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Dietary conjugated linoleic acids promote fatty streak formation in the
C57BL/6 mouse atherosclerosis model
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Conjugated linoleic acids (CLA) are positional isomers of linoleic acid which have been sug-
gested by some to possess antiatherosclerotic properties. To test this hypothesis, three groups of
twenty C57BL/6 mice were fed on atherogenic diets containing: 5g CLA/Bg ZLA+28g

linoleic acid/kg or 5g linoleic acid/kg. All diets were fed for 15 weeks and contained (g/kg):
triacylglycerol 145, free fatty acids 5, cholesterol 10 and cholic acid 5. At the completion of the
experimental period, when data from both groups fed on CLA were combined, dietary CLA did
not produce significant differences in body weight, serum total cholesterol concentration or
serum HDL-cholesterol concentration. However, mice receiving CLA developed a significantly
higher serum HDL-cholesterol : total cholesterol ratio and a significantly lower serum triacyl-
glycerol concentration than controls. Despite causing a serum lipoprotein profile considered to be
less atherogenic, the addition of CLA to the atherogenic diet increased the development of aortic
fatty streaks. Considering the increased atherogenesis associated with dietary CLA in the present
study, and the failure to demonstrate a significant beneficial effect of CLA in other animal
studies, there is currently no conclusive evidence to support the hypothesis that CLA protect
against atherogenesis.

Atherosclerosis: Conjugated linoleic acids: Dietary fat

Conjugated linoleic acids (CLA) are positional isomers of streak lesion development (Leeal 1994). Although it was
linoleic acid which have been shown to have anticarcino- initially thought that CLA may be able to protect LDL
genic properties (Parodi, 1997) and have been suggested tgarticles from oxidation (Hat al. 1990; Ipet al. 1991; Lee
reduce atherogenesis (Haumann, 1996; Nicabsi. 1997). et al. 1994; Nicolosiet al. 1997), a recenin vitro investi-
CLA are produced by bacteria and are found at highest gation (van den Bergt al. 1995) showed no antioxidant
concentrations in food products derived from ruminants properties attributable to these fatty acids.
(Haumann, 1996). Meat from ruminants contains approxi- When fed on an atherogenic diet, C57BL/6 mice develop
mately 35 mg CLA/g fat while milk fat contains about 7mg fatty streak lesions in the intima of the aortic sinus within 15
CLA/g (Chin et al. 1992). Fats from vegetables and non- weeks. This enables trials involving relatively large num-
ruminant animals contain a concentration of approximately bers of animals without excessive cost, and, as these mice
0@ mg CLA/g (Chinet al 1992). Dietary supplements are inbred, they possess little genetic variation. Limitations
which contain CLA are also commercially available. of mice as a model for atherosclerosis development include
Two animal experiments investigating the effect of diet- the absence of lipoprotein(a) and cholesteryl ester transfer
ary CLA on atherosclerosis have been reported. In a studyprotein, both of which are known to influence human
using hamsters, atherogenic diets containing CLA producedatherogenesis (Bresloet al. 1996).
significantly smaller aortic fatty streaks (thought to be an  The purpose of the present study was to investigate the
early lesion of atherosclerosis; Fuster, 1994) than diets effect of dietary CLA on early atherogenesis in C57BL/6 mice.
containing no free fatty acids (Nicolost al. 1997). How-
ever, no significant differences were observed when fatty Methods
streak formation in CLA-fed hamsters was compared with
that in hamsters fed on diets containing linoleic acid
(Nicolosi et al. 1997). Supplementation of cholesterol-fed Sixty, 6-week-old, female C57BL/6 mice were obtained from
rabbits with @8 g CLA/d did not significantly reduce fatty the Animal Breeding Station, Department of Laboratory

Experimental animals

Abbreviations: CLA, conjugated linoleic acids.
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Animal Sciences, University of Otago, New Zealand. Mice and kept refrigerated af 4ntil fed. Mice were given fresh
were housed in groups of five in solid-floored cages and kept diet from the refrigerator each day.

in a room maintained at 22 1°, humidity 60+ 5%, air
exchange 12 times/h and on a 12 h light—dark cycle. The
mice were acclimatized for 2 weeks, during which time they
were fed on a commercial mouse diet. At the start of the trial Immediately after killing, between®and 10 ml blood was

the mean mouse weight was(@@. collected from each mouse by cardiac puncture. The blood
was transferred to a test tube and centrifuged at §500

15 min to separate serum. Serum cholesterol and triacylgly-
cerol concentrations were determined using a Hitachi 704
Twenty mice were randomly allocated into each of the three autoanalyser (Boehringer Mannheim GmbH, Mannheim,
dietary groups. Two treatment groups received atherogenicGermany). Serum HDL-cholesterol concentrations were
diets containing either 5 of2g CLA/kg. To ensure all diets  determined after selective precipitation of apolipoprotein
contained equal amounts of free fatty acids, the diet contain- B-containing lipoproteins using PEG 6000 (lzzt al.

ing 28 g CLA/Kg also contained@ g linoleic acid/kg. Mice 1981).

in the control group were fed on a diet containing 5g  The liver from one mouse in each cage was fixed in
linoleic acid/kg. neutral buffered formalin, embedded in paraffin, sectioned,

The mice were fechd libitum for 15 weeks. They were  and then stained with haematoxylin and eosin for routine
then fasted for between 8 and 12h, and killed by ,CO histological examination.
inhalation.

All procedures involving animals in this study were con-
ducted under guidelines established by the Massey Univer-
sity Animal Ethics Committee and with their prior approval. The method used to quantify the aortic fatty streak lesions
was based on that of Paigen al. (198h) and has been
described in detail in a previous publication (Mundzyal.
1998). Briefly, after formalin fixation, the hearts were passed
The atherogenic diets used were similar to those reported bythrough ascending concentrations of gelatin, frozen, and
Nishinaet al. (1990) and are illustrated in Table 1. All diets then sectioned using a cryostat. Once the aortic sinus was
contained (g/kg): triacylglycerol 145, free fatty acids 5, reached, twenty-four consecutive 1@ sections were taken
cholesterol 10 and cholic acid 5. The vitamin and mineral and the cross-sectional area of fatty streak lesions in every
mixes were formulated according to guidelines established second section was measured. All lesion assessment was
by the US National Research Council (1995). Solutions performed blind by the same researcher.
containing either> 95 % CLA or> 99 % linoleic acid were
purchased from Nu-Chek-Prep Inc., Elysian, MN, USA. All
other chemicals were purchased from either BDH Chemi-
cals New Zealand Ltd, Palmerston North, New Zealand or Differences among dietary groups were investigated using
Sigma Chemical Co., St Louis, MO, USA. ANOVA techniques. Relationships between serum lipids,

After the dry ingredients were mixed, water was added to body weight, and fatty streak formation were analysed using
form a dough which was then cut into strips and dried for 3d linear regression. All statistics were calculated using the
at 29. Once dry, the diets were stored in a freezer2(. Statistical Analysis Systems statistics package (SAS Insti-
One week’s supply of diet was removed from the freezer tute Inc., Cary, NC, USA).

Sample collection and processing

Experimental design

Morphological evaluation of fatty streaks

Experimental diets

Statistical analysis

Results
Table 1. Composition of the experimental diets containing different
levels of conjugated linoleic acids (CLA) A summary of the measurements made at the completion of
: the trial is presented in Table 2. During the trial, four mice
Diet ... Control 289 CLAKkg ~ 5g CLAKg were removed from each dietary group. In all instances,
Ingredients (g/kg as fed) removal was due to weight loss resulting from the failure of
Sucrose 48084 48084 48064 mice to adapt to the experimental diet. Although accurate
Casein 200 200 200 measurement of food intake is not practicable using this
gﬁ‘\'éeo‘i’l" ‘5‘8 gg gg model, no differences in food disappearance rates were
Anhydrous milk fat 50 50 50 noticed and no significant differences in body weight were
Cellulose 50 50 50 observed among the treatment groups.
Salt mix* 50 50 50 No significant differences in mean serum total cholesterol
Vitamin mix* 50 50 50 concentration, or in mean serum HDL-cholesterol concen-
DL-Methionine 3 3 3 . .
bL-a-Tocopherol 136 136 136 tration, were obseryed among the dle_tary groups. Compared
CLA 0 25 5 with controls, feeding 5g CLA/kg diet significantlyPE
Linoleic acid 5 2B 0 0[008) increased the serum HDL-cholesterol : total choles-
gﬂg:isgecf&' 12 1g 12 terol ratio. Although it approached significand@=0[09),

the ratio observed in mice fed ofB2y CLA/kg diet was not
* Formulated according to National Research Council (1995) guidelines. significantly different from that of controls. When data from
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Table 2. Lipid variables in C57BL/6 mice fed on atherogenic diets containing different levels of conjugated linoleic acids
(CLA) for 15 weeks*

(Mean values and standard deviations for sixteen mice per dietary group)

Diet ... Control 28 g CLA/Kg 5g CLA/kg
Mean sD Mean SD Mean SD

Total aortic fatty streak area (mm?) oma? o3 0B33° 027 025 022
Serum total cholesterol (mmol/l) 417* 074 3572 072 300? 1016
Serum HDL-cholesterol (mmol/l) 1392 o1 1302 034 11612 031
HDL-cholesterol : total cholesterol 0342 008 020 009 013° or1o
Serum triacylglycerol (mmol/l) 0362 om3 0B1® 008 0@7° om0
Final body weight (g) 22012 1018 21082 122 21342 131

2P Mean values within a row not sharing a common superscript letter were significantly different, P< 005.

*For details of diets and procedures, see Table 1 and p. 252.

both groups of CLA-fed mice were combined, dietary CLA
significantly increased the HDL-cholesterol:total choles-
terol ratio P=001). Serum triacylglycerol concentrations
were significantly higher in controls than in mice receiving
59 CLA/kg diet P=001), but not B g/kg P =0016).
When data from the two CLA-fed groups were combined,
the inclusion of CLA into the atherogenic diet significantly
lowered serum triacylglycerol concentratida< 0[03).
Lipid-containing lesions were present in the intima of the

1997). When CLA-fed hamsters were compared with ham-
sters fed on a control diet containing free linoleic acid, no
differences in body weight or fatty streak formation were
observed (Nicolosét al. 1997).

In the present study, dietary CLA increased the serum
HDL-cholesterol : total cholesterol ratio. As was observed in
the study by Leet al. (1994), this increase was produced by
non-significant changes in both serum total cholesterol and
HDL-cholesterol concentration. In hamsters, dietary CLA

aortic sinus in all mice. These lesions were most common significantly lowered serum total cholesterol concentrations,
close to the origins of the coronary arteries and at the base ofhowever, HDL-cholesterol concentrations were unaltered
the aortic valves and consisted of sub-endothelial collec- by CLA in this model (Nicolosiet al. 1997). Hepatic lipid
tions of macrophages containing numerous lipid globules. metabolism has been shown to be affected by CLA (Belury
In some mice, these globules were also found extracellularly & Kempa-Steczko, 1997) which may explain how they
around areas of macrophage accumulation and were preserproduce changes to the serum lipoprotein profile.
in the underlying media. Mice receiving diets containing  In human epidemiological studies and in previous experi-
26g CLA/kg (P=001), but not 5g CLA/kg P=0012), ments using the C57BL/6 mouse model, atherogenesis has
developed a significantly greater area of fatty streaks thanbeen found to be inversely correlated with the serum HDL-
controls. When data from both groups of mice receiving cholesterol:total cholesterol ratio (Paigen al 1987;
CLA were combined, the addition of CLA to the diet sig- Luria et al. 1991; Stampfeet al 1991; Nishinaet al. 1993).
nificantly increased aortic fatty streak developmeRt=( In the present trial, lesion development was not correlated
002). In the present study, fatty streak area was not with this ratio or with any other variable measured. There-
correlated with the serum concentration of total cholesterol fore, CLA probably increased fatty streak formation by a
(P=00), HDL-cholesterol P =0(4), or triacylglycerol P = mechanism independent of the serum lipoprotein profile,
003), or with either the HDL-cholesterol : total cholesterol triacylglycerols or body weight.
ratio (P=00), or body weight P =0[8). It is possible that CLA promote atherogenesis by stimula-
All livers examined in this study were enlarged and pale tion of the immune system. Interleukin-2 production (Wong
tan in colour. Histological examination revealed diffuse et al. 1997), lymphocyte proliferation (Milleet al. 1994),
hepatic lipidosis which did not differ in severity among and macrophage phagocytic activity (Coetkal. 1993) are
groups on the basis of subjective assessment. all increased in cells cultured from animals supplemented
with CLA. In C57BL/6 mice, foam cells are the predomi-
nant cell type within the fatty streaks (Stewart-Phillips &
Lough, 1991). Foam cells are produced when macrophages
In C57BL/6 mice, dietary CLA significantly increased aortic become engorged with lipid (Aviram, 1996) suggesting that
fatty streak formation. This is in contrast to a study by eée  promotion of the immune system, especially macrophage
al. (1994) in which no significant differences in fatty streak phagocytosis, could be expected to increase fatty streak
development were observed between rabbits supplementedormation. CLA may also promote atherogenesis by their
daily with either @3 g CLA or 05 g coconut oil. The results  ability to, depending on the concentration, both decrease
of the present study are also in contrast to a study usingand increase lipoprotein lipase€ 3.1.1.34) activity (Park
hamsters in which an atherogenic diet containing CLA et al 1997). Lipoprotein lipase has been suggested to be an
resulted in significantly less atherogenesis than a controlimportant factor in determining early atherogenesis (Wil-
diet containing no free fatty acids. However, this result is liams & Tabas, 1995) so that alteration of enzyme activity
difficult to interpret because control hamsters were also may influence atherogenesis.
significantly heavier, raising the possibility that they may It is interesting to note that CLA did not promote
have consumed more of the atherogenic diet (Nicatbsi. atherogenesis in either the cholesterol-fed rabbit or hamster

Discussion
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