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ABSTRACT: Animal studies have suggested that CLA, a nat-
ural component of meat and dairy products, may confer benefi-
cial effects on health. However, human studies using supple-
mentation with CLA have produced contradictory results. The
aim of the present study was to further investigate the effect of
CLA supplementation on human body fat, serum leptin, and
serum lipids, as well as the incorporation of CLA isomers into
serum lipids classes. Sixteen young healthy nonobese sedentary
women received 2.1 g of CLA (divided equally between the
cis,trans-9,11 and trans,cis-10,12 isomers) daily for 45 d and
placebo for 45 d in a randomized double-blind crossover de-
sign. Body fat was estimated (by measurement of skinfold thick-
ness at 10 sites), and blood was sampled at the beginning, mid-
dle, and end of the entire intervention period; an additional
blood sample was obtained 2 wk thereafter. No significant dif-
ferences in energy, carbohydrate, lipid, or protein intake existed
between the CLA and placebo intake periods. No significant dif-
ferences were found in body fat or serum leptin, TAG, total cho-
lesterol, HDL-cholesterol, and alanine aminotransferase be-
tween CLA and placebo. The CLA isomer content of serum
TAG, phospholipids, and total lipids increased 2-5 times with
CLA supplementation (P < 0.05). In contrast, the CLA content of
cholesteryl esters did not change significantly. The period of 2
wk after the end of CLA supplementation was sufficient for its
washout from serum lipids. These data indicate that supplemen-
tation with 2.1 g of CLA daily for 45 d increased its levels in
blood but had no effect on body composition or the lipidemic
profile of nonobese women.
Paper no. L9252 in Lipids 38, 805-811 (August 2003).

CLA is a family of constitutional isomers and stereoisomers
of octadecadienoic acid having conjugated double bonds.
Several of these isomers occur naturally, mainly in the fat of
ruminants and dairy products, and two (cis,trans-9,11 and
trans,cis-10,12) are known to possess biological activity. As
has been shown in animals studies, both isomers inhibit car-
cinogenesis, whereas the latter lowers body fat and increases
lean body mass (1). Other reported actions of CLA in animals
include decrement of atherogenesis and prevention of the
catabolic effects of immune stimulation (1).

Of the aforementioned physiological effects, that on body
composition has been the one most extensively studied in hu-
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mans so far. Results from the relevant articles are contradic-
tory, with some (including one from our laboratory) indicating
that supplementation with CLA causes body fat reduction
(2-6) and others reporting no significant effect on body fat
(7-9). Results with regard to the effect of CLA supplementa-
tion on human serum lipids are also equivocal (2-5,9,10). The
aim of the present study was to further investigate the effect of
CLA supplementation on body fat and serum biochemical pa-
rameters related to lipid metabolism by using a higher dose
and longer supplementation compared to our previous study
(3), as well as controlling for interindividual and gender dif-
ferences. An additional aim was to determine the incorpora-
tion of individual CLA isomers into serum lipid classes.

MATERIALS AND METHODS

Subjects. Seventeen sedentary women, aged 19-24, who re-
sponded to a public invitation participated in the study initially.
Subjects were eumenorrheic, not obese (body mass index < 30
kg/m?), not suffering from any acute or chronic illness, and not
taking any medication or dietary supplements. They were in-
formed orally and in writing of the design and probable risks
of the research and consented to participate. The study was de-
signed and carried out according to the guidelines of the Uni-
versity of Thessaloniki Ethics Committee.

Design. Participants received CLA for 45 d and placebo for
45 d, with no washout period in between, in a randomized dou-
ble-blind crossover design, thus forming two groups, CLA-
placebo and placebo-CLA. The daily dose of CLA was 2.1 g
in the form of six soft gelatine capsules from TrofoCell (Ham-
burg, Germany). Each capsule contained 500 mg of oil, 70%
of which was CLA, divided equally between the cis,trans-9,11
and trans,cis-10,12 isomers. Placebo was in the form of iden-
tical-appearing capsules containing soybean oil. Subjects were
asked not to modify their nutritional habits and physical activ-
ity for the duration of the study and to record their dietary in-
take as well as the quantity of experimental capsules taken
daily. As an additional measure of compliance, they were
asked to return any remaining capsules at the end of each sup-
plementation period.

Measurements. The participants visited the laboratory at
the onset, middle (change of regimen), and end of the entire
intervention period, between 9 and 11 A.M., after an overnight
fast. During each visit we measured body weight, height, and
thickness of 10 skinfolds for the estimation of percentage
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body fat (11). All skinfold thickness measurements were per-
formed by the same highly experienced researcher using
Harpenden metal calipers from British Indicators (West Sus-
sex, United Kingdom). This method of estimating body fat
has recently been reported to differ by 1.4 + 2.2 (mean + SD)
percentage body fat units from the reference method, hydro-
densitometry, in a large sample (n = 114) of women (12).

Blood sampling. At each of the three visits, the volunteers
provided a blood sample from an antecubital vein into an
evacuated test tube while seated. After clotting, serum was
prepared by centrifugation and was stored at —20°C for the
determination of TAG, total cholesterol, HDL cholesterol,
leptin, and alanine aminotransferase (ALT), as well as for the
FA analysis of lipid classes. In addition, the volunteers pro-
vided a blood sample during a follow-up visit to the labora-
tory 2 wk after the end of the intervention period for the ex-
amination of the washout of CLA from serum lipids.

Assays. TAG, cholesterol, and ALT were assayed by en-
zymic spectrophotometric methods through the use of reagent
kits from Randox (Crumlin, Co. Antrim, United Kingdom).
HDL cholesterol was determined after treatment of serum
aliquots with a precipitant from Roche (Mannheim, Ger-
many). Leptin was measured by ELISA through the use of a
kit from DRG (Marburg, Germany).

Determination of the FA composition of serum lipid classes
was initiated by the addition of a mixture of triheptadecanoin,
diheptadecanoyl PC, and cholesteryl heptadecanoate (all from
Sigma, St. Louis, MO) as internal standards to 0.5 mL of
serum. Lipids were extracted and separated by TLC as de-
scribed (3). Lipid spots were located under UV light after
spraying with a solution of dichlorofluorescein in ethanol, and
the spots corresponding to TAG, phospholipids (PL), and cho-
lesteryl esters (CE) were excised and incubated with 0.5 mol/L
NaOCHj; in methanol (Sigma) at 50°C for 10 min (13). After
extraction with hexane, the methyl esters were separated by
GC in a Hewlett-Packard 5890 Series II chromatograph
(Waldbronn, Germany) equipped with a 30-m-long BPX70
capillary column from SGE (Ringwood, Victoria, Australia).
The column temperature was programmed from 140 to 240°C
at 5°C/min. The carrier gas was helium at a flow rate of 0.67
mL/min (at 140°C). Methyl esters were identified by compar-
ing their retention times to those of pure FAME purchased
from Sigma. Additionally, cis,trans-9,11-, trans,cis-10,12-,
and trans,trans-9,11-octadecadienoic acid were purchased
from Cayman (Ann Arbor, MI). FAME in the samples were

TABLE 1
Anthropometric Data of Participants

A. PETRIDOU ET AL.

quantified by comparing the area under their peaks in the chro-
matogram to that of methyl heptadecanoate (derived from the
internal standards) with the aid of the HP 3365 ChemStation
software from Hewlett-Packard.

The FA composition of total serum lipids was determined
by the addition of a mixture of the internal standards men-
tioned above to 10 pL of serum, followed by preparation of
FAME and GC as described above.

Dietary analysis. Dietary records were analyzed in Mi-
crosoft® Access by the use of a food database created in our
laboratory on the basis of published data (14).

Statistical analysis. Results are reported as the mean + SD.
Significant differences between supplementation with CLA
and placebo were detected by ANOVA based on a counter-
balanced Latin square design (15), which controls for possi-
ble carryover effects. The level of statistical significance was
set at a0 = 0.05. SPSS (version 10.0) was used for all analyses
(SPSS Inc., Chicago, IL).

RESULTS

Before the end of the study, one volunteer withdrew owing to
acute illness (influenza) and the demand of her physician that
she discontinue the experimental capsules. No other adverse ef-
fect was reported by any of the participants. When the study was
unblinded, the volunteer who had withdrawn was found to be
member of the placebo-CLA group. Of the 16 volunteers who
completed the study, 9 belonged to the CLA-placebo group and
7 to the placebo-CLA group. Compliance with the regimen was
99.1 +2.4% for CLA and 99.2 + 3.2% for placebo.

The age of the participants was 22.3 + 1.8 yr. There were
no significant differences in energy, carbohydrate, lipid, or
protein intake between the periods of CLA and placebo sup-
plementation (data not shown). Daily energy intake averaged
1975 kcal and was derived from 43% carbohydrate, 41% fat,
and 16% protein.

Anthropometric data are presented in Table 1. There were
no significant differences between supplementation with CLA
and placebo in regard to body mass, body mass index, sum of
skinfold thickness, or percentage body fat. The observed power
for these parameters was low, ranging from 0.05 to 0.14.

The results of the biochemical analyses except FA analy-
sis are shown in Table 2. There was no significant effect of
CLA supplementation on TAG, total cholesterol, HDL cho-
lesterol, total/HDL cholesterol, leptin, or ALT.

CLA-placebo group

Placebo-CLA group

Baseline CLA Placebo Baseline Placebo CLA
Body mass (kg) 66.3 + 9.5 66.2 £ 9.0 67.1+9.9 66.7 + 4.7 66.9 + 5.1 67.4 +6.0
Height (m) 1.69 £ 0.08 1.69 = 0.07 1.69 £ 0.07 1.68 £ 0.08 1.68 £ 0.08 1.68 £ 0.08
Body mass index (kg/mz) 23.1+2.4 232 +2.4 235+25 23.7+29 23.8+3.0 24.0+3.3
Sum of 10 skinfolds (mm) 189.4 + 56.6 199.2 +40.0 186.0 + 48.7 204.4 + 44.1 223.8 +41.6 203.1 £ 50.4
Body fat (%) 28.1«£5.7 294 +36 28.0+4.6 299+35 31.5+3.1 29.7 £ 4.0
Fat mass (kg) 19.0+5.8 19.7 £ 4.6 19.1 £5.5 20.0+3.4 21.1+£31 20.1 £4.0
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TABLE 2
Biochemical Analyses

CLA-placebo group Placebo-CLA group
Baseline CLA Placebo Baseline Placebo CLA

TAG (mg/dL) 65.0 + 26.1 54.8 +18.0 51.8+9.6 47.4 +£14.2 41.2 £10.7 47.2 £ 6.7
Total cholesterol (mg/dL) 181.1+17.3 172.0+19.6 165.8 £17.0 168.2 + 20.2 157.2 +18.3 1593 +11.6
HDL cholesterol (mg/dL) 56.9 +11.1 55.2 +10.0 56.0+11.9 56.2 £ 6.0 53.4+6.5 50.9+7.2
Total/HDL cholesterol 3.3+0.6 3.2+0.7 3.1+£0.6 3.0+0.4 3.0+0.4 3.2+0.5
Leptin (ng/mL) 15.6 £ 8.9 17.7 7.5 19.6 £ 16.3 24.4 +£10.5 222 +13.1 25.5+12.4
ALT? (U/L, 37°C) 9.6 £+4.0 8.4 +3.8 12.6 4.4 7.5+43 7.8+33 11.8+4.4

JALT, alanine aminotransferase.

GC revealed the presence, in considerable amounts, of 19
FA including the cis,trans-9,11, trans,cis-10,12, and the
trans,trans-9,11 isomers of CLA, although a fourth isomer,
trans,trans-10,12-CLA, has been reported to comigrate with
the latter (16,17). The FA composition of serum TAG, PL,
CE, and total lipids is listed in Tables 3—6.

No significant differences between placebo and CLA sup-
plementation were found in the preceding FA except CLA.
Compared to the placebo, CLA supplementation resulted in a
significant increase in the concentration of all CLA isomers
in serum TAG (P < 0.05), PL (P < 0.001), and total lipids (P
< 0.05). The CLA content of CE increased to a lesser degree
with CLA supplementation, and the difference from the
placebo was not significant.

Concerning the individual CLA isomers, there was a sig-
nificant increase in the percentage of cis,trans-9,11-CLA
within the acyl groups of serum TAG (from 0.32 to 0.76, P =

TABLE 3
Serum Concentrations (mmol/L) of TAG Acyl Groups

0.003, mean of all 16 volunteers), PL (from 0.20 to 0.40, P <
0.001), and total lipids (from 0.18 to 0.40, P = 0.001) with
CLA supplementation (Fig. 1). Likewise, the percentage of
trans,cis-10,12-CLA increased significantly in TAG (from
0.05 to 0.24, P = 0.021), PL (from 0.07 to 0.15, P < 0.001),
and total lipids (from 0.08 to 0.19, P = 0.003). Finally, the
percentage of trans,trans-9,11-CLA increased significantly in
TAG (from 0.20 to 0.30, P = 0.001) and PL (from 0.21 to
0.31, P =0.013). There was no significant difference between
placebo and CLA supplementation in the percentages of any
of the three isomers or their sum in CE. On the contrary, the
sum of the percentages of the three isomers increased signifi-
cantly in TAG (from 0.57 to 1.29, P = 0.004), PL (from 0.48
to 0.87, P < 0.001), and total lipids (from 0.45 to 0.81, P =
0.001). Two weeks after the end of supplementation the CLA
content of serum lipids had returned to the values before CLA
supplementation (Fig. 1).

CLA-placebo group

Placebo-CLA group

Placebo

Baseline

Placebo

CLA

FA Baseline CLA

14:0 0.0337 +£0.0344 0.0310 + 0.0280
16:0 0.5366 £ 0.3030 0.4226 +0.1470
16:1n-7 0.0511 £ 0.0496 0.0379 + 0.0288
18:0 0.1186 +£ 0.0577  0.0955 + 0.0264
18:1n-9 0.6244 + 0.2887 0.5312 +0.1487
18:1n-7 0.0316 £ 0.0128 0.0279 + 0.0109
18:2n-6 0.2448 £ 0.0779 0.2161 + 0.0786

cis, trans-9,11-CLA?

trans,cis-10,1 2-CLAP
trans,trans-9,11-CLA?

0.0050 + 0.0037
0.0006 + 0.0003
0.0030 + 0.0010

0.0109 + 0.0091
0.0042 + 0.0055
0.0039 + 0.0025

CLA sum? 0.0086 + 0.0044 0.0191 £ 0.0162
18:3n-6 0.0040 + 0.0025 0.0023 = 0.0016
18:3n-3 0.0047 +£0.0016  0.0055 + 0.0080
20:1n-9 0.0042 £ 0.0017  0.0038 + 0.0015
20:3n-6 0.0028 + 0.0010 0.0033 = 0.0027
20:4n-6 0.0056 + 0.0026  0.0050 + 0.0029
20:5n-3 0.0002 £ 0.0002  0.0002 = 0.0004
22:5n-3 0.0010 + 0.0008  0.0009 + 0.0007
22:6n-3 0.0008 + 0.0005 0.0010 + 0.0007
24:0 0.0008 + 0.0007  0.0009 = 0.0008
FA sum 1.6734 £0.7158  1.4041 + 0.3845

0.0204 £ 0.0127
0.4331 £ 0.1211
0.0439 £ 0.0375
0.0949 + 0.0601
0.5889 +£0.1813
0.0339 £ 0.0168
0.2379 £ 0.0495

0.0050 + 0.0036
0.0005 + 0.0003
0.0029 + 0.0010

0.0084 + 0.0043

0.0031 £ 0.0017
0.0043 + 0.0020
0.0041 + 0.0020
0.0031 £ 0.0019
0.0077 + 0.0031
0.0003 + 0.0006
0.0012 + 0.0008
0.0014 + 0.0008
0.0009 + 0.0007

1.4876 = 0.3562

0.0177 + 0.0090
0.3359 + 0.0941
0.0300 + 0.0124
0.0700 = 0.0286
0.4431 £ 0.1303
0.0218 + 0.0052
0.1752 + 0.0703

0.0041 + 0.0018
0.0005 + 0.0005
0.0024 + 0.0009

0.0070 + 0.0022

0.0028 + 0.0023
0.0025 + 0.0009
0.0029 + 0.0007
0.0021 + 0.0009
0.0055 + 0.0018
0.0003 + 0.0004
0.0009 + 0.0008
0.0009 + 0.0004
0.0006 + 0.0002

1.1193 £ 0.3146

0.0113 £ 0.0011
0.2817 +0.0801
0.0227 + 0.0081
0.0548 + 0.0151
0.4089 + 0.1067
0.0214 + 0.0065
0.1873 +0.0330

0.0039 + 0.0027
0.0006 + 0.0005
0.0021 + 0.0009

0.0066 + 0.0032

0.0020 + 0.0007
0.0022 + 0.0012
0.0026 + 0.0007
0.0018 + 0.0004
0.0055 + 0.0013
0.0002 + 0.0003
0.0008 + 0.0005
0.0009 + 0.0009
0.0008 + 0.0003

1.0115 £ 0.2351

0.0231 £ 0.0107
0.3540 £ 0.0614
0.0269 + 0.0068
0.0722 £ 0.0132
0.4974 + 0.0954
0.0227 £ 0.0036
0.1969 + 0.0871

0.0100 + 0.0076
0.0027 + 0.0031
0.0039 + 0.0010

0.0166 + 0.0104

0.0024 + 0.0020
0.0029 + 0.0014
0.0034 + 0.0007
0.0021 + 0.0009
0.0054 + 0.0023
0.0004 + 0.0005
0.0007 + 0.0005
0.0007 + 0.0003
0.0007 + 0.0005

1.2287 +0.1664

9P <0.01, significantly higher after CLA supplementation compared to placebo.
bp < 0.05, significantly higher after CLA supplementation compared to placebo.
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TABLE 4
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Serum Concentrations (mmol/L) of Phospholipid Acyl Groups

FA

CLA-placebo group

Placebo-CLA group

Baseline

CLA

Placebo

Baseline

Placebo

CLA

14:0
16:0
16:1n-7
18:0
18:1n-9
18:1n-7
18:2n-6

cis, trans-9,11-CLA?

trans,cis-10,12-CLA?
trans,trans-9,11-CLA?

CLA sum?

18:3n-6
18:3n-3
20:1n-9
20:3n-6
20:4n-6
20:5n-3
22:5n-3
22:6n-3
24:0

FA sum

0.0171 £ 0.0167
0.9696 + 0.2966
0.0220 £ 0.0110
0.9652 + 0.5752
0.4260 + 0.1144
0.0428 + 0.0071
0.5902 + 0.1009

0.0060 + 0.0026
0.0021 + 0.0017
0.0073 + 0.0030

0.0154 + 0.0063

0.0007 + 0.0021
0.0114 + 0.0152
0.0064 + 0.0020
0.0608 + 0.0224
0.1261 + 0.0484
0.0044 + 0.0018
0.0076 + 0.0041
0.0325 + 0.0246
0.0104 + 0.0059

3.3072 £ 0.9684

0.0183 £ 0.0114
0.8342 £0.1370
0.0191 £ 0.0079
0.7739 £ 0.2016
0.3849 + 0.0698
0.0408 + 0.0098
0.5230 + 0.1408

0.0123 £ 0.0038
0.0040 + 0.0016
0.0082 + 0.0026

0.0245 + 0.0054

0.0001 + 0.0003
0.0107 £ 0.0070
0.0066 + 0.0011
0.0531 £ 0.0335
0.1205 + 0.0592
0.0075 + 0.0086
0.0129 + 0.0079
0.0354 +0.0288
0.0069 + 0.0035

2.8695 + 0.4466

0.0139 + 0.0073
0.8657 +0.1865
0.0181 £ 0.0100
0.8320 + 0.4451
0.3701 £ 0.0553
0.0439 + 0.0074
0.6206 + 0.1489

0.0053 + 0.0034
0.0022 + 0.0013
0.0045 + 0.0026

0.0120 + 0.0061

0.0005 + 0.0016
0.0122 £ 0.0118
0.0059 + 0.0023
0.0704 + 0.0309
0.1640 + 0.0699
0.0082 + 0.0055
0.0107 + 0.0061
0.0427 +£0.0276
0.0085 + 0.0038

3.0976 + 0.7621

0.0109 + 0.0039
0.8027 + 0.1045
0.0183 + 0.0047
0.7454 + 0.2606
0.3637 + 0.0463
0.0340 + 0.0048
0.4786 + 0.1029

0.0048 + 0.0019
0.0019 + 0.0005
0.0048 + 0.0023

0.0115 + 0.0039

0.0011 £ 0.0017
0.0088 + 0.0046
0.0050 + 0.0017
0.0436 + 0.0151
0.1213 + 0.0605
0.0092 + 0.0106
0.0077 + 0.0040
0.0280 + 0.0239
0.0063 + 0.0044

2.6949 + 0.4246

0.0075 + 0.0033
0.6840 + 0.0914
0.0143 + 0.0033
0.6091 + 0.0884
0.3267 + 0.0531
0.0336 + 0.0046
0.4689 + 0.0746

0.0054 + 0.0015
0.0016 + 0.0010
0.0045 + 0.0011

0.0115 + 0.0028

0.0006 + 0.0010
0.0078 + 0.0042
0.0063 + 0.0012
0.0425 + 0.0154
0.1336 + 0.0643
0.0053 + 0.0040
0.0077 + 0.0041
0.0290 + 0.0273
0.0107 + 0.0100

2.3962 + 0.2454

0.0118 + 0.0035
0.7547 £ 0.1335
0.0149 £ 0.0019
0.7063 + 0.1968
0.3377 £0.0356
0.0305 + 0.0027
0.5309 + 0.1432

0.0093 + 0.0020
0.0044 + 0.0019
0.0084 + 0.0038

0.0221 £ 0.0055

0.0004 + 0.0004
0.0086 + 0.0047
0.0063 + 0.0014
0.0452 £ 0.0136
0.1295 + 0.0552
0.0055 + 0.0041
0.0081 + 0.0036
0.0317 £ 0.0286
0.0081 + 0.0025

2.6497 £ 0.4752

“Significantly higher after CLA supplementation compared to placebo (P < 0.001).

DISCUSSION

In the present study we examined the effect of supplementa-
tion with CLA (2.1 g for 45 d) vs. a placebo on women’s body
fat, biochemical parameters of serum, and the CLA isomer

TABLE 5

Serum Concentrations (mmol/L) of Cholesteryl Ester Acyl Groups

content of individual serum lipid classes. We found no effect
of CLA on body mass, body fat, or serum leptin, the latter

considered an index of fat mass (18). These findings are in
agreement with results published in three articles (7-9),
which showed no significant change in body mass or body fat

FA

CLA-placebo group

Placebo-CLA group

Baseline

CLA

Placebo

Baseline

Placebo

CLA

14:0
16:0
16:1n-7
18:0
18:1n-9
18:1n-7
18:2n-6

cis,trans-9,11-CLA

trans,cis-10,12-CLA
trans,trans-9,11-CLA

CLA sum

18:3n-6
18:3n-3
20:1n-9
20:3n-6
20:4n-6
20:5n-3
22:5n-3
22:6n-3
24:0

FA sum

0.0212 + 0.0079
0.4424 + 0.0650
0.0677 + 0.0462
0.0779 + 0.0564
0.6136 + 0.1334
0.0346 + 0.0064
1.3732 £0.2956

0.0020 + 0.0020
0.0014 + 0.0010
0.0051 + 0.0027

0.0085 + 0.0052

0.0102 + 0.0072
0.0074 + 0.0079
0.0006 + 0.0002
0.0096 + 0.0041
0.0407 £ 0.0160
0.0042 + 0.0015
0.0000 + 0.0000
0.0044 + 0.0020
0.0000 = 0.0000

2.7169 £ 0.4874

0.0208 £ 0.0110
0.3969 + 0.0632
0.0634 + 0.0506
0.0588 + 0.0300
0.6050 + 0.1591
0.0324 £ 0.0110
1.2204 = 0.1942

0.0036 + 0.0033
0.0019 £ 0.0018
0.0051 + 0.0024

0.0106 + 0.0073

0.0070 + 0.0048
0.0037 + 0.0022
0.0004 + 0.0001
0.0086 + 0.0049
0.0368 + 0.0101
0.0048 + 0.0034
0.0000 + 0.0000
0.0045 + 0.0012
0.0000 = 0.0000

2.4736 £ 0.4311

0.0165 £ 0.0122
0.3919 + 0.0382
0.0667 + 0.0603
0.0468 + 0.0155
0.5744 £ 0.1107
0.0359 + 0.0041
1.4136 +£0.2294

0.0024 + 0.0026
0.0015 + 0.0010
0.0045 + 0.0022

0.0084 + 0.0056

0.0122 £ 0.0106
0.0059 + 0.0024
0.0006 + 0.0002
0.0115 + 0.0041
0.0543 + 0.0191
0.0069 + 0.0019
0.0000 + 0.0000
0.0052 + 0.0033
0.0000 = 0.0000

2.6508 + 0.3696

0.0205 + 0.0062
0.3794 + 0.0521
0.0584 + 0.0132
0.0446 + 0.0182
0.5414 + 0.0762
0.0287 + 0.0078
1.2437 +£0.1948

0.0025 + 0.0029
0.0018 + 0.0013
0.0066 + 0.0040

0.0109 + 0.0060

0.0110 + 0.0076
0.0047 + 0.0015
0.0005 + 0.0002
0.0079 + 0.0014
0.0447 +0.0112
0.0049 + 0.0020
0.0000 + 0.0000
0.0039 + 0.0031
0.0000 = 0.0000

2.4054 £ 0.3176

0.0155 + 0.0054
0.3513 + 0.0582
0.0457 +0.0147
0.0413 +0.0225
0.4956 + 0.1006
0.0290 + 0.0052
1.2054 £ 0.2182

0.0032 + 0.0027
0.0020 + 0.0013
0.0044 + 0.0019

0.0096 + 0.0050

0.0119 £ 0.0109
0.0063 + 0.0045
0.0007 = 0.0005
0.0073 + 0.0026
0.0514 + 0.0169
0.0039 + 0.0013
0.0000 + 0.0000
0.0038 + 0.0030
0.0000 = 0.0000

2.2787 £0.3820

0.0185 + 0.0093
0.3684 + 0.0587
0.0461 + 0.0098
0.0658 + 0.0458
0.4971 + 0.0646
0.0282 + 0.0055
1.3273 £0.2773

0.0038 + 0.0029
0.0038 + 0.0039
0.0050 + 0.0015

0.0126 + 0.0075

0.0084 + 0.0040
0.0038 + 0.0011
0.0006 + 0.0006
0.0084 + 0.0033
0.0475 £ 0.0170
0.0042 + 0.0015
0.0000 + 0.0000
0.0036 + 0.0027
0.0000 = 0.0000

2.4406 + 0.4284
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CLA-placebo group

Placebo-CLA group

Placebo

Baseline

Placebo

CLA

FA Baseline CLA

14:0 0.1010 £ 0.0828 0.0948 + 0.0779
16:0 2.9500 = 1.1592  2.6060 + 0.9496
16:1n-7 0.2139 £0.1770 0.1939 +£0.1417
18:0 1.5616 = 1.0664 1.2220 + 0.5900
18:1n-9 2.4941 £ 0.8858 2.3071 + 0.6639
18:1n-7 0.1744 £ 0.0528 0.1610 + 0.0737
18:2n-6 3.6316 £ 1.1366 3.3498 + 1.1104

cis,trans-9,11-CLA?

trans,cis-10,12-CLA?
trans,trans-9,11 -CLAP

0.0208 + 0.0096
0.0091 + 0.0029
0.0206 + 0.0062

0.0401 £ 0.0228
0.0160 + 0.0104
0.0204 + 0.0066

CLA sum? 0.0504 £ 0.0117  0.0766 + 0.0340
18:3n-6 0.0360 + 0.0326  0.0260 = 0.0226
18:3n-3 0.0268 + 0.0163  0.0230 +£0.0158
20:1n-9 0.0142 £ 0.0054 0.0137 + 0.0049
20:3n-6 0.0972 £ 0.0650 0.0930 + 0.0885
20:4n-6 0.2828 £ 0.1721  0.2830 = 0.1906
20:5n-3 0.0169 + 0.0065 0.0228 + 0.0268
22:5n-3 0.0154 £ 0.0087 0.0158 +=0.0129
22:6n-3 0.0446 + 0.0397 0.0471 £ 0.0441
24:0 0.0170 £ 0.0158 0.0126 £0.0114
FA sum 11.7279 £ 3.6029 10.5482 + 3.2376

0.0733 + 0.0521
2.4593 £ 0.7720
0.2036 + 0.1842
1.0193 = 0.4286
2.3250 £ 0.7348
0.1732 £ 0.0525
3.5880 + 1.0820

0.0194 + 0.0081
0.0073 + 0.0045
0.0144 + 0.0052

0.0410+0.0118

0.0311 £0.0198
0.0312 £ 0.0250
0.0150 + 0.0063
0.1139 £ 0.0932
0.3382 £ 0.2024
0.0288 + 0.0166
0.0167 £ 0.0125
0.0660 + 0.0630
0.0112 £ 0.0070

10.5350 + 2.8161

0.0764 + 0.0341
2.3379 £ 0.6222
0.1636 + 0.0591
1.1376 = 0.7004
1.9870 = 0.5036
0.1422 + 0.0417
3.1951 £ 1.2566

0.0205 + 0.0105
0.0093 + 0.0052
0.0211 + 0.0087

0.0508 + 0.0236

0.0464 + 0.0355
0.0277 +0.0221
0.0114 + 0.0028
0.0837 + 0.0501
0.3065 £ 0.1616
0.0384 + 0.0346
0.0164 + 0.0092
0.0531 + 0.0441
0.0120 £ 0.0128

9.6862 + 2.7535

0.0587 + 0.0303
2.0516 £ 0.6210
0.1201 + 0.0358
0.9250 + 0.3762
1.7843 £ 0.4916
0.1321 +0.0336
3.0691 +1.1100

0.0187 +0.0145
0.0069 = 0.0049
0.0165 + 0.0100

0.0422 + 0.0266

0.0245 + 0.0204
0.0236 + 0.0133
0.0127 +0.0077
0.0670 + 0.0414
0.3082 +0.2130
0.0259 + 0.0161
0.0150 + 0.0088
0.0430 + 0.0351
0.0114 £ 0.0112

8.7144 +2.2703

0.0809 + 0.0470
2.0639 + 0.6721
0.1220 £ 0.0316
1.0267 +0.3785
1.9007 +0.4179
0.1236 + 0.0400
3.2180 + 1.3070

0.0386 + 0.0266
0.0217 £ 0.0141
0.0212 £ 0.0101

0.0815 + 0.0460

0.0369 + 0.0366
0.0230 £ 0.0127
0.0145 + 0.0059
0.0741 £ 0.0449
0.3104 £ 0.1962
0.0257 £ 0.0118
0.0244 + 0.0207
0.0506 + 0.0534
0.0092 + 0.0035

9.1862 + 2.4528

9P <0.001, significantly higher after CLA supplementation compared to placebo.
bp < 0.05, significantly higher after CLA supplementation compared to placebo.

after CLA supplementation in humans. On the other hand, our
findings contrast those of five other articles (2—6), which have
found that CLA reduced human body fat.

The equivocal findings on the effect of CLA on body fat
may be attributed to differences in design, subject character-
istics, dosage, and duration of supplementation. In particular,
compared to our previous study (3), in which we found a sig-
nificant reduction in body fat with 1.4 g of CLA for 28 d, the
present study used a cautious increase in dosage (owing to
concern about safety) and duration of supplementation. This,
along with the use of the same method of body fat estimation,
led us to expect a positive outcome in the present study as
well. Our negative findings may be attributed to the different
design of the present study, i.e., the use of each subject as a
control of herself (to protect the validity of the results from
differences in subject characteristics of different groups) and
the use of an homogeneous sample in terms of gender. Inter-
estingly, the participants in each of the studies that has found
body fat reduction were of both sexes or men only (2-6),
whereas two out of the four studies that showed no significant
change in body fat (Ref. 8; present study) have used only
women. Additionally, the effect of CLA may depend on the
degree of fatness, as most of the studies that have found body
fat reduction have used nonobese subjects (2,3,5,6), whereas
two of the studies that have not have used obese subjects
(7,8).

Concerning leptin, our data contrast the finding of a sig-
nificant reduction after CLA supplementation despite no ef-
fect on body fat (19). This difference may be attributed to dif-

ferences in dosage (3 vs. 2.1 g/d), supplementation period (64
vs. 45 d), and subject characteristics (obese vs. nonobese
women) between the aforementioned and the present study.

The absence of a significant effect of CLA supplementa-
tion on the lipidemic profile in the present study is in agree-
ment with the majority of the relevant articles. Specifically,
studies have found no effect of CLA on human serum TAG
(3-5,9,10), with the exception of the report by Noone et al.
(20), who found decreased TAG levels after CLA supplemen-
tation. Likewise, studies have found no cholesterol lowering
effect of CLA (3-5,9,10,20) except for that of Blankson et al.
(2). Finally, HDL and LDL cholesterol have been reported to
be unaffected by CLA supplementation (4,5,9,10,20) with
two exceptions where reductions were found (2,3). As
pointed out elsewhere, careful scrutiny of the literature sug-
gests that at present it is premature to assign any beneficial
role of CLA in terms of its ability to affect blood lipids (21).

Motivated by the implication of CLA in increased risk for
liver tumor promotion in mice (22), we measured ALT as an
index of liver damage. The finding of no significant change
with CLA supplementation provides no evidence of such
damage with the regimen used in the present study.

We have determined the incorporation of CLA isomers
into lipid classes of human serum before and after CLA sup-
plementation. To be certain that no modification of CLA iso-
mers takes place we have used base-catalyzed transesterifica-
tion of acyl groups. Isomer modification has been reported
to occur with acid catalysis (13), although there is no agree-
ment on the issue (16). Avoidance of possible artifacts was
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FIG. 1. Molar percentages of cis,trans-9,11-CLA (open bars), trans,cis-
10,12-CLA (hatched bars), and trans,trans-9,11-CLA (solid bars) within
the acyl groups of serum TAG, phospholipids (PL), cholesteryl esters
(CE), and total lipids of the CLA-placebo and the placebo-CLA groups at
baseline, end of CLA supplementation, end of placebo supplementa-
tion, and follow-up visit.

achieved at the cost of not determining two minor lipid com-
ponents, nonesterified FA and sphingomyelin, which are not
(trans)esterified through base catalysis (13).

The main CLA isomers of serum lipids at baseline were
cis,trans-9,11 and trans,trans-9,11/10,12. These have been
reported to exist in dairy products and ruminant fat (17,

Lipids, Vol. 38, no. 8 (2003)
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23,24). CLA supplementation resulted in significant increases
in the percentages of CLA isomers in serum lipids, in agree-
ment with data from similar studies (3,5,10,20). TAG were
the lipid class where the most remarkable increase occurred
(from 0.57 to 1.29%) and the class with the highest CLA con-
tent. In accordance with our previous study (3), CLA was
lowest in CE, where linoleate (the common isomer of CLA)
is most abundant, thus reiterating the different metabolic fates
of these FA.

The incorporation of the two CLA isomers of the experi-
mental capsules (i.e., cis,trans-9,11 and trans,cis-10,12) into
serum lipids increased two- to fivefold with supplementation
(specifically, 2.4- and 4.8-fold in TAG, 2.0- and 2.1-fold in
PL, and 2.2- as well as 2.4-fold in total lipids, respectively).
Interestingly, the percentage of the trans,trans-9,11/10,12 iso-
mers (which were not present in the supplement) also in-
creased significantly, although only 1.5-fold and only in TAG
and PL. This suggests that part of these isomers may be pro-
duced endogenously (probably from the other two isomers).

For the first time, we report on the washout of CLA supple-
ment from human serum lipids. Our data show that a period of
2 wk after cessation of supplementation was sufficient for the
return of CLA concentrations to baseline values (Fig. 1).

In conclusion, supplementation of healthy nonobese women
with 2.1 g of CLA daily for 45 d caused a two- to fivefold in-
crease in its incorporation into serum TAG, PL, and total lipids.
In contrast, the CLA content of CE did not change significantly.
Despite the significant increase of CLA levels in blood, there
was no evidence of fat reduction. Additionally, there was no
change in serum leptin and lipids. Further controlled studies
should allow us to settle the discrepancies of the current litera-
ture on the effects of this interesting nutrient on human metab-
olism and the factors that may modulate these effects.
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