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Abstract

Conjugated linoleic acid (CLA) is a natural component of meat and dairy products with anticarcinogenic, fat lowering, antiatherogenic
and anticatabolic activity in animals. The purpose of this study was to examine the effect of CLA supplementation to humans on body fat,
certain biochemical parameters of serum, and the CLA content of serum lipids. Twenty-two volunteers were divided into a study group and
acontrol group in adoubly blind design. The study group received 0.7 g of CLA for four weeks and 1.4 g of CLA for the next four weeks,
while the control group received placebo. Diet was controlled and no significant differences in energy or macronutrient intake were found
between the two groups. Measurements were taken at baseline, four weeks, and eight weeks. The sum of the thickness of ten skinfolds,
percentage body fat calculated from it and fat mass was significantly reduced in the CLA group during the second period (P < 0.004) but
not overall during the study. Serum HDL-cholesterol decreased significantly (P < 0.001) and triacylglycerols as well as total cholesterol
tended to decrease in the CLA group during the first period. The CLA content of serum non-esterified fatty acids, triacylglycerols,
phospholipids, and cholesteryl esters increased gradually with supplementation; the CLA content of total serum lipids doubled at the end
of the study compared to baseline. Phospholipids had the highest CLA content regardless of supplementation. These data indicate that
supplementation with 0.7-1.4 g CLA daily for 4—8 weeks may modulate body fat and serum lipids, as well as increase the CLA content

of serum lipids in humans. © 2001 Elsevier Science Inc. All rights reserved.

Keywords: Cholesterol; Cholesteryl esters; HDL; Non-esterified fatty acids; Phospholipids; Triacylglycerols

1. Introduction

Conjugated linoleic acid (CLA) is a natural substance
found mainly in the fat of ruminants and dairy products in
guantities averaging 0.5 and 0.7% of total fat, respectively
[1]. Theterm CLA covers several constitutional isomersand
stereoisomers of octadecadienoic acid having conjugated
double bonds. Studies on animals have shown that CLA
inhibits carcinogenesis [2-5], lowers body fat [6-12], in-
creases lean body mass [6,7,9,10,12], decreases atherogen-
esis[13-15], prevents the catabolic effects of immune stim-
ulation [16,17], and exhibits antidiabetic characteristics
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[18], athough its anticarcinogenic and antiatherogenic ef-
fects have been questioned [19,20]. Biological activity has
been attributed to cis,trans-9,11-octadecadienoic acid [21]
and trans,cis-10,12-octadecadienoic acid [22,23], the two
major CLA isomers.

CLA is being marketed as a nutritional supplement for
humans accompanied by claims for fat lowering, hypolipi-
demic, bodybuilding, and anticatabolic effects. These
claims extrapolate the findings mentioned above but have
not been substantiated with regard to humans. The aim of
the present study was to investigate certain aspects of
CLA’s activity in the human body. In particular, we exam-
ined the effect of supplementation with moderate doses of
CLA on (i) body fat, (ii) biochemical parameters of serum
related to findings of animal studies, and (iii) the CLA
content of individual serum lipid classes. Preliminary re-
ports on our findings have been presented.>2
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2. Materials and methods

2.1. Subjects

Fourteen men and ten women, aged 19-24, who re-
sponded to a public invitation participated in the study
initially. Subjects were not obese (body mass index <30 kg
m~2), were not suffering from any chronic or acute illness,
and were not taking medication or dietary supplements.
They were informed orally and in writing of the design and
probable risks of the research, and consented to participate.
The study was designed and carried out according to the
guidelines of the University of Thessaloniki Ethics Com-
mittee.

2.2. Design

Each participant was given a balanced isoenergetic
weekly dietary plan (based on estimated basa metabolic
rate and physical activity) for the duration of the study. The
participants were asked to record their dietary intake and the
quantity of experimental capsulestaken daily, aswell asany
medication they might be obliged to take in order to treat
acute illness during the study. Finally, they were asked not
to modify their usual way of life (including physical activ-
ity) in any other respect.

The participants were divided into a study group and a
control group in a doubly blind design. Each group con-
sisted of seven males and five females. The study group
received 500-mg soft gelatin capsules of CLA-70 manufac-
tured by TrofoCell (Hamburg, Germany). According to the
manufacturer, each capsule contained 350 mg of CLA di-
vided equally between the cis,trans-9,11 and trans,cis-10,12
isomers. This was confirmed by our own gas chromato-
graphic analysis (as described below), which showed CLA
to constitute 69% of each capsule, and the distribution of the
two isomers to be 49 and 51%, respectively. The dosage
recommended by the manufacturer was 2—4 capsules per
diem. We therefore prescribed two capsules daily for 4
weeks and four capsules daily for the next 4 weeks to each
member of the study group. The control group received the
same dosage of identically looking capsules containing soy-
bean ail as placebo.

2.3. Measurements

The participants visited the laboratory on three occa-
sions: before starting receiving the capsules, immediately
after the end of the low dosage, and immediately after the
end of the high dosage. All measurements were taken be-
tween 9 and 11 am. after an overnight fast. During each
visit we measured body weight, stature, and thickness of ten
skinfolds for the estimation of percentage body fat [24]. All
skinfold thickness measurements were performed by the
same highly experienced researcher with Harpenden metal

calipers from British Indicators (West Sussex, United
Kingdom).

2.4. 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 determina-
tion of triacylglycerols (TG), cholesterol, creatine kinase
(CK, an index of muscle cell damage), and cortisol (a
catabolic hormone), as well as fatty acid analysis of lipid
classes.

2.5. Assays

TG, cholesterol, and CK were assayed by enzymic spec-
trophotometric methods through the use of reagent kits from
Randox (Crumlin, Co. Antrim, United Kingdom). High den-
sity lipoprotein (HDL) cholesterol was determined after
treatment of serum aliquots with a precipitant from
Bohringer (Mannheim, Germany). Cortisol was measured
by enzyme immunoassay through the use of a reagent kit
from Radim (Rome, Italy).

Determination of the fatty acid composition of serum
lipid classes was initiated by the addition of a mixture of
heptadecanoic  acid, triheptadecanoin, diheptadecanoyl
phosphatidylcholine, and cholesteryl heptadecanoate (all
from Sigma, St Louis, MO) as internal standards to 0.5 ml
of serum. Lipids were extracted as described [25], and
separated by thin-layer chromatography on silica gel plates.
The devel oper was petroleum ether-diethyl ether-acetic acid
90:10:1 (v/v/v). Lipid spots were located under ultraviolet
light after spraying with a solution of dichlorofluorescein in
ethanol, and the spots corresponding to non-esterified fatty
acids (NEFA), TG, phospholipids (PL), and cholesteryl
esters (CE) were excised and incubated in methanolic po-
tassium hydroxide (1 mol/L) at room temperature overnight.
The fatty acids thus produced were methylated by incubat-
ing in 10% boron trifluoride in methanol (Fluka, Buchs,
Switzerland) at 60°C for 5 min. After extraction with hex-
ane, the methyl esters were separated by gas chromatogra-
phy in a Hewlett-Packard 5890 Series Il chromatograph
(Waldbronn, Germany) equipped with a 30-m long BPX70
capillary column from SGE (Ringwood, Victoria, Austra-
lia). 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
comparing their retention times to those of pure fatty acid
methyl esters purchased from Sigma. Additiondly, cis,
trans-9,11-, trans,cis-10,12-, and trans,trans-9,11-octadec-
adienoic acid were purchased from Cayman (Ann Arbor,
MI). Fatty acid methy! estersin the samples were quantified
by comparing the area under their peaks in the chromato-
gram to that of methyl heptadecanoate (derived from the
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Table 1
Analysis of daily energy intake during the two periods of the study

CLA group (n = 10)

Placebo group (n = 12)

1st period 2nd period 1st period 2nd period
Energy (MJ) 11.04 + 2.95 11.78 + 2.92 9.94 + 238 10.36 = 2.93
Carbohydrate (g) 308 + 64 334 + 92 277 =73 304 = 92
Carbohydrate (% energy) 474+55 474+ 6.0 469+ 78 491+ 34
Fat (9) 111 + 46 121 + 36 101 = 30 101 = 29
Fat (% energy) 37.0£63 38855 383 6.7 369+ 42
Protein (g) 102+ 24 96 + 26 90 + 32 88 + 33
Protein (% energy) 156+ 21 138 £ 2.6 148 £ 25 140 £ 3.0

internal standards) with the aid of the HP 3365 ChemStation
software from Hewlett-Packard.

The fatty acid composition of total serum lipids was
determined by the addition of a mixture of the internal
standards mentioned above to 10 wl of serum, and incuba-
tion in methanolic KOH and BF; followed by gas chroma-
tography as described above.

2.6. Dietary analysis

Dietary records were analyzed in Microsoft® Access by
the use of a food database created in our laboratory on the
basis of published data [26].

2.7. Satigtical analysis

Results are reported as the mean + standard deviation.
Significant differences between measurements for each pa-
rameter were detected by performing multiple t tests (paired
or independent, as appropriate) and by adjusting the « level
according to the Bonferroni inequality so that the overall
familywise type | error be =0.05. Nine such tests were
performed for each anthropometric and biochemical param-
eter (three within the CLA group, three within the placebo
group, and three between the two groups at each visit). Thus
the level of statistical significance regarding these parame-
ters was set a o = 0.0056 (0.05/9). Four tests were per-
formed for energy and nutrient intakes (one between the
periods of low and high dosage within the CLA group, one
between the two periods within the placebo group, and two

between the two groups at each period). Thus the level of
statistical significance regarding these parameters was set at
a = 0.0125 (0.05/4).

3. Resaults

Before the end of the study one male volunteer withdrew
due to inability to swallow the capsules and one female
volunteer withdrew due to acute illness (influenza) and the
demand of her physician that she discontinue the experi-
mental capsules. No other adverse effect was reported by
any of the participants. When the study was unblinded, the
two volunteers who had withdrawn were found to be mem-
bers of the CLA group. Therefore data referring to this
group are derived from ten individuals (six male and four
female).

The age of the members of the CLA group was 22.4 +
1.7 years, whereas that of the members of the placebo
group, 22.0 = 1.3 years (not significant). Most participants
received all capsules regularly but afew omitted some. The
total compliance with the regimen was 97 = 4% for the
CLA group and 99 + 2% for the placebo group.

Table 1 lists the analysis of energy intake by the partic-
ipants during the two periods of the study. No significant
differences in energy, carbohydrate, lipid or protein intake
were found between the two groups in any of the two
periods or between the two periodsin any of the two groups.

Anthropometric data are presented in Table 2. No sig-
nificant differences in body mass or body mass index were

Table 2
Anthropometric data of participants

CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
Body mass (kg) 731+79 726 77 721+75 68.3 = 15.0 67.9 = 14.9 679+ 153
Height (m) 1.75 + 0.09 1.76 + 0.08 1.76 + 0.08 1.73 = 0.09 1.72 + 0.08 1.73 = 0.09
Body mass index (kg m™?) 238+ 27 236+ 25 234+ 25 227+ 33 227+ 34 225+ 34
Sum of 10 skinfolds (mm) 101.1 + 36.8 103.3 + 33.7 96.8 = 30.7¢ 94.4 + 23.9 96.1 = 29.0 93.6 = 27.6
Body fat (%) 16.6 + 5.2 170+ 51 16.1 + 4.8 154 + 35 155+ 3.9 151+ 39
Fat mass (kg) 120+ 37 122+ 34 115+ 3.3 106 + 3.6 10.7 £ 4.0 105+ 4.1

@ Significantly different from the second measurement (P < 0.0056).
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Table 3
Biochemical analyses

CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
Triacylglycerols (mmol/L) 0.95 + 0.40 0.75 + 0.23 0.82 = 0.37 097 = 0.54 0.88 = 0.38 0.90 + 0.36
Total cholesterol (mmol/L) 4.49 + 0.98 4.16 = 0.77 4.32 + 0.87 4.38 + 0.61 424 + 0.70 458 + 0.74
HDL-cholesterol (mmol/L) 142 +0.29 1.26 = 0.30% 125+ 0.322 1.28 = 0.29 125+ 0.30 1.26 = 0.30
Total/HDL-cholesterol 32*08 34+07 36+09 36+09 36+11 38+ 11
Creatine kinase (U/L, 37°C) 158 + 85 189 + 160 215+ 171 164 + 118 161 + 129 182 + 106
Cortisol (nmol/L) 693 = 126 700 + 143 716 * 67 692 + 202 656 + 207 695 + 204

@ Significantly different from the first measurement (P < 0.0056).

observed, although both parameters decreased gradualy
during CLA supplementation. The sum of the thickness of
ten skinfolds and percentage body fat calculated from it
decreased significantly during the high CLA intake period
(P = 0.003 and 0.004, respectively). It isremarkable that all
ten members of the CLA group experienced these decre-
ments. Additionally, fat mass (calculated from percentage
body fat and body mass) decreased significantly during the
same period (P = 0.003). However, none of these param-
eters changed significantly during the entire study period.
No significant differences in any anthropometric parameter
were found within the placebo group or between the two
groups.

The results of the hematological and biochemical anal-
yses except fatty acid analysis are shown in Table 3. The
only significant change detected was a decrease in HDL-
cholesterol during the low CLA intake period and overall
during CLA intake (P = 0.001). There was also a tendency
toward decreased triacylglycerols and total cholesterol dur-
ing thefirst period (P = 0.05 and 0.10, respectively), aswell

as atendency toward increased total/HDL -cholesterol over-
al (P = 0.04). No significant differences were found within
the placebo group or between the two groups.

Gas chromatography of the fatty acid methyl esters de-
rived from serum NEFA, TG, PL, CE, and tota lipids of
both experimental groups revealed the presence of both
cistrans-9,11- and trans,cis-10,12-octadecadienoic acid as
separate peaks. A third peak was aso visible which comi-
grated with transtrans-9,11-octadecadiencic acid and
which was, at least in part, produced from the former two
CLA isomers during methylation as judged from its appear-
ance in their chromatograms when the pure isomers were
used to set retention times, and as reported in the literature
[27,28]. Therefore the sum of the three peaksis presented as
CLA below.

The fatty acid composition of serum lipid classes and
total lipids is listed in Tables 4—8. Besides CLA, fourteen
fatty acids were detected, namely, myristate (14:0), palmi-
tate (16:0), palmitoleate (16:1w7), stearate (18:0), oleate
(18:1w9), vaccenate (18:1w7), linoleate (18:2w6), y-lino-

Table 4
Serum concentrations (mmol/L) of non-esterified fatty acids
Fatty acid CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
14:0 0.0103 + 0.0054 0.0091 + 0.0045 0.0081 + 0.0029 0.0080 *+ 0.0034 0.0078 + 0.0046 0.0068 =+ 0.0030
16:0 0.1282 * 0.0355 0.1371 = 0.0429 0.1192 + 0.0216 0.1301 = 0.0370 0.1245 * 0.0468 0.1120 * 0.0280
16:1w7 0.0078 = 0.0043 0.0088 * 0.0040 0.0075 *+ 0.0043 0.0080 = 0.0053 0.0074 = 0.0041 0.0072 = 0.0046
18:0 0.0547 + 0.0169 0.0575 + 0.0346 0.0577 + 0.0413 0.0607 + 0.0197 0.0604 + 0.0350 0.0500 *+ 0.0125
18:109 0.1269 *+ 0.0583 0.1379 + 0.0565 0.1095 + 0.0384 0.1468 + 0.0789 0.1286 + 0.0561 0.1236 *+ 0.0669
18:1w7 0.0065 = 0.0029 0.0071 = 0.0024 0.0052 + 0.0014 0.0076 = 0.0043 0.0066 = 0.0026 0.0066 = 0.0031
18:20w6 0.0694 + 0.0238 0.0752 + 0.0163 0.0604 + 0.0164 0.0748 + 0.0293 0.0669 + 0.0283 0.0596 + 0.0181
CLA 0.0007 + 0.0003 0.0009 =+ 0.0004 0.0009 + 0.0004 0.0007 =+ 0.0005 0.0007 + 0.0004 0.0006 + 0.0003
18:3w6 0.0003 = 0.0002 0.0005 *+ 0.0004 0.0004 + 0.0003 0.0009 =+ 0.0020 0.0005 * 0.0009 0.0002 * 0.0002
18:3w3 0.0020 + 0.0015 0.0026 + 0.0016 0.0020 =+ 0.0009 0.0037 = 0.0043 0.0019 + 0.0009 0.0019 * 0.0009
20:3w6 0.0019 *+ 0.0011 0.0019 *+ 0.0010 0.0018 *+ 0.0013 0.0017 = 0.0011 0.0014 *= 0.0008 0.0016 * 0.0008
20:4w6 0.0049 *+ 0.0015 0.0046 *+ 0.0010 0.0044 + 0.0012 0.0063 =+ 0.0019 0.0057 + 0.0026 0.0060 = 0.0019
20:5w3 0.0002 + 0.0004 0.0001 + 0.0003 0.0002 + 0.0003 0.0002 + 0.0004 0.0006 + 0.0010 0.0002 + 0.0004
22:50w3 0.0001 *= 0.0002 0.0005 * 0.0006 0.0003 * 0.0004 0.0009 = 0.0013 0.0012 *+ 0.0015 0.0007 = 0.0007
22:6w3 0.0004 + 0.0004 0.0005 + 0.0006 0.0005 + 0.0005 0.0011 + 0.0008 0.0012 + 0.0010 0.0011 * 0.0009
Sum 0.4144 = 0.1284 0.4443 + 0.1311 0.3780 = 0.0745 0.4513 = 0.1641 0.4153 * 0.1455 0.3781 = 0.1240
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Table 5
Serum concentrations (mmol/L) of triacylglycerol acyl groups
Fatty acid CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks

14.0 0.032 + 0.022 0.017 + 0.006 0.024 + 0.016 0.037 + 0.040 0.029 + 0.024 0.044 + 0.053
16:0 0.473 = 0.304 0.354 + 0.130 0.394 + 0.167 0.533 + 0.385 0.483 + 0.220 0.526 + 0.309
16:1w7 0.035 + 0.023 0.024 + 0.014 0.032 + 0.019 0.035 + 0.031 0.033 + 0.017 0.042 + 0.025
18.0 0.081 + 0.091 0.045 + 0.017 0.051 + 0.019 0.101 + 0.106 0.064 + 0.036 0.089 + 0.070
18:1w9 0.637 + 0.402 0.465 + 0.221 0.513 = 0.263 0.681 + 0.521 0.627 + 0.285 0.655 + 0.311
18:1w7 0.028 + 0.011 0.026 + 0.012 0.030 + 0.014 0.034 + 0.028 0.027 + 0.014 0.034 + 0.021
18:2w6 0.309 + 0.243 0.264 + 0.135 0.240 + 0.104 0.371 + 0.302 0.345 + 0.248 0.286 + 0.204
CLA 0.002 + 0.001 0.003 = 0.002 0.006 = 0.003 0.004 + 0.006 0.003 + 0.002 0.003 + 0.004
18:3w6 0.002 + 0.002 0.002 + 0.001 0.002 + 0.001 0.005 + 0.005 0.004 + 0.004 0.004 + 0.004
18:3w3 0.009 + 0.011 0.007 + 0.007 0.005 *+ 0.003 0.012 + 0.015 0.007 + 0.007 0.007 + 0.007
20:3w6 0.005 + 0.003 0.003 + 0.001 0.004 + 0.003 0.005 *+ 0.006 0.004 + 0.004 0.004 + 0.004
20:406 0.009 + 0.006 0.007 + 0.002 0.007 + 0.003 0.015 + 0.016 0.013 + 0.016 0.013 + 0.013
20:5w3 0.001 + 0.001 0.000 + 0.001 0.001 + 0.001 0.001 + 0.001 0.000 + 0.000 0.001 + 0.001
22:5w3 0.001 + 0.002 0.001 + 0.001 0.001 + 0.001 0.002 + 0.003 0.002 + 0.002 0.001 + 0.002
22:6w3 0.002 + 0.003 0.001 + 0.001 0.001 + 0.002 0.002 + 0.002 0.003 + 0.005 0.002 + 0.003
Sum 1.626 = 1.058 1.219 = 0.494 1.310 = 0.583 1.836 * 1.426 1.645 =+ 0.837 1.710 = 0.942

lenate (18:3w6), a-linolenate (18:3w3), dihomo-y-lino-
lenate (20:3w6), arachidonate (20:4w6), eicosapentaenoate
(20:5w3), docosapentaenoate (22:5w3), and docosa
hexaenoate (22:6w3).

No significant differences were found in the concentra-
tions of individual NEFA (Table 4), athough CLA tended
to be higher in the study group as compared to the control
group at the end of the study (P = 0.04). Likewise, no

significant differences were found in the concentrations of
TG acyl groups (Table 5), although CLA tended to increase
during the high-dosage period and overal (P = 0.04 and
0.01, respectively).

The total PL acyl group concentration in the CLA group
decreased significantly (P = 0.003) during the study (Table
6). In terms of individual fatty acids, palmitate decreased
significantly during the low-dosage CLA administration

Table 6
Serum concentrations (mmol/L) of phospholipid acyl groups
Fatty acid CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
14:0 0.020 + 0.011 0.015 + 0.008 0.014 + 0.006 0.017 + 0.008 0.013 + 0.005 0.012 + 0.005
16:0 0.885 + 0.154 0.781 + 0.164% 0.797 = 0.148 0.898 + 0.177 0.842 + 0.148 0.838 + 0.140
16:1w7 0.011 + 0.006 0.008 + 0.006 0.010 = 0.004 0.012 = 0.005 0.009 + 0.002 0.011 + 0.005
18:0 0.570 = 0.119 0.520 + 0.105 0.509 + 0.110 0.599 + 0.146 0.567 + 0.093 0.598 + 0.100
18:1w9 0.377 + 0.087 0.317 + 0.064 0.314 = 0.070 0.417 + 0.116 0.393 + 0.099 0.403 + 0.110
18:1w7 0.042 + 0.008 0.038 + 0.008 0.035 *= 0.007 0.047 = 0.012 0.043 + 0.010 0.045 + 0.011
18:20w6 0.664 + 0.149 0.622 + 0.113 0.600 = 0.126 0.716 + 0.156 0.683 + 0.110 0.676 + 0.106
CLA 0.007 = 0.005 0.011 + 0.007 0.012 *+ 0.006 0.009 *+ 0.004 0.007 = 0.004 0.008 * 0.006
18:3w6 0.002 + 0.001 0.001 + 0.001 0.001 = 0.001 0.002 = 0.001 0.001 + 0.001 0.001 = 0.001
18:3w3 0.004 + 0.002 0.003 + 0.002 0.002 + 0.002 0.004 + 0.003 0.004 + 0.002 0.004 + 0.002
20:3w6 0.080 = 0.032 0.067 + 0.021 0.074 = 0.024 0.067 = 0.028 0.073 = 0.019 0.084 + 0.024
20:4w6 0.204 + 0.065 0.194 + 0.045 0.192 + 0.049° 0.266 = 0.081 0.254 + 0.076 0.289 + 0.081
20:5w3 0.006 *+ 0.003 0.005 + 0.006 0.006 * 0.008 0.009 + 0.004 0.009 + 0.005 0.008 + 0.003
22:5w3 0.010 *+ 0.005 0.014 + 0.008 0.013 = 0.003 0.018 = 0.007 0.017 = 0.006 0.017 = 0.008
22:6w3 0.054 + 0.023 0.057 = 0.020 0.050 = 0.023 0.063 = 0.018 0.063 + 0.020 0.067 + 0.019
Sum 2.936 + 0.536 2.651 = 0.470 2.631 + 0.474* 3.143 + 0.633 2.979 + 0.516 3.062 + 0.492

@ Significantly different from the first measurement (P < 0.0056).

b Significantly different from the placebo group at the same time (P < 0.0056).
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Table 7
Serum concentrations (mmol/L) of cholesteryl ester acyl groups
Fatty acid CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
14.0 0.032 + 0.026 0.025 + 0.021 0.028 + 0.023 0.022 + 0.009 0.024 + 0.008 0.027 + 0.010
16:0 0.395 + 0.109 0.383 + 0.082 0.379 = 0.099 0.409 + 0.073 0.407 + 0.087 0.433 + 0.087
16:1w7 0.067 + 0.041 0.059 + 0.050 0.065 + 0.051 0.053 + 0.019 0.056 + 0.017 0.063 + 0.020
18.0 0.040 + 0.022 0.036 + 0.013 0.036 + 0.016 0.035 + 0.012 0.037 + 0.015 0.038 + 0.011
18:1w9 0.678 + 0.245 0.629 + 0.210 0.681 = 0.252 0.672 + 0.213 0.645 + 0.227 0.701 + 0.215
18:1w7 0.040 + 0.012 0.042 + 0.015 0.039 + 0.017 0.041 + 0.013 0.043 + 0.012 0.045 + 0.014
18:2w6 2.175 * 0.689 2.168 + 0.671 2.088 + 0.793 2167 + 0.613 2.140 + 0.672 2.232 + 0.661
CLA 0.005 + 0.003 0.007 = 0.009 0.008 = 0.007 0.004 + 0.003 0.004 + 0.003 0.004 + 0.002
18:3w6 0.021 + 0.013 0.015 + 0.010 0.019 + 0.011 0.024 + 0.012 0.019 + 0.010 0.022 + 0.016
18:3w3 0.011 + 0.005 0.013 + 0.010 0.010 =+ 0.006 0.010 + 0.004 0.007 + 0.003% 0.010 + 0.004
20:3w6 0.021 + 0.012 0.017 + 0.013 0.015 + 0.012 0.020 =+ 0.006 0.018 + 0.007 0.022 + 0.009
20:406 0.138 + 0.061 0.135 + 0.049 0.136 + 0.071 0.162 + 0.048 0.138 + 0.053 0.176 = 0.074°
20:5w3 0.004 + 0.005 0.005 + 0.005 0.005 *+ 0.006 0.006 + 0.005 0.006 + 0.005 0.006 + 0.006
22:5w3 0.001 + 0.002 0.000 *+ 0.000 0.000 + 0.000 0.000 + 0.000 0.001 + 0.001 0.001 + 0.002
22:6w3 0.005 + 0.005 0.005 + 0.005 0.004 + 0.004 0.005 + 0.005 0.005 + 0.004 0.006 + 0.005
Sum 3.632 + 1.128 3538 + 1.055 3513+ 1.270 3.630 = 0.871 3.548 + 0.962 3.787 = 0.944

aSignificantly different from the first measurement (P < 0.0056).
b Significantly different from the second measurement (P < 0.0056).

(P = 0.004), and arachidonate was significantly lower in the

No significant differences were found in the concen-

CLA group as compared to the placebo group at the end of trations of CE acyl groups in the CLA group (Table 7),
the study (P = 0.005). Additionally, the overall increase in although CLA increased overal (P = 0.04). In the pla-

the CLA of the study group’s serum PL tended to be cebo group there was a significant decrease in a-lino-
significant (P = 0.03). lenate (P = 0.005) during the first period, and a signif-
Table 8
Serum concentrations (mmol/L) of acyl groups in total lipids
Fatty acid CLA group Placebo group

Baseline 4 weeks 8 weeks Baseline 4 weeks 8 weeks
14:0 0.103 + 0.053 0.089 + 0.026 0.094 + 0.041 0.138 *+ 0.106 0.149 + 0.207 0.170 * 0.201
16:0 2.984 + 0.638 2.719 + 0.524 2.768 + 0.499 3.207 + 0.801 3.216 + 0.791 3.334 + 0.929
16:107 0.133 + 0.085 0.117 * 0.075 0.122 + 0.069 0.133 + 0.053 0.126 + 0.044 0.156 * 0.063
18:0 1.077 + 0.370 0.923 + 0.268 1.004 + 0.311 1.221 + 0.457 1.173 + 0.446 1.276 + 0515
18:109 2.103 * 1.151 1.727 + 0.930 1.790 + 0.843 2.279 + 0.990 2151 * 0.715 2.328 + 0.865
18:1w7 0.155 + 0.070 0.128 * 0.059 0.126 + 0.049 0.160 * 0.072 0.152 *+ 0.049 0.178 * 0.073
18:206 3535 + 1.475 3274+ 1.411 3.018 + 1.474 3745 + 1.122 3.727 = 1.221 3.744 * 1.190
CLA 0.019 + 0.009 0.027 = 0.015 0.033 + 0.0142 0.020 + 0.012 0.019 + 0.009 0.020 + 0.009
18:306 0.031 + 0.026 0.020 + 0.014 0.022 + 0.016 0.034 + 0.023 0.030 + 0.023 0.053 * 0.058
18:3w3 0.042 + 0.028 0.033 + 0.023 0.025 + 0.016 0.036 + 0.018 0.030 + 0.018 0.035 + 0.021
20:3w6 0.134 + 0.055 0.109 + 0.041 0.112 + 0.048 0.133 + 0.064 0.132 + 0.050 0.153 * 0.060°
20:406 0411 + 0171 0.359 + 0.146 0.377 + 0.163 0.544 + 0.201 0513 *+ 0.236 0.596 + 0.247
20:503 0.021 + 0.015 0.023 + 0.019 0.019 + 0.015 0.075 + 0.168 0.081 + 0.177 0.077 + 0.179
22:503 0.019 + 0.010 0.021 + 0.012 0.016 + 0.009° 0.028 + 0.011 0.028 + 0.015 0.031 * 0.010
22:603 0.061 *+ 0.035 0.056 + 0.032 0.054 + 0.029 0.087 * 0.037 0.094 + 0.053 0.099 + 0.043
Sum 10.829 + 3.612 9.625 + 2.884 9.580 + 2.592 11.841 + 3.477 11.621 + 3.315 12.251 + 3.760

2 Significantly different from the first measurement (P < 0.0056).
b Significantly different from the second measurement (P < 0.0056).

¢ Significantly different from the placebo group at the same time (P < 0.0056).
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Fig. 1. Means and standard deviations of the molar percentage of CLA in serum non-esterified fatty acids (A), and in the acyl groups of triacylglycerols (B),
phospholipids (C), cholesteryl esters (D), as well as total lipids (E) of the CLA (@) and placebo group (O). Asterisks denote significant differences (P <

0.0056).

icant increase in arachidonate during the second period
(P = 0.004).

Following the trend observed in the individua lipid
classes, the CLA content of total serum lipids increased
gradually in the CLA group (Table 8) and was significantly
higher at the end as compared to the beginning of the study
(P = 0.001). In the placebo group there was a significant
increase in dihomo-vy-linolenate (P = 0.003) during the
second period. Finally, docosapentaenoate was significantly
lower at the end of the study in the CLA group as compared
to the placebo group (P = 0.001).

As can be calculated from Tables 4—7, the sum of acyl
groupsin thefour lipid classes determined was | ess than that
in total lipids (Table 8). A percentage of total acyl groups

ranging from 18 (at the second and third measurements of
the CLA group) to 27 (at the third measurement of the
placebo group), and averaging 23 was unaccounted for. This
may correspond to acyl groups incorporated into minor
serum lipids (e.g. monoacylglycerols and diacylglycerals),
as well as proteolipids.

The molar percentages of CLA in serum NEFA, TG, PL,
CE, and tota lipids of both experimental groups are de-
picted in Figure 1. The percentage of CLA in the NEFA of
the CLA group increased gradually from 0.17 at the begin-
ning to 0.23 at the end of the study (P = 0.01, Fig. 1A). The
percentage of CLA inthe TG acyl groups of the CLA group
a the end of the study (0.42) was significantly higher as
compared to the beginning (0.17, P = 0.003) or the middle
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Table 9

Comparison of studies reporting reduction of body fat with CLA supplementation

Study Park et al., 1997 (ref 6) West et at., 1998 (ref 8) Present
Subjects Mice (female) Mice (male, low-fat diet) Humans
% total energy intake from CLA 1.16 221 0.43

% total fat intake as CLA 9.1 14.8 11
Daily dose of CLA (g/kg body mass at onset) 0.70 1.19 0.019
% reduction in percentage body fat 60 62 5

Data have been calculated from mean values reported in the studies.

of the study (P = 0.005, Fig. 1B). Additionaly, it was
significantly higher as compared to the placebo group at the
end of the study (P = 0.001). Gradual increases were also
observed in the percentages of CLA within the PL (from
0.24t0 0.44, P = 0.01, Fig. 1C) and CE (from 0.13 to 0.23,
P = 0.006, Fig. 1D) of the CLA group. Finaly, the per-
centage of CLA in the total lipids of the CLA group in-
creased significantly from 0.17 at the beginning to 0.27 in
the middle (P = 0.003), and 0.35 at the end of the study
(P < 0.001, Fig. 1E).

4, Discussion

In the present study we examined the effect of supple-
mentation with CLA (0.7 g per day for 4 weeks followed by
1.4 g per day for 4 weeks) vs placebo on human body fat,
biochemical parameters of serum, and the CLA content of
serum lipids. We found a statistically significant decreasein
the sum of the thickness of ten skinfolds and, concomi-
tantly, percentage body fat and fat mass during the high
CLA intake period, the relative magnitude of the decre-
ments being 5-6% (Table 2). Similar studies on the effect
of CLA supplementation on human body composition are
scarce and provide contradictory results. Supplementation
of lean women with 3 g of CLA per day for 64 days was
reported to have no significant effect on body composition
or energy expenditure compared to placebo, although per-
centage body fat decreased by 0.67 with CLA vsan increase
by 0.05 with placebo [29]. On the other hand, supplemen-
tation of overweight or obese men and women with 1.7—-6.8
g of CLA daily for 12 weeks reduced body fat mass signif-
icantly as compared to the placebo group [30]. However, the
reduction of body fat within the groups receiving different
doses of CLA was significant only for the 3.4- and 6.8-g
groups, and not for the 1.7- and 5.1-g groups [30]. Findly,
reports not peer-reviewed as yet suggest an ability of CLA
to modulate human body composition in a favorable way
31).3

Our finding of body fat reduction agrees qualitatively
with the results of animal studies, athough the latter have
reported higher decrements in body fat with CLA supple-
mentation [6—10,12]. One should consider, however, that
those studies employed higher dosages of CLA, expressed
as either percentage of total energy intake or percentage of
total fat intake or g per kg body mass per day. A comparison

of our study with the two studies having reported the highest
reductions in body fat is presented in Table 9.

A trend toward lower TG and total cholesterol, aswell as
a significant decrease in HDL-cholesterol was observed
during the low CLA intake period (Table 3). Notably, a
decrease in HDL-cholesterol was the only significant
change in serum lipids consistently observed in all groups
receiving CLA in the aforementioned human study [30].
The fact that similar changes were not seen during the high
CLA intake period in our study may indicate that CLA
exhausted this facet of its action during the first period.
Interestingly, a similar effect (i.e., a significant decrease in
total cholesterol after 3 or 4 weeks but not after 6, 8, or 12
weeks of CLA administration) was observed in hamsters
[23] and rats [32]. Studies on rabbits [13], hamsters [14,23,
33], mice [20], rats [32,34], and pigs [35], have yielded
mixed results with regard to serum lipids. When compared
to controls, CLA-fed animals had significantly lower [13,
14,20,33], significantly higher [23], or not significantly dif-
ferent [32,34,35] TG levels. Total cholesterol was either
significantly decreased [14,23,32,33,34], or not significantly
different [13,20,23,32,35]. Finally, HDL-cholesterol was ei-
ther significantly decreased [23,34], or not significantly dif-
ferent [13,14,20,33,35]. This variety of responses of the
lipidemic profile to CLA supplementation and the rather
unusual concomitant decrease in TG and HDL-cholesterol
found in the present study warrants further investigation.

Our study found body fat to be affected by a higher dose
of CLA as compared to the dose that affected serum lipids.
Thisdifferential dose response of stored vs circulating lipids
may be due to different biochemical mechanisms activated
by different CLA concentrations. Relevant studies have
attributed the fat-lowering ability of CLA to reduced li-
poprotein lipase activity in mouse adipocytes [6,22], in-
creased carnitine palmitoyltransferase activity in adipose
tissue of mice [6] and rats [36], reduced expression of
stearoyl coenzyme A desaturase in mouse liver [37], and an
inhibition of differentiation as well as proliferation of
mouse adipocytes [38]. On the other hand, the ability of
CLA to reduce blood lipids has been attributed to reduced
secretion of apolipoprotein B and TG by human hepatocytes
[39]. Our data do not allow testing of these hypotheses,
which requires further research.

Advertisements of CLA supplements have used the find-
ings of a protective action of CLA against the catabolic
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effect of endotoxin injection to animals [16,17] to suggest
an “anticatabolic effect” on humans. Although this term is
vague, the implication is made that CLA supplementation
may benefit athletes by mitigating proteolysisin muscle. To
test this hypothesis, we measured an index of muscle fiber
breakdown (CK), and a hormone promoting proteolysis in
muscle (cortisol). The absence of significant changes in
these parameters (Table 3) lends no support to such claims.

The CLA content of serum lipids of unsupplemented
subjects averaged 0.020 mmol/L (Table 8) or 0.17% of total
fatty acids (Fig. 1). This agrees with the average values of
0.021 mmol/L reported for healthy men and women [40],
and 0.17% reported after a diet not enriched in dairy foods
or trans fatty acids (“stearic acid diet”) [41]. On the other
hand, it is higher than the average concentration of 0.007
mmol/L reported by Herbel and coworkers [42], and lower
than the percentages of 0.30—0.54[43] and 0.25[44] re-
ported for the cis,trans-9,11 isomer alone. These differences
may reflect differences in the intake of dietary sources of
CLA and/or in the methodology of CLA determination.

We report for the first time data on the concentration of
CLA in the major lipid classes of human serum, with and
without CLA supplementation. PL had the highest CLA
content in both absolute and relative terms (average 0.26%
of total fatty acids before supplementation). Considering the
fact that linoleate, the common isomer of CLA, has its
highest presence in CE rather than PL (60 vs 23% in the
present study), whereas CLA was minimal in CE (0.12%),
it becomes evident that these fatty acids have quite different
metabolic fates.

After 8 weeks of supplementation with CLA its molar
percentage in the fatty acids of total lipids doubled (from
0.17 to 0.35%). The lipid class where the most remarkable
increase occured was TG (from 0.17 to 0.42%), although PL
remained the class with the highest CLA content.

No consistent changes after CLA supplementation were
observed in the other fourteen fatty acids detected in the
serum samples. Worthy of attention is the significantly
lower concentration of arachidonate in the PL of the CLA
group as compared to the placebo group at the end of the
study (Table 6). Taken together with reports of decreased
arachidonate concentration in tissues of CLA-fed chicks,
rats, and mice [16,17,45], as well as in the PL of CLA-
treated cell cultures [46], our finding suggests interference
of CLA with arachidonate metabolism. This, in turn, may
have consequences on membrane composition and dynam-
ics. The decreased arachidonate content of membrane PL
and the subsequent decreased synthesis of arachidonate-
derived prostaglandin PGE, has been suggested as a mech-
anism for the inhibition of immune stimulation and skin
tumor promotion by CLA in animals [17,46]. Finaly, the
significant decrease in total PL concentration after CLA
supplementation (Table 6) may indicate inhibition of PL
biosynthesis as a whole.

In conclusion, our data provide evidence for a fat low-
ering effect of CLA on healthy humans and a tendency

toward lowering serum lipids, although only the undesirable
decrease in HDL-cholesterol was statistically significant.
Additionally, supplementation with as little as 0.7 g CLA
daily for 4 weeks was sufficient to increase its incorporation
into serum total lipids significantly. Further controlled stud-
ies on larger population samples should make it possible to
clarify the effects of this interesting nutrient on human
metabolism, and examine their dependence on dose, dura-
tion of administration, and subject characteristics.

Notes

1. Matsakas, A., Ring, S., Petridou, A., Melissopoulou,
A., Tsigilis, N., and Mougios, V. (1999). Effect of
supplementation with conjugated linoleic acid on hu-
man body composition and blood lipids. Proceedings
of the 4th Annual Congress of the European College
of Sport Science, 46.

2. Petridou, A., Matsakas, A., Sagredos, A., and Mou-
gios, V. (2000). Incorporation of conjugated linoleic
acid (CLA) into human serum lipid classes after sup-
plementation with CLA. 4th International Conference
on Nutrition and Fitness-Abstracts, 58-59.

3. Vessby, B., and Smedman, A. (1999). Conjugated
linoleic acid (CLA) reduces the body fat content in
humans. Chem Phys Lipids 101, 152.
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