcasses were analyzed for composition at the 12-wk time
point only. Plasma insulin and leptin were measured at all
time points, whereas glucose was measured in the control and
treatment group for the 12-wk time point only.

Statistical evaluation for differences among group means
was performed by an ANOVA. If a main effect was observed,
post hoc comparisons using a Tukey-Kramer adjustment
were made. A Wilcoxon rank sum test was used to determine
differences in liver lipid accumulation. For the time-course
study, repeated measures were performed with respect to
time using a covariance structure. All data are presented as
means *= SE.

RESULTS

Dose-response study. There was a significant main
effect of CLA on body weight (P < 0.05), an effect of CLA
over time (P < 0.01), and a significant interaction
between the two (P < 0.01; Fig. 1). When compared
with the controls, body weight was significantly lower
at day 18 in the 0.75% CLA group and day 21 in the
1.0% CLAgroup (P < 0.05) and remained lower through-
out the remainder of the study. Energy intake was not
significantly different from control except in the 0.25%
CLAgroup, which was slightly increased relative to the
control diet and other CLA doses (P < 0.05; Fig. 2).

At the end of treatment, there was a dose-dependent
effect of CLA on all adipose depots relative to the
controls (Fig. 3). The adipose depot most sensitive to
the effects of CLA was the retroperitoneal, with a
significant reduction in depot weight observed at 0.50,
0.75, and 1.0% CLA (P < 0.01 for all comparisons). The
inguinal, epididymal, and mesenteric adipose depots

showed a significant difference at the 0.75 and 1.0%
doses (P < 0.05).

Body composition data and calculated adiposity in-
dex supported the adipose depot weight data for the
effect of CLA to reduce body fat (Table 2). When data
were expressed as percent of eviscerated carcass, body
lipid content was significantly reduced at the 0.50, 0.75,
(P <0.05),and 1.0% (P < 0.01) CLA dose. Carcass lipid
content (g) showed a significant decrease at the 0.75
and 1.0% CLA doses and was nearly significant at the
0.5% CLA dose (P < 0.053). All comparisons were made
relative to the controls. Correspondingly, reductions in
the adiposity index were observed for the 0.75 and 1.0%
CLA doses relative to controls (P < 0.01). There was a
trend for increased percent body protein content with
higher doses of CLA, which was significant at the 1.0%
dose (P < 0.01) compared with controls. Carcass ash
content was not affected by CLA treatment.

Mice fed CLA tended to have enlarged spleens and
livers, but this effect was not significant except at the
highest dose of CLA (P < 0.01 for both organs; Table 2).
CLA treatment had no effect on the weight of the
kidneys, testes, or heart (Table 2). Liver samples were

Table 3. Histopathological analysis of hepatic tissue

Control CLA (1.0%)

Laboratory 1

Cytoplasmic vacuolation 1.6+0.9 2.7+0.6*
(mild) (moderate)
Laboratory 2
Cytoplasmic vacuolation 1.8+0.2 20x04
(mild) (mild)
Lipid accumulation 22+0.2 22+04
(mild) (mild)

Data are presented as means = SE. Severity grade is as follows:
1 = minimal; 2 = mild; 3 = moderate; 4 = marked. *P < 0.01,
significant difference from control.
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analyzed by two veterinary pathologists in two sepa-
rate laboratories. One laboratory reported minimal to
moderate cytoplasmic vacuolization typical of lipid
accumulation, which was higher (P < 0.01) in the 1%
CLA group compared with the control group (Table 3).
The other laboratory reported that histopathological
examination of hepatic tissue showed mild to moderate
cytoplasmic vacuolization consistent with the presence
of intracellular glycogen. In addition, larger, clear,
round vacuoles consistent with the presence of intracel-
lular lipid deposits were present. However, there were
no morphological features identified by light and trans-
mission electron microscopy that distinguished the
liver samples from the 1.0% CLA treatment and the
controls. Spleens were only mildly affected by lymphoid
hyperplasia (lipid deposit), and no difference in the
degree of severity was evident between the 1.0% CLA
and control groups.

Plasma leptin levels tended to decrease with the
higher CLA doses, but there were no significant differ-
ences (Fig. 4A). In contrast, plasma insulin showed
increased levels with higher doses of CLA (Fig. 4B),
becoming significant from control in the 1.0% group
(P < 0.05). Plasma insulin levels in the control group
(4.76 £ 2.02 ng/ml) were similar to that observed

50
- Control

1% CLA

*

45

Body Weight (g)

Week6 Week8 Week 12

Fig. 5. Body weights of control and 1.0% CLA treatment group upon
death at 2, 4, 6, 8, and 12 wk after beginning the CLA diet. *P <
0.005, difference from control.

Week 2 Week 4
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Fig. 4. Three-hour fasted plasma insulin (B) and
leptin (A) concentrations in 5 groups of mice fed
high-fat diets containing increasing amounts of CLA.
Each point represents the mean = SE of 12 animals.
*P < 0.05, difference from the control group.

previously in AKR/J mice (3—-4 ng/ml; see Ref. 5).
Plasma glucose levels were not significantly affected by
CLAtreatment (145 = 9 for controls and 153 = 11 mg/dl
for 1% CLA).

Time-course study. Body weight was significantly
reduced by day 22 of CLA feeding compared with
controls and remained lower throughout the 12 wk of
treatment (Fig. 5; P < 0.005). However, as the study
progressed, the difference between control and CLA
treatment was diminished, particularly by 12 wk (Fig.
5). Cumulative energy intake was not affected by 12 wk
of 1% CLA treatment (Fig. 6).

As found in the dose-response study, the adipose
depot most sensitive to CLA treatment was the retro-
peritoneal, with significant reductions in weight at all
time points (P < 0.005; Fig. 7A). The inguinal and
epididymal fat depots were significantly lower than
control at week 4 and through week 12 of the study (Fig.
7, B and C). Mesenteric adipose depot weights were
reduced by CLA treatment, but the effects of CLA on
this depot were not apparent until week 6 (Fig. 7D).

Liver weights were significantly higher in the 1%
CLA group compared with controls at each time point
(P < 0.01; Fig. 8). CLA treatment had a tendency to
increase the weight of the spleen (Fig. 8), with a
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Fig. 6. Cumulative energy intake for control group and 1% CLA
groups fed CLA for 2, 4, 6, 8, or 12 wk. Each bar represents the
mean * SE.
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significant difference observed at the 8-wk time point
(P < 0.01) but not at the 12-wk time point (P < 0.09).
Histopathological examination of control and 1% CLA
livers and spleens at the 12-wk time point confirmed
the results in the dose-ranging study. Livers showed
mild (grade = 2) to moderate (grade = 3) centrilobular
fatty change, which was higher (P < 0.05) in livers from
the CLA group (2.75 + 0.27) compared with controls
(1.67 = 0.31). Splenic changes consisting of lymphoid
hyperplasia were similar in the control and CLAgroups.

Body composition analysis of the control and CLA-
treated animals at the 12-wk time point showed that
CLA had a significant effect on protein and lipid content
(P < 0.0001). Whether expressed in grams or percent of
eviscerated carcass, 1.0% CLA treatment significantly
decreased carcass lipid content compared with controls
(P < 0.0005; Table 4). In contrast, carcass protein was
significantly increased in the 1.0% CLA group (P <
0.0005). There was also an indication that ash may be
increased by CLA treatment when expressed as percent
of eviscerated carcass (P < 0.09; Table 4).

Plasma insulin levels showed a tendency to increase
in the CLA treatment over time, becoming significantly
different from controls at the 8-wk time point (P < 0.05;
Fig. 9A). Interestingly, levels of plasma leptin in the
CLA-treated animals were significantly reduced at the
6-wk time point (P < 0.001) but were not different from
control values at the 8- and 12-wk time points. Plasma
glucose levels were not significantly different between
CLA-treated and control animals at the 12-wk time
point (207 £ 13 in controls vs. 223 £ 9 in CLA group).

week2 week4 week6 week8 week 12

week 2 week 4 week 8 week 8 week 12

DISCUSSION

The major findings of the current studies are that
CLA feeding causes a reduction in body fat accumula-
tion, as well as an increase in body protein accumula-
tion in male mice (AKR/J) at relatively low doses
(0.5-1.0% CLA) and in as short a time as 2 wk at the 1%
CLA dose. This confirms another study of the effects of
0.5% CLA in ICR female mice (18) and the findings of
our previous study in male mice (24). In contrast to our
previous report, there was no consistent suppression of
food intake with the 1% CLA diet. We believe that the
discrepancy regarding food intake between studies was
due to differences in the experimental design. In the
previous study, the novel high-fat diet was started at
the same time as the CLA treatment. The interaction of
the novel diet and CLA diet simultaneously could have
led to a conditioned aversion (6) to the new diet if there
were mild behavioral or central nervous system effects
of the CLA. In the studies described in this report, an
association between the novel taste of the diet and any
central nervous system effects of CLA treatment were
avoided by staging the presentations. The potential
ability of CLA to condition a taste aversion should be
explored further but was outside the scope of the
present studies.

However, CLA may have an effect on food intake. The
intake of the 0.25% CLA group was actually higher
than the control group, there was a suggestion (P <
0.09) that the intake of the 0.75% CLA group was lower
than controls (Fig. 2), and the cumulative intake of the
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Fig. 8. Liver (A) and spleen (B) weights for mice fed a high-fat diet
(m) or a high-fat diet containing 1% CLA (O). Livers and spleens were
dissected upon death at 2, 4, 6, 8, and 12 wk after beginning the CLA
diet. Each point represents the mean = SE of 8 animals except week 4
(1% CLA, n = 7), week 6 (control, n = 7), and week 12 (control, n = 6).
*P < 0.01and **P < 0.001, differences from control.

1% CLA group during the time-course study appeared
to be lower at 8 wk (P < 0.08). In a 28-day study
examining the effects of 0.5% CLA in female mice, food
intake was significantly lower at two time points but

Table 4. Body composition of mice in time-course study

Controls CLA (1.0%)

Body composition, %

Fat 31.36 £1.09 25.05+0.31*

Protein 14.50+0.56 17.71+0.24*

Ash 3.23+0.15 3.48+0.05
Body composition, g

Fat 11.13+0.51 8.55+0.22*

Protein 5.13+0.09 6.05+0.16*

Ash 1.14+0.05 1.19+0.02

Water 17.5+0.7 18.0+0.7
Adiposity index 0.177 +0.006 0.124 +0.002*

Data are presented as means *= SE. Body composition data after 12
wk of CLA treatment are presented as % of eviscerated carcass as
well as in grams. Adiposity index is calculated by dividing the sum of
the fat pad weights by the weight of the eviscerated carcass minus the
weight of the fat pads. *P < 0.0005, significant difference from
control.

R1177

was not significantly different at the end of the study
(18). Although not reported in that study, it appears
from the daily food intake reported in Fig. 2 that
cumulative food intake would be lower over the 28-day
study. However, in the current study, the cumulative
intake of the 1% CLA group was nearly identical to that
of the control group in both the dose-response study
and by the end of the time-course study. We conclude
that, although CLA may have a slight and transient
effect on energy intake, the effect on body fat accumula-
tion at the 0.5, 0.75, and 1.0% CLA doses was not due to
a suppression of food intake. The significant increase of
food intake by the 0.25% CLA dose is interesting and
deserves further study.

There are several possible mechanisms for the re-
duced body fat accumulation in response to CLA feed-
ing. We previously demonstrated that CLA feeding
causes an increase in energy expenditure and an
increase in fat oxidation (24). That CLA increases fat
oxidation is also supported by increased carnitine
palmitoyltransferease activity in fat pad, muscle, and
liver of mice fed CLA (18). Another possibility is a
reduction in triglyceride uptake and storage in adipose
depots, since CLA has been shown to inhibit lipoprotein
lipase activity in 3T3-L1 adipocytes (18).

As we previously reported, the response of fat pads
from different sites to CLA feeding was varied, ranging
from a 40% reduction in the retroperitoneal and mesen-
teric fat pads to a 22% decrease in the epididymal fat
pad. The fat pads also responded rapidly to CLA
treatment, with significant decreases observed in the
retroperitoneal fat pad 2 wk after the start of CLA
treatment, the inguinal and epididymal sites at 4 wk,
and the mesenteric fat pad at 6 wk. Although the
majority of the CLA effect was observed by 4—-6 wk, the
decrease in fat pads relative to controls was not a
transient effect, as the differences were observed
throughout the 12-wk time-course study. The time-
course study further suggests that CLA treatment
reduces the accumulation of carcass lipid but does not
prevent it when mice are fed a high-fat diet.

The increases in liver and spleen weights observed in
our previous study were replicated in the current
studies. Histopathological examination indicated that
much of the increase in liver weight was due to fat
accumulation, consistent with another report examin-
ing the effect of CLA feeding on liver lipids (2). The
increase in liver weight was not transient, as signifi-
cant differences were observed throughout the 12-wk
time-course study. There were no observable patho-
physiological changes in the liver or spleen. A recent
toxicological evaluation of CLA fed at 1.5% to Fischer
344 rats showed no treatment-related effects in 15
major organs (20).

The feeding of CLA in this study was associated with
a paradoxical increase in circulating insulin levels,
suggesting that the animals were becoming insulin
resistant over time. This was observed by 6 wk of
feeding 1% CLA, and this hyperinsulinemia became
even more pronounced by 12 wk of treatment (Figs. 4
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Fig. 9. Fasted plasma insulin (A) and
leptin (B) concentrations in the control
and 1% CLA groups. Each bar repre-
sents the mean = SE of 8 animals
except week 2 (control, n = 6), week 4
(control, n = 7; 1% CLA n = 7), week 6
(control, n = 7), and week 12 (control,
n=6;1% CLA, n=7). *P < 0.05 and
**P < 0.001, difference from the control
group.
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and 9). The results are paradoxical, since a reduction in
adipose mass, which was achieved by CLA treatment, is
usually associated with improved insulin sensitivity
and decreased plasma insulin levels (13). In addition,
CLA has been shown to improve glucose tolerance and
insulin sensitivity in the Zucker obese fatty rat, which
has an early-onset massive obesity (8). Data from a
reporter assay suggested that CLA may be acting as a
weak PPARy agonist, much like troglitazone, which is
an insulin-sensitizing agent (8). It should also be noted
that the mouse strain used in the current studies
(AKR/J) has been shown to have higher insulin levels
and respond to a high-fat diet with higher insulin levels
than SWR/J mice (5, 25). Therefore, we will need to
verify the effect of CLA on insulin levels in other
strains.

The apparent paradox in the study reported here
might be explained by the milder degree of obesity in
the dietary obese mouse model compared with the
Zucker fatty rat and the reported effects of CLA to
stimulate lipolysis in adipocytes (18). If CLA induces a
mild chronic lipolytic state such that fatty acids are
more readily available to skeletal muscle, this could
lead to a mild insulin resistance. Elevations of fatty
acids are known to lead to impaired insulin-stimulated
glucose disposal, perhaps through the glucose fatty acid
cycle (19). Theoretically, the greater availability of fatty
acids for oxidation inhibits glucose oxidation, which
may be due to a reduced glucose uptake in muscle (7)
and in the whole body (22). Fatty acids may also prime
the B-cell for glucose-stimulated insulin secretion (3,
16, 21). When palmitate is added to the perfusion
media in isolated pancreata, glucose-stimulated insu-
lin secretion is restored in the presence of an inhibitor
of malonyl-CoA synthesis (3). This effect of fatty acids
on insulin release is dependent on chain length and
degree of unsaturation (15); however, the effects of CLA
on islet function have not been tested.

Therefore, the moderate hyperinsulinemia induced
by CLA could be attributable to effects on both glucose
utilization, resulting in mild peripheral insulin resis-
tance, and CLA, having direct stimulatory effects on
islet insulin release. The reason for the apparent
improvement in insulin sensitivity in Zucker fatty rats
could be due to the relative balance of effects in this
model of severe obesity. Zucker fatty rats already have

week2 week4 week6 week8& week12

high levels of insulin and free fatty acids (14) due to
decreased fatty acid oxidation (1, 12, 23). In addition,
these animals exhibit an increased fatty acid esterifica-
tion, leading to increased lipid deposition in pancreatic
islets that may negatively alter B-cell function (11).
Therefore, CLA may decrease fatty acid levels by
increasing fatty acid oxidation as well as influencing
PPAR~ activation, resulting in improved insulin sensi-
tivity. Clearly, the effect of CLA in various models of
obesity must be tested to provide further insights into
the mechanisms by which CLA influences lipid and
carbohydrate metabolism.

The mechanism by which CLA increases total protein
content is unknown. This response could be due to
differential insulin resistance among tissues (7). If
adipocytes become insulin resistant with CLA treat-
ment this could partially explain the paradoxical in-
creased fatty acid oxidation with increased insulin
levels. If at the same time, skeletal muscle remains
sensitive to insulin, the increased insulin levels could
lead to increased protein synthesis and deposition.
Another possibility is that CLA somehow causes an
increase in growth hormone. This later possibility could
also play a role in the increased fatty acid oxidation and
increased insulin levels.

In summary, feeding mice CLA at 1% or lower
concentrations as a dietary admixture reduces body fat
accumulation and increases body protein accumula-
tion. These effects of CLA on body composition occur
fairly rapidly; some can be observed as early as 2 wk
after treatment and persist. The increased liver weights
observed in our previous and current study appear to be
due to lipid accumulation. This could be due to the
increased delivery of fatty acids to the liver in response
to CLA feeding. That CLA feeding in the current
studies causes an increase in serum insulin even as
body fat stores are reduced is an interesting observa-
tion that requires further study.
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