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ABSTRACT The present study was designed to examine the effects of increasing dietary levels of vaccenic acid
(VA) and cis-9, trans-11 conjugated linoleic acid (CLA) on chemically induced mammary carcinogenesis in rats.
Both fatty acids were provided as a natural component in butter fat. The conversion of VA to CLA by A9-desaturase
was documented previously in several species, including rats and humans. Specifically, our objective was to
determine the relative contribution of dietary VA and CLA to the tissue concentration of CLA and its ability to inhibit
the development of mammary carcinomas. A total of 7 diets were formulated with varying levels of CLA and VA.
The overall dietary treatment scheme was designed to evaluate the modulation of mammary cancer risk by 7) small
increases of CLA in the presence of a low level of VA and 2) more substantial increases of VA against a background
of low levels of CLA. As expected, small increases in dietary CLA at the low end of the CLA dose-response range
did not reduce tumorigenesis. In contrast, there was a distinct and marked inhibitory response to VA that was dose
dependent. The effect of VA was magnified in this experiment because the dose range of VA tested was much
broader than that of CLA. Fatty acid analysis showed that the conversion of dietary VA to CLA resulted in a
dose-dependent increase in the accumulation of CLA in the mammary fat pad, which was accompanied by a
parallel decrease in tumor formation in the mammary gland. The finding confirms that the conversion of VA to CLA
is as important for cancer prevention as the dietary supply of CLA. Thus, VA is also anticarcinogenic, and VA and

CLA represent functional food components that are present in ruminant fat.
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Numerous health benefits have been identified with con-
jugated linoleic acid (CLA)’ isomer mixtures in biomedical
studies in animal models (1,2). Beneficial health effects have
included reductions in carcinogenesis and atherosclerosis. The
major dietary source of CLA is foods derived from ruminants,
especially dairy products; in this case, cis-9, trans-11 CLA is
the predominant CLA isomer (3,4). The cis-9, trans-11 CLA
isomer is an intermediate in rumen biohydrogenation of lino-
leic acid, and it was originally assumed this was its source in
ruminants. However, recent studies have demonstrated that
the major source of cis-9, trans-11 CLA in milk fat is endog-
enous synthesis via A9-desaturase, with trans-11 18:1 (vacce-
nic acid; VA) as the precursor (5-7).

We recently established that cis-9, trans-11 CLA was anti-
carcinogenic in a rat mammary cancer model when it was
supplied in a natural form (esterified in butter fat triglyceride)
as a food component (8). Interestingly, tissue concentrations
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of cis-9, trans-11 CLA were greater in rats fed a butter that had
been naturally enriched with cis-9, trans-11 CLA compared
with rats fed a comparable amount of the same chemically
prepared CLA isomer, and we postulated that this difference
was related to endogenous synthesis of cis-9, trans-11 CLA
from VA present in the butter. In addition to the importance
of endogenous synthesis in dairy cows cited above, the con-
version of VA to cis-9, trans-11 CLA has also been shown in
rodents (9,10), pigs (11) and humans (12-14). Banni et al.
(10) demonstrated specifically that feeding rats increasing
amounts of pure VA resulted in a progressive increase in the
tissue concentrations of cis-9, trans-11 CLA, and this corre-
sponded to reductions in the number of premalignant mam-
mary lesions after exposure to a chemical carcinogen. In the
present study, we examined the effects of increasing dietary
levels of VA and cis-9, trans-11 CLA concentrations (present
in butter fat) on chemically induced mammary carcinogenesis
in rats. Our objective was to determine the relative contribu-
tions of VA and cis-9, trans-11 CLA to the tissue concentra-
tion of cis-9, trans-11 CLA and its ability to inhibit the
development of mammary carcinomas.

MATERIALS AND METHODS

Production of experimental butter fats. The dietary treatments
in the rodent carcinogenesis experiment were designed to differ in the
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TABLE 1

Fatty acid composition of control butter and high vaccenic
acid/conjugated linoleic acid (VA/CLA) butter

Fatty acid Control butter VA/CLA butter
9/100 g fatty acids
4:0 412 3.69
6:0 2.04 1.81
8:0 1.10 0.99
10:0 2.27 2.10
12:0 2.50 2.31
14:0 8.87 8.67
14:1, cis-9 0.74 0.63
15:0 0.75 0.82
16:0 27.62 23.01
16:1, cis-9 1.52 1.33
17:0 0.47 0.45
18:0 11.85 5.09
18:1, trans-6 to 8 0.46 1.21
18:1, trans-9 0.36 0.84
18:1, trans-10 0.67 2.68
18:1, trans-11 1.30 16.28
18:1, trans-12 0.77 2.48
18:1, cis-9 25.35 14.23
18:2, cis-9, cis-12 3.33 2.93
CLA, cis-9, trans-11 0.51 3.76
18:3, cis-9, cis-12, cis-15 0.41 0.46
20:0 0.14 0.13
Other 2.85 410

concentration of VA and cis-9, trans-11 CLA provided as a natural
food. To achieve this, we formulated diets for the rats with combi-
nations of butter from two sources. The butter sources were produced
by manipulating the diets of dairy cows as previously described (15)
under the auspices of the Cornell University Institutional Animal
Care and Use Committee. One group of cows was fed a corn-based
total mixed ration to produce a control milk fat; a second group of
cows was fed the same total mixed ration supplemented with 2 g/100
g sunflower oil and 1 g/100 g fish oil to produce a milk fat that was
enriched with VA and cis-9, trans-11 CLA. Milk was collected and
processed from these two groups of cows to manufacture butter as
previously described (15). The fatty acid composition of the two
sources of butter is presented in Table 1. There were minor differ-
ences in concentrations of several fatty acids between the two butter
sources, but there were major differences in the concentrations of VA
and CLA.

Protocol of animal treatment. Female Sprague-Dawley rats were
purchased from Charles River Breeding Laboratories (Raleigh, NC)
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at 45 d of age; all subsequent procedures were approved by Roswell
Park Cancer Institute Animal Care and Use Committee. Rats were
fed the AIN-76 basal diet as described previously (8) for 1 wk to
acclimate them to the powdered diet. All rats were injected with a
single dose of methylnitrosourea (MNU: 50 mg/kg body) intraperi-
toneally at 52 d of age for the induction of mammary tumors.
Immediately after MNU administration, a total of 210 rats were
divided into 7 groups of 30 each and administered the different
dietary treatments for the following 24 wk. Throughout this period,
rats were palpated weekly to determine the appearance, size and
location of mammary tumors. The experiment was terminated at 24
wk after MNU administration. All tumors were excised and fixed for
histological examination, and only confirmed carcinomas are re-
ported in data summaries. Randomly selected subsets of rats (n = 9)
from each treatment were necropsied. The tumor-free inguinal mam-
mary fat pad, a portion of the liver and plasma were retrieved. Tissue
and plasma samples were immediately frozen in liquid nitrogen and
then stored at —80°C until fatty acid analysis.

Diet formulation and feeding. All seven diets contained a total
of 10 g/100 g butter fat, which was derived from the two butter
sources either alone or in combination (Table 2). Diet A represented
the control group’s diet, which contained a low level of both CLA
and VA. By using different proportions of the control butter and the
VA/CLA-enriched butter, diets E, F and G were formulated with
increasing concentrations of VA at 0.73, 1 or 1.6 g/100 g. Because the
two sources of butter contained different levels of CLA, diets B, C
and D were supplemented with synthetic cis-9, trans-11 CLA (Nat-
ural, Hovdebygda, Norway; 90% purity) so that the total CLA con-
centration in diet B matched the CLA concentration in diet E, diet
C matched diet F, and diet D matched diet G. All diets contained the
same amounts of casein, dextrose, mineral mix, vitamin mix, alpha-
cel, pDL-methionine and choline bitartrate as described previously
(16). Food and water were consumed ad libitum. Fresh food was given
every 2 d.

Fatty acid analysis. The —80°C samples of liver and mammary
fat pad were pulverized at liquid nitrogen temperature. Total lipids
were then extracted from pulverized tissues and plasma by the pro-
cedure of Hara and Radin (17) using hexane/isopropanol. Fatty acids
were methylated according to Christie (18) with modifications. For
fat pad lipids, 40 mg was dissolved in 2.0 mL hexane and 40 uL
methyl acetate. Methylation reagent (40 pL of 1.0 mol/L sodium
methoxide in methanol) was added, the solution was thoroughly
mixed and allowed to react at room temperature for 10 min. The
reaction was then terminated by the addition of 60 uL of 0.26 mol/L
oxalic acid in diethyl ether. Several grains of anhydrous calcium
chloride were added, and the mixture was incubated at room tem-
perature for 1 h. An aliquot of the clear hexane supernatant was
removed for analysis by GC after centrifugation at 2400 X g, 4°C for
5 min. Plasma and liver samples were processed in a manner similar
to that for the mammary fat pad. However, because these typically
yielded far less lipid, quantities of all reagents for methylation were
adjusted to compensate for the reduced yield.

TABLE 2

Design of diets containing control butter and/or high vaccenic acid/conjugated linoleic acid (VA/CLA) butter?

Diet proportion

Fatty acid concentration

Diet Control butter VA/CLA butter Synthetic cis-9, trans-11 CLA trans-11 18:1 cis-9, trans-11 CLA
g/100 g g9/100 g diet
A 10 0.13 0.05
B 10 0.13 0.13 0.18
C 10 0.19 0.13 0.24
D 10 0.32 0.13 0.37
E 6 4 0.73 0.18
F 4 6 1.00 0.24
G 10 1.60 0.37

1 The basal diet for all treatments consisted of AIN-76 as described in (8).
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TABLE 3 FAME were analyzed by GC (Hewlett Packard GC system 6890+

with flame ionization detector, Avondale, PA) using a CP-Sil 88

Bioassay of mammary cancer prevention in rats fed capillary column (100 m X 0.25 mm i.d. with 0.2-um film thickness;
increasing levels of conjugated linoleic acid (CLA) Varian, Walnut Creek, CA). A programmed temperature run was

used to separate FAME. Inlet and detector temperatures were both
250°C. The oven temperature was initially 80°C, then ramped 2°C/
min to 190°C and held for 20 min until ramped 5°C/min to 215°C

and/or vaccenic acid (VA)

Treatment! Tumor incidence Total tumors and held for 15 min. The split ratio was 100:1 and hydrogen was used
% p-value n p-value as the carrier gas at 1.0 mL/min. FAME standards were used to
identify sample FAME (Nu-Chek-Prep, Elysian, MN).
A 93 91 Statistical analyses. Fatty acid composition data were analyzed
B 93 85 statistically by the General Linear Model procedure of SAS (SAS
c 83 74 Institute, Cary, NC). For treatments A, B, C and D, a single-factor
D 77 0.152 65 <0.052 ANOVA was used to identify the effect of treatment. Differences
E 70 <0.053 63 <0.053 between treatment means were identified using the PDIFF option of
F 47 <0.014 49 <0.054 the LSMeans command. Linear contrasts were used to determine
G 40 <0.015 36 <0.055 differences between treatments B and E, C and F, and D and G.
Treatment effects and differences between means were considered
1 Diets differed in concentration of cis-9, trans-11 CLA (Treatments significant when P < 0.05. Tumor incidence was compared by x*
A, B, C and D) and VA (trans-11 18:1; Bvs. E, C vs. F, and D vs. G) as analysis using the Frequency procedure of SAS. Total tumor numbers
detailed in Table 2. Each treatment group had 30 rats. were compared by frequency distribution analysis (19).
2 P-value for single-factor ANOVA comparing treatments A, B, C
ana b RESULTS

3 P-value for linear contrast comparing treatments B and E.
4 P-value for linear contrast comparing treatments C and F.

: X Th rall dietary treatment schem im lu-
5 P-value for linear contrast comparing treatments D and G. e overall dieta y treatment scheme was a ed at evalu

ating the modulation of mammary cancer risk by 1) small
increases of CLA in the presence of a low level of VA and 2)
more substantial increases of VA against a background of low

TABLE 4

Composition of fatty acids from liver lipids of rats fed increasing amounts of vaccenic acid (VA) and conjugated linoleic acid (CLA)

Treatment Treatment1

Fatty acid A B ] D P-value? E F G P-value3  P-value4  P-value5

9/100 g fatty acids — g/100 g fatty acids —

14:0 0.56 0.54 0.58 0.67 NS 0.52 0.48 0.42 NS NS 0.02
14:1, cis-9 0.03 0.05 0.05 0.06 NS 0.03 0.02 0.01 NS 0.09 <0.01
15:0 0.14 0.14 0.13 0.15 NS 0.16 0.15 0.14 0.09 NS NS
16:0 1592 1534 15.64 16.64 NS 16.13  14.88  13.91 NS NS 0.04
16:1, cis-9 2.10 2.08 2.16 2.42 NS 1.88 1.78 1.55 NS NS 0.02
17:0 0.30 0.31 0.29 0.31 NS 0.33 0.36 0.36 NS <0.01 <0.01
18:0 2419 23.88 23.00 21.82 NS 22.61 23.42 23.98 NS NS NS
18:1, trans-6 to 8 0.09 0.08 0.08 0.08 NS 0.13 0.15 0.19 <0.01 <0.01 <0.01
18:1, trans-9 0.11 0.12 0.12 0.13 NS 0.17 0.20 0.25 <0.01 <0.01 <0.01
18:1, trans-10 0.05 0.05 0.06 0.06 NS 0.13 0.17 0.25 <0.01 <0.01 <0.01
18:1, trans-11 0.19 0.22 0.23 0.24 NS 1.14 1.66 2.63 <0.01 <0.01 <0.01
18:1, trans-12 0.23 0.28 0.30 0.28 0.10 0.35 0.40 0.41 0.03 <0.01 <0.01
18:1, cis-9 14.46 1447 1497 17.20 NS 1439 1273 10.73 NS NS <0.01
18:2, cis-9, cis-12 3.42 3.84 3.69 3.76 NS 4.51 4.49 4.97 <0.01 <0.01 <0.01
CLA, cis-9, trans-11 0.09b  0.12b  0.13b  0.19a <0.01 0.61 0.76 1.10 <0.01 <0.01 <0.01
18:3, all cis 6, 9, 12 0.07 0.09 0.07 0.08 NS 0.06 0.09 0.05 NS NS NS
18:3, allcis 9, 12, 15 0.05 0.18 0.17 0.11 0.07 0.19 0.09 0.11 NS 0.07 NS
20:0 0.06 0.04 0.038 0.02 NS 0.01 0.02 0.06 NS NS 0.03
20:1, cis-11 0.09 0.06 0.08 0.08 NS 0.07 0.06 0.08 NS NS NS
20:3, all cis 8, 11, 14 1.14 1.16 1.03 1.03 NS 1.21 1.20 1.47 NS 0.06 <0.01
20:4, all cis 5, 8, 11, 14 19.15 19.45 19.58 17.58 NS 16.66 17.12  16.39 0.02 0.04 NS
20:5, all cis 5, 8, 11, 14, 17 0.48 0.52 0.43 0.50 NS 0.71 0.74 1.06 0.03 <0.01 <0.01
22:4, all cis 7, 10, 13, 16 0.21 0.23 0.22 0.23 NS 0.18 0.27 0.17 NS NS NS
22:5, all cis 7, 10, 13, 16, 19 0.25 0.29 0.27 0.24 NS 0.30 0.36 0.34 NS 0.01 0.01
22:6, all cis 4, 7,10, 13, 16, 19 8.12 7.92 7.97 7.16 NS 8.52 9.62 10.83 NS <0.01 <0.01
Other 8.50 8.53 8.71 8.95 NS 9.00 8.75 8.53 NS NS NS

1 Diets differed in concentration of cis-9, trans-11 CLA (Treatments A, B, C and D) and VA (trans-11 18:1; B vs. E, C vs. F, and D vs. G) as detailed
in Table 2. Data represent mean for a subset of 9 rats for each of the seven treatment groups. NS, nonsignificant, P > 0.1.

2 P-value for single-factor ANOVA comparing treatments A, B, C and D. When a treatment effect was significant, treatments were compared by
t-test and differences indicated by different superscripts (a, b; P < 0.05).

3 P-value for linear contrast comparing treatments B and E.

4 P-value for linear contrast comparing treatments C and F.

5 P-value for linear contrast comparing treatments D and G.
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levels of CLA. Therefore, comparisons among treatments A,
B, C and D examine the effect of increasing dietary cis-9,
trans-11 CLA concentration while maintaining a constant VA
concentration. Comparisons between treatments with identi-
cal cis-9, trans-11 CLA concentrations, but differing VA con-
centrations involve treatments B vs. E, C vs. F, and D vs. G
(Table 2).

Modulation of mammary cancer risk. Examination of the
mammary carcinogenesis data indicated that there was a pro-
gressive numerical decline (P = 0.15) in tumor incidence with
increasing dietary intake of cis-9, trans-11 CLA (Table 3;
treatments A, B, C and D). It should be noted that in this
design, the dietary CLA level ranged from 0.05 ¢/100 g in
treatment A to 0.37 g/100 g in treatment D. This range is at
the low end of the CLA dose-response curve based on our
historical data. Thus, the present finding is not unexpected. In
contrast, the reduction in tumor incidence was more pro-
nounced with increasing dietary VA (treatments E, F and G).
Against this backdrop of the small increases in CLA, there was
a distinct inhibitory response to VA that was dose dependent.
The effect of VA was magnified in this experiment because the
dose range was broadened compared with that of CLA; addi-
tionally, the entire dose range of VA was shifted a bit more to
the right. The total numbers of tumors for each group were

CORL ET AL.

also examined. It was evident that the tumor yield data closely
paralleled the tumor incidence data, thus further confirming
the consistency of the results (Table 3).

Fatty acid analysis of tissue and plasma lipids. The fatty
acid composition was determined for liver, plasma and mam-
mary fat pad (Tables 4, 5 and 6, respectively). The proportion
of most fatty acids was similar for treatments A, B, C and D,
whereas tissue and plasma concentrations of cis-9, trans-11
CLA increased with increasing dietary intake of cis-9, trans-11
CLA (Fig. 1). The liver concentration of cis-9, trans-11 CLA
was increased >100% across the range of treatments A to D.
The fatty acid concentration of cis-9, trans-11 CLA in both
plasma and mammary fat pad was increased by only 38% when
treatment A was compared with treatment D. In each tissue,
a trend of increasing tissue cis-9, trans-11 CLA was observed
with increasing dietary cis-9, trans-11 CLA (Fig. 1; bars cor-
responding to treatments A, B, C and D). The liver lipid
concentration of several (n-3) fatty acids was also increased
(Table 4; 20:5, 22:5, 22:6), but the basis is unknown.

At the same intake of cis-9, trans-11 CLA, a progressive
increase in the dietary supply of VA (treatments E, F, and G)
resulted in even greater cis-9, trans-11 CLA concentrations
(Fig. 1). Increasing VA from 0.13 g/100 g in the diet to 0.73
g/100 g (B vs. E) resulted in three- to fourfold increases in

TABLE 5

Composition of fatty acids from plasma lipids of rats fed increasing amounts of vaccenic acid (VA)
and conjugated linoleic acid (CLA)

Treatment1 Treatment1
Fatty acid A B C D P2 E F G P-value3  P-value4  P-valued
9/100 g fatty acids — g/100 g fatty acids —

12:0 0.192 0.13ab 0.12b 0.09b 0.03 0.18 0.14 0.13 NS NS NS
14:0 1.59 1.35 1.23 1.11 NS 1.50 1.37 1.36 NS NS NS
14:1, cis-9 0.17 0.12 0.12 0.11 0.10 0.12 0.11 0.09 NS NS NS
15:0 029 0.28 0.26 0.25 NS 0.32 0.30 0.31 0.09 0.04 <0.01
16:0 21.75 21.37 21.49 20.94 NS 22.41 21.06 21.86 NS NS NS
16:1, cis-9 3.51 3.66 3.67 3.38 NS 2.90 3.02 3.26 0.08 NS NS
17:0 0.30 0.29 0.28 0.28 NS 0.35 0.36 0.34 <0.01 <0.01 <0.01
18:0 14.77 14.48 14.18 14.52 NS 14.53 14.67 12.00 NS NS 0.03
18:1, trans-6 to 8 0.13 0.12 0.12 0.12 NS 0.21 0.23 0.29 <0.01 <0.01 <0.01
18:1, trans-9 0.14 0.15 0.15 0.14 NS 0.24 0.27 0.36 <0.01 <0.01 <0.01
18:1, trans-10 0.15 0.12 0.13 0.12 0.08 0.33 0.38 0.56 <0.01 <0.01 <0.01
18:1, trans-11 0.31 0.28 0.27 0.26 NS 1.82 2.42 3.77 <0.01 <0.01 <0.01
18:1, trans-12 0.32 0.32 0.33 0.31 NS 0.46 0.57 0.79 NS 0.01 <0.01
18:1, cis-9 29.59 30.55 30.97 31.76 NS 27.22 25.85 26.31 0.01 <0.01 <0.01
18:2, cis-9, cis-12 4.36 4.53 4.32 4.36 NS 5.19 4.92 4.82 NS NS NS
CLA, cis-9, trans-11 0.24b  0.292 0.31a 0.33a <0.01 1.31 1.76 3.39 <0.01 <0.01 <0.01
18:3, all cis 6, 9, 12 0.06 0.08 0.07 0.08 NS 0.05 0.05 0.04 <0.01 0.07 <0.01
18:3, all cis 9, 12, 15 0.11 0.10 0.07 0.08 NS 0.12 0.09 0.11 NS NS NS
20:0 0.03 0.03 0.03 0.02 NS 0.02 0.04 0.04 NS NS 0.10
20:1, cis-11 0.13 0.14 0.16 0.17 NS 0.15 0.13 0.16 NS NS NS
20:3, all cis 8, 11, 14 0.62 0.67 0.57 0.62 NS 0.73 0.69 0.71 NS NS NS
20:4, all cis 5, 8, 11, 14 9.40 9.54 9.88 9.45 NS 8.36 8.70 6.07 NS NS <0.01
20:5, all cis 5, 8, 11, 14, 17 0.27 0.29 0.26 0.29 NS 0.37 0.33 0.40 NS NS 0.06
22:4, all cis 7, 10, 13, 16 0.09 0.09 0.07 0.04 NS 0.01 0.02 0.01 <0.01 0.06 NS
22:5, allcis 7, 10, 13, 16, 19 0.04 0.08 0.07 0.04 NS 0.10 0.02 0.1 NS NS 0.07
22:6, all cis 4, 7, 10, 13, 16, 19 2.44 2.46 2.64 2.58 NS 2.92 3.52 3.14 NS <0.01 0.08
Other 9.01 8.45 8.25 8.57 NS 8.08 8.99 9.56 NS NS NS

1 Diets differed in concentration of cis-9, trans-11 CLA (Treatments A, B, C and D) and VA (trans-11 18:1; B vs. E, C vs. F, and D vs. G) as detailed
in Table 2. Data represent mean for a subset of 9 rats for each of the seven treatment groups. NS, nonsignificant, P > 0.1.
2 P-value for single-factor ANOVA comparing treatments A, B, C and D. When a treatment effect was significant, treatments were compared by

t-test and differences indicated by different superscripts (a, b; P < 0.05).

3 P-value for linear contrast comparing treatments B and E.
4 P-value for linear contrast comparing treatments C and F.
5 P-value for linear contrast comparing treatments D and G.
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TABLE 6
Composition of fatty acids from mammary fat pad lipids of rats fed increasing amounts of vaccenic
acid (VA) and conjugated linoleic acid (CLA)
Treatment1 Treatment1
Fatty acid A B C D P2 E F G P-value3  P-value4  P-valued
9/100 g fatty acids — g/100 g fatty acids —
12:0 0.75 0.74 0.72 0.77 NS 0.76 0.75 0.69 NS NS <0.01
14:0 3.99 4.01 3.90 4.07 NS 413 3.97 3.86 NS NS 0.03
14:1, cis-9 0.48 0.47 0.46 0.46 NS 0.46 0.43 0.41 NS NS <0.01
15:0 0.41 0.42 0.42 0.42 NS 0.45 0.44 0.46 NS NS <0.01
16:0 27.05 26.68 26.45 26.56 NS 25.53 25.12 24.66 <0.01 <0.01 <0.01
16:1, cis-9 712 6.91 7.16 6.68 NS 6.45 6.38 6.36 NS 0.05 NS
17:0 0.28 0.29 0.29 0.29 NS 0.30 0.30 0.31 NS NS NS
18:0 4.16 419 4.06 4.31 NS 3.94 3.65 3.21 NS <0.01 <0.01
18:1, trans-6 to 8 0.18 0.18 0.17 0.18 NS 0.28 0.31 0.39 <0.01 <0.01 <0.01
18:1, trans-9 0.22 0.22 0.22 0.23 NS 0.34 0.37 0.44 <0.01 <0.01 <0.01
18:1, trans-10 0.25 0.25 0.26 0.25 NS 0.51 0.62 0.89 <0.01 <0.01 <0.01
18:1, trans-11 0.36 0.37 0.37 0.38 NS 2.15 2.75 417 <0.01 <0.01 <0.01
18:1, trans-12 0.40 0.39 0.39 0.38 NS 0.74 0.88 1.10 <0.01 <0.01 <0.01
18:1, cis-9 39.27 39.45 39.64 39.74 NS 35.84 33.59 31.22 <0.01 <0.01 <0.01
18:2, cis-9, cis-12 6.22 5.94 6.22 5.71 NS 5.50 6.29 6.43 NS NS NS
CLA, cis-9, trans-11 0.48¢c 0.57b 0.59b 0.662 <0.01 2.21 2.85 414 <0.01 <0.01 <0.01
18:3, all cis 6, 9, 12 0.04 0.04 0.04 0.04 NS 0.03 0.03 0.04 0.03 0.08 NS
18:3, allcis 9, 12, 15 0.29 0.27 0.29 0.26 NS 0.24 0.27 0.29 NS NS NS
20:0 0.06 0.06 0.06 0.07 NS 0.07 0.06 0.06 NS NS NS
20:1, cis-11 0.14 0.13 0.14 0.14 NS 0.14 0.15 0.14 NS NS NS
20:3, all cis 8, 11, 14 0.03 0.03 0.08 0.03 NS 0.03 0.03 0.04 NS NS 0.09
20:4, all cis 5, 8, 11, 14 0.26 0.25 0.27 0.25 NS 0.27 0.27 0.25 NS NS NS
20:5, all cis 5, 8, 11, 14, 17 ND ND ND ND ND ND ND
22:4, all cis 7, 10, 13, 16 0.03 0.03 0.04 0.04 NS 0.03 0.02 0.03 NS <0.01 NS
22:5, allcis 7, 10, 13, 16, 19 0.01b 0.01b 0.03a 0.02b <0.01 0.02 0.01 0.08 NS 0.02 0.02
22:6, all cis 4, 7, 10, 13, 16, 19 0.05 0.04 0.04 0.04 NS 0.06 0.07 0.07 <0.01 <0.01 <0.01
Other 7.47 8.04 7.75 8.03 0.05 9.51 10.37 10.30 <0.01 <0.01 <0.01

ND, not detected.

1 Diets differed in concentration of cis-9, trans-11 CLA (Treatments A, B, C and D) and VA (trans-11 18:1; B vs. E, C vs. F, and D vs. G) as detailed
in Table 2. Data represent mean for a subset of 9 rats for each of the seven treatment groups. NS, nonsignificant, P > 0.1.
2 P-value for single-factor ANOVA comparing treatments A, B, C and D. When a treatment effect was significant, treatments were compared by

t-test and differences indicated by different superscripts (a, b; P < 0.05).

3 P-value for linear contrast comparing treatments B and E.
4 P-value for linear contrast comparing treatments C and F.
5 P-value for linear contrast comparing treatments D and G.

tissue and plasma cis-9, trans-11 CLA concentrations (P
< 0.01). Comparing treatments C and F, increasing dietary
VA from 0.13 to 1.0 g/100 g resulted in an approximately
fourfold increase in cis-9, trans-11 CLA concentration in both
tissues and plasma (P < 0.01). Similarly, large increases in
cis-9, trans-11 CLA were observed when treatments D and G
were compared, corresponding to an increase of VA from 0.13
to 1.6 g/100 g (P < 0.01). The two butter sources also differed
in concentration of other trans fatty acids (Table 1), and
increasing their dietary supply increased the tissue and plasma
concentration of those fatty acids as well (Tables 3, 4 and 5).

The contribution of dietary VA to tissue cis-9, trans-11
CLA was compared in liver, plasma and mammary fat pad
(Fig. 2). To provide perspective, the relationship between VA
and cis-9, trans-11 CLA in the diet was also included (Fig. 2,
insert). The individual data points for liver, plasma and mam-
mary fat pad from all treatments are shown with their corre-
sponding regression line. Within each tissue, increasing the
supply of VA linearly increased cis-9, trans-11 CLA concen-
tration. The regression lines show the relative conversion of
VA to cis-9, trans-11 CLA and the increasing concentration of
cis-9, trans-11 CLA when comparing the diet with liver, liver
with plasma, and finally the accumulation of cis-9, trans-11

CLA in the mammary fat pad. There was a relative increase in
the proportion of VA converted to cis-9, trans-11 CLA over
the progression from diet to mammary fat pad. The substantial
difference in slope between liver and plasma would presumably
reflect endogenous synthesis of cis-9, trans-11 CLA by hepatic
A9-desaturase.

A comparison of the relative transfer of cis-9, trans-11 CLA
from plasma to the mammary fat pad indicated a quadratic
relationship between increasing plasma cis-9, trans-11 CLA
and accumulation of cis-9, trans-11 CLA in the mammary fat
pad (Fig. 3). The relationship was linear at lower concentra-
tions and appeared to approach a plateau at 3 to 4 g/100 g
cis-9, trans-11 CLA in plasma.

DISCUSSION

The cis-9, trans-11 isomer of CLA has been shown to
potently inhibit mammary carcinogenesis in animal models
(20), and CLA accumulation in the mammary gland was
necessary to observe the anticancer effect (21). In the present
study, mammary fat pad concentration of cis-9, trans-11 CLA
increased with increasing dietary concentration of cis-9,
trans-11 CLA. It is clear that dietary VA was very important
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cis -9, trans-11 CLA (g/100 g FA)

0.05

0.18 0.24
Dietary cis-9, trans-11 CLA (%)

FIGURE 1 Liver (upper panel), plasma (middle panel) and mam-
mary fat pad (lower panel) concentrations of cis-9, trans-11 conjugated
linoleic acid (CLA) in rats fed varying concentrations of vaccenic acid
(VA; trans-11 18:1) and cis-9, trans-11 CLA. The dietary concentration
of cis-9, trans-11 CLA is shown along the x-axis. Treatments A, B, C,
and D contained an identical concentration of VA (0.13 g/100 g) and
increasing concentrations of cis-9, trans-11 CLA (0.05, 0.18, 0.24 and
0.37 g/100 g, respectively). Treatments E, F, and G contained cis-9,
trans-11 CLA that matched diets B, C, and D, respectively and increas-
ing concentrations of vaccenic acid (0.73, 1.00 and 1.60 g/100 g,
respectively). Data are means for a subset of 9 rats for each of the
seven treatment groups. Ssem ranged from 0.015 to 0.084, 0.014 to
0.090, and 0.016 to 0.128 for liver, plasma, and mammary fat pad
concentration of cis-9, trans-11 CLA, respectively.

in determining the CLA concentration of the mammary fat
pad. Banni et al. (10) fed VA to rats and showed this increased
accumulation of CLA in the mammary gland, resulting in a
corresponding reduction of premalignant lesions, an early
marker of mammary cancer. The finding from the current
study extends these results showing that the additive effect of
dietary CLA and conversion of dietary VA to cis-9, trans-11
CLA caused a dose-dependent increase in the accumulation of
CLA in the mammary fat pad and a parallel reduction of total
tumor number and tumor incidence. This illustrates the pro-
tection afforded by CLA present in the mammary gland and
the role of both dietary supply of cis-9, trans-11 CLA and
endogenous synthesis of cis-9, trans-11 CLA from VA in the
diet. The data further reinforce the notion that the conversion
of VA to cis-9, trans-11 CLA is as important for cancer
prevention as the dietary concentration of cis-9, trans-11 CLA,
at least in this animal model. We have assumed that the
cancer inhibitory effect is wholly attributable to the increased
mammary tissue concentration of cis-9, trans-11 CLA. How-
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FIGURE 2 The relationship between tissue concentration of vac-
cenic acid (VA) and cis-9, trans-11 conjugated linoleic acid (CLA) in
liver, plasma and mammary fat pad of rats fed varying concentrations
of VA (trans-11 18:1) and cis-9, trans-11 CLA. Data points represent
individual rats (n = 9 for each of the 7 treatment groups) for liver,
plasma, and mammary far pad. For reference, the relationship between
VA and CLA in the diet is shown in the inset in which the x-axis and
y-axis units are the same as those in the larger graph.

ever, a direct anticarcinogenic effect of trans-11 18:1 cannot
be completely ruled out because Awad et al. (22) demon-
strated that VA was able to modestly inhibit the growth of
HT-29 human colon cancer cells compared with stearic acid.
Nevertheless, it is clear that VA is anticarcinogenic in this
animal model.

The effect of CLA on cancer has been investigated exten-
sively using animal models, and cis-9, trans-11 CLA has proven
particularly effective in preventing mammary cancer [for re-
views, see (1,2)]. The mammary gland consists largely of
adipocytes and these cells store large amounts of neutral lipids.
CLA appears to be preferentially deposited into triglycerides
(23), thus explaining its accumulation in the mammary gland.
Dietary cis-9, trans-11 CLA was shown previously to have
direct effects on mammary epithelial cells, including decreased
proliferation and induction of apoptosis (24-27). Recently,

y =-0.22x% + 1.94x + 0.04
R?=0.97

Mammary CLA {g/100 g fatty acids)

0 " i N N "
0 1 2 3 4 5
Plasma CLA (g/100 g fatty acids)

FIGURE 3 The relationship between plasma concentration of
cis-9, trans-11 conjugated linoleic acid (CLA) and mammary fat pad
concentration of cis-9, trans-11 CLA from rats fed varying concentra-
tions of vaccenic acid (trans-11 18:1) and cis-9, trans-11 CLA. Each
data point represents an individual rat (n = 9 for each of the 7 treatment
groups).
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FUNCTIONAL FOOD REDUCES MAMMARY CANCER IN RATS

dietary cis-9, trans-11 CLA was also shown to prevent the
conversion of mammary stromal stem cells to endothelial cells,
suggesting a possible role of cis-9, trans-11 CLA in the inhi-
bition of angiogenesis (28).

The relationship of cis-9, trans-11 CLA and mammary
cancer protection in humans has been examined through
epidemiologic studies and results have been inconclusive. Aro
et al. (29) found that serum cis-9, trans-11 CLA was signifi-
cantly lower in breast cancer cases than controls in postmeno-
pausal women and inferred that the CLA in dairy products
could play a protective role against breast cancer. However,
Chajés et al. (30) observed no difference in the breast adipose
tissue concentration of cis-9, trans-11 CLA between breast
cancer cases and controls. Voorrips et al. (31) used a food-
frequency questionnaire to determine intakes of cis-9, trans-11
CLA and reported a significant relationship between cis-9,
trans-11 CLA and breast cancer incidence (risk ratio of 1.24
after adjusting for known risk factors). However, the fatty acid
data used in that study were criticized by others (32). Overall,
these limited investigations provide no clear indication of a
role for cis-9, trans-11 CLA in the prevention of breast cancer
in humans. In general, differences in the intake of cis-9,
trans-11 CLA between cases and controls, if available, are
consistently small and may have been inadequate to observe
an effect. The present study (Table 3) and Ip’s previous work
with the rat model (20,33) demonstrated that there might be
a threshold level of CLA for the manifestation of the cancer
inhibitory effect. Furthermore, many factors influence breast
cancer risk and the ability of cis-9, trans-11 CLA to alter risk
may be dependent on the outcome of genetic and environ-
mental interactions unique to different populations.

The labeling of the trans fatty acid (TFA) content of foods
has received renewed attention because of the relationship of
dietary intake with increases in plasma LDL cholesterol and
the risk of coronary heart disease (34). Belury (35) challenged
the appropriateness of grouping all TFA into a single entity for
food labeling and used CLA isomers as examples of TFA for
which beneficial effects have been identified. The present
study demonstrates the beneficial effects of cis-9, trans-11 CLA
on tumorigenesis in a rodent model, and further indicates that
certain trans octadecenoic acid isomers can also have benefi-
cial effects. Food products containing partially hydrogenated
vegetable oils are the major dietary source of TFA in the
United States (~90% of total). These are predominantly
trans-18:1 acids, and the partial hydrogenation of vegetable oil
produces a Gaussian distribution of trans 18:1 isomers that
centers on trans-9, trans-10, and trans-11 isomers (36,37). The
remainder of dietary TFA comes from food products derived
from ruminants, and in this case, the major isomer is VA (36).
The present study demonstrates that dietary VA has clear
benefits in reducing mammary tumors either though direct
action or via its use for endogenous synthesis of CLA. Inter-
estingly, epidemiologic studies have observed a relationship
between coronary heart disease risk and dietary intake of TFA
from vegetable sources, but no such relationship exists for TFA
intake from animal derived foods (38—40).

CLA represents a functional food component because it is
present in ruminant fats, and studies with experimental models
have identified a number of positive health effects associated
with increased CLA intake. Chemically prepared CLA is
available as a dietary supplement, and these products contain
several CLA isomers. Although some of these formulations are
of dubious quality (41), for the most part, they contain an
approximately equal proportion of cis-9, trans-11 CLA and
trans-10, cis-12 CLA as the major ingredients. Recently, there
have been two papers demonstrating that trans-10, cis-12
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CLA, but not the cis-9, trans-11 isomer, induced hyperinsu-
linemia and insulin resistance in mice (42,43), and that trans-
10, cis-12 CLA, but not a mixed isomer preparation of CLA,
induced insulin resistance in obese men (44,45). These very
new data confirm the safety of cis-9, trans-11 CLA, while
suggesting that trans-10, cis-12 CLA should undergo additional
study. The production of pure cis-9, trans-11 CLA pills for the
marketplace may be economically unaffordable. On the other
hand, VA/CLA-enriched functional food could be a viable
way of delivering anticancer agents to the general public. As
pointed out earlier, the food form of CLA is predominantly the
cis-9, trans-11 isomer, and VA conversion to cis-9, trans-11
CLA via A9-desaturase has been shown to occur in humans
(12-14). This is a vanguard preclinical study, which demon-
strates the feasibility of this approach.

ACKNOWLEDGMENTS

The authors thank Todd Parsons, Cassandra Hayes, Joanna
Lynch, Julie Kelsey, Jim Perfield, Dan Peterson, Euridice Castaneda,
Elvina Matitashvili and Debbie Dwyer for their technical assistance.

LITERATURE CITED

1. Belury, M. A. (2002) Dietary conjugated linoleic acid in health: physi-
ologically effects and mechanisms of action. Annu. Rev. Nutr. 22: 505-531.

2. Parodi, P. W. (1997) Cows’ milk fat components as potential anticar-
cinogenic agents. J. Nutr. 127: 1055-1060.

3. Ritzenthaler, K. L., McGuire, M. K., Falen, R., Shultz, T. D., Dasgupta, N.
& McGuire, M. A. (2001) Estimation of conjugated linoleic acid intake by
written dietary assessment methodologies underestimates actual intake evalu-
ated by food duplicate methodology. J. Nutr. 131: 1548-1554.

4. Bauman, D. E., Corl, B. A. & Peterson, D. G. (2003) The biology of
conjugated linoleic acids in ruminants. In: Advances in Conjugated Linoleic Acid
Research, Volume 2 (Sébédio, J.-L., Christie, W. W. & Adlof, R. O., eds.), pp.
146-173. AOCS Press, Champaign, IL.

5. Griinari, J. M., Corl, B. A., Lacy, S. H., Chouinard, P. Y., Nurmela, K. V. V.
& Bauman, D. E. (2000) Conjugated linoleic acid is synthesized endogenously
in lactating dairy cows by A°-desaturase. J. Nutr. 130: 2285-2291.

6. Corl, B. A., Baumgard, L. H., Dwyer, D. A., Griinari, J. M., Phillips, B. S. &
Bauman, D. E. (2001) The role of A®-desaturase in the production of cis-9,
trans-11 CLA. J. Nutr. Biochem. 12: 622-630.

7. Piperova, L. S., Sampugna, J., Teter, B. B., Kalscheur, K. F., Yurawecz,
M. P., Ku, Y., Morehouse, K. M. & Erdman, R. A. (2002) Duodenal and milk
trans octadecenoic acid and conjugated linoleic acid (CLA) isomers indicate that
postabsorptive synthesis is the predominant source of cis-9-containing CLA in
lactating dairy cows. J. Nutr. 132: 1235-1241.

8. Ip, C., Banni, S., Angioni, E., Carta, G., McGinley, J., Thompson, H. J.,
Barbano, D. & Bauman, D. (1999) Conjugated linoleic acid-enriched butter fat
alters mammary gland morphogenesis and reduces cancer risk in rats. J. Nutr.
129: 2135-2142.

9. Santora, J., Palmquist, D. L. & Roehrig, K. L. (2000) Trans-vaccenic
acid is desaturated to conjugated linoleic acid in mice. J. Nutr. 130: 208-215.

10. Banni, S., Angioni, E., Murru, E., Carta, G., Melis, M. P., Bauman, D.,
Dong, Y. & Ip, C. (2001) Vaccenic acid feeding increases tissue levels of
conjugated linoleic acid and suppresses development of premalignant lesions in
rat mammary gland. Nutr. Cancer 41: 91-97.

11. Glaser, K. R., Wenk, C. & Scheeder, M. R. L. (2002) Effects of feeding
pigs increasing levels of C18:1 trans fatty acids on fatty acid composition of
backfat and intramuscular fat as well as backfat firmness. Arch. Anim. Nutr. 56:
117-130.

12. Salminen, I., Mutanen, M., Jauhiainen, M. & Aro, A. (1998) Dietary
trans fatty acids increase conjugated linoleic acid levels in human serum. J. Nutr.
Biochem. 9: 93-98.

13. Adlof, R. O., Duval, S. & Emken E. A. (2000)
gated linoleic acid in humans. Lipids 35: 131-135.

14. Turpeinen, A. M., Mutanen, M., Aro, A., Salminen, |., Basu, S., Palmquist,
D. L. & Griinari, J. M. (2002) Bioconversion of vaccenic acid to conjugated
linoleic acid in humans. Am. J. Clin. Nutr. 76: 504-510.

15. Bauman, D. E., Barbano, D. M., Dwyer, D. A. & Griinari, J. M.  (2000)
Technical note: production of butter with enhanced conjugated linoleic acid for
use in biomedical studies with animal models. J. Dairy Sci. 83: 2422-2425.

16. Ip, C. (1987) Fat and essential fatty acid in mammary carcinogenesis.
Am. J. Clin. Nutr. 45: 218-224.

17. Hara, A. & Radin, N. S. (1978) Lipid extraction of tissues with a
low-toxicity solvent. Anal. Biochem. 90: 420-426.

18. Christie, W. W. (1982) A simple procedure of rapid transmethylation of
glycerolipids and cholesteryl esters. J. Lipid Res. 23: 1072-1075.

19. Horvath, P. M. & Ip, C. (1983) Synergistic effect of vitamin E and

Biosynthesis of conju-

0102 ‘6 Areniga4 uo Aq 610 uonuinu-ul wolj papeojumoq


http://jn.nutrition.org

JN THE JOURNAL OF NUTRITION

2900

selenium in chemoprevention of mammary carcinogenesis in rats. Cancer Res.
43: 5335-5341.

20. Ip, C., Singh, M., Thompson, H. J. & Scimeca, J. A. (1994) Conjugated
linoleic acid suppresses mammary carcinogenesis and proliferative activity of the
mammary gland in the rat. Cancer Res. 54: 1212-1215.

21. Ip, C., Jiang, C., Thompson, H. J. & Scimeca, J. A. (1997) Retention of
conjugated linoleic acid in the mammary gland is associated with tumor inhibition
during the post-initiation phase of carcinogenesis. Carcinogenesis 18: 755-759.

22. Awad, A., Hermann, T., Finsk, C. S. & Horvath, P. J. (1995) 18:1 n7
Fatty acids inhibit growth and decrease inositol phosphatase release in HT-29
cells compared to n9 fatty acids. Cancer Lett. 91: 55-61.

23. Banni, S., Carta, G., Angioni, E., Murru, E., Scanu, P., Melis, M. P.,
Bauman, D. E., Fischer, S. M. &Ip, C. (2001) Distribution of conjugated linoleic
acid and metabolites in different lipid fractions in the rat liver. J. Lipid Res. 42:
1056-1061.

24. Banni, S., Angioni, E., Casu, V., Melis, M. P., Carta, G., Corongiu, F. P.,
Thompson, H. & Ip, C. (1999) Decrease in linoleic acid metabolites as a
potential mechanism in cancer risk reduction by conjugated linoleic acid. Carci-
nogenesis 20: 1019-1024.

25. Ip, M. M., Masso-Welch, P., Shoemaker, S., Shea-Eaton, W. & Ip, C.
(1999) Conjugated linoleic acid inhibits proliferation and induces apoptosis of
normal rat mammary epithelial cells in primary culture. Exp. Cell Res. 250: 22-34.

26. Ip, C., Ip, M. M., Loftus, T., Shoemaker, S. & Shea-Eaton, W. (2000)
Induction of apoptosis by conjugated linoleic acid in cultured mammary tumor
cells and premalignant lesions of the rat mammary gland. Cancer Epidemiol.
Biomark. Prev. 9: 689-696.

27. Ip, C., Dong, Y., Thompson, H. J., Bauman, D. E. & Ip, M. M.  (2001)
Control of rat mammary epithelium proliferation by conjugated linoleic acid. Nutr.
Cancer 39: 233-238.

28. Masso-Welch, P. A., Zangani, D., Ip, C., Vaughan, M. M., Shoemaker, S.,
Ramirez, R. A. & Ip, M. M. (2002) Inhibition of angiogenesis by the cancer
chemopreventive agent conjugated linoleic acid. Cancer Res. 62: 4383-4389.

29. Aro, A., Mannisto, S., Salminen, |., Ovaskainen, M.-L., Kataja, V. & Uus-
itupa, M. (2000) Inverse association between dietary and serum conjugated
linoleic acid and risk of breast cancer in postmenopausal women. Nutr. Cancer
38: 151-157.

30. Chajés, V., Lavillonniére, F., Ferrari, P., Jourdan, M.-L., Pinault, M., Mail-
lard, V., Sébédio, J.-L. & Bougnoux, P. (2002) Conjugated linoleic acid content
in breast adipose tissue is not associated with the relative risk of breast cancer in
a population of French patients. Cancer Epidemiol. Biomark. Prev. 11: 672-673.

31. Voorrips, L. E., Brants, H. A. M., Kardinal, A. F. M., Hiddink, G. J., van den
Brandt, P. A. & Goldbohn, R. A. (2002) Intake of conjugated linoleic acid, fat,
and other fatty acids in relation to postmenopausal breast cancer: the Nether-
lands Cohort Study on Diet and Cancer. Am. J. Clin. Nutr. 76: 873-882.

32. Wolff, R. L. & Precht, D. (2002) A critique of 50-m Cp-Sil 88 capillary

CORL ET AL.

columns used alone to assess trans-unsaturated FA in foods: the case of the
TRANSFAIR study. Lipids 37: 627-629.

38. Ip, C., Chin, S. F., Scimeca, J. A. & Pariza, M. W. (1991) Mammary
cancer prevention by conjugated dienoic derivative of linoleic acid. Cancer Res.
51: 6118-6124.

34. Institute of Medicine, Food and Nutrition Board  (2002) Letter Report
on Dietary Reference Intakes for Trans Fatty Acids. National Academy of Science,
Washington, DC.

35. Belury, M. (2002) Not all trans-fatty acids are alike: what consumers
may lose when we oversimplify nutrition facts. J. Am. Diet. Assoc. 102: 1606.

36. Emken, E. A. (1995) Physicochemical properties, intake, and metab-
olism. Am. J. Clin. Nutr. 62: 659S-669S.

37. Craig-Schmidt, M. C. (1992) Fatty acid isomers in foods. In: Fatty
Acids in Foods and Their Health Implications (Chow, C. K., ed.), pp. 365-398.
Marcel Dekker, New York, NY.

38. Willet, W. C., Stampfer, M. J., Manson, J. E., Colditz, G. A., Speizer, F. E.,
Rosner, B., Sampson, L. A. & Hennekens, C. H. (1993) Intake of trans fatty
acids and risk of coronary heart disease among women. Lancet 341: 581-585.

39. Pietinen, P., Ascherio, A., Korhonen, P., Hartman, A. M., Willett, W. C.,
Albanes, D. & Virtamo, J. (1997) Intake of fatty acids and risk of coronary heart
disease in a cohort of Finnish men. The alpha-tocopherol, beta-carotene cancer
prevention study. Am. J. Epidemiol. 145: 876-887.

40. Gillman, M. W., Cupples, L. A., Gagnon, D., Millen, B. E., Ellison, R. C. &
Castelli, W. P. (1997) Margarine intake and subsequent coronary heart disease
in men. Epidemiology 8: 144-149.

41. Yurawecz, M. P., Sehat, N., Mossoba, M. M., Roach, J.A.G., Kramer,
J. KL G. & Ku, Y. (1999) Variations in isomer distribution in commercially
available conjugated linoleic acid. Fett/Lipid 101: 277-282.

42. Roche, H. M., Noone, E., Sewter, C., Mc Bennett, S., Savage, D., Gibney,
M. J., O’'Rahilly, S. & Vidal-Puig, A. J. (2002) Isomer-dependent metabolic
effects of conjugated linoleic acid. Insights from molecular markers sterol regu-
latory element-binding protein-1c and LXRa. Diabetes 51: 2037-2044.

43. Clément, L., Poirier, H., Niot, I., Bocher, V., Guerre-Millo, M., Krief, S.,
Staels, B. & Besnard, P. (2002) Dietary trans-10, cis-12 conjugated linoleic
acid induces hyperinsulinemia and fatty liver in the mouse. J. Lipid Res. 43:
1400-1409.

44. Risérus, U., Arner, P., Brismar, K. & Vessby, B. (2002) Treatment with
dietary trans10cis12 conjugated linoleic acid causes isomer-specific insulin re-
sistance in obese men with the metabolic syndrome. Diabetes Care 25: 1516—
1521,

45, Risérus, U., Basu, S., Jovinge, S., Fredrikson, G. N., Arnlév, J. & Vessby,
B. (2002) Supplementation with conjugated linoleic acid causes isomer-de-
pendent oxidative stress and elevated C-reactive protein. A potential link to fatty
acid-induced insulin resistance. Circulation 106: 1925-1929.

0102 ‘6 Areniga4 uo Aq 610 uonuinu-ul wolj papeojumoq


http://jn.nutrition.org

