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Abstract

The objective of the present study was to examine the effects of two different isomers of conjugated linoleic acid (CLA), c9,t11 CLA and

t10,c12 CLA, compared with linoleic acid (LA) used as control, on body composition, lipoprotein profile, hepatic lipids and fecal fat content

in hamsters. Animals were assigned to the three diet groups (n =15) during 28 days. The diet was composed of 2% of the experimental fat,

and throughout the experimental protocol, the hamsters experienced similar food intake. No significant differences were noted in body weight

gain among the three diet groups. However, the t10,c12 CLA-fed animals showed higher low-density lipoprotein cholesterol (LDL-C)

concentrations (0.9F0.1 mmol/L) than those who ingested either LA (0.6F0.1 mmol/L) or c9,t11 CLA isomer (0.7F0.1 mmol/L), although

the t10,c12 CLA consumption decreased hepatic cholesterol and triglycerides and increased fecal fat content compared with the other two

groups. Under the present experimental conditions, the dietary c9,t11 CLA isomer showed no positive beneficial effect on plasma lipids.

Furthermore, the t10,c12 CLA isomer induced undesirable higher LDL-C, although it reduced hepatic lipids and fat digestibility in hamsters.

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

Conjugated linoleic acid (CLA) is produced either

naturally from linoleic acid (LA) in the rumen of bovine

animals by fermentative bacteria or endogenously in

lactating dairy cows by delta-9 desaturase of trans-11

octadecanoic acid [1], or chemically by biohydrogenation

[2] and alkali isomerization of LA [3]. In food, CLAs are

mainly found in dairy products and ruminant meats, such as

beef and lamb, which contain approximately 80% c9,t11

CLA and 10% t10,c12 CLA isomers [4].
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CLA has attracted high interest over the past decade

because of their multiple biological effects. Among them,

these fatty acids have been shown to reduce body fat

accumulation, and to lower blood lipids and atherogenic risk

in animal studies. Early work indeed demonstrated that

CLA reduces adiposity in growing mice, where 6-week-old

ICR mice were fed a diet containing less than 1% CLA for

28–32 days [5]. Further work in various animal models

confirmed those findings [6]. Feeding nonobese mice with

CLA reduced some depots of fat mass, specifically

retroperitoneal and epididymal white adipose tissue masses

and brown adipose tissue [7], which might be more sensitive

to CLA-mediated effects. In addition, feeding rabbits with

atherogenic diet CLA mixture results in less early aortic

atherosclerosis [8] or in regression of preexisting athero-

sclerosis [9]. Feeding different levels of CLA (0.06%,

0.11% and 1.1%) to hamsters led to lower plasma total

cholesterol, very low-density lipoprotein (VLDL) plus low-

density lipoprotein cholesterol (LDL-C) and triglyceride
chemistry 17 (2006) 597–603



Table 1

Fatty acid composition of the experimental fatsa

Fatty acid Experimental fat (%)

LA c9,t11 CLA t10,c12 CLA

16:0 0.1 b0.1 b0.1

18:0 0.4 b0.1 b0.1

c9 18:1 5.3 3.3 0.9

c9,c12 18:2 93.0 0.6 b0.1

t10,c12 18:2 – 0.8 91.0

c9,t11 18:2 – 92.4 4.8

Other isomers 18:2b b0.1 3.0 3.3

a Provided by Natural ASA.
b Principally cis-cis 9,11 and 10,12 plus trans-trans 9,11 and 10,12.

Table 2

Composition (w/w) of the three experimental purified diets

Ingredient %

Casein 23
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concentrations [10]. An isomer-specific effect of CLA has

been also observed when t10,c12 CLA was much more

effective at lowering LDL-C and high-density lipoprotein

cholesterol (HDL-C) than c9,t11 CLA in hamsters [11] and

lowering adipose tissue mass than c9,t11 CLA in mice [12].

However, CLA does not appear to produce identical results

in all studies. For example, pigs fed with 1% mixed CLA

isomers for 6 weeks as part of an isoenergetic diet showed

no change in heat production, energy retention or body

weight and a trend toward increased levels of triglycerides

and VLDL and LDL-C, without distinct changes in the HDL

fraction [13]. Sugano et al. [14] also found no differences in

serum total cholesterol or HDL-C in rats fed with diets

containing 1% CLA. Thus, different studies proved different

results owing to the fact that different experimental

conditions were used such as age, dose, duration of the

study, animal species, food consumption and initial meta-

bolic status.

In the present study, we examined the effects of the

individual c9,t11 CLA isomer and t10,c12 CLA isomer

compared with LA on body composition, blood lipid profile

and fecal fat content under similar food intake among the

hamsters. LA was the reference fatty acid, since it has well-

recognized lowering effect on plasma lipids [15]. We

hypothesized that the t10,c12 CLA isomer as compared to

LA and the c9,t11 CLA isomer would induce beneficial

effects on lipid metabolism and body composition under

controlled physiological feeding conditions in hamsters. The

hamster model was chosen because of its established

responsiveness to plasma cholesterol lowering and anti-

atherogenic interventions [16–18].
DL-Methionine 0.3

Cornstarch 38.2

Sucrose 15

Lard 10

CLA or LA 2

Cellulose 5

Minerals AIN-93 3.5

Vitamins AIN-93VX 1

CaHPO4 1.5

Choline bitartrate 0.2

Cholesterol 0.3

BHT 0.002

BHT, butylated hydroxytoluene.
2. Materials and methods

2.1. Diets

Two CLA isomers were tested in the present study, c9,t11

CLA and t10,c12 CLA, in comparison with LA. The

individual isomers of CLA and LA were purchased from

Natural ASA (Hovdebygda, Norway). The composition of

the three experimental fatty acid sources is shown in Table 1.

The composition of the experimental diets (EDs) is given

in Table 2. All the added ingredients of the three diets were
supplied by ICN Biomedical (Aurora, OH), except for lard,

which was purchased from local supermarket. AIN-93G

mineral mixture and AIN-93-VX vitamin mixture were used

in the present study. Moreover, as proposed by Reeves et al.

[19], BHT was added to minimize the oxidation of the fatty

acids. Each diet was formulated to be isoenergetic,

isolipidic and isonitrogeneous. The energy content of the

diets was measured in an automatic adiabatic calorimeter

(Model 1241, Parr Instruments, Moline, IL). Energy values

were between 4.67 and 4.73 kcal/g. The protein content of

each diet (N�6.25) was assayed by Leco FP-528 (ISO 34/

SC 5, Principle of Dumas). Protein values were 21.0% (w/

w) for LA, 21.0% (w/w) for c9,t11 CLA and 20.8% (w/w)

for t10,c12 CLA. The lipid content of each diet was

measured by Manual Soxtec System HT6 (Tecator, Hoga-

nas, Sweden). Lipid values were 12.5% (w/w) for LA,

12.6% (w/w) for c9,t11 CLA and 12.1% (w/w) for

t10,c12 CLA. Dry matter of each diet was also measured

by Fisher Econo Temp Laboratory Oven Model 30G.

Percentage of water obtained from the samples was between

6% and 6.5% (w/w).

2.2. Experimental animals

Forty-five growing hamsters (Charles River laboratories)

weighing 50–60 g on arrival where housed individually in

plastic cages placed in a room controlled for constant

temperature (20F28C) and humidity (45–55%), and kept

under a daily light–dark cycle (0900 to 2100 h). Following a

6-day adaptation period to the animal quarters where

animals were fed a ground nonpurified commercial diet

(NPD) (Purina, St. Louis, MO), hamsters were then divided

into three dietary groups on the basis of their body weight

and food intake (n=15 per group), prior to the 28-day

experimental period. They were then gradually transferred

to their respective purified diet differing in lipid source by

feeding a mixture of ground NPD and experimental diet

over a 5-day period (25% ED/75% NPD for 1 day, 50% ED/

50% NPD for 2 days and 75% ED/25% NPD for 2 days).

Experimental diets and tap water were provided ad libitum



Table 3

Mean food intake and body weight of male hamsters fed with the three

purified diets for 28 days

LA t10,c12 CLA c9,t11 CLA

Mean food intake (g/d) 6.7F0.2 6.8F0.1 6.9F0.2

Initial body weight (g) 68F1 70F2 69F2

Final body weight (g) 98F3 101F2 101F2

Body weight gain (g) 30F2 31F1 32F2

Values are meanFS.E.M (n =15 animals). Diets were similar in content,

except for the source of fat: LA or CLA having different isomerization.

able 5
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for 28 days. Records of food intake and body weight were

taken everyday in the morning. Food intake was recorded by

subtracting the weight of the stainless steel box from the

total weight of the box plus the fresh food. Then the box

was firmly fixed to the cage. A small square stainless steel

wire mesh was inserted in the box to prevent the hamsters

from spreading their feed in their beddings. This protocol

was approved by the Animal Care Committee of Laval

University according to the guidelines of the Canadian

Council on Animal Care.

At day 0, before the experimental diet was given to the

hamsters and after 28 days on their respective experimental

diets, they were weighed and anesthetized with isoflurane

after a 12-h fast, body composition was analyzed using a

Piximus apparatus (Lunar, Madison, WI), and the body

fat and lean mass were measured with the help of X-ray

from the sternum to the tail of the hamster. All measure-

ments were taken when the hamsters were on front in the

Piximus apparatus.

On days 18–20, hamsters were transferred to individual

stainless steel wire bottom mesh cages, and feces were

collected, weighed and stored at �808C for lipid extraction

using the Manual Soxtec System HT6.

2.3. Laboratory analyses

After 28 days on experimental diets and after 12-h fast,

blood samples were collected by cardiac puncture in tubes

containing disodium EDTA (0.05%). Animals were then

sacrificed by asphyxia with CO2. Epididymal tissue was

cut off and weighed. Liver lobs were removed, weighed,
Table 4

Plasma lipids of male hamsters fed with the three purified diets for 28 days

Plasma lipids LA t10,c12 CLA c9,t11 CLA

Total cholesterol (mmol/L) 5.3F0.3 5.6F0.3 5.1F0.3

VLDL cholesterol (mmol/L) 1.9F0.2 1.6F0.2 1.9F0.1

LDL-C (mmol/L) 0.6F0.1b 0.9F0.1a 0.7F0.1b

HDL-C (mmol/L) 3.0F0.2 3.1F0.1 3.0F0.1

Total triglycerides (mmol/L) 2.6F0.2 2.6F0.1 2.6F0.2

VLDL triglycerides (mmol/L) 2.5F0.3 2.3F0.2 2.3F0.2

LDL triglycerides (mmol/L) 0.05F0.01 0.07F0.01 0.04F0.01

HDL triglycerides (mmol/L) 0.1F0.01 0.1F0.01 0.1F0.01

Total phospholipids (mmol/L) 3.9F0.2 4.2F0.3 4.1F0.2

Values are meanFS.E.M. (n =15 animals). Diets were similar in content,

except for the source of fat: LA or CLA having different isomerization.

Mean values within a row not sharing a common superscript were

significantly different ( P b.05).
frozen in liquid nitrogen and stored at �808C until the

extraction of hepatic lipids. The blood samples were

centrifuged at 2500 rpm for 10 min in order to isolate the

plasma. An aliquot of plasma was frozen at �808C for total

lipid determinations.

The next day after blood sampling, lipoproteins were

separated from fresh plasma by ultracentrifugation (TL-100

Tabletop Ultracentrifuge, Beckman, Palo Alto, CA) at

100 000 rpm and 158C for 120 min, using a TLA-100.4

rotor. The plasma samples were adjusted to a density of

1.063 g/ml by the addition of a solution of NaBr-NaCl

1.478 g/ml [20]. A two-step density gradient was formed by

layering the density-adjusted plasma underneath NaCl

solution (d=1.006 g/ml) [20]. Consequently, plasma lipo-

proteins were fractionated into triglyceride-rich lipopro-

teins [chylomicrons and VLDLs (db1.006 g/ml), LDLs

(1.006bdb1.063 g/ml) and HDLs (1.06bdb1.21 g/ml]. To

facilitate the visualization of the single lipoprotein bands

after centrifugation, Coomassie blue (5% w/w) was added to

the plasma samples before ultracentrifugation. Plasma

cholesterol and triglycerides were measured in these lipo-

proteins as well as in the fresh plasma using the enzymatic

Triglycerides/GB and CHOD-PAP kits (Roche Diagnostics,

Laval, Quebec). Phospholipids in plasma were determined

using Phospholipids B Enzymatic Colorimetric Method

(Wako Chemicals USA).

Hepatic lipids were extracted with chloroform/methanol

(2:1, v/v) using the method of Folch et al. [21]. Trigly-

cerides and cholesterol were determined by enzymatic kits

as described above.

Feces were lyophilized and ground. Fat content in feces

was determined by extraction with anhydrous diethyl ether

(Soxtec System HT6 Extraction Unit; Tecator) after acid

hydrolysis (4M HCL) for 30 min (Soxtec System

1047 Hydrolysing Unit; Tecator) [22].

2.4. Statistical analysis

Data were subjected to an analysis of variance

(ANOVA) using the Statistical Analysis System (SAS
iver weight and hepatic lipids of male hamsters fed with the three purified

iets for 28 days

LA t10,c12 CLA c9,t11 CLA

iver weight (g) 4.8F0.2 5.4F0.1 5.1F0.1

epatic triglyceride

concentrations (Amol/g)

7.2F0.8a 2.9F0.3b 8.2F0.9a

otal hepatic triglycerides (Amol)1 32F4a 15F2b 41F4a

epatic cholesterol

concentrations (Amol/g)

83F4a 48F3b 89F5a

otal hepatic cholesterol

content(Amol)2
393F31a 256F20b 446F23a

alues are meanFS.E.M. (n =15 animals). Diets were similar in content,

xcept for the source of fat: LA or CLA having different isomerization.

ean values within a row not sharing a common superscript were

gnificantly different ( P b.05).
1 Hepatic triglyceride concentrations�Liver weight.
2 Hepatic cholesterol concentrations�Liver weight.
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Fig. 1. (A) Fecal fat content in hamsters fed with the three experimental

diets for 28 days. Columns not showing a common superscript were

significantly different ( P b.05). (B) Coefficient of digestibility in hamsters

fed with the three experimental diets for 28 days. Columns not showing a

common superscript were significantly different ( P b.05).
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Institute, Cary, NC) general linear model (GLM) proce-

dure in order to determine the main diet effects. Diet

effects detected by ANOVA at a probability level inferior

to .05 were then submitted to a Tukey’s studentized range

(HSD) test in order to identify differences among diet

groups. Data on plasma and hepatic triglyceride and

cholesterol concentrations as well as different lipoprotein

fractions and fecal fat content are presented in tables and

figure as the untransformed meansFS.E.M. However, data

on fecal fat content were transformed by log 10 prior to

statistical analysis in order to make comparisons among

homogeneous and normal means. Pearson correlation

coefficients were used to quantify the univariate associa-

tions among variables.
Table 6

Body composition of male hamsters on Day 0 and on Day 28

Day 0

LA t10,c12 CLA c

Lean body mass (g) 52F1 52F1

Body fat mass (g) 11F0.4 12F1

Total (fat+lean) (g) 63F1 64F2

Percentage body fat (%) 18F1 18F1

Bone mass content (g) 0.8F0.1 0.8F0.02

Bone mass density (g/cm2) 0.01F0.001 0.05F0.001 0

Epididymal fat tissue (g) ND ND N

Values are meanFS.E.M. (n =15 animals). Diets were similar in content, exce

not determined.
3. Results

3.1. Food intake and body weight

No significant difference in food intake was observed

among the three dietary groups. Furthermore, the growth

rate was comparable among the three groups, and this was

confirmed by the lack of significant difference in body

weight gain (P=.46), as shown in Table 3.

3.2. Plasma lipids

The total plasma cholesterol, triglyceride and phospho-

lipid concentrations were similar between the three dietary

groups (Table 4). No significant differences were noted in

plasma VLDL cholesterol and triglycerides, LDL triglycer-

ides nor in HDL-C and HDL triglycerides. However,

t10,c12 CLA showed highest LDL-C values compared with

either LA or c9,t11 CLA.

3.3. Hepatic lipids

Hamsters fed with t10,c12 CLA isomer showed lower

hepatic cholesterol and triglyceride concentrations than

those with the two other dietary groups. Moreover, liver

weight tended to be higher with t10,c12 (P=.06) as

compared to LA and c9,t11. These results are presented

in Table 5.

3.4. Fecal fat content

Higher fecal fat content was noted in t10,c12 CLA than

in the other two groups (Fig. 1A). To take into account fat

intake in addition to fecal fat, a coefficient of digestibility

was calculated [(fat intake � fat excreted)/fat intake] during

the three days of fecal collection, and consequently, t10,c12

CLA had the lowest coefficient of digestibility (Fig. 1B).

3.5. Body composition

Body composition of hamsters was determined after the

period of adaptation, that was on Day 0, before the

beginning of the experimental protocol as well as after

28 days of experimental diets. In accordance to our selection

criteria, on Day 0, hamsters weighed around 60–80 g. After

the experimental protocol, they weighed around 90–110 g.

No differences for lean mass, fat mass, total (fat+lean) mass,

percentage of fat, bone mass content and bone mass density
Day 28

9,t11 CLA LA t10,c12 CLA c9,t11 CLA

52F1 73F2 76F2 74F2

11F1 21F1 20F1 21F1

63F2 93F3 96F2 94F2

17F1 22F1 21F1 22F1

1.1F0.3 1.5F0.03 1.5F0.04 1.5F0.04

.05F0.001 0.1F0.001 0.1F0.001 0.1F0.002

D 2.1F0.2 2.2F0.1 2.2F0.1

pt for the source of fat: LA or CLA having different isomerization. ND,
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were found among the three groups, neither on Day 0 nor on

Day 28 (Table 6). Furthermore, there was no significant

effect of the three experimental CLA diets on epididymal fat

pads (Table 6).
4. Discussion

The results of the present study provide information

regarding the impact of t10,c12 and c9,t11 CLA isomers on

plasma lipoproteins and body composition in hamsters

under controlled feeding conditions. Previous data have

demonstrated that t10,c12 CLA can lower LDL-C in

hamsters [11] and body fat in mice [12] concomitantly

with a decrease of food intake and/or body weight [11,12].

Our data indicate that t10,c12 CLA has the detrimental

capacity to increase LDL-C levels, while having no effect

on food intake, body composition nor body fat in hamsters,

and although t10,c12 CLA isomer as compared to LA and

c9,t11 CLA isomer lowered fat absorption and hepatic

lipids. This result on LDL-C does not support our

hypothesis that the t10,c12 CLA isomer would induce

beneficial effects on lipid metabolism and body composition

under controlled feeding conditions. Potential explanations

for increased plasma LDL-C could include decreased LDL

receptor activity, reduced fractional clearance rate of LDL in

circulation or less affinity of LDL particles present into

the circulation with LDL receptors in hamsters fed with

t10,c12 CLA than those fed with c9,t11 CLA or LA. Further

research is required to study LDL receptor activity

following t10,c12 CLA feeding compared with LA and

c9,t 11 CLA.

Previous study has identified the t10,c12 isomer, rather

than the c9,t11 isomer, as being responsible for the

biological effects on plasma lipids and body composition

[11]. In the present study, c9,t11 had indeed no effect on

plasma lipids, whereas the individual t10,c12 CLA isomer

increased LDL-C. A recent study in healthy humans who

received highly enriched doses of c9,t11 and t10,c12 CLA

preparations also showed higher LDL/HDL-C ratio during

t10,c12 CLA supplementation than during c9,t11 CLA

supplementation, with no significant change in body

composition by either isomer of CLA [23]. Thus, the

present results do not confirm the beneficial lowering effects

of t10,c12 CLA isomer on plasma total cholesterol and

LDL-C previously observed in hamsters by De Deckere et al.

[11]. In the latter study, the t10,c12 CLA isomer lowered

plasma lipids partly as a result of a decreased energy intake

or decreased body weight [11]. Therefore, the present data

in hamsters indicate that in isoenergetic conditions, the

individual t10,c12 CLA isomer may increase plasma LDL-C

compared to the individual c9,t11 CLA isomer and LA.

There is also evidence that feeding CLA may affect liver

metabolism in mice [24]. In the present study, we observed a

strong tendency (P=.06) for t10,c12 to increase liver

weight. This was however not accompanied by a higher

level of lipids in the liver, as found in mice [7,25]. In
previous studies, the t10,c12 CLA isomer has also been

shown to increase liver weight, independent of body weight

[11] or body fat [26]. De Deckere et al. [11] observed that

increased liver weight was due to hypertrophy. Possible

mechanisms by which t10,c12 CLA exerted lowering effect

on hepatic lipids are that this isomer may reduce lipogenic

enzymes that control lipogenesis and triglyceride esterifica-

tion, or increase basal lipolysis leading to a decrease in

triglyceride content, as already proposed by Evans et al.

[27]. In this respect, De Deckere et al. [11] suggested that

t10,c12 CLA can stimulate higher oxidation rate in vivo, in

comparison to c9,t11 CLA. Interestingly, isolated perfused

livers from rats fed 1% CLA mixture for 2 weeks produced

significantly more ketones compared to livers from 1%

LA-fed rats [28]. In the latter study, the ratio of

h-hydroxybutyrate to acetoacetate was also increased,

suggesting that dietary CLA may exert a hypolipidemic

effect in the liver by increasing h-oxidation of fatty acids at

the expense of fatty acid esterification.

Another possibility to explain the hypolipidemic effect of

t10,c12 CLA in the liver is via a reduction of intestinal fat

absorption, as estimated by a higher content of fecal fat and

a lower coefficient of digestibility observed in this study.

These results suggest that the specific structure of t10,c12

CLA may have lower affinity for the intestinal fatty acid-

binding protein compared to those of LA and c9,t11 CLA,

leading to a reduction in intestinal fat digestibility and

absorption. Our results on fat absorption are in good

agreement with those of Yeung et al. [29] showing a

reduction of cholesterol absorption and a down-regulation

of intestinal acyl-CoA cholesterol acyltransferase (ACAT)

activity, an enzyme involved in the esterification and storage

of intestinal cholesterol.

The present study showed no significant difference

concerning body weight and composition among the three

experimental diets. These results on body weight are in

good agreement with those obtained by Yeung et al. [29]

and Bouthegourd et al. [30] using 10% lard plus 2% CLA

and 12.5% fat, of which beef tallow was the main source,

plus 0.6% CLA, respectively. On the other hand, Nicolosi

et al. [10] and Gavino et al. [31] who incorporated 10–11%

coconut oil as the main source of fat plus 1% CLA reported

that diets supplemented with CLA induced significantly

lower body weight gain than control diet in hamsters. The

present results therefore suggest that the effects of CLA on

body weight and composition might depend either on the

source of fat used in the diet or on the strain of hamsters. It

might be possible that lard, which is the main source of fat

used in the present study, may not promote as much as

coconut oil the reducing effect of CLA on body fat

accumulation. There is also a possibility that our strain of

hamster was not as responsive to CLA feeding as other

strains of Syrian hamsters. Furthermore, the present results

support the concept that body composition of hamsters is

less responsive to CLA treatment than that of mice. Indeed,

West et al. [32] found that CLA reduced body fat in male
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AKR/J mice fed with either a high-fat diet (45% of

calories) or a low-fat diet (15% of calories) by increasing

energy expenditure.

In conclusion, t10,c12 CLA appeared to be a physiolog-

ical active CLA isomer regarding lipid metabolism, whereas

the c9,t11 CLA isomer had little or no effect on lipid

metabolism in hamsters. Nevertheless, under isoenergetic

conditions, the incorporation of t10,c12 CLA isomer into

the diet in the present study caused an increase in plasma

LDL-C, although hepatic lipids and fat digestibility were

reduced when compared with LA and c9,t11 CLA isomer.

No effect was observed on body composition. The present

results may suggest that reduced hepatic lipid concentrations

following ingestion of t10,c12 CLA isomer could be a

consequence of decreased intestinal fat digestibility and

absorption and possibly increased lipolysis in the liver

rather than in the adipose tissue under isoenergetic

conditions in the hamster. Therefore, the results of this

study show no positive beneficial effect of supplementing

diets with either c9,t11 or t10,c12 CLA isomer on the blood

lipid risk factors for cardiovascular diseases. More work is

needed on the mechanisms of t10,c12 CLA to better

understand its effects on plasma and hepatic lipids, and on

fat digestibility and absorption.
Acknowledgments

The authors thank Pierre Samson and Roxanne Papineau

for their dedicated technical help. This research was

supported by research funding from the Dairy Farmers

of Canada.
References

[1] Griinari JM, Corl BA, Lacy SH, Chouinard PY, Nurmela KV, Bauman

DE. Conjugated linoleic acid is synthesized endogenously in lactating

dairy cows by delta (9)-desaturase. J Nutr 2000;130:2285–91.

[2] Hughes PE, Hunter WJ, Tove SB. Biohydrogenation of unsaturated

fatty acids: purification and properties of cis-9, trans-11 octadeca-

dienoic acid reductase. J Biochem 1982;257:3643–9.

[3] Destaillats F, Angers P. Evidence for (1, 5) sigmatropic rearrange-

ments of CLA in heated oils. Lipids 2002;37:435–8.

[4] Chin SF, Liu W, Storkson JM, Ha YL, Pariza MW. Dietary sources of

conjugated dienoic isomers of linoleic acid, a newly recognized class

of anticarcinogens. J Food Compos Anal 1992;5:185–97.

[5] Park Y, Albright KJ, Liu W, Storkson JM, Cook ME, Pariza MW.

Effect of conjugated linoleic acid on body composition on mice.

Lipids 1997;32:853–8.

[6] Delany JP, Blohm F, Truett AA, Scimeca JA, West DB. Conjugated

linoleic acid rapidly reduces body fat content in mice without affecting

energy intake. Am J Physiol 1999;276:R1172–9.

[7] Tsuboyama-Kasaoka N, Takahashi M, Tanemura K, Kim HJ, Tange T,

Okuyama H, et al. Conjugated linoleic acid supplementation reduces

adipose tissue by apoptosis and develops lipodystrophy in mice.

Diabetes 2000;49:1534–42.

[8] Lee KN, Kritchevsky D, Pariza MW. Conjugated linoleic acid and

atherosclerosis in rabbits. Atherosclerosis 1994;108:19–25.

[9] Kritchevsky D, Tepper SA, Wright S, Tso P, Czarnecki SK. Influence

of conjugated linoleic acid (CLA) on establishment and progression of

atherosclerosis in rabbits. J Am Coll Nutr 2000;19:472S–7S.
[10] Nicolosi RJ, Rogers EJ, Kritchevski D, Scimeca JA, Huth PJ. Dietary

conjugated linoleic acid reduces plasma lipoproteins and early aortic

atherogenesis in hypercholesterolemic hamsters. Artery 1997;22:

266–77.

[11] De Deckere EAM, van Amelsvoort JMM, McNeill GP, Jones P.

Effects of conjugated linoleic acid (CLA) isomers on lipid levels

and peroxisome proliferation in the hamster. Br J Nutr 1999;82:

309–17.

[12] Park Y, Albright KJ, Liu W, Storkson JM, Pariza MW. Evidence that

the trans-10, cis-12 isomer of conjugated linoleic acid induces body

composition changes in mice. Lipids 1999;34:235–41.

[13] Stangl GI, Muller H, Kirchgessner M. Conjugated linoleic acid effects

on circulating hormones, metabolites and lipoproteins, and its

proportion in fasting serum and erythrocyte membranes of swine.

Eur J Nutr 1999;l38:271–7.

[14] Sugano M, Tsujita A, Yamasaki M, Noguchi M, Yamanda K.

Conjugated linoleic acid modulates tissue levels of chemical

mediators and immunoglobulins in rats. Lipids 1998;33:521–7.

[15] Mensink RP, Zock PL, Kester ADM, Katan MB. Effects of dietary

fatty acids and carbohydrates on the ratio of serum total to HDL

cholesterol and on serum lipids and apolipoproteins: a meta-analysis

of 60 controlled trials. Am J Clin Nutr 2003;77:1146–55.

[16] Kowala MC, Nunnari JJ, Durham SK, Nicolosi RJ. Doxazosin and

cholestyramine similarly decrease fatty streak formation in the

aortic arch of hyperlipidemic hamsters. Atherosclerosis 1991;91:

35–49.

[17] Spady DK, Dietschy JM. Dietary saturated triacylglycerols suppress

hepatic low density lipoprotein receptor activity in the hamster. Proc

Natl Acad Sci U S A 1985;82:4526–30.

[18] Spady DK, Meddings JB, Diestchy JM. Kinetic constants for

receptor-dependent and receptor-independent low density lipoprotein

transport in the tissue of the rat and hamster. J Clin Invest 1986;

77:1474–81.

[19] Reeves PG, Nielsen FH, Fahey Jr GC. AIN-93 purified diets for

laboratory rodents: final report of the American Institute of Nutrition

ad hoc writing committee on the reformulation of the AIN-76A rodent

diet. J Nutr 1993;123:1939–51.

[20] Hatch FT, Lees RS. Practical methods for plasma lipoprotein analysis.

Adv Lipid Res 1968;6:1–68.

[21] Folch JM, Lees M, Stanley GHS. A simple method for the isolation

and purification of total lipids from animal tissues. J Biol Chem

1957;726:497–509.

[22] Association of Official Analytical Chemists. Official methods of

analysis. 14th ed. Washington (DC)7 AOAC; 1984.

[23] Tricon S, Burdge GC, Kew S, Banerjee T, Russell JJ, Jones EL, et al.

Opposing effects of cis-9,trans-11 and trans-10,cis-12 conjugated

linoleic acid on blood lipids in healthy humans. Am J Clin Nutr

2004;80:614–20.

[24] Belury MA, Kempa-Steczko A. Conjugated linoleic acid modulates

hepatic lipid composition in mice. Lipids 1997;32:199–204.

[25] Takahashi Y, Kushiro M, Shinohara K, Ide T. Activity and mRNA

levels of enzymes involved in hepatic fatty acid synthesis and

oxidation in mice fed conjugated linoleic acid. Biochem Biophys

2003;1631:265–73.

[26] Peters JM, Park Y, Gonzalez FJ, Pariza MW. Influence of conjugated

linoleic acid on body composition and target gene expression in

peroxisome proliferator-activated receptor alpha-null mice. Biochim

Biophys Acta 2001;1533:233–42.

[27] Evans M, Brown J, Mc Intosh M. Isomer-specific effects of

conjugated linoleic acid (CLA) on adiposity and lipid metabolism.

J Nutr Biochem 2002;13:508–16.

[28] Sakono M, Miyanaga F, Kawahara S. Dietary conjugated linoleic acid

reciprocally modifies ketogenesis and lipid secretion by the rat liver.

Lipids 1999;34:997–1000.

[29] Yeung CHT, Yang L, Wang J, Chen ZY. Dietary conjugated linoleic

acid mixture affects the activity of intestinal acyl coenzyme A:

cholesterol acyltransferase in hamsters. Br J Nutr 2000;84:935–41.



V. Bissonauth et al. / Journal of Nutritional Biochemistry 17 (2006) 597–603 603
[30] Bouthegourd JC, Patrick CE, Daniel G, Bernard T, Blouquit MF. A

CLA mixture prevents body triglyceride accumulation without

affecting energy expenditure in Syrian hamsters. J Nutr 2002;132:

2682–9.

[31] Gavino VC, Gavino G, Leblanc MJ, Tuchweber B. An isomeric

mixture of conjugated linoleic acids but not pure cis-9, trans-11-
octadecadienoic acid affects body weight gain and plasma lipids in

hamsters. J Nutr 2000;130:27–9.

[32] West DB, Blohm FY, Truett AA, DeLany JP. Conjugated linoleic acid

persistently increases total energy expenditure in AKR/J mice without

increasing uncoupling protein gene expression. J Nutr 2000;130:

2471–7.


	The effects of t10,c12 CLA isomer compared with c9,t11 CLA isomer on lipid metabolism and body composition in hamsters
	Introduction
	Materials and methods
	Diets
	Experimental animals
	Laboratory analyses
	Statistical analysis

	Results
	Food intake and body weight
	Plasma lipids
	Hepatic lipids
	Fecal fat content
	Body composition

	Discussion
	Acknowledgments
	References


