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Effects of the conjugated linoleic acid (CLA) isomerscis-9, trans-11 (c9,t11 CLA) andtrans-10,
cis-12 (t10,c12 CLA) on lipid metabolism and markers of peroxisome proliferation were
investigated in hamsters fed on purified diets containing 30 % energy as fat and 0⋅1 g
cholesterol/kg for 8 weeks. Four groups (n 32 each) received diets without CLA (control),
with a mixture of equal amounts of c9,t11 and t10,c12 CLA (CLA mix), with c9,t11 CLA, and
with t10,c12 CLA. The total amount of CLA isomers was 1⋅5 % energy or 6⋅6 g/kg diet. CLA was
incorporated into glycerides and exchanged for linoleic acid in the diet. Compared with the
control, the CLA mix and t10,c12 CLA decreased fasting values of LDL- (21 and 18 %
respectively) and HDL-cholesterol (8 and 11 %), increased VLDL-triacylglycerol (80 and
61 %), and decreased epididymal fat pad weights (9 and 16 %), whereas c9,t11 CLA had no
significant effects. All CLA preparations increased liver weight, but not liver lipids. However, the
increase in liver weight was much less in the c9,t11 CLA group (8 %) than in the other two groups
(25 %) and might have been caused by the small amount of t10,c12 CLA present in the c9,t11
CLA preparation. Liver histology revealed that increased weight was due to hypertrophy.
Markers of peroxisome proliferation, such as cyanide-insensitive palmitoyl CoA oxidase (EC
1.3.3.6) and carnitine acetyl transferase (EC2.3.1.7) activities, were not increased by CLA. Both
c9,t11 CLA and t10,c12 CLA were incorporated into phospholipids and triacylglycerols, but
t10,c12 CLA only about half as much as c9,t11 CLA. In addition, linoleic acid and linolenic acid
concentrations were lower in lipids of the t10,c12 CLA group compared with the c9,t11 CLA
group. These data suggest that t10,c12 CLA stimulated the oxidation of all C18 polyunsaturated
fatty acids. The results indicate that the t10,c12 CLA isomer, and not the so-called natural CLA
isomer (c9,t11), is the active isomer affecting lipid levels in hamsters.

Conjugated linoleic acid: Plasma lipids: Lipoproteins: Peroxisomes

Conjugated linoleic acid (CLA) refers to isomers of
linoleic acid with several positional (positions 8 to 13)
and geometric (cis, trans) conjugated double-bond con-
figurations (Pariza, 1988). CLA is present in small
amounts in dairy products and meat (Chinet al. 1992)
and in partially hydrogenated vegetable oils and spreads
made from such oils (Mossobaet al. 1991; Banniet al.
1994). It is even present in human milk and infant foods
(McGuire et al. 1997). CLA is taken up and incorporated
into triacylglycerols (TAG) and phospholipids (PL)
(Britton et al. 1992; Huanget al. 1994; Banni et al.
1995). Beneficial effects of a mixture of CLA isomers
(mainly cis-9, trans-11 CLA (c9, t11 CLA) andtrans-10,
cis-12 CLA (t10,c12 CLA)) have been found in a
number of animal models of cholesterol metabolism and

atherosclerosis (Leeet al. 1994; Nicolosiet al. 1997) and
of carcinogenesis (Pariza, 1988; Ipet al. 1995; Visonneau
et al. 1997). The studies on cholesterol metabolism
are inconclusive and effects of the different isomers
of CLA have not yet been studied. A process has been
developed to separate the individual isomers of CLA and
to incorporate them into glycerides, which has allowed us
to study effects of c9,t11 CLA, t10,c12 CLA and a
mixture of these isomers on lipid levels in hamsters. As
CLA was shown to induce proliferation of peroxisomes in
the liver of mice (Beluryet al. 1997), the liver was
investigated microscopically and palmitoyl CoA oxidase
(EC 1.3.3.6) and carnitine acetyl transferase (EC 2.3.1.7)
activities were determined as a measure of peroxisome
proliferation.
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Materials and methods

Preparation of glycerides containing conjugated linoleic
acid isomers

CLA isomers were synthesized according to a modification
of the method of Ipet al. (1991). Safflower oil (70 g linoleic
acid/100 g) was hydrolysed and the linoleic acid isomerized
to a mixture of conjugated C18 diene isomers with a solution
of NaOH in monopropylene glycol at 1558 under a N2

atmosphere for 3 h. After acidification the oil phase was
separated from the water phase. Next, the oil was washed,
dried, filtered and stored at−258. Approximately 90 % of the
linoleic acid was converted into CLA isomers which con-
sisted mainly of c9,t11 CLA and t10,c12 CLA in equal
amounts (CLA free fatty acid isomers mixture).

To prepare enriched c9,t11 CLA and t10,c12 CLA pre-
parations the c9,t11 CLA isomer in the CLA free fatty acid
isomers mixture was selectively esterified with lauryl alco-
hol using a lipase fromGeotrichum candidum(Amano
Pharmaceutical, Nagoya, Japan). The lauryl esters enriched
in c9,t11 CLA were separated from free t10,c12 CLA by
molecular distillation and the esters hydrolysed to free fatty
acids. Both free fatty acid preparations were further purified
using conventional methods. In order to incorporate the
CLA isomers into TAG, three parts of either the CLA
isomers mixture, the c9,t11 CLA isomer or the t10,c12
CLA isomer were mixed with ten parts of palm oil. The
CLA isomers were interesterified by adding 5 % immobi-
lized Rhizomucor mieheilipase (Lipozyme-IM, Novo Nor-
disk, Bagsvaerd, Denmark) followed by gentle stirring for
44 h at 608. The reaction mixtures were filtered to remove
the immobilized lipase and the free fatty acids were
removed by washing with aqueous methanol. The CLA-
rich glyceride preparations thus obtained were refined using
conventional methods and used to prepare the fat blends of
the foods (Table 1). Partial glyceride content was deter-
mined by silica-gel HPLC with 12-hydroxy octadecanol as
internal standard. The CLA isomers mixture, c9,t11 CLA
isomer, and t10,c12 CLA isomer preparations contained

910, 910, and 760 g TAG/kg, respectively, and 70, 80 and
200 g diacylglycerols/kg respectively. Monoacylglycerols
and free fatty acids were both approximately 10 g/kg.

Animals and diets

The experimental protocol was approved by the Animal
Experiments Committee of Unilever Research Vlaardingen.
Male F1B hybrid hamsters (Bio Breeders Inc., Fitchbury,
MA, USA; aged 11 weeks at arrival) were used. They were
individually housed in plastic cages (210×160×140 mm)
with sawdust as bedding (except in the weeks in which
food consumption was measured) and placed in an air-
conditioned room (22–258; relative humidity approximately
55 %) with a fixed day–night rhythm (light on from 07.00
to 19.00 hours). The hamsters were fed on purified diets
as described previously (De Deckereet al. 1993). In the
present experiment, however, the amount of fat was 131 g/kg
(30 % energy), the amount of starch 557 g/kg and the
amount of cholesterol 0⋅1 g/kg. After arrival the hamsters
were acclimatized and fed on the control diet without CLA
(Table 1) for 2 weeks, after which they were allocated to
four groups of thirty-two animals each (randomized design)
with similar mean body weights and fed on diets containing
no CLA (control), a mixture of c9,t11 and t10,c12 CLA
(CLA mix; 3 g c9,t11 CLA/kg; 3 g t10,c12 CLA/kg), the
c9,t11 CLA isomer (c9,t11 CLA; 5⋅6 g c9,t11 CLA/kg; 0⋅4 g
t10,c12 CLA/kg), and the t10,c12 CLA isomer (t10,c12
CLA; 0⋅6 g c9,t11 CLA/kg; 4⋅9 g t10,c12 CLA/kg). The
diets were fed for 8 weeks (weeks 1–8). The animals had
free access to food and water, but before blood collection
they were fasted for 16 h. Blood samples were collected
under inhalation anaesthesia (halothane–O2–N2O) by retro-
orbital puncture in the beginning of weeks 5 (t=4 weeks)
and 9 (t=8 weeks). EDTA-treated plasma was prepared and
stored at−808. Food intake was determined in weeks 3 and 8
over 4 d. Body weights were measured and clinical observa-
tions made once weekly.

In week 9 following blood collection, eight animals per

310 E. A. M. de Deckereet al.

Table 1. Composition (g/100 g total fatty acids) of the fats present in the experimental
diets*

Group

Fatty acid† Control CLA mix c9,t11 CLA t10,c12 CLA

14:0 0⋅9 0⋅9 0⋅9 0⋅8
16:0 33⋅4 33⋅8 34⋅0 33⋅6
18:0 4⋅4 4⋅2 4⋅1 4⋅4
18:1 36⋅1 36⋅1 36⋅2 36⋅1
18:2n-6 23⋅0 18⋅2 18⋅2 18⋅2
c9,t11 CLA – 2⋅43 4⋅53 0⋅48
t10,c12 CLA – 2⋅44 0⋅32 3⋅95
Other CLA isomers‡ – 0⋅27 0⋅21 0⋅72
18:3 0⋅4 0⋅3 0⋅3 0⋅3
20:0 0⋅4 0⋅3 0⋅3 0⋅4
22:0 0⋅3 0⋅2 0⋅2 0⋅2

CLA, conjugated linoleic acid; c, cis; t, trans.
* The diets contained 131 g fat/kg (30 % energy). The fats used in the preparation of the diets were:

palm oil (Chempri BV, Raamsdonkveer, The Netherlands), sunflowerseed oil (Chempri BV), high-
oleic-acid sunflowerseed oil (Contined BV, Bennekom, The Netherlands), CLA-rich glyceride
preparations.

† Main fatty acids (. 0⋅2 g/100 g total fatty acids) only.
‡ Sum of t8,c10, c9,c11, t9,t11, c10,c12, t10,t12 and c11,t13 CLA isomers.
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group were killed on four consecutive days. Autopsy was
carried out on all animals. Liver, epididymal fat pads, and
kidneys were removed and weighed. One half of the median
lobe of the liver (for histometry) was stored in formaldehyde
(40 ml/l). Samples of the liver were also stored at−808 and
epididymal fat pads at−208.

Liver histometry and histopathology

As a measure of liver hypertrophy and hyperplasia the
number of cell nuclei/mm2 was determined in 3⋅5mm
thick sections of embedded liver tissue stained with haema-
toxylin–azophloxin. Five microscopic fields per liver were
counted using a Kontron/Zeiss interactive image analysis
system (Carl Zeiss, Weesp, The Netherlands). Cryostat liver
slides prepared from frozen samples were stained for
catalase (EC 1.11.1.6) as described by Novikoffet al.
(1972) and the amount of stain was scored independently
by two experienced microscopists.

Cholesterol and triacylglycerol concentrations

Total cholesterol (TC) in plasma was measured using a
commercial test combination (CHOD-PAP, C-system,
Boehringer, Mannheim, Germany). Total and free glycerol
levels in plasma were determined enzymically (GPO-PAP
method, Roche Diagnostics, Basel, Switzerland and GPO-
Trinder method, Sigma Chemical Co., St Louis, MO, USA).
Plasma total TAG concentration was calculated as the
difference between the total and free glycerol concentra-
tions. Cholesterol and TAG of the VLDL, LDL and HDL
fractions were determined as for plasma, except that for the
VLDL and LDL fractions free glycerol was not determined
and TAG was equalized to total glycerol. Liver cholesterol
and TAG were determined in liver lipid extracts (see later)
in a similar way to plasma TC and TAG.

Separation of plasma lipoproteins

Separation of plasma lipoproteins was done by sequential
micro-ultracentrifugation (Beckman Optima TLX ultracen-
trifuge (Beckman, Palo Alto, CA, USA), 120 000 rev./min,
108). Plasma (500ml) was transferred to a thick-walled
polycarbonate tube (11×35 mm, Beckman), overlaid with
500ml 1⋅006 g/ml NaCl solution and ultracentrifuged for
30 min. The upper layer (VLDL fraction) was harvested by
slicing the tube at 9 mm and collecting the supernatant
fraction (range 350–390ml; Beckman Centri Tube Slicer).
The density of the lower fraction (range 610–650ml) was
adjusted to 1⋅063 g/ml with 52 mg KBr, overlaid with 500ml
1⋅044 g/ml NaCl solution and ultracentrifuged for 60 min.
The upper layer (480–520ml; LDL fraction) was harvested
in a similar way to VLDL. The lower fraction (610–650ml)
was collected as HDL+ other components (mainly HDL
fraction). The fractions were stored at−208. The amounts of
VLDL, LDL and HDL were calculated on the basis of the
initial plasma volume and the volumes of the various
fractions.

Fatty acid analyses

Homogenates (Ultra Turrax, Janke & Kunkel, Staufen,

Germany) of liver and fat-pad samples and plasma LDL
and VLDL fractions were extracted with dichloromethane–
methanol (2 : 1, v/v; Folchet al. 1957; Hamilton & Hamil-
ton, 1992). The organic phase (lipid extract) was washed
with 3M-NaCl. Lipid extracts were separated into PL and
TAG fractions by means of solid-phase extraction according
to polarity by using Sep-Pak silica cartridges (Waters,
Milford, MA, USA). The amount of sample was 10–
50 mg per solid-phase extraction column. Successively,
cholesterol esters were eluted with 8 ml heptane–diethyl
ether (100 : 1⋅5, v/v), TAG eluted with 5 ml heptane–diethyl
ether (90 : 10, v/v), and PL eluted with 4 ml methanol–
dichloromethane–water (10 : 5 : 4, by vol.). To the PL frac-
tion 1 ml water and 3 ml dichloromethane were added and
the organic layer containing the PL was divided into two
fractions for analysis of total PL fatty acids andsn-2
position fatty acids. All solvents were of reagent grade.
The efficiency of the solid-phase extraction separation was
checked by TLC (kieselgel 60 F254 plates, Merck, Darm-
stadt, Germany) with heptane–diethyl ether–acetic acid
(70 : 30 : 0⋅5, by vol.) as eluent.

Sn-2 position fatty acids were obtained according a
slightly modified procedure of Thompson & Smith (1985).
To dried PL fractions 1 ml distilled diethyl ether+ 1 ml
0⋅1M-TRIS-buffer (10 mM-Ca2+, pH 8⋅1) and 15ml phos-
pholipase A2 (EC 3.1.1.4) enzyme solution (1⋅8 units;
Sigma) were added successively. After 1 h the reaction
(room temperature, vigorously mixing) was stopped by
adding an aqueous acetic acid solution (100 ml/l).

Fatty acid methyl esters (FAME) were prepared accord-
ing to the method of Morrison & Smith (1964) and Kramer
(1997). BCR 162 control samples (Brunschwig, Amster-
dam, The Netherlands) were used to check methylation.
Evaporation of the solvent of the various fractions,
hydrolysis of TAG and PL (0⋅5 M-NaOH–methanol, 708,
30 min), and methylation of the fatty acids (BF3 in metha-
nol, 200 ml/l; Merck; room temperature, 1 h) took place in
5 ml reaction vials (Supelco, Bellefonte, PA, USA). FAME
were extracted with heptane and washed with 3M-NaCl.
The heptane layer was used for analysing FAME by high-
resolution GC (MEGA 2 series, Carlo Erba Instruments,
Rodano, Italy) by using a CP-Sil 88 WCOT fused silica
column (50 m×0⋅25 mm i.d.×0⋅20mm film thickness;
Chrompack, Middelburg, The Netherlands). An isothermal
system was used at 1768, total run time was 90 min. The
carrier gas was He and a flame-ionization detector was
used for detection of FAME. The FAME retention times
were checked with the GLC Reference Standard 87 from
Nu-Check-Prep, Inc (Elysian, MN, USA). The peaks
were integrated and reported using the Turbochrom
data processing system of Perkin Elmer (Gouda, The
Netherlands).

After addition of internal standard, plasma free fatty acids
were isolated from plasma dichloromethane–methanol
(1 : 1, v/v) extracts by means of solid-phase extraction
according to polarity (Sep-Pak silica cartridges). Free fatty
acids were isolated from the appropriate fraction by using
Florisil columns (Merck; ether–acetic acid (100 : 0⋅5, v/v)
eluant following ether elution). FAME were prepared and
fatty acids quantified by GC as described earlier.

Fatty acids of CLA preparations and of CLA-containing
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glycerides were analysed by high-resolution GC. Glyceride
samples (10–20 mg) were hydrolysed in 2 ml 0⋅5M-NaOH–
methanol for 5 min at 708 and then cooled. To hydrolysed
samples and to 10–20 mg free fatty acid/fatty acid
soap samples (CLA preparations) 2 ml BF3 in methanol
(140 ml/l) was added and heated at 708 for 1–2 min and
5 min respectively. After cooling, 2 ml isooctane and 5 ml
water were added. The upper isooctane layer was removed,
dried over anhydrous Na2SO4, and the concentration
adjusted for analysis of the FAME as described earlier.
The column oven was held at 1208 for 1 min, then ramped to
1608 at 208 per min, 1608–1808 at 0⋅58 per min, and finally
1808–2308 at 38 per min. A Perkin Elmer 8420 GC system
fitted with programmable temperature vaporizing injection
in split injection mode and an AS8300 autosampler were
used. The injector was held at 508 for 0⋅1 min during
injection, then ramped to 2608 for 3⋅5 min for transfer of
the sample into the column oven zone. Samples (0⋅5ml)
with a concentration of 10–25 mg/ml were used with
split ratios adjusted for optimum column loading. Flame-
ionization detector temperature was set at 2608 and total run
time was 60 min.

Cyanide-insensitive palmitoyl CoA oxidase and carnitine
acetyl transferase

Frozen liver samples were thawed on ice, placed in 2 ml
0⋅25M-sucrose (Sherman Chemicals, Sandy, Beds., UK) per
gram of liver, scissor-chopped, and homogenized using a
Citenco homogenizer (Citenco, Borhamwood, Herts., UK).
Homogenates were stored at−708. They were assayed for
total protein by the bicinchoninic acid protein assay (Pierce,
Rockford, IL, USA; Smithet al. 1985). Homogenates were
diluted 1 in 200 with ultra pure water and assayed in
triplicate against a protein standard (bovine serum albumin,
Sigma) at 562 nm using a Shimadzu MPS 2000 spectro-
photometer (Shimadzu, Milton Keynes, Bucks., UK).

For cyanide-insensitive palmitoyl CoA oxidase assay
homogenates were diluted 1 in 10 with 0⋅154M-KCl in
50 mM-TRIS buffer, pH 7⋅4, and assayed at 378 using a
Shimadzu MPS 2000 spectrophotometer at 340 nm (Gray
et al. 1982; all chemicals from Sigma). Sample and refer-
ence cuvettes contained 100ml cofactor solution (2⋅5 mM-
NAD, 1⋅25 mM-coenzyme A, 62⋅5 mM-DL-dithiothreitol,
1⋅5 mg BSA/ml), 100ml 15 mM-KCN, 10ml Triton-X 100

(10 ml/l), 10ml 1⋅0 mM-FAD and 50ml homogenate made
up to 0⋅95 ml and 1⋅0 ml respectively, with 50 mM-TRIS
buffer, pH 7⋅6. The reaction was started by the addition of
50ml 10 mM-palmitoyl coenzyme A to the sample cuvette
only.

For carnitine acetyl transferase assay homogenates were
freeze-thawed four times, diluted 1 in 10 with 0⋅154M-KCl
in 50 mM-TRIS buffer, pH 7⋅4, and assayed at 378 using a
Shimadzu MPS 2000 spectrophotometer at 412 nm (Gray
et al. 1982; all chemicals from Sigma). Sample and refer-
ence cuvettes contained 100ml 2⋅5 mM-acetyl coenzyme A,
100ml 1⋅56 mM-5,5-dithiobis (2-nitrobenzoic acid), and
50ml diluted homogenate made up to 0⋅9 ml and 1⋅0 ml
respectively, with 25 mM-EDTA in 50 mM-TRIS buffer, pH
8⋅0. The reaction was started by the addition of 100ml
31⋅25 mM-DL-carnitine to the sample cuvette only.

In both assays the increase with time in absorbance (at
340 and 412 nm) was recorded, quantified as nmol/min per
ml diluted homogenate, then converted to nmol/min per mg
protein in the undiluted homogenates.

Statistical analyses

Results are presented as means with their standard errors.
Statistical analysis was performed using the Statistical
Analysis Systems program (version 6.12, 1996; SAS Insti-
tute Inc., Cary, NC, USA). Data were analysed by one-way
ANOVA. Differences between the groups were established
using the Student–Newman–Keuls multiple-range test. Sig-
nificance was assessed at theP, 0⋅05 level. Some of the
fatty acids had groups with unequal variance and were
therefore analysed by means of ANOVA on the ranks.
Free fatty acids were analysed by means of Student’st test.

Results

Body weight, food intake, and organ weights

The average food intakes of the CLA mix and c9,t11 CLA
groups were similar and lower than the food intakes of the
other two groups (Table 2). The mean growth values for the
three CLA groups were not different from the mean growth
value of the control group, but hamsters fed on the diets with
the t10,c12 CLA isomer showed a smaller weight increase
than hamsters fed on the diet with the c9,t11 CLA isomer.
Correction of the mean growth values for the differences in
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Table 2. Body weight, growth, average food intake, and organ weights of hamsters fed on a control diet or diets containing different isomers of
conjugated linoleic acid (CLA) for 8 weeks*

(Mean values with their standard errors for thirty-two hamsters)

Body weight (g)
Food Epididymal

intake† (g/d) 0 weeks 8 weeks Growth (g) Liver (g) fat pads (g) Kidneys (g)

Diet Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Control 6⋅2a 0⋅06 105 1⋅3 119ab 1⋅3 13⋅4ab 1⋅0 3⋅15c 0⋅070 2⋅16a 0⋅075 0⋅86a 0⋅015
CLA mix 5⋅8b 0⋅09 104 1⋅3 117ab 1⋅5 12⋅3b 1⋅0 3⋅96a 0⋅117 1⋅97b 0⋅054 0⋅91b 0⋅017
cis-9, trans-11 CLA 6⋅2a 0⋅09 105 1⋅3 121a 1⋅3 16⋅2a 0⋅9 3⋅39b 0⋅072 2⋅25a 0⋅087 0⋅87a 0⋅011
trans-10, cis-12 CLA 5⋅8b 0⋅08 105 1⋅3 116b 1⋅3 10⋅8b 1⋅0 3⋅93a 0⋅094 1⋅82b 0⋅041 0⋅92b 0⋅013

a,b,c Mean values within a column not sharing a common superscript letter were significantly different (Student-Neuman-Keuls test; P , 0⋅05).
* For details of diets, see Table 1 and pp. 310–311.
† Mean of two determinations over 4 d.
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food intake (covariable) hardly changed the values and the
significant difference between the c9,t11 CLA and t10,c12
CLA groups remained present. Mean absolute and relative
(g/100 g body weight; results not shown) weights of liver
and kidneys of the CLA mix and t10,c12 CLA groups were
similar, and higher than those of the control and c9,t11 CLA
groups, whereas mean epididymal fat pads weights were
lower.

Plasma and liver lipids

After 4 weeks of feeding (t=4 weeks) plasma TC was
lower in the CLA mix and t10,c12 CLA groups than in
the other two groups (Table 3). After 8 weeks of feeding
(t =8 weeks), however, the differences in plasma TC were
less, but the difference in plasma TC between the c9,t11
CLA group and the t10,c12 CLA group was still significant.

VLDL-cholesterol level was higher and LDL- and HDL-
cholesterol levels were lower in the CLA mix and t10,c12
CLA groups than in the control and c9,t11 CLA groups
(Table 3). LDL-cholesterol was not correlated with liver
weight and correction of the LDL-cholesterol values for the
differences in liver weight between the groups did not affect
the mean LDL-cholesterol values (results not shown).

Plasma total TAG concentration was higher in the CLA
mix and t10,c12 CLA groups than in the other two groups
(Table 3). All values were higher at t=8 weeks than at t=4
weeks. VLDL-, LDL- and HDL-TAG were higher in the
CLA mix and t10,c12 CLA groups than in the control and
c9,t11 CLA groups (Table 3). VLDL-TAG was positively
correlated with liver weight and when VLDL-TAG was
corrected for the differences in liver weight (covariable)
then no significant differences in VLDL-TAG between
the groups were present (range 1⋅03 (SE 0⋅09) to 1⋅20
(SE 0⋅09) mmol/l).

The liver free cholesterol, TC and TAG values of the four
groups did not differ significantly (ranges 7⋅0–8⋅2, 7⋅6–9⋅6,
and 4⋅9–5⋅6mmol/g wet weight of liver respectively), but
the values for the CLA mix and t10,c12 CLA groups were
somewhat lower than for the other two groups. Expressed
per total liver, the values differed even less and the TC and
TAG values ranged between 27⋅2 and 32⋅9mmol and 17⋅5
and 19⋅4mmol respectively.

Plasma total free fatty acids were determined in the
control and CLA mix groups only and were lower in
the control group (1⋅38 (SE 0⋅165) mmol/l; n 7 pooled
samples of two animals) than in the CLA mix group
(1⋅98 (SE 0⋅207) mmol/l; n 8 pooled samples of two
animals;P=0⋅05).

Fatty acid compositions of liver, VLDL, LDL, and fat pad
triacylglycerols and of liver phospholipids

The diets contained similar amounts of total 18:2 fatty acids
(linoleic acid + CLA isomers). Although not statistically
significantly different for all lipid fractions, total 18:2 in the
TAG and PL fractions analysed tended to be lower for the
CLA mix group and the t10,c12 CLA group than for
the control and the c9,t11 CLA groups (Table 4). This
was partly due to a much lower incorporation of the
t10,c12 isomer than of the c9,t11 isomer. Furthermore,

313Conjugated linoleic acid and lipid metabolism

T
ab

le
3.

P
la

sm
a

to
ta

lc
ho

le
st

er
ol

(T
C

)
an

d
tr

ia
cy

lg
ly

ce
ro

l(
T

A
G

)
co

nc
en

tr
at

io
ns

(m
m

ol
/l)

at
4

an
d

8
w

ee
ks

an
d

lip
op

ro
te

in
T

C
an

d
T

A
G

co
nc

en
tr

at
io

ns
(m

m
ol

/l)
at

8
w

ee
ks

in
ha

m
st

er
s

fe
d

on
a

co
nt

ro
ld

ie
to

r
di

et
s

co
nt

ai
ni

ng
di

ffe
re

nt
is

om
er

s
of

co
nj

ug
at

ed
lin

ol
ei

c
ac

id
(C

LA
)*

(M
ea

n
va

lu
es

w
ith

th
ei

r
st

an
da

rd
er

ro
rs

fo
r

th
irt

y-
tw

o
ha

m
st

er
s

(p
la

sm
a)

or
fo

r
si

xt
ee

n
po

ol
ed

sa
m

pl
es

of
tw

o
an

im
al

s
(li

po
pr

ot
ei

ns
))

Li
po

pr
ot

ei
ns

(8
w

ee
ks

)

P
la

sm
a

(4
w

ee
ks

)
P

la
sm

a
(8

w
ee

ks
)

V
LD

L
LD

L
H

D
L

T
C

T
A

G
T

C
T

A
G

T
C

T
A

G
†

T
C

T
A

G
†

T
C

T
A

G

D
ie

ta
ry

G
ro

up
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M
M

ea
n

S
E

M

C
on

tr
ol

3⋅
59

a
0⋅

10
0

0⋅
92

a
0⋅

04
9

3⋅
38

ab
0⋅

08
9

1⋅
07

a
0⋅

06
5

0⋅
30

a
0⋅

02
9

0⋅
80

a
0⋅

07
3

0⋅
73

a
0⋅

01
5

0⋅
13

a
0⋅

00
3

2⋅
45

a
0⋅

05
2

0⋅
00

6
a

0.
00

1
C

LA
m

ix
3⋅

12
b

0⋅
07

7
1⋅

27
b

0⋅
07

0
3⋅

23
ab

0⋅
09

8
1⋅

73
b

0⋅
11

0
0⋅

50
b

0⋅
05

4
1⋅

40
b

0⋅
12

3
0⋅

58
b

0⋅
02

4
0⋅

14
b

0⋅
00

5
2⋅

25
b

0⋅
06

8
0⋅

01
8

b
0⋅

00
3

ci
s-

9,
tr

an
s-

11
C

LA
3⋅

57
a

0⋅
08

2
0⋅

94
a

0⋅
05

9
3⋅

46
a

0⋅
08

9
1⋅

19
a

0⋅
06

6
0⋅

36
ac

0⋅
03

1
0⋅

91
a

0⋅
06

3
0⋅

78
a

0⋅
02

8
0⋅

13
a

0⋅
00

4
2⋅

44
a

0⋅
05

1
0⋅

00
2

a
0⋅

00
2

tr
an

s-
10

,c
is

-1
2

C
LA

3⋅
13

b
0⋅

07
5

1⋅
41

b
0⋅

06
8

3⋅
11

b
0⋅

06
1

1⋅
63

b
0⋅

10
2

0⋅
45

bc
0⋅

04
0

1⋅
29

b
0⋅

10
2

0⋅
60

b
0⋅

02
1

0⋅
14

ab
0⋅

00
4

2⋅
19

b
0⋅

03
9

0⋅
02

4
b

0⋅
00

4

a,
b,

c
M

ea
n

va
lu

es
w

ith
in

a
co

lu
m

n
no

ts
ha

rin
g

a
co

m
m

on
su

pe
rs

cr
ip

tl
et

te
r

w
er

e
si

gn
ifi

ca
nt

ly
di

ffe
re

nt
(S

tu
de

nt
-N

eu
m

an
-K

eu
ls

te
st

;
P

,
0⋅

05
).

*F
or

de
ta

ils
of

di
et

s
an

d
pr

oc
ed

ur
es

,s
ee

T
ab

le
1

an
d

pp
.

31
0

–
31

2.
†

D
et

er
m

in
ed

as
to

ta
lg

ly
ce

ro
li

n
V

LD
L

an
d

LD
L.

https://doi.org/10.1017/S0007114599001518  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114599001518


t10,c12 CLA, in comparison with c9,t11 CLA, led to a lower
incorporation of linoleic acid in the lipid fractions and also
to a lower incorporation of linolenic acid and 22:6n-3
(although not statistically significantly different for all
fractions). No effect of CLA on the amount of arachidonic
acid (20:4n-6) in the lipid fractions, except in VLDL-TAG,
was found. In all lipid fractions oleic acid was higher in the
CLA mix and the t10,c12 CLA groups than in the other two
groups.

Peroxisome proliferation

As measures of peroxisome proliferation, palmitoyl CoA
oxidase and carnitine acetyl transferase activities in liver
homogenates were determined in eight hamsters of the
control and CLA mix groups only. No appreciable differ-
ences between the two groups were found. Palmitoyl CoA
oxidase activities in the control and CLA mix groups were
5⋅92 (SE 0⋅91) and 5⋅65 (SE 0⋅80) nmol/min per mg protein
respectively and carnitine acetyl transferase activities were
15⋅34 (SE 3⋅03) and 13⋅87 (SE 2⋅32) nmol/min per mg pro-

tein. Moreover, no differences between the four groups in
the liver catalase concentrations were found (microscopic
scoring,n 16).

Liver histometry and histopathology

In sixteen animals of each group the number of hepatocell-
ular cell nuclei per mm2 liver area was counted. The number
of nuclei was significantly lower in the CLA groups than in
the control group (2525 (SE 65)) and significantly lower in
the t10,c12 CLA group (1909 (SE 86)), CLA mix (2064
(SE 62)) than in the c9,t11 CLA (2204 (SE 71)) group
indicating liver hypertrophy induced by the t10,c12 CLA
isomer. No differences between the four groups in micro-
scopic picture (haematoxylin–azophloxin staining,n 32)
were found.

Discussion

This is the first reported study using individual isomers
(c9,t11 and t10,c12) of CLA incorporated into glycerides. It

314 E. A. M. de Deckereet al.

Table 4. Fatty acid compositions (g/100 g total fatty acids) of liver, VLDL, LDL, and fat pad triacylglycerols (TAG) and liver phospholipids (PL) of
hamsters fed on a control diet or diets containing different isomers of conjugated linoleic acid (CLA) for 8 weeks*

(Mean values and mean values with their standard errors for four hamsters (liver, fat pads) or for eight pooled samples of four hamsters
(VLDL, LDL))

Fatty acid†

c9,t11 t10,c12
18:1n-9 18:2n-6 CLA CLA 18:2 total 18:3n-3 20:4n-6 22:6n-3

Dietary group Mean Mean SEM Mean Mean Mean SEM Mean SEM Mean Mean SEM

Liver TAG
Control 35⋅5 18⋅6a 0⋅72 0⋅09 0⋅02 18⋅7a 0⋅72 0⋅19a 0⋅01 3⋅1
CLA mix 35⋅9 16⋅1a 1⋅27 0⋅88 0⋅30 17⋅3a 0⋅33 0⋅11b 0⋅02 3⋅2
c9,t11 CLA 35⋅1 17⋅8a 0⋅79 1⋅74 0⋅06 19⋅6a 0⋅91 0⋅19a 0⋅03 2⋅8
t10,c12 CLA 38⋅0 15⋅2a 0⋅50 0⋅27 0⋅44 15⋅9a 0⋅52 0⋅09b 0⋅01 3⋅0

Liver PL, total
Control 10⋅5 18⋅1a 0⋅50 0⋅04 0⋅01 18⋅1a 0⋅50 18⋅6 7⋅4a 0⋅31
CLA mix 11⋅4 16⋅6bc 0⋅14 0⋅25 0⋅13 17⋅0ab 0⋅15 17⋅8 5⋅9b 0⋅12
c9,t11 CLA 10⋅9 17⋅4ab 0⋅35 0⋅42 0⋅02 17⋅8a 0⋅36 18⋅1 7⋅0a 0⋅20
t10,c12 CLA 11⋅2 16⋅2c 0⋅21 0⋅07 0⋅20 16⋅5b 0⋅22 18⋅0 5⋅9b 0⋅25

Liver PL, sn-2
Control 9⋅2 24⋅7a 0⋅48 0⋅03 0⋅00 24⋅7ab 0⋅49 38⋅5 15⋅3a 0⋅21
CLA mix 12⋅3 23⋅1a 0⋅32 0⋅35 0⋅10 23⋅5b 0⋅33 36⋅1 11⋅6c 0⋅27
c9,t11 CLA 10⋅4 25⋅5a 1⋅14 0⋅67 0⋅01 26⋅2a 1⋅15 36⋅5 13⋅7b 0⋅16
t10,c12 CLA 11⋅7 22⋅8a 0⋅42 0⋅11 0⋅18 23⋅1b 0⋅43 36⋅3 11⋅4c 0⋅76

VLDL-TAG
Control 31⋅7 24⋅3a 0⋅27 0⋅09 0⋅07 24⋅5a 0⋅26 0⋅32a 0⋅01 3⋅4
CLA mix 36⋅1 19⋅7b 0⋅28 0⋅86 0⋅31 20⋅9b 0⋅30 0⋅13c 0⋅02 2⋅9
c9,t11 CLA 32⋅8 21⋅9c 0⋅17 1⋅67 0⋅10 23⋅7a 0⋅17 0⋅27b 0⋅01 3⋅3
t10,c12 CLA 36⋅7 19⋅6b 0⋅30 0⋅28 0⋅49 20⋅3b 0⋅33 0⋅13c 0⋅01 2⋅9

LDL-TAG
Control 24⋅8 31⋅2a 0⋅24 0⋅02 0⋅00 31⋅2a 0⋅26 0⋅11a 0⋅02 8⋅7 1⋅9a 0⋅14
CLA mix 28⋅0 27⋅2b 0⋅48 0⋅50 0⋅15 27⋅9b 0⋅47 0⋅06a 0⋅02 8⋅4 1⋅6ab 0⋅05
c9,t11 CLA 25⋅6 30⋅1a 0⋅27 1⋅00 0⋅01 31⋅1a 0⋅26 0⋅07a 0⋅03 7⋅3 1⋅6ab 0⋅24
t10,c12 CLA 28⋅4 27⋅7b 0⋅60 0⋅11 0⋅20 28⋅0b 0⋅61 0⋅04a 0⋅02 8⋅3 1⋅3b 0⋅19

Fat pad TAG
Control 44⋅3 16⋅7a 0⋅15 0⋅13 0⋅01 16⋅8a 0⋅15 0⋅42a 0⋅03
CLA mix 46⋅9 13⋅5b 0⋅59 1⋅05 0⋅47 15⋅0a 0⋅65 0⋅18b 0⋅02
c9,t11 CLA 44⋅4 14⋅8b 0⋅37 1⋅78 0⋅08 16⋅7a 0⋅43 0⋅35a 0⋅02
t10,c12 CLA 49⋅6 11⋅8c 0⋅59 0⋅31 0⋅66 12⋅7b 0⋅67 0⋅11b 0⋅02

c, cis; t, trans.
a,b,c Mean values within a column not sharing a common superscript letter were significantly different (Student-Neuman-Keuls test; P , 0⋅05).
* For details of diets and procedures, see Table 1 and pp. 310–312.
† Statistical analysis is only presented for 18:2n-6, 18:2 total, 18:3n-3, and 22:6n-3.
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appears that c9,t11 CLA and t10,c12 CLA differ greatly in
their effects. A third CLA group receiving a mixture of these
two isomers (CLA mix) was also present in the study and
the results for this group were similar to results obtained in a
previous study on CLA mix (van Amelsvoort & Meijer,
1997). The effects of the three CLA preparations with
respect to the control group are summarized in Table 5.
Generally, the diets containing CLA mix and t10,c12 CLA,
in comparison with the control diet, affected the variables
studied in a similar way, whereas the diet containing c9,t11
CLA affected the variables to a lesser extent, if at all. Only
liver weight (Table 2) and the number of cell nuclei in liver
sections, in addition to the fatty acid composition of some of
the lipid fractions (Table 4), were affected by c9,t11 CLA.
The c9,t11 CLA preparation, however, contained approxi-
mately 6 % (of total CLA isomers) t10,c12 CLA and this
contamination might have contributed to these effects. The
results suggest that t10,c12 CLA is the active agent. The diet
with the CLA mix contained 3 g t10,c12 CLA/kg (0⋅70 %
energy). This amount appears to be sufficient to evoke
physiological effects. The CLA preparations also contained
a number of other CLA isomers, but they were present in all
three CLA preparations and the individual amounts were
low.

Hamsters fed on a diet containing a small amount of
cholesterol (0⋅1 g/kg) were used to investigate the effects of
CLA on plasma cholesterol and other lipid variables,
because the hamster is regarded as an appropiate animal
model to investigate effects of fatty acids on lipoprotein
cholesterol and other lipoprotein aspects. Like human sub-

jects, the hamster has a significant amount of LDL and
cholesteryl ester transferase activity in plasma, and choles-
terol synthesis and the regulation of the LDL receptor are
sensitive to dietary fatty acids. Furthermore, the rate of
hepatic cholesterol synthesis is relatively low compared
with that of the whole animal, and bile acid synthesis is
not activated by dietary cholesterol (Spady & Dietschy,
1983, 1985; Kris-Etherton & Dietschy, 1997; Nicolosi,
1997). In addition, like human liver, the hamster liver
synthesizes VLDL particles which contain only apolipopro-
tein B-100 (Arbeenyet al. 1992). The diets were prepared
under tightly controlled conditions, CLA was exchanged for
linoleic acid, and the diets were fed in a parallel design. On
the basis of this design a meaningful conclusion may be
reached (Kris-Etherton & Dietschy, 1997). Plasma choles-
terol concentrations were not determined at the start of the
experiment, because blood collection in young animals
disturbs growth, and due to our experience with this
model and the large number of animals per group it was
not considered necessary. Furthermore, in a previous study
similar effects of the CLA mix on plasma TC and total TAG
were found (van Amelsvoort & Meijer, 1997).

Plasma TC and LDL-cholesterol levels of the CLA mix
and t10,c12 CLA groups were lower than those of the
control and c9,t11 CLA groups. Studies by Nicolosiet al.
(1997) and Leeet al. (1994) also suggest that a mixture of
CLA free fatty acid isomers can lower plasma TC and LDL-
cholesterol levels. However, the hamster model used by
Nicolosi et al. (1997) had a very high value of plasma TC
(about 16 mmol/l) and a very low level of HDL-cholesterol

315Conjugated linoleic acid and lipid metabolism

Table 5. Summary of effects of cis-9, trans-11 conjugated linoleic acid (CLA), trans-10, cis-12 CLA
and a mixture of CLA isomers relative to control (%) together with the statistical evaluation of the

measured values (statistics)

Group

c9,t11 CLA t10,c12 CLA CLA mixture

Variable % Statistics % Statistics % Statistics

Animal
Food intake 0 NS −6 S −6 S
Growth* +21 NS −19 NS −8 NS

Organ weights
Liver +8 S +25 S +26 S
Fat pads +4 NS −16 S −9 S
Kidneys +1 NS +7 S +6 S

Plasma
TC, 4 weeks −1 NS −13 S −13 S
TC, 8 weeks +2 NS −8 NS −4 NS
TAG, 4 weeks +2 NS +53 S +38 S
TAG, 8 weeks +11 NS +52 S +62 S

Lipoproteins
VLDL-cholesterol +20 NS +50 S +67 S
VLDL-TAG +20 NS +61 S +80 S
LDL-cholesterol +7 NS −18 S −21 S
HDL-cholesterol 0 NS −11 S −8 S

Liver lipids
TC per g +13 NS −9 NS −10 NS
TC per liver +21 NS +21 NS +13 NS
TAG per g −1 NS −10 NS −12 NS
TAG per liver +6 NS +11 NS +10 NS
Liver cell nuclei† −13 S −24 S −18 S

c, cis; t, trans; S, significantly different from control; TC, total cholesterol; TAG, triacylglycerol.
* Note that growth was little in hamsters of this age.
† Per mm 2 of liver area.
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(about 1⋅5 mmol/l). Usually, plasma TC values in hamsters
are 3–4 mmol/l of which 50–70 % is HDL-cholesterol
(de Deckereet al. 1993). In the study by Leeet al. (1994)
control rabbits were fed on diets supplying about 1⋅2 g
linoleic acid daily, whereas the CLA group received in
addition 0⋅5 g CLA/d. After 12 weeks of treatment fasting
LDL-cholesterol (but not plasma TC) levels were signifi-
cantly lower in the CLA group. However, by the addition of
CLA total linoleic acid (cis, cis linoleic acid + CLA) was
33 % higher in the CLA group than in the control group. In
our present study CLA was exchanged for linoleic acid and
the total amount of linoleic acid was kept constant.

Fasting plasma TAG levels were elevated in the CLA mix
and t10,c12 CLA groups compared with the control and
c9,t11 CLA groups. The differences in liver weight might
explain this result, because the means of the VLDL-TAG
values of the four groups when corrected for the differences
in liver weight did not differ from each other. If a larger liver
per sehad been the only cause of the increased plasma TAG
amount then it might be expected that the plasma free fatty
acid concentration would have been lower, because plasma
free fatty acids are the main source of fatty acids for liver
TAG synthesis in this state (16 h fast). However, an
increased free fatty acid concentration was found in the
CLA mix group, in comparison with the control group.
Plasma TAG can also be increased by inhibition of lipopro-
tein lipase (EC 3.1.1.34) activity. Such an effect has been
found in adipocytes where CLA, in comparison with lino-
leic acid, decreased lipoprotein lipase activity (Parket al.
1997). The possible role of lipoprotein lipase is supported
by the observation that CLA mix and t10,c12 CLA
decreased LDL- and HDL-cholesterol levels and increased
LDL- and HDL-TAG levels. These effects have also been
found in patients with no functional lipoprotein lipase (Pacy
et al. 1993). Opposite effects have been found in hamsters.
An increase in lipoprotein lipase activity increased plasma
TC and HDL-cholesterol and decreased plasma TAG levels
(Tsutsumiet al. 1997).

The effect on LDL-cholesterol can be regarded as bene-
ficial with respect to cardiovascular diseases. The effect of
t10,c12 CLA on LDL-cholesterol was not related to the
effect of t10,c12 CLA on liver weight. No significant effects
on plasma TAG values were found by Leeet al. (1994) and
Nicolosi et al. (1997) showing that the effect of CLA on
plasma TAG may depend on the animal model and experi-
mental conditions used which makes extrapolation of the
results for TAG to man questionable.

Another effect found was the higher liver weight in the
CLA mix and t10,c12 CLA groups. This was not accom-
panied by a higher level of lipids in the liver as found in
mice (Beluryet al.1997). An increase in liver weight (22 %)
in mice in response to a mixture of CLA free fatty acids was
also found by Westet al. (1998). The authors suggested that
this was due to lipid deposition, but lipid was not deter-
mined. Belury et al. (1997) have found that CLA may
induce peroxisome proliferation in mice and consequently
hypertrophy of the liver. We also found hypertrophy of the
liver in response to t10,c12 CLA, but no effect on markers
of peroxisome proliferation such as palmitoyl CoA oxidase,
carnitine acetyl transferase, and catalase, from which it can
be concluded that peroxisome proliferation did not occur. In

addition, in rodents and some other species peroxisome
proliferation is accompanied by lower plasma VLDL-TAG
levels and these levels were actually higher. Also in rats fed
with 1⋅5 and 5 % of energy as CLA no liver peroxisome
proliferation or liver enlargement was found (Joneset al.
1999). The absence of an effect of CLA on peroxisome
proliferation does not mean that oxidation of t10,c12 CLA
in peroxisomes could not have been higher than that of
c9,t11 CLA and might have led to a decrease in useful
energy (ATP) production.

One of the striking results was the lower amount of the
t10,c12 CLA isomer in the lipid fractions analysed. Gen-
erally, less than half the amount of that of c9,t11 CLA was
present. This aspect was also found in the rat for adipose
tissue, but not for total fatty acids of serum, liver and other
organs (Suganoet al. 1997). Absorption of t10,c12 CLA
might have been less than that of c9,t11 CLA, but this was
not found in the rat for a mixture of CLA free fatty acid
isomers given by oral administration (Suganoet al. 1997).
We could not detect a decrease of t10,c12 CLA in the food
due to oxidation (results not shown). The most likely
explanation for the lower amount of t10,c12 CLA is a
higher oxidation ratein vivo, in comparison with c9,t11
CLA. In addition to the lower amount of t10,c12 CLA, the
amounts of linoleic anda-linolenic acid in the TAG and
liver PL were also reduced in the CLA mix and t10,c12 CLA
groups, in comparison with the control and c9,t11 CLA
groups. This is clearly shown by the differences in amounts
of these polyunsaturated fatty acids between the c9,t11 CLA
and t10,c12 CLA groups. This indicates that t10,c12 CLA
stimulated the oxidation of C18 polyunsaturated fatty acids,
whereas c9,t11 CLA did not. Also the study by Westet al.
(1998) suggests that a mixture of CLA isomers stimulates
fatty acid oxidation. Interestingly, docosahexaenoic acid
(22:6n-3; an elongation product ofa-linolenic acid) in the
liver PL was decreased by t10,c12 CLA, but arachidonic
acid (an elongation product of linoleic acid) was not. This
could reflect the dietary supply of the precursor fatty acids
(see Table 1).

In conclusion, t10,c12 CLA appeared to be the physiolo-
gically active CLA isomer and the natural isomer, c9,t11
CLA, present in dairy products and meat of ruminants had
little or no effect on lipid metabolism in hamsters.
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