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■ Summary Dietary fatty acids are
incorporated into atheromatous
plaques mainly in the form of cho-
lesterol esters. Physicochemical
properties of the plaque (e. g. me-
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chanical strength) depend on its
fatty acid composition. Trans iso-
mers of unsaturated fatty acids
(TFA) are known to reduce the
availability of fatty acid precursors
for the synthesis of anticoagulant
PG1 and PG3 prostaglandins.

The present study was under-
taken to determine the content of
trans isomers in atheromatous
plaques and to search for correla-
tions between trans isomers in the
plaque and adipose tissue. Athero-
matous plaques were obtained
from 31 patients who underwent
surgery due to atherosclerotic
stenosis of the abdominal aorta, il-
iac or femoral arteries. Fatty acids
were extracted and separated as
methyl esters using gas chromatog-
raphy (GC) with an internal stan-
dard. Correlations were searched
for with statistical methods, taking
the level of significance as p < 0.05.

We found spatial and positional
isomers of sixteen- and eighteen-
carbon fatty acids in plaques and
adipose tissue, with elaidic acid
(C18:1 trans-9) being the most

abundant. Every plaque and adi-
pose tissue sample contained
linolelaidic acid (C18:2 trans-9
trans-12) which is derived exclu-
sively from linoleic acid, as well as
conjugated dienes of linoleic acid
(CLA) produced during oxidative
processes. The presence of trans
isomers of fatty acids in the athero-
matous plaque seems to be of rele-
vance to plaque formation. Of
much concern is the detection of
elaidic and linolelaidic acids which
adversely affect the physiologically
important metabolism of
eicosanoids. The TFA pool in adi-
pose tissue has little effect on the
amount of these acids in the
atheromatous plaque. Apparently,
the presence of TFA in atheroma-
tous plaques is the result of
processes taking place during
plaque formation and maturation.
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Introduction

One of the basic dietary recommendations in the man-
agement of atherosclerosis is the replacement of animal
fat by plant oils and soft margarines. However, chemi-
cally hydrogenated plant oils contain varying amounts
of trans isomers of fatty acids [1–3] raising concern over
the therapeutic value of such diets [4–7]. Little is known
about the effects of trans isomers on the formation and
maturation of the plaque. Kummerow reported that un-
der certain circumstances trans isomers increase the in-
flux of calcium into endothelial cells, thus accelerating
calcification processes in the vascular wall [8]. Other
studies have shown that trans isomers adversely affect
eicosanoid homeostasis. By inhibiting ∆6-desaturase re-
sponsible for desaturation of ω6 (linoleic) and ω3 (α-
linolenic) fatty acids, TFA reduce the availability of fatty
acid precursors for the synthesis of anticoagulant PG1
and PG3 prostaglandins [9–11]. These findings provide
some explanation why dietary polyunsaturated fatty
acids have been implicated in plaque formation [12].

■ Aim of the study

On these grounds, it seemed interesting to determine
the extent to which trans isomers of dietary fatty acids
present in hydrogenated plant oils accumulate in the
plaque and adipose tissue and whether correlations can
be disclosed between the content of trans fatty acids in
the adipose tissue and atheromatous plaque.

Methods

■ Subjects

The study group comprised thirty-one patients, Cau-
casian whites (31 males), aged 45 to 75 years, operated
due to atherosclerotic stenosis of the abdominal aorta,
iliac or femoral arteries (peripheral artery disease). All
patients reported regular consumption of chemically
processed plant oils. Baseline mean body mass index
(BMI) was calculated as kg/m2 (mean ± SD). Ten pa-
tients were smokers, eight were ex-smokers and three
never smoked tobacco. An average standard of living
was found for all patients and there were no cases of
malnutrition. Individuals older than 75 years and pa-
tients with a history of hypertension or diabetes were
excluded from the study. Patients were fully informed as
to the study objectives and benefits and provided writ-
ten consent prior to enrolment. The study protocol com-
plied with ethical standards laid down in the Declara-
tion of Helsinki and was approved by the Committee on
Human Research at the Pomeranian Medical University.

■ Blood sampling and biochemical determinations

Venous blood for lipid and lipoprotein analyses was col-
lected into tubes (without anticoagulant) after an
overnight fast. Serum was obtained by centrifugation at
4 °C, 2500 RPM for 10 min. Total cholesterol and triacy-
loglycerols were assayed with enzymatic test kits [13,
14]. HDL-cholesterol was measured after precipitation
with sodium magnesium phosphotungstate [15]. LDL-
cholesterol was calculated from total cholesterol, triacy-
loglycerols and HDL-cholesterol concentrations using
Fredewald’s formula [16].

■ Tissue sampling

Only advanced atheromatous plaques that contained
macroscopic gruel on incision were collected for exam-
ination. Typically, gruel from 3–6 lesions per subject was
chosen. Atheroma wet weights were typically 5–25 mg.
The atheromatous gruel was scooped out with the blunt
side of the scalpel blade.A small sample (< 20 mg) of ab-
dominal subcutaneous adipose tissue was obtained
from each patient. Samples were sent to the laboratory
within 1 hour of collection and were stored at –80 °C un-
der nitrogen until assayed.

■ Extraction of lipids

The samples (plaque and adipose tissue) were thawed at
room temperature (under nitrogen), weighed on alu-
minum foil degreased with chloroform and fragmented
using a metal homogenizer immersed in liquid nitrogen.
Care was taken to minimize exposure of samples to air.

Total lipids were extracted using 2:1 (v/v) chloro-
form/methanol containing 0.01% (w/v) butylated hy-
droxytoluene as antioxidant [17], saponified in 2 % KOH
and methylated with 20 % BF3 in methanol for 15 min at
65 °C. Fatty acid methyl esters were extracted with
hexane and concentrated under nitrogen. Fatty acid
methyl esters were identified by comparison of their re-
tention times with pure standards (Sigma-Aldrich
Chemie GmbH, Germany). Fractions containing cis and
trans C18:1 methyl esters (n = 15) were first isolated by
thin-layer chromatography (AgNO3-TLC) on pre-coated
Merck 60 F254 silica gel plates (10x10 cm, Merck, Ger-
many), impregnated with AgNO3 by immersing in 10 %
(w/v) AgNO3 in acetonitrile, dried and activated at 110
°C for l hour. The plates were developed in chloroform
containing 0.75 % ethanol and visualized under UV light
after spraying with a 0.2 % (w/v) ethanolic solution of
2’,7’-dichlorofluorescein. The separated bands were
scraped from the plate, extracted with 1:1 (v/v)
hexane:chloroform and concentrated under nitrogen
for GC analysis [18].
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A Perkin-Elmer gas chromatograph (model 8500)
equipped with a flame ionization detector, split-splitless
injector, and 105 m x 0.25 mm capillary column coated
with RTX 2330 (Resteck Co, Bellefonte, PA, USA) was
used to analyze in duplicate the plaque methyl esters.
The oven temperature was held at 165 °C for 38 min,
raised to 235 °C at 8 °C/min,and held at 235 °C for 20 min
[19]. Fatty acids were computer identified in a tempera-
ture-programmed run (Chromed, Medson, Poland) and
an electronic integrator was used to measure peak areas.
All biochemical reagents were purchased from Sigma
(Sigma-Aldrich Chemie GmbH, Germany).

■ Statistical analysis

Statistical analyses were performed with Statistica 5.1
software (Stat Soft Inc., Tulusa, USA). Correlation analy-
ses were performed using Spearman’s rank correlation
test with regard to Bonferroni correction. All data in the
tables are presented as mean ± SD.

Results

Age, BMI and lipid values in serum of 31 patients who
participated in the study are shown in Table 1. Table 2
shows the mean content of fatty acids expressed as per-
cent of total amount of fatty acids and standard devia-
tion (SD) for each of the 32 fatty acids in plaques and
adipose tissue from the patients.

The content of fatty acids in adipose tissue vs. athero-
matous plaque was as follows: SFA 30.61 % vs. 29.82 %;
MUFA 51.56 % vs. 34.82 %; n-6 series PUFA 14.89 %
vs. 22.22 %; n-3 series PUFA 1.37 % vs. 1.15 %. The fol-
lowing fatty acids predominated in the adipose tissue:
SFA – palmitic 21.29 %; MUFA – oleic 40.57 %; n-6 PUFA
– linoleic 14.16 %; n-3 PUFA – linolenic 0.94 %. Predom-

Table 1 Patient data (mean ± S. D.) (n = 31)

Age (years) 61±9.3

BMI (kg/m2) 27.8±2.4

Total Plasma Cholesterol (mM) 5.01±0.5

HDL Plasma Cholesterol (mM) 1.2±0.2

LDL Plasma Cholesterol (mM) 3.2±0.6

Plasma Triacyloglycerol (mM) 1.4±0.4

Length of fatty acids Percentages of fatty acids Percentages of fatty acids
carbohydrate chain in adipose tissue in atheromatous plaque

Mean ± SD Mean ± SD

Saturated (SFA) 12:0 0.36±0.16 1.17±0.32
14:0 2.1±0.95 1.32±0.32
15:0 0.51±0.11 0.52±0.15
16:0 21.29±1.01 20.64±2.26
17:0 0.30±0.06 0.15±0.04
18:0 5.81±1.29 5.61±1.31
20:0 0.24±0.16 0.41±0.16
Total (SFA) 30.61 ± 0.53 29.82 ± 0.65

Monounsaturated 9c-14:1 0.27±0.04 0.20±0.06
(MUFA) 7c-16:1 0.93±0.19 0.07±0.01

9c-16:1 7.57±1.79 2.83±0.72
9c-18:1 40.57±1.01 29.85±4.45

11c-18:1 0.83±0.23 0.52±0.26
12c-18:1 0.80±0.27 0.70±0.25
11c-20:1 0.59±0.12 0.65±0.19
Total (MUFA) 51.56 ± 0.52 34.82 ± 0.84

Polyunsaturated 18:2-n-6 14.16±1.03 15.87±2.00
(PUFA) n-6 20:2 n-6 0.18±0.04 0.46±0.12

20:3 n-6 0.15±0.01 0.93±0.17
20:4 n-6 0.40±0.05 4.96±0.07
Total (PUFA n-6) 14.89 ± 0.28 22.22 ± 0.59

Polyunsaturated 18:3 n-3 0.94±0.1 0.76±0.28
(PUFA) n-3 20:3 n-3 0.04±0.01 0.04±0.01

20:5 n-3 0.07±0.01 0.04±0.01
22:5 n-3 0.18±0.04 0.20±0.06
22:6 n-3 0.14±0.02 0.11±0.01
Total (PUFA n-3) 1.37 ± 0.03 1.15 ± 0.07

Table 2 Fatty acids content (nonisomeric and cis
isomers) in atheromatous plaques and adipose tissue
(%) (n = 31). Detection limit was 0.01 % of the total
area. Unidentified peaks accounted for 1 % of the to-
tal area
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inating fatty acids in the atheromatous plaque were: SFA
– palmitic 20.64 %; MUFA – oleic 29.85 %; n-6 PUFA –
linoleic 18.56 %; n-3 PUFA – linolenic 0.76 %.

We found less n-6 series PUFA than reported previ-
ously [20] and a lower content of these fatty acids in adi-
pose tissue (14.89 %) than plaques (22.22 %; Table 2). In-
terestingly, plaque content of arachidonic acid (C20:4,
n-6),one of the metabolically most active members of n-
6 PUFA, was increased.

The content of trans fatty acids in adipose tissue and
in plaques (given as parts per thousand; Table 3) was
similar to that reported by Hudgins et al. [19]. The main
trans isomers present in the fatty acid pool of margarine
and animal fat are vaccenic (11 t C18:1) and elaidic (9 t
C18:1) acids. Much smaller quantities of trans isomers
of linoleic and α-linolenic polyunsaturated fatty acids
have been reported [18]. Our findings are similar (Table
3), with trans isomers of oleic acid predominating and
with lesser amounts of linoleic acid species (9 t 12 t; 9 c
12 t; 9 t 12 c) originating from partially hydrogenated
plant oils and milk fat (linoleic acid in plant oils is 9 c 12
c C18:2).

It is worth noting that atheromatous plaques have a
great content of conjugated dienes of linoleic acid (par-
ticularly 9 c 11 t) (Table 3), probably due to specific
processes taking place in the plaque.

The content of trans isomers in the plaque seems
quite unrelated to the content of their counterparts in
adipose tissue (Table 4). Only one statistically signifi-
cant correlation was noted between the content of
elaidic acid in adipose tissue and a cis isomer (11 c
C18:1) in plaques. The coefficient of correlation with re-
gard a Bonferroni correction carried out p = 0.01 (Table
4).

Discussion

In spite of extensive studies, controversy remains as to
the involvement of dietary trans isomers of fatty acids in
the etiology of ischemic heart disease (IHD) [21–23].
Several reports [5, 7] have shown that the present level
of consumption of trans isomers in Europe is unrelated
to the risk of IHD, notwithstanding the possibility that
risk might be associated with higher consumption lev-
els. On the other hand, population studies in the USA
have unequivocally implicated trans isomers in the eti-
ology of IHD [24].

Trans isomers are not synthesized in humans. Thus,
the whole pool of trans fatty acids in the adipose tissue
is derived exclusively from the diet and as a conse-
quence, levels of these acids closely reflect dietary habits
of the individual [12]. We have demonstrated that trans
isomers of fatty acids accumulate in human adipose tis-
sue and atheromatous plaques (Table 3).One of our aims
was to determine the importance of adipose tissue as a
source of TFA for the atheromatous plaque by analogy
to the finding of Felton [12] that essential fatty acids
(EFA) from the diet are intensely exchanged between the
adipose tissue and plaque (which is relatively devoid of
metabolic activity). Felton showed that the adipose tis-
sue supplies fatty acids that are metabolized by the
plaque. In this connection, we wanted to know whether
adipose tissue TFA (derived exclusively from the diet)
can be incorporated into the atheromatous plaque.

No correlation between the content of trans fatty
acids in the adipose tissue and plaque was found by us
(Table 4), other than the correlation between 11c C18:1
in the plaque and 9t C18:1 in the adipose tissue. It can
thus be inferred that the adipose tissue contributes little
to the content of TFA in the plaque (Table 4), as opposed
to the diet which appears to be the chief source of plaque
TFA. Moreover, trans isomers of fatty acids are a readily
accessible source of energy [25, 26]. In this context one
should remember that plaque TFA are essentially in the
form of cholesterol esters and that esterification of cir-
culating cholesterol takes place in the HLD2 lipoprotein
fraction. Fatty acids used in this process are derived
from triacyloglycerol-rich lipoprotein fractions, i. e.
chylomicrons produced during intestinal resorption of
fat and VLDL continuously synthesized by the liver from
endogenous fatty acids (e. g. released by lipolysis in
adipocytes). Lack of correlation between TFA content in
plaque and adipose tissue probably indicates that TFA

Table 3 Trans fatty acid given as parts per thousand in adipose tissue and
atheromatous plaques (n = 31). Detection limit was 0.01 % of the total area.
Unidentified peaks accounted for 1 % of the total area

Content of trans fatty Content of trans fatty
acids in adipose tissue acids in atheromatous
(parts per thousand) plaque

(parts per thousand)
Mean ± SD Mean ± SD

Monounsaturated (trans)
9t 16:1 7±1 3±1
8t 18:1 14±6 9±4
9t 18:1 69±34 26±9

10t 18:1 67±26 23±6
11t 18:1 59±1 15±5

Total MUFA trans 216 ± 17 76 ± 6

Polyunsaturated (trans)
9t12t 18:2 1±0.6 8±1
9c12t 18:2 14±1 12±3
9t 12c 18:2 8±1 6±2
CLA 38±14 21±6

Total PUFA trans 61 ± 4 47 ± 2

Table 4 Spearman’s rank correlation coefficients R for fatty acids in atheromatous
plaques and adipose tissue * n = 31, p = 0.01

Plaque/Adipose Tissue Spearman’s R

cis11 C18:1/trans 9 C18:1 0.49*
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for cholesterol esterification in HDL2 are chiefly derived
from chylomicrons. The rate of this process would de-
pend on fat resorption. Cholesterol esters are delivered
to the atheroma by LDL, having been transferred to this
lipoprotein class with the mediation of CETP. It has been
shown that TFA enhance CETP activity, resulting in
higher levels of cholesterol in LDL  [23, 27, 28].

The majority of trans isomers are taken up from
chemically processed plant oils, with a minor contribu-
tion by animal fat [29]. As shown in Table 3, atheroma-
tous plaques contain trans isomers of fatty acids, with
elaidic acid and conjugated dienes of linoleic acid being
the major species in plaques and adipose tissue alike.
Their sources differ, insofar as elaidic acid is exclusively
exogenous, while CLA are partly of dietary origin (ani-
mal fat) and partly a by-product of free radical reactions
[25, 29]. The double bonds in conjugated dienes of
linoleic acid are separated by a single bond and are usu-
ally present at positions 9 c and 11 t or 10 c and 12 t. The
spatial arrangement of CLA is cis-cis, trans-trans, cis-
trans or trans-cis. CLA have protective properties
against atherosclerosis and tumorigenesis and their lev-
els seem to reflect the rate of peroxidation [25, 29]. Re-
ports from in vivo and in vitro studies have confirmed
their antimutagenic and anticancerogenic action,as well
as antioxidative properties which are reflected in the
protection of the cellular membrane against free radi-
cals. It has been hypothesized that these compounds are
oxidized inside cells to highly cytotoxic radicals. Studies
in mice have shown that 9 c 11 t C18:2 is the biologically
most active diene of the CLA group and is preferentially
incorporated into phospholipids of cell membranes.Sig-
nificant quantities of this CLA species have been found
by us in atheromatous plaques (Tables 3). We could not
demonstrate any correlation between both CLA species
(9 c 11 t and 10 c 12 t) in the plaque or adipose tissue.
The finding of large quantities of CLA in plaques and
absence of correlations suggest that plaque CLA are de-
rived partly from the diet and probably from free radi-
cal oxidation of linoleic acid [25].Even though oxidation
of linoleic acid to CLA has previously been postulated by
Dormandi [30], satisfactory evidence in favor of this
process remains to be presented. Some researchers be-
lieve that vaccenic acid (11 t C18:1) is transformed in hu-
mans to 9 c 11 t CLA [30, 31]. Unexpectedly, we did not
observe any correlation between 9 c 11 t CLA and its
metabolic precursor – vaccenic acid (11 t C:18:1). This
result can be explained by relatively low levels of
vaccenic acid in the plaque or by the limited number of
plaques examined by us [25].

Once it is accepted that trans isomers cannot be syn-
thesized “de novo” in humans, the major factor affecting

their content in plaque (Tables 3) was the diet of the pa-
tients. In this case, the beneficial increase in the plaque
content of CLA would depend on the affinity for CLA of
the cholesterol–fatty acid transfer system.

We found a higher content of fatty acids in the adi-
pose tissue than plaque, except for n-6 PUFA (Table 2)
and their prominent representative – arachidonic acid
(C20:4). It has well been established that arachidonic
acid is derived from two sources: diet and de novo syn-
thesis in tissues. Apparently, de novo synthesis of C20:4
contributed to the higher content of this acid in athero-
matous plaques and provided the substrate for numer-
ous inflammatory processes taking place in these struc-
tures. In this context, the presence in plaques of PUFA
derived from linoleic acid (9 t 12 t, 9 c 12 t, 9 t 12 c C18:2)
is an interesting finding, considering their potent antag-
onistic action on the metabolism of arachidonic acid
[19]. Trans isomers of linoleic acid detected by us in
plaques and adipose tissue are known for their adverse
effects on cellular metabolic reactions. The 9 t 12 t iso-
mer inhibits the conversion of linoleic (9 c 12 c C18:2) to
arachidonic acid, thus affecting the rate of synthesis of
eicosanoids. Another isomer, 9 c 12 t C18:2, inhibits ∆6-
desaturase and subsequently suppresses the biosynthe-
sis of polyunsaturated fatty acids [19].

It is known from the literature that trans isomers of
mono- and polyunsaturated fatty acids antagonize the
metabolism of essential polyunsaturated fatty acids
(PUFA), leading to their deficiency in the cell [26, 32].
For example, positional isomers of C18:1 are specific in-
hibitors of elongation and desaturation of some cis-un-
saturated fatty acids [9]. This fact may be of importance
in plaque growth, particularly with regard to the role of
PUFA as a substrate for the synthesis of hemostatically
active prostanoids (thromboxanes and prostacyclins)
[15]. Trans isomers seem to displace the respective cis
isomers from metabolic pathways, thereby disturbing
the balance between anticoagulant prostacyclins and
procoagulant thromboxanes [11]. Evidence for such ac-
tion comes from rat studies showing that 9 t 12 t C18:2
isomer displaces its 9 c 12 c C18:2 counterpart in
plaques, inhibiting the conversion of linoleic acid and
decreasing prostaglandin production [28].
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