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Abstract: Breast cancer and cardiovascular diseases (CVD) have shared risk factors and mechanisms of
pathogenicity, as proven by increased cardiac risk in breast cancer patients receiving anticancerogenic
therapies and in cancer survivors. A growing mammary tumor may cause heart injury in cancer
patients who have not yet been treated. This study aimed to evaluate the effect of conjugated linoleic
acid (CLA) supplementation of female rats with 7,12-dimethylbenz(a)anthracene (DMBA)-induced
cancerogenesis on fatty acids (FAs), conjugated FAs (CFAs), malondialdehyde (MDA), cholesterol
and oxysterols content in cardiac tissue. FAs, cholesterol and oxysterols contents were determined by
gas chromatography coupled with mass spectrometry, while the contents of CFAs and MDA were
determined by high performance liquid chromatography with photodiode detection. Our results
indicate that both CLA supplementation and the presence of tumors influence the lipid biomarkers
of CVD. A significant interaction of both experimental factors was observed in the content of
polyunsaturated FAs (PUFAs), n-6 PUFAs and CFAs. CLA supplementation significantly inhibited
PUFA oxidation, as evidenced by the lower content of MDA in rats’ hearts, while the cancerous
process intensified the oxidation of cholesterol, as confirmed by the elevated levels of 7-ketocholesterol
in DMBA-treated rats. These results may significantly expand knowledge about CLA properties in
terms of the prevention of co-existing non-communicable diseases.
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1. Introduction

Cardiovascular diseases (CVD) and cancer are considered to be the major causes of death
worldwide [1]. Annually, about 18 million of people die from CVD [2], while, in 2018, there were
18 million new cases of cancer and approximately 10 million cases of cancer deaths worldwide [1,3].
These disorders share not only this disgraceful leadership—they are also intrinsically linked via
common risk factors, chronic inflammatory states and cardiac and vascular toxicities of chemo and
radiotherapy [4–6]. Recently, Venneri et al. indicated that oncological patients who have not received
any therapy may be endangered by CVD, as a growing mammary tumor may itself have a deleterious
effect on the heart [7]. That is why cardio-oncology, based on the multidisciplinary analysis of patients’
needs, has been gaining popularity to improve existing preventive strategies and to standardize the
processes of treatment and care [8,9].

Among the common risk factors of CVD and breast cancer, many are nutrition-related. The World
Cancer Research Fund/American Institute of Cancer Research (WCRF/AICR) and American Heart
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Association (AHA) have given recommendations on dietary habits and healthy dietary patterns which,
it is believed, may contribute to CVD and breast cancer prevention [10,11]. A beneficial plant-based diet
with a high consumption of fruits, vegetables and whole grains is recommended, while the Western
diet, rich in processed red meat and high-fat dairy products, is prohibited [11–13]. Restrictions of
processed beef, whole-fat milk and dairy products consumption seem to be a double-edge sword, as
those foodstuffs are the main dietary sources of conjugated linoleic acid (CLA) isomers—bioactive
fatty acids (FAs) known for their multiple beneficial properties, e.g., anti-cancerogenic [14–16]. Due to
the very low contents of these FAs in dietary sources [17], commercially available CLA supplements
are gaining popularity for the maintenance of their adequate supply in the diet. The manufacturing
of CLA supplements requires chemical synthesis from vegetable oil naturally rich in linoleic acid
(c9c12C18:2; LA) via an alkaline isomerisation process [18].

CLA isomers are geometrical and positional isomers of LA in which two double bonds of cis (c)
and trans (t) conformation are separated by a single bond. This slight difference in structure of the
carbon chain results in a substantial change of their properties, e.g., an impact on tumor development.
It was shown that dietary LA stimulates [19] but CLA suppress mammary carcinogenesis [20,21].
Because CLA isomers have also been suggested to exhibit antiatherogenic properties, it is anticipated
that they may also affect the selected lipid biomarkers of cardiovascular disease in cardiac tissue.
The effect of CLA isomers on the lipid profile of the hearts of laboratory animals in the physiological
state have been studied [22–24], but little is known regarding the impact of these FAs on oxidative
stress in cardiac tissue [25]. Moreover, lipid levels in tissues may also be influenced by coexisting
diseases, e.g., tumors show a great affinity for polyunsaturated fatty acids (PUFAs) and may thus
change the content of other FAs in nearby tissues [26]. Therefore, it is hypothesized that dietary CLA
isomers administrated to animals with mammary tumors may reveal different impacts on selected
CVD biomarkers than in healthy rats. Thus, this preliminary study was aimed on assessing whether
dietary supplementation with commercial preparation containing CLA isomers influences the content
of FAs, isomers of conjugated fatty acids (CFAs), and cholesterol in the hearts of female rats with
chemically-induced mammary tumors. The impact of applied supplementation on the lipoperoxidation
yield in cardiac tissue under cancer conditions was evaluated by the measurement of malondialdehyde
(MDA) and oxysterols concentrations.

2. Materials and Methods

2.1. Ethics Approval Statement

This research and guiding principles in care and use of laboratory animals were approved by
IInd Local Ethical Committee on Animal Experiments (No. 34/2008) at the Medical University of
Warsaw. According to the 3R (replacement, reduction and refinement) ethical principle, the design
of the study and experimental techniques used through the analysis allowed us to minimize the
number of animals while maintaining a high statistical precision. There is no way to completely replace
live animals with another research model in developmental programming experiments, especially
in those concerning breast cancer development. Thus, Sprague Dawley female rats along with
7,12-dimethylbenz(a)anthracene as a cancerogenic agent have been chosen to model breast-cancer in
humans because of several similarities in physiology, metabolism and pathology.

2.2. Dietary Ingredients

Laboratory fodder Labofeed H was purchased from the “Morawski” Feed and Concentrates
Production Plant (Kcynia, Poland). Commercially available gel capsules of the Bio-C.L.A. dietary
supplement, containing an equimolar mixture of c9t11CLA and t10c12CLA, as well as safflower
oil (SAF oil), used as substrate for Bio-C.L.A. production, were kindly donated by Pharma Nord
(Warsaw, Poland). Until the start of the experiment, they were stored according to the manufacturer’s
recommendation. The detailed FA composition of dietary ingredients is presented in Table 1.
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Table 1. Composition of dietary ingredients administered to rats.

Fatty Acid Labofeed H Safflower Oil Bio-C.L.A.

C6:0 (µg/g) 10.4 nd nd
C8:0 (mg/g) nd nd 1.23
C10:0 (µg/g) nd nd 917
C12:0 (µg/g) 4.8 nd 29.2
C14:0 (µg/g) 18.6 209 209
C15:0 (µg/g) 10.0 53.8 nd
C16:0 (mg/g) 1.05 13.9 16.2

c7 C16:1 (µg/g) 11.9 167 31.8
c9 C16:1 (µg/g) 16.4 266 235

C17:0 (µg/g) 10.0 61.4 77.5
c6C17:1 (µg/g) 6.2 nd nd
c9C17:1 (µg/g) nd 69.0 54.2
C18:0 (mg/g) 0.44 0.01 6.48

t11C18:1 (µg/g) nd nd 53.4
c9 C18:1 (mg/g) 1.12 130 37.0

c11 C18:1 (mg/g) 0.04 2.12 2.66
t9c12 C18:2 (µg/g) nd nd 202

c9c12 C18:2 (LA) (mg/g) 4.12 75.3 42.7
c9c12c15 C18:3 (ALA) (mg/g) 2.21 0.95 0.00

C20:0 (µg/g) 10.5 957 820
c9t11C18:2 (mg/g) nd nd 99.6
t7c9C18:2 (µg/g) nd nd 944

t10c12C18:2 (mg/g) nd nd 97.6
c11c13C18:2 (mg/g) nd nd 4.13
c9c11C18:2 (µg/g) nd nd 699
c11C20:1 (mg/g) 10.4 619 nd

c8c11c14c17C20:4n-3 (µg/g) nd 672 nd
C22:0 (µg/g) 5.4 nd 359
C24:0 (µg/g) nd 202 64.9

c15 C24:1 (µg/g) nd 240 187

Conjugated fatty acids (mg/g)

ΣCFA nd 0.49 192
ΣCD nd 0.23 189
tt CD nd 0.17 5.18

ct/tc CD nd 0.05 178
cc CD nd nd 6.23
ΣCT: 0.00 0.26 3.00

ttt CT nd 0.22 2.78
ttc CT nd 0.02 0.22
cct CT 0.00 0.02 0.00

Cholesterol (µg/g) 155 nd nd

7AOH (µg/g) nd nd nd
7BOH (µg/g) nd nd nd
5,6AE (µg/g) nd nd nd

7K (µg/g) nd nd nd

MDA (ng/g) nd nd nd

LA—linoleic acid; ALA—α-linolenic acid; CFA—conjugated fatty acids; CD—conjugated dienes; CT—conjugated
trienes; cc —cis,cis isomers; ct/tc—cis,trans/ trans,cis isomers; tt—trans,trans isomers; ttt—trans,trans,trans isomers;
ttc—trans,trans,cis isomers; cct—cis,cis,trans isomers; MDA—malondialdehyde; 7AOH—7α-hydroxycholesterol;
7BOH—7β-hydroxycholesterol; 5,6AE—cholesterol 5α,6α-epoxide; 7K—7-ketocholesterol; nd—not detected.

2.3. Animal Experiment

Forty-six female maiden Sprague Dawley rats (30 days old) were purchased from the Division
of Experimental Animals, Department of General and Experimental Pathology (Medical University
of Warsaw, Warsaw, Poland). They were housed in animal room at 21 ◦C in a 12 h light/12 h dark
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cycle, and they had access to the laboratory fodder and fresh drinking water ad libitum during
the entire experiment. After an adaptation period (1 week), animals were randomly divided into 4
experimental groups. Beginning from the 37th day of life throughout the whole experiment, they
received 0.15 mL/day either SAF oil (SAF and SAFplus group) or Bio-C.L.A. preparation (CLA
and CLAplus groups) intragastrically. On the 50th day of life, each animal from the SAF plus and
CLAplus groups received a single dose (80 mg/kg body weight) of 7,12-dimethylbenz(a)anthracene
(DMBA, approximately 95%; Sigma-Aldrich, Saint Louis, MO, USA) for mammary tumors induction.
Rats from SAF and the CLA groups were not treated with DMBA. The higher number of individuals
in the DMBA-treated groups (SAFplus and CLAplus) was to ensure statistically adequate number of
tumor-bearing rats in the case of unknown morbidity. Animals were monitored daily by an experienced
veterinarian for specific signs of welfare and health disorders, and they were weighed weekly and
palpated for the evaluation of tumor appearance. All the rats were decapitated in week 21 of the
experiment, and after exsanguination, their hearts were excised, weighed and stored frozen in −80 ◦C
for further analyses. A detailed scheme of experiment is presented on Figure 1.
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2.4. Fatty Acids (Fas) and Conjugated Fatty Acids (Cfas) Profile in Hearts

Heart samples were subjected to alkaline hydrolysis prior to chromatographic analysis. The CFAs
(dienes—CD; and trienes—CT) were analyzed directly (without derivatization) on a Waters HPLC
625LC system (Milford, MA, USA) equipped with four ion-exchange columns loaded with silver ions
(Chromspher Lipids 5 µm, 250 × 4.6 mm; Varian, The Netherlands) and a photodiode array detector
(PDA), with sorbic acid as the internal standard (IS) [27]. The total profile the of FAs was determined
as methyl esters (FAME) with the addition of nonadecanoic acid (C19:0) as an IS on SHIMADZU
GC-MS-QP2010 Plus EI gas chromatograph (GC) equipped with a quadruple mass selective detector
Model 5973N (Tokyo, Japan) and a fused silica capillary-column BPX70 (120 m × 0.25 mm × 0.25 µm;
Phenomenex, Torrance, CA, USA) [28].

On the basis of the FA profiles, indices attributed to the selected properties of FAs were also
calculated according to the following equations [29–31]:
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(1) Peroxidability index (PI)

PI = (%monoenoic FA× 0.025) + (% dienoic FA× 1) + (% trienoic FA× 2)
+(% tetraenoic FA× 3) + (% pentaenoic FA× 4)

+(% hexaenoic FA× 5)
(1)

(2) Index of atherogenicity (AI)

AI =
C12 : 0 + (4×C14 : 0) + C16 : 0∑

MUFA +
∑

n− 6PUFA +
∑

n− 3PUFA
(2)

(3) Index of thrombogenicity (TI)

TI =
C14 : 0 + C16 : 0 + C18 : 0

(0.5×
∑

MUFA) + (0.5×
∑

n− 6PUFA) + (3×
∑

n− 3PUFA) +
(∑

n−3PUFA∑
n−6PUFA

) (3)

(4) Hypo/hypercholesterolemic index (HH)

HH =
OA + LA + AA + ALA + EPA + DPA + DHA

C14 : 0 + C16 : 0
(4)

2.5. Total Cholesterol and Oxysterols Content in Hearts

The contents of cholesterol and oxysterols were determined according to the slightly improved
method of Czauderna et al. [32]. The improvements consisted of silylation with a BSTFA
(N,O-Bis(trimethylsilyl)trifluoroacetamide, 99%; Sigma Aldrich, St. Louis, MO, USA) procedure.
Derivatized analytes were separated on a GC-TOFMS Pegasus® BT (LECO Corporation, St. Joseph,
MI, USA) chromatograph equipped with a capillary column (30 m × 0.25 mm × 0.25 µm film
thickness, Rxi®-17SilMS, Restek, Bellefonte, PA, USA). Identification was made on the basis of mass
spectra and by a comparison of retention times of analytes with the following standards: cholesterol,
7α-hydroxycholesterol, 7β-hydroxycholesterol, cholesterol 5α,6α-epoxide, 7-ketocholesterol; Sigma,
USA). For recoveries, 5α-cholestane (Sigma, St. Louis, MO, USA) as an IS was used.

2.6. Malondialdehyde (MDA) Concentration in Hearts

Prior to chromatographic analyses, hearts were subjected to a gentle alkaline saponification and
derivatization with 2,4-dinitrophenylhydrazine (DNPH) followed by extraction with hexane [33].
The high-performance liquid chromatography UFLCXR system (SHIMADZU, Tokyo, Japan) equipped
with a C18-column (Synergi 2.5 µm, Hydro-RP, 100 Å, 100 mm × 2 mm, Phenomenex, Torrance, CA)
and a PDA operated in the UV range of 195–420 nm were used. A linear binary gradient of acetonitrile
in water was used. MDA identification was based on the retention time and absorption UV spectrum
(λmax = 306 nm) of analytical standard (Sigma, St Louis, MO, USA). As an IS, a 1,5-pentanedialdehyde
solution was used.

2.7. Statistical Analysis

The obtained results, presented as means ± standard deviation (SD), were elaborated with
STATISTICA software (version 13, StatSoft Polska, Cracow, Poland) [34]. The normality of the data
distribution was checked by the Shapiro–Wilk test. The effects of diet (D), presence of mammary tumors
(MT) and interactions (D ×MT) were evaluated using a two-way ANOVA. Only tumor-bearing rats
from the SAFplus and CLAplus groups were considered in statistical analyses. When an interaction
occurred (p ≤ 0.05), the significances of differences among groups were established using a post
hoc honest significant difference (HSD) Tukey test for uneven numbers for variables with normal
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distribution or a multiple comparison test for variables with skew distribution (these data were
log-transformed before statistical analyses). p ≤ 0.05 was considered significant.

3. Results

As it is summarized in Table 1, in standard laboratory chow, the most prevalent FAs were
LA and α-linolenic acid (ALA), while in SAF oil, c9C18:1, LA and C16:0 acids predominated.
The chromatographic analysis of Bio-C.L.A. confirmed the manufacturer’s information that two main
CLA isomers (c9t11C18:2 and t10c12C18:2) were present in equimolar amounts in this supplement,
while SAF oil did not contain CFAs isomers. Among dietary ingredients, only Labofeed H contained
cholesterol, while oxysterols were not detected in any of them.

No specific signs of welfare disorders (e.g., appetite loss, ruffling, sluggishness, apathy, hiding,
and curling up) were observed in animals during the experiment, which confirmed the lack of the
negative influence of the applied dietary supplementation. The influence of the experimental condition
on the selected characteristics connected with carcinogenesis (partially published elsewhere [18,21])
is presented in Table 2. Throughout the experiment, there were no spontaneous tumors in animals
not exposed to DMBA, regardless of the dietary modification. The administration of the carcinogenic
agent to animals resulted in the presence of mammary gland tumors in the SAFplus and CLAplus
groups, and these tumors were histopathologically identified as mammary adenocarcinomas [21].

Table 2. Characteristics of groups of rats supplemented with safflower oil (SAF oil) or Bio-C.L.A.

Diet SAF Oil Bio-C.L.A. p-Values for Two-Way ANOVA

Variables

Group
SAF SAFplus CLA CLAplus Diet (D)

Mammary
Tumors

(MT)

Interaction
(D ×
MT)

Total number of animals 8 14 7 17 - - -

Number of animals with tumors 0 13 0 15 - - -

Cancer incidence (%) 0 93 0 88 - - -

Final body weight (g) 223 ± 10.9 212 ± 10.5 226 ± 15.8 223 ± 18.1 0.15 0.13 0.39

Mass of heart (g) 0.78 ± 0.05 0.94 ± 0.10 0.84 ± 0.08 0.95 ± 0.10 0.19 0 0.38

Heart mass – body mass ratio (%) 0.35 ± 0.02 0.44 ± 0.05 0.37 ± 0.02 0.43 ± 0.04 0.71 0 0.12

First tumor appearance (week of
life) 0 18 ± 1.79 0 20 ± 1.64 0.26 0 0.26

Total number of tumors 0 63c 0a 28b 0.0326 0 0.0326

Number of tumors per animal 0 4.5 0 1.6 - - -

Average tumor mass (g) 0 5.4 ± 1.7 0 2.5 ± 0.4 0.0195 0.0017 0.19

Tumor mass – body mass ratio
(%) 0 2.6 0 1.1 0.17 0.0008 0.17

Data are shown as mean values ± standard deviation (SD). p-value ≤ 0.05—significant differences among groups
in the two-way ANOVA. 0.00—amount was below the quantification limit (<LOQ). D—diet; MT—mammary
tumors, D ×MT—interaction; When the interaction (D ×MT) occurred, the significance of differences among groups
was further analyzed by a post hoc HSD Tukey test or multiple comparison tests. a, b, c—values with different
superscripts in rows significantly differ at p-value ≤ 0.05. SAF group—animals receiving safflower oil; SAFplus
group—animals receiving safflower oil treated with DMBA; CLA group—group of animals receiving Bio-C.L.A.;
CLAplus group—group of animals receiving Bio-C.L.A. treated with DMBA.

DMBA administration significantly (p = 0.0000) increased the mass of hearts as well as the relative
mass of hearts (measured in relation to the final body weight) in rats supplemented either with SAF oil
or with Bio-C.L.A. (Table 2).

The total content of the assayed FAs was not affected by any of the applied experimental factors
(D and MT) (Table 3). As far as saturated FAs (SFAs) are concerned, the administration of chemical
carcinogen (DMBA) significantly lowered the content of caprylic acid (C8:0) in the group supplemented
with SAF oil (p = 0.0000), while the content of heneicosanoic acid (C21:0) was significantly higher in
the hearts of DMBA-treated rats irrespective of the type of supplement (p = 0.0302). The significant
influence of both applied experimental factors as well as their interaction was shown in the case of
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lauric acid (C12:0). The interactions of both diet (D) and DMBA administration were also revealed in
the content of pentadecanoic acid (C15:0) in the Bio-C.L.A.-supplemented group.

Table 3. Profile of fatty acids (FAs) in hearts of rats supplemented with safflower oil (SAF oil) or
Bio-C.L.A.

Diet SAF Oil Bio-C.L.A. p-Values for Two-Way ANOVA

Variables

Group SAF
(n = 8)

SAFplus CLA
(n = 7)

CLAplus
Diet (D)

Mammary
Tumors

(MT)

Interaction

(n = 14) (n = 17) (D ×
MT)

ΣFAs (mg/g) 6.79 ± 19 6.42 ± 0.84 6.31 ± 0.74 6.73 ± 0.59 0.7 0.9 0.09
C8:0 (µg/g) 48.2 ± 17.0b 0.00 ± 0.00a 30.7 ± 12.5ab 23.7 ± 9.32ab 0.55 0 0

C12:0 (µg/g) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 8.80 ± 3.95b 0 0 0
C14:0 (µg/g) 22.0 ± 4.95 16.9 ± 5.31 20.9 ± 6.32 19.6 ± 5.96 0.69 0.11 0.34
C15:0 (µg/g) 12.1 ± 2.80ab 11.7 ± 5.12ab 8.27 ± 3.19a 16.1 ± 7.42b 0.87 0.07 0.048
C16:0 (µg/g) 970 ± 44.4 927 ± 127 958 ± 61.0 963 ± 105 0.73 0.57 0.48
C17:0 (µg/g) 43.2 ± 6.10 39.3 ± 14.9 40.9 ± 10.3 40.9 ± 10.7 0.92 0.63 0.62
C18:0 (mg/g) 2.06 ± 0.18 2.00 ± 0.31 1.97 ± 0.16 1.95 ± 0.17 0.37 0.59 0.8
C20:0 (µg/g) 9.74 ± 5.18 7.13 ± 3.88 7.36 ± 3.13 10.5 ± 5.65 0.75 0.86 0.08
C21:0 (µg/g) 6.35 ± 3.29 10.7 ± 5.48 3.92 ± 2.53 7.66 ± 4.53 0.13 0.0302 0.86

Σ SFA (mg/g) 3.11 ± 0.16 3.00 ± 0.45 3.03 ± 0.23 3.03 ± 0.27 0.81 0.61 0.61
A-SFA (µg/g) 992 ± 46.4 943 ± 128 976 ± 64.5 985 ± 108 0.72 0.57 0.41
T-SFA (mg/g) 3.00 ± 0.16 2.94 ± 0.43 2.95 ± 0.23 2.93 ± 0.26 0.78 0.73 0.85
c7C16:1 (µg/g) 12.2 ± 4.24 12.3 ± 4.58 11.3 ± 6.51 14.6 ± 8.26 0.75 0.46 0.49
c9C16:1 (µg/g) 12.0 ± 4.63 12.4 ± 8.07 10.4 ± 2.61 13.3 ± 6.62 0.88 0.45 0.57
t9C18:1 (µg/g) 16.1 ± 4.25b 0.00 ± 0.00a 8.23 ± 4.99ab 14.3 ± 4.24b 0.0171 0.0005 0
c9C18:1 (µg/g) 269 ± 27.3b 199 ± 60.5ab 181 ± 37.9a 196 ± 43.6ab 0.0072 0.1 0.0109
c11C18:1 (µg/g) 141 ± 6.89ab 131 ± 16.4ab 117 ± 19.5a 144 ± 14.3b 0.3 0.11 0.0012
Σ MUFA (µg/g) 449 ± 24.5b 356 ± 79.8ab 327 ± 62.1a 371 ± 62.0ab 0.0198 0.27 0.0036

LA (mg/g) 1.79 ± 0.89 1.67 ± 0.29 1.59 ± 0.28 1.80 ± 0.26 0.66 0.56 0.07
ALA (µg/g) 69.9 ± 11.5 27.9 ± 7.39 21.2 ± 8.16 32.9 ± 9.66 0.17 0.34 0.09

c9t11C18:2 (µg/g) 0.00 ± 0.00 0.00 ± 0.00 9.15 ± 7.99 13.4 ± 6.32 0 0.21 0.21
t10c12C18:2 (µg/g) 0.00 ± 0.00 0.00 ± 0.00 9.38 ± 6.19 13.6 ± 7.31 0 0.21 0.21
c11c14C20:2 (µg/g) 6.49 ± 2.04 14.8 ± 7.92 7.20 ± 4.73 13.7 ± 4.74 0.93 0.0005 0.65

DGLA (µg/g) 17.8 ± 6.66 16.9 ± 5.51 12.3 ± 4.66 18.6 ± 6.38 0.33 0.18 0.07
AA (µg/g) 907 ± 58.0 851 ± 126 823 ± 107 892 ± 109 0.54 0.85 0.09
EPA (µg/g) 12.7 ± 10.6 12.1 ± 2.06 15.5 ± 8.03 14.3 ± 6.06 0.41 0.76 0.91
DPA (µg/g) 106 ± 4.77abc 92.6 ± 12.7a 94.3 ± 10.8ab 124 ± 20.2c 0.06 0.12 0.0001
DHA (µg/g) 248 ± 44.9 381 ± 61.4 264 ± 78.7 412 ± 49.3 0.22 0.0433 0.69

Σ PUFA (mg/g) 3.23 ± 0.16 3.06 ± 0.46 2.95 ± 0.47 3.33 ± 0.33 0.96 0.41 0.0435
n-3 PUFA (µg/g) 498 ± 47.0 505 ± 71.2 504 ± 109 583 ± 57.5 0.09 0.09 0.15
n-6 PUFA (mg/g) 2.73 ± 0.13 2.56 ± 0.41 2.43 ± 0.38 2.72 ± 0.31 0.56 0.6 0.0504

Indices

PI 6892 ± 402 6629 ± 935 6447 ± 1038 7232 ± 653 0.77 0.34 0.06
AI 0.03 ± 0.00 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.07 0.5 0.17 0.41
TI 0.96 ± 0.08ab 1.00 ± 0.14ab 1.04 ± 0.12b 0.89 ± 0.07a 0.64 0.13 0.013

HH 3.37 ± 0.44 3.44 ± 0.46 3.16 ± 0.34 3.55 ± 0.27 0.68 0.07 0.21

Data are shown as mean values ± standard deviation (SD). p-value ≤ 0.05—significant differences among groups
in the two-way ANOVA. 0.00—amount was below the quantification limit (<LOQ). D—diet; MT—mammary
tumors, D ×MT—interaction; When the interaction (D ×MT) occurred, the significance of differences among groups
was further analyzed by a post hoc HSD Tukey test or multiple comparison tests. a, b, c—values with different
superscripts in rows significantly differ at p-value ≤ 0.05. SAF group—animals receiving safflower oil; SAFplus
group—animals receiving safflower oil treated with DMBA; CLA group—group of animals receiving Bio-C.L.A.;
CLAplus group—group of animals receiving Bio-C.L.A. treated with DMBA; FA—fatty acids; LA— linoleic
acid; ALA—α-linolenic acid; AA—arachidonic acid; EPA—eicosapentaenoic acid; DPA—docosapentaenoic acid;
DGLA—dihomo γ-linolenic acid; DHA—docosahexaenoic acid; SFA—saturated fatty acids; A-SFA—atherogenic
saturated fatty acids; T-SFA—thrombogenic saturated fatty acids; MUFA—monounsaturated fatty acids;
PUFA—polyunsaturated fatty acids; n-3 PUFA—n-3 polyunsaturated fatty acids; n-6 PUFA—n-6 polyunsaturated
fatty acids; n-6/n-3—ratio of n-6 PUFA to n-3 PUFA; AI—atherogenicity index; TI—thrombogenicity index;
HH—hypo-to-hyper-cholesterolemic FA ratio.

The sum of monounsaturated FAs (MUFA) was affected by the applied supplementation
(p = 0.0198), particularly in animals without carcinogen administration. Moreover, an interactive action
of both experimental factors was also exhibited (p = 0.0036). Similar changes were observed in the
case of the predominant MUFA oleic acid (c9C18:1), of which amounts were significantly lower in the
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hearts of rats receiving the CLA-containing supplement (p = 0.0072). The amount of another positional
isomer of the C18:1–t9C18:1 acid deposited in rats’ hearts was affected by diet (p = 0.0171) and tumors
(p = 0.0005), as well as by their joint action (p = 0.0000). In animals fed with SFA oil, the cardiac content
of t9C18:1 was decreased by DMBA administration, while in the Bio-C.L.A.-receiving rats, DMBA
action was adverse. A significant increase in the c11C18:1 content in the hearts of tumor-bearing rats
was also observed in the CLAplus group (Table 3).

In the total content of polyunsaturated FAs (PUFAs), n-6 PUFAs and docosapentaenoic acid
(c7c10c13c16c19C22:5, DPA), a significant interaction of both experimental factors (D and MT) was
observed (p = 0.0435, p = 0.0504 and p = 0.0001, respectively) (Table 3). The administration of the
chemical carcinogen significantly influenced the content of c11c14C20:2 (p = 0.0005) and docosahexaenoic
(c4c7c10c13c16c19C22:5, DHA) (p = 0.0433) acids. In the content of the two main CLA isomers (c9t11C18:2
and t10c12C18:2), the impact of diet was significantly exposed (p = 0.0000 and p = 0.0000, respectively).
The amount of each of these isomers deposited in hearts of rats in the Bio-C.L.A.-obtaining groups was
nearly equal but slightly higher in the cardiac tissue of the tumor-bearing animals (9.27 and 13.5 µg/g
on average in the CLA and CLAplus groups, respectively).

The significant impact of both applied experimental factors as well as their interactions
were observed among all detected groups of conjugated fatty acid (CFAs) isomers except for the
cis,trans/trans,cis (ct/tc) conjugated dienes (CD) and the trans,trans,cis (ttc) isomers of conjugated trienes
(CT) (Table 4). The sum of CFAs in the hearts of animals supplemented with Bio-C.L.A. was several
times higher than in the tissues of animals receiving SAF oil. The elevated content of CD, which was
observed in the hearts of the CLA-supplemented groups, was revealed in animals both with (SAFplus
vs CLAplus) and without (SAF vs CLA) tumors. The diminished levels of CT in cardiac tissue resulting
from the presence of mammary tumors were more pronounced in the Bio-C.L.A.-supplemented groups
(CLA vs CLAplus).

Table 4. Profile of conjugated fatty acids (CFAs) in hearts of rats supplemented with safflower oil (SAF
oil) or Bio-C.L.A.

Diet SAF Oil Bio-C.L.A. p-Values for Two-Way ANOVA

Variables
Group SAF

(n = 8)
SAFplus
(n = 14)

CLA
(n = 7)

CLAplus
Diet (D) Mammary

Tumors (MT)
Interaction
(D ×MT)(n = 17)

CFA (µg/g) 19.0 ± 4.19ab 13.8 ± 1.71a 74.1 ± 63.7c 32.0 ± 13.3bc 0.0002 0.0108 0.0429

CD 12.1 ± 2.79a 11.5 ± 2.35a 58.3 ± 51.1b 28.1 ± 11.1b 0.0001 0.0325 0.0393
tt 7.72 ± 1.82a 8.06 ± 1.18a 30.2 ± 26.9b 13.5 ± 5.54b 0.0006 0.0343 0.0278

ct/tc 2.86 ± 0.81 2.11 ± 0.55 25.6 ± 22.9 13.3 ± 5.52 0 0.0521 0.08
cc 1.03 ± 0.22ab 0.90 ± 0.27a 2.52 ± 1.64b 1.31 ± 0.47ab 0.0004 0.0096 0.0326

CT 6.90 ± 1.51b 2.81 ± 0.84a 15.7 ± 12.7b 3.26 ± 1.15a 0.0113 0 0.0211
ttt 4.55 ± 1.05b 1.02 ± 0.53a 11.7 ± 10.9b 1.12 ± 0.35a 0.0165 0 0.0194
ttc 0.20 ± 0.05 0.72 ± 0.61 0.22 ± 0.14 0.62 ± 0.44 0.78 0.0039 0.69
cct 2.10 ± 0.19bc 1.26 ± 0.22a 3.63 ± 1.51c 1.60 ± 0.62ab 0.0006 0 0.0218

Data are shown as mean values ± standard deviation (SD). p-value ≤ 0.05—significant differences among groups
in the two-way ANOVA. 0.00—amount was below the quantification limit (<LOQ). D—diet; MT—mammary
tumors, D ×MT—interaction; When interaction (D ×MT) occurs, the significance of differences among groups
was further analyzed by a post hoc HSD Tukey test or multiple comparison tests. a, b, c—values with different
superscripts in rows significantly differ at p-value ≤ 0.05. SAF group—animals receiving safflower oil; SAFplus
group—animals receiving safflower oil treated with DMBA; CLA group—group of animals receiving Bio-C.L.A.;
CLAplus group—group of animals receiving Bio-C.L.A. treated with DMBA CFA—conjugated fatty acids,
CD—conjugated dienes, CT—conjugated trienes, cc—cis,cis isomers, ct/tc—cis,trans/ trans,cis isomers, tt—trans,trans
isomers, ttt—trans,trans,trans isomers, ttc—trans,trans,cis isomers, cct—cis,cis,trans isomers.

The content of malondialdehyde (MDA) was significantly affected by the diet fed to animals
(p = 0.0012), as the amount of MDA in rats’ hearts was numerically lower in the Bio-C.L.A. fed groups
(Table 5). The cholesterol and oxysterols concentrations in cardiac tissue of rats were not affected by
any of applied experimental factor, with the exception of 7-ketocholesterol (7K), the levels of which
were influenced by DMBA administration (p = 0.0139).
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Table 5. Content of malondialdehyde (MDA), cholesterol and oxysterols in hearts of rats supplemented
with safflower oil (SAF oil) or Bio-C.L.A.

Diet SAF Oil Bio-C.L.A. p-Values for Two-Way ANOVA

Variables
Group SAF

(n = 8)
SAFplus
(n = 14)

CLA
(n = 7)

CLAplus
(n = 17)

Diet (D) Mammary
Tumors (MT)

Interaction
(D ×MT)

MDA (ng/g) 7182 ± 1018 8205 ± 1798 6171 ± 1548 6125 ± 1052 0.0012 0.28 0.24

Cholesterol (mg/g) 2.97 ± 0.10 3.05 ± 0.17 2.85 ± 0.15 2.95 ± 0.19 0.06 0.14 0.88

Oxysterols

7AOH (µg/g) 0.94 ± 0.27 1.16 ± 0.51 0.79 ± 0.10 0.91 ± 0.27 0.12 0.19 0.68
7BOH (µg/g) 0.16 ± 0.08 0.14 ± 0.03 0.10 ± 0.01 0.14 ± 0.07 0.18 0.87 0.19
5,6AE (µg/g) 0.65 ± 0.17 0.80 ± 0.39 0.63 ± 0.08 0.66 ± 0.14 0.35 0.31 0.51

7K (µg/g) 1.65 ± 0.46 2.84 ± 1.41 1.38 ± 0.22 1.86 ± 0.64 0.06 0.0139 0.27

Data are shown as mean values ± standard deviation (SD). p-value ≤ 0.05—significant differences among groups in
the two-way ANOVA. 0.00—amount was below the quantification limit (<LOQ). D—diet; MT—mammary tumors,
D ×MT—interaction; When interaction (D ×MT) occurs, the significance of differences among groups was further
analyzed by a post hoc HSD Tukey test or multiple comparison tests. a, b, c—values with different superscripts in rows
significantly differ at p-value ≤ 0.05. SAF group—animals receiving safflower oil; SAFplus group—animals receiving
safflower oil treated with DMBA; CLA group—group of animals receiving Bio-C.L.A.; CLAplus group—group
of animals receiving Bio-C.L.A. treated with DMBA. MDA—malondialdehyde; 7AOH—7α-hydroxycholesterol;
7BOH—7β-hydroxycholesterol; 5,6AE—cholesterol 5α,6α-epoxide; 7K—7-ketocholesterol.

4. Discussion

Cancer is a chronic illness of which both internal (e.g., hormonal, immunological, and genetic)
and environmental (e.g., dietary habits, physical activity, and radiation) factors play an important role
in its development. However, some researchers have claimed that the genomic approach is nowadays
overestimated, as lifestyle and acquired factors (potentially modifiable) account for 90–95% of disease
burden [35]. The lesser influence of hereditary genetic factors on cancer development, together with
the modifiable nature of the environmental factors seem to be sufficient prerequisites for considering
cancer as a highly preventable disease [36]. Thirty-seven years since the National Cancer Act was
signed by US President Richard Nixon, when the mortality rate for cancer was still extraordinarily high,
the US Senate announced the 21st Century Cancer Access to Life-Saving Early detection, Research
and Treatment (ALERT) Act, which is aimed at improving patient access to the prevention and early
detection of cancer [37]. Scientists are still struggling to find the answer to the question why the ‘War
on Cancer’ is still being lost while cancer is reportedly preventable?

The prevention of cancer may be carried out by primary and secondary actions or by their
combination. Primary prevention, focused on the prohibition of carcinogenic agent effective contact
with a target in the organism, may be implemented either by avoidance, the interruption of
carcinogenic exposure, or by the reinforcement body defense through, e.g., dietary supplementation with
chemopreventive agents [36]. Not every exposure of a carcinogen will necessarily elicit tumorigenesis,
as the efficacy of this exposure is affected by, e.g., the dose and duration of exposure and the time
of supplementation in relation to the carcinogen application. As far as breast cancer is concerned, it
has been established that administration of CLA before the initiation of carcinogenesis and during
the development of the mammary gland decreases the susceptibility of this tissue to the induction
of neoplastic transformation. On the other hand, the exposure to CLA isomers after the activation
of a carcinogen significantly reduces the number and growth of tumors [38]. As there is increased
evidence that some specific dietary constituents exhibit anti-cancerogenic properties, not only before
the carcinogenesis process starts but also afterwards [10], in our present experiment, CLA isomer
supplementation occurred both before and after chemical carcinogen administration to animals
(Figure 1).

In cancer patients and survivors, thrombocytopenia, hypercoagulability and coagulopathic states
are common. Such comorbidities can specifically increase the risk of cardiovascular complications.
Thanks to monitoring, early diagnosis and advances in the treatment of cancer, these patients will often
die of CVD rather than the progression or recurrence of cancer [6].
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The higher number of animals in DMBA-treated groups (SAFplus and CLAplus) ensured a
statistically adequate number of tumor-bearing rats in the case of unknown morbidity. Applied dietary
interventions did not influence the overall mass of the heart as well as the heart mass-to-body ratio,
but the increase in these two parameters as a consequence of tumor presence was more pronounced
in the rats supplemented with SAF oil (Table 2). This may indicate that animals deprived of CLA
isomer supplementation may be more susceptible to cardiac hypertrophy after exposure to a chemical
carcinogen. The lower body weight of tumor-bearing rats, exhibited to a greater extent in the SAF than
in the CLA-fed groups, may be a first symptom of cancer cachexia. The significantly lower number
of tumors which occurred in the Bio-C.L.A.-supplemented groups (p = 0.0326) in comparison to the
rats fed SAF oil after DMBA administration seems to confirm the anticancerogenic properties of these
bioactive CFA isomers (Table 2).

Though the preventive potential of CLA isomers has been confirmed, still little is known about the
possible benefits and/or risks of CLA isomers on the heart in physiological conditions [39]. The existence
of a pathological condition may significantly influence, e.g., FA demands (tumors selectively take
up high amounts of polyunsaturated fatty acids (PUFAs)) [26]. Since FAs are not only important
nutrients but also play a significant role in the composition of lipid bilayer membranes, it is likely that
FA metabolism determines cell fate in a growing number of pathological conditions [40], especially
tumorigenesis, which is connected with cell metastasis and angiogenesis [41].

The measurement of an FA profile, either of the whole heart or the cardiac sub-cellular membrane,
was considered as complementary to the analysis of the structural and functional modification of
the cardiovascular system of rats with a physiological condition [42,43]. Lipid biology in cardiac
tissue is a rapidly growing field of research to establish the mechanisms by which the different lipid
components of diets affect the cardiovascular system. Though novel FA derivatives (e.g., resolvins)
and FA receptors (e.g., PPAR or Toll-like receptors) have been discovered, the role of different saturated
and polyunsaturated FAs and their respective metabolites in cellular signal transduction and the
possible implications for the development of cardiac tissue function is still being investigated [44].
In present study, mammary tumor elicitation was evoked by the administration of a single dose of
DMBA. This diseased state, combined with the supplementation of animals’ diet with CLA isomers, is
of utmost importance and a novel aspect of our work. To the authors’ best knowledge, this is the first
attempt to implementat the cardio-oncological approach in a nutritional animal experiment.

Though the commercial Bio-C.L.A. supplement contains a significant amount of two main CLA
isomers (98.6 mg/g on average), only a very small amount of these CFAs was incorporated to the
cardiac tissue of rats from the CLA (on average, 9.27 µg/g) and CLAplus (on average, 13.5 µg/g)
groups. This may have resulted from the fact that heart contains a high amount of phospholipids
(similarly to the liver and kidneys), while the CLA isomer is known to be mainly incorporated in
triacylglycerols [24]. Some authors have hypothesized that the differences in the cellular metabolism
yield of these CLA isomers being due to the content of the t10,c12 isomer tending to be lower in the
liver, heart and kidneys than the c9,t11 homologue [24]. However, our results did not confirm this
assumption, as in the cardiac tissue of CLA-supplemented rats, the content of the t10,c12 isomer was
higher than the c9,t11 isomer, irrespective of the DMBA treatment (Table 3). However, in our previous
research concerning serum [18] or the liver [45], predominating amounts of the c9,t11 isomer were
observed, which could have resulted from the differences in metabolism of the c9,t11 and t10,c12
isomers, as some authors claim [46]. An adverse observation in case of cardiac tissue may suggest
different intensities or different pathways of the CLA isomers’ metabolism in hearts.

CFAs isomers were the compounds most affected by applied experimental condition (Table 4).
Though the significantly higher contents of these FAs in the hearts of the CLA-supplemented groups
were pretty obvious, the lower amounts of this group of FAs in both the DMBA-treated groups
(SAFplus and CLAplus) in comparison to the untreated ones are interesting and should be pointed out.
The results concerning CFAs are also worth emphasizing, because they seem to confirm our previous
assumption of the ability of microbial population inhabiting the (monogastric) rats’ digestive tract
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to FA isomerization (unpublished data), as evidenced by the detection of other possible geometrical
isomers (tt and cc) of CD differing from those delivered with the diet (ct/tc) (Table 4). Additionally,
the conjugating activity/capability of rats was proven by the detection of CT isomers in the biological
samples, though their dietary sources were used in present experiment. This activity may have
resulted not only from the endogenous enzymes’ activity but also from the activity of microbiota
inhabiting the cecum of rats, as CLA isomers exhibited a prebiotic effect [47]. This ability of CFA
production seems to be connected with microorganisms specific for rats, as the gnotobiotic (germ-free)
rats inoculated with microbiota obtained from the healthy humans were not supplied with CLA
isomers [48]. The incorporation of various CLA metabolites (cc, ct/tc, tt) in the rats’ cardiac tissue may
have resulted from the long-term supplementation (21 weeks) in our study, while the very short diet
enrichment (six days) with CLA isomers did not cause such an effect [24]. Other possible explanations
for this differences are the form/composition of the CLA applied into the animals’ diet (in our study,
a commercial dietary supplement containing an equimolar mixture of two main CLA isomers vs an
individual CLA isomers in the form of triacylglycerols) as well as animal strain (Sprague Dawley rats
(SPRD) vs Wistar). Additionally, the gender of the animals (female vs male) may, to a considerable
extent, have contributed to the observed discrepancies in CFA profiles, as was confirmed in earlier
research in terms of heart rate, pressure and rate of contraction and relaxation [39].

An FA profile may be considered as a biomarker of CVD risk, as various groups of these compounds
elicit different physiological effects, e.g., SFA is considered to pro-atherogenic and pro-thrombogenic,
while PUFA is known as both an anti-atherogenic and anti-thrombogenic FA [29,30]. Due to DPA’s
ability to interfere with cyclooxygenase (COX) and accelerate the lipooxygenase (LOX) pathways,
this FA is considered to be the most potent inhibitor of collagen- or arachidonic acid (AA)-stimulated
platelet aggregation among n-3 long chain PUFA [42]. Thus, the significant increase in the DPA content
in the CLAplus group in comparison to the SAFplus group (Table 3) may indicate the cardio-protective
effect of CLA supplementation in co-existing cancerous processes. Dietary CLA was also shown
to suppress the formation of n-6 PUFA including dihomo γ-linolenic acid (DGLA) and AA in the
physiological state (Table 3), which may presumably also affect eicosanoid biosynthesis [49].

It is well established, that increased FA oxidation in cardiac tissue, e.g., in case of diabetes is
associated with cardiac dysfunction [44]. Peroxidability index, which reflects the peroxidation ability
of tissue as a result of FA profile, did not differ among experimental groups (Table 3), which may
ostensibly indicate lack of applied diet and/or cancerous process influence. However, this index reflects
the state at the end of experiment and do not give any information on previous peroxidation intensity
during experiment. Because of that we have decide to measure the levels of other biomarkers, which
reflect not only FA peroxidation intensity (MDA) but also other lipid compounds (oxysterols).

Elevated MDA levels, which is a strong mutagen, were observed in serum of patients suffering
from breast and lung cancer [50]. In present experiment significantly higher content of MDA in the
hearts of rats supplemented with SAF oil in comparison to the CLA-supplemented groups, irrespective
of the presence of mammary tumors, may indicate the potential strong antioxidant activity of Bio-C.L.A.
(Table 5). Similar properties were previously stated not only for single CLA isomers but also in
combination with other bioactive compounds (e.g., Se) [51]. It may also suggest, that in this special
animals model, CLA isomers, due to their antioxidant properties inhibit the activity of cytochrome
P450 enzymes, and, as a consequence, diminish DMBA activation, which result in decrease breast
cancer incidence in the CLAplus group. Another possibility is the fact that the auto-oxidation of CLA
produced furan fatty acids which may protect against oxidant-mediated toxicity [52].

Recently, not only the products of PUFA oxidation but also oxysterols have gained popularity
as useful biomarkers of oxidative stress. Oxysterols are a large family of lipid compounds and are
one of plausible form of cholesterol transport, as well as intermediates in synthesis of bile acids and
steroid hormones [53]. They have been arising endogenously during the enzymatic and non-enzymatic
oxidation of cholesterol [54] or may exogenously enter the living organism with the food products
where they were generated, e.g., during storage and/or processing [55]. Inasmuch as the dietary
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ingredients were not the exogenous source of oxysterols (Table 1), the whole detected amounts of
these compounds originated from the oxidative transformation of the endogenous and supplied
cholesterol. Oxysterols exert pleiotropic functions, as they may be biomarkers and/or the plausible
cause of various pathological states (the pathophysiological biochemical activity of oxysterols may
be even two times higher in comparison to cholesterol) [56]. The very high levels of oxysterols were
found in hearts of hamsters fed a diet enriched with different doses of them, so these groups of
oxidation products seem to exhibit a serious cardiac risk [57]. The concentration of 7K in present study
was more than twenty orders of magnitude higher than content of 7β-hydroxycholesterol (7BOH)
in the hearts of rats from the SAFplus group (2.84 ± 1.41 µg/g vs 0.14 ± 0.03 µg/g). This ratio in the
hearts of the CLA-supplemented rats was lower, irrespective of the DMBA treatment (~13), which is a
very promising observation because 7K—the most abundant non-enzymatically formed oxysterol—is
mainly responsible for adverse health effects such as foam cell formation [55]. The elevated proportion
of 7K and 7BOH that has also been reported in the cardiac tissue of chronically ethanol-fed rats [58]
may indicate that heart is concomitantly affected in the course of many, seemingly unrelated, disorders.

The content of cholesterol in the hearts of rats supplemented with 1% of an equimolar mixture
of two main CLA isomers was much lower as compared to the hearts of animals which received 5%
of individual CLA isomers in the form of triacylglycerols [24]. The results of the single CLA isomer
in humans has shown that rumenic acid has a relatively beneficial influence, whereas t10,c12CLA
seems to exert a proatherogenic effect as it decreases high density lipoproteins (HDL) and increases
triacylgycerols (TAG) and very low density lipoproteins (VLDL) levels in obese male subjects [59].
An elevated CLA percentage share in the total FA pool in the serum of elderly men was adversely
associated with cholesterol, high-density lipoprotein cholesterol, and reduced heart failure risk—but
only for those with higher dairy fat intake as a major dietary source of CLA isomers (test for interaction,
p = 0.03) [60]. Interestingly, CLA isomers given to female SPRD rats did not influence the cardiac
function in contract to male SPRD rats, in which CLA isomers decreased heart rate, diastolic pressure,
and systolic pressure [39].

The present study clearly shows that CLA supplementation can modify the FAs accumulated in
cardiac tissue and significantly inhibit PUFA oxidation, while the cancerous process intensified the
oxidation of cholesterol.

The main limitation of this study is that the obtained results may not be directly transferred into
the humans. This is not only due to the differences in rat and human metabolism but also because
the research material was hearts obtained post-mortem, the procedure for which is not applicable
to humans, for both ethical and moral concerns. However, it should be emphasized that research
conducted on an animal model allows for a proper and more accurate design of experiments involving
people, and, as such, the results may indicate potential relationships and mechanisms that need to be
verified. Moreover, this study may expand knowledge on CLA activity and may contribute to further
cardio-oncological research with different types of cancer, different models, and diversified CLA doses.

5. Conclusions

Though the precise mechanism of how CLA isomer supplementation affects the heart in cases of
DMBA exposure is still only anticipated, the results of present experiment may contribute to better
explanations. Our results indicate that both CLA supplementation and the presence of mammary
tumors influence the selected lipid biomarkers of CVDs. A significant interaction of both experimental
factors was observed in the total content of PUFAs, n-6 PUFAs as well as CFAs. CLA supplementation
significantly inhibited PUFA oxidation, as evidenced by the lower content of MDA, while the cancerous
process intensified the oxidation of cholesterol, as confirmed by the elevated levels of 7K in the hearts of
DMBA-treated rats. Our data may have important implications to possible functional and/or structural
modifications in cardiac tissue. Moreover, the used research model may constitute a solid base on
which to perform further research, e.g., to establish the influence of the dietary supplementation of CLA
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isomers during chemically-induced carcinogenesis on the functional and hemodynamic parameters of
the heart.
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