Folia Medica

Folia Medica 61(3): 404-10

folia . DOI: 10.3897/folmed.61.639348
medica
Original Article

Impact of a High-fat Diet on the Development of
Chronic Inflammation in Heart of Wistar rats

Iliyan V. Dimitrov!, Vassil I. Kamenov!, Nikolay P. Boyadjiev?, Katerina N. Georgieva?, Anelia V.
Bivolarska®, Milena N. Draganova-Filipova?, Penka A. Angelova-Hristova®, Slavi Delchev®, Elena
Daskalova®, Fanka Gerginska®, Teodora R. Stankova®, Vilian Gramatikov’

I Department of Chemistry and Biochemistry, Faculty of Pharmacy, Medical University of Plovdiv, Plovdiv, Bulgaria

2 Department of Physiology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

3 Department of Chemistry and Biochemistry, Faculty of Pharmacy, Medical University of Plovdiv, Plovdiv, Bulgaria

* Department of Medical Biology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

° Department of Physiology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

6 Department of Anatomy, Histology and Embryology, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria
7 Student at the Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Iliyan V. Dimitrov, Department of Chemistry and Biochemistry, Faculty of Pharmacy, Medical University of Plovdiv, 1A Perush-
titza St., 4002 Plovdiv, Bulgaria; E-mail: idimitrov@meduniversity-plovdiv.bg; Tel: +359886013234

Received: 08 June 2018 ¢ Accepted: 27 Feb 2019 ¢ Published: 30 Sep 2019

Citation: Dimitrov IV, Kamenov VI, Boyadjiev NP, Georgieva KN, Bivolarska AV, Draganova-Filipova MN, Angelova-Hristova PA,
Delchev S, Daskalova E, Gerginska F, Stankova TR, Gramatikov V. Impact of a high-fat diet on the development of chronic inflammation
in heart of Wistar rats. Folia Med (Plovdiv) 2019;61(3):404-10; doi: 10.3897/folmed.61.e39348

Introduction: Obesity is linked to the development of low-grade, chronic inflammation. Obesity-related inflammation appears to be
a different type of inflammation, mainly due to excessive food intake and unusual homeostasis. It can be evaluated by measuring the
concentration of pro- and anti-inflammatory marker molecules — C-reactive protein (CRP), serum amyloid-A (SAA) and interleukin-4.

Aim: The aim of the present study is to evaluate the rate of the inflammatory process in heart, provoked by the consumption of a high-
fat diet.

Materials and methods: Sixty 8-week-old male Wistar rats were used in this experiment. The laboratory animals were fed orally with
two different types of rodent food for 14 or 18 weeks - a high-fat diet (experimental groups) and standard rodent food (control groups).
They all were kept under standard housing conditions. The levels of the pro- and anti-inflammatory markers in tissue homogenates from
heart were analyzed using ELISA. Their expression in tissue samples was detected immunohistochemically by the biotin-streptavidin-
peroxidase method. The total protein concentration was determined by the Lawry method.

Results: CRP levels showed no significant differences when the control group was compared with the groups fed with a high-fat diet
(p>0.05). The SAA levels detected were also insignificantly changed. Only the IL-4 tissue levels showed tendency to increase (p<0.05)
in the high-fat diet group.

Conclusions: Our experiment indicates that there is a specific reaction of the heart to a high-fat diet. It also refers to the existence of
adaptive mechanisms allowing the heart to counteract the development of dietary induced inflammation.
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INTRODUCTION

Diet-induced obesity has become a significant medical and
social problem because it is spread worldwide and associ-
ated with the development of disorders such as metabolic
syndrome, insulin resistance, type 2 diabetes mellitus, high
blood pressure and some cardiovascular diseases.!?

Recently, diet-induced obesity has been linked to the de-
velopment of low-grade chronic inflammation. This type of
inflammation depends on the quality of the diet and differs
from acute inflammation.>* Obesity-related inflammation
appears to be a different type of inflammation, mainly due
to excessive food intake and unusual homeostasis.* Regard-
less of the agents that cause it and the molecular pathways
involved, inflammation should be related to the processes
associated with the restoration of functional and phenotyp-
ic homeostasis of the affected cells and tissues.>>

The main participants in the development of an in-
flammatory process are the immune cells presented in the
bloodstream as well as in various tissues and organs such
as liver, adipose tissue, connective tissue, skeletal muscles,
heart, etc. Macrophages are the most numerous of all types
of immune cells in white adipose tissue and their number,
location and phenotype are significantly altered in obesity.®

The rate of inflammation and its origin can be assessed
by measuring the pro- and anti-inflammatory marker mol-
ecules. C-reactive protein (CRP) is an acute-phase protein,
synthesized and secreted predominantly by hepatocytes in
response to elevated levels of IL-6.7 There is evidence that
CRP can be synthesized and secreted by other cell types
such as macrophages®, smooth muscle cells’ and adipo-
cytes!0.

Similarly to CRP, serum amyloid-A (SAA) is an acute
phase protein, secreted primarily by the liver. It takes place
in the cholesterol efflux from peripheral tissues to the liver,
and participates in the relationship between hypertrophied
adipocytes and macrophages infiltrated into the adipose
tissue.!! Its expression, similarly to the expression of CRP,
is regulated by the pro-inflammatory cytokines IL-6 and
TNF-.!213 In vivo, the production of SAA is also associ-
ated with infiltration of macrophages into the adipose tis-
sue.!!

Interleukine-4 (IL-4) aids the processes of tissue repair
after inflammation. IL-4 stimulates fibroblasts to synthe-
size collagen and restore extracellular matrix.!*!> In addi-
tion, IL-4 stimulates cellular proliferation of tissue macro-
phages!® and provokes their anti-inflammatory state!”.

AIM

The aim of the present study was to evaluate the rate of the
inflammatory process in heart, provoked by the consump-
tion of high-fat diet in rats.

MATERIALS AND METHODS

This study has been given permission to use laboratory an-
imals in experiments by the Bulgarian Food Safety Agency
(BFSA) with license No 55/23.06.2016. It has been con-
ducted in accordance with the ethical standards of Medical
University of Plovdiv by a resolution of the University Ethic
Committee No P-1041 of 25.04.2017.

Sixty 8-week-old male Wistar rats (weight range 130-
180 g) were obtained from the University vivarium. They
were randomly divided into five groups, 12 animals in each:

1. Control group (C), fed with standard rodent food
(D12450H, Research Diets, Inc.) for 14 weeks.

2. Control group (CC), fed with standard rodent food
for 18 weeks.

3. Experimental group (E), fed with a high-fat diet
(D12451 - Research Diets, Inc.) that causes weight gain and
metabolic syndrome manifestations,'® including inflamma-
tion, for 14 weeks.

4. Experimental group (EE), fed with a high-fat diet for
18 weeks

5. Experimental group (EC), fed with a high-fat diet for
14 weeks, and thereafter fed with standard rodent food for
4 weeks.

The animals of all groups had free access to food and
water. All animals were kept under standard housing con-
ditions: living space - 350 cm?, temperature - 22+2°C and
12/12 h light/dark photoperiod cycles. At the end of the
experiment all of the animals fasted overnight, and then
were treated with an overdose of the anesthetic ketamine
(87.5 mg/kg)/xylazine (12.5 mg/kg) and decapitated via a
guillotine for small rodents (HUGOSACHSELECTRON-
ICD-79232 March ER., Germany). Blood serum and tissue
samples from heart were collected and immediately frozen
at -18°C. Tissue samples were also placed in paraffin for im-
munohistochemical analysis.

On the day of analysis, the tissue samples used in ELI-
SA were brought to room temperature and homogenized
via mechanical homogenizer (Polytron) in 0.02M PBS with
detergent Triton 100x added, pH-7.4. The ELISA test was
performed according to the manufacturer recommenda-
tions (Rat high-sensitivity C-reactive protein ELISA Kkit,
EMELCA Bioscience; Rat Serum amyloid-A, SAA ELISA
kit, EMELCA Bioscience; IL-4 Rat ELISA kit, EMELCA
Bioscience). Quantitative analyses were performed by an
ELISA microplate reader (HumanReader). Total protein
concentration of the samples was determined by the Lawry
method.!® The data collected were statistically processed us-
ing SPSS, v.19.0 (SPSS Inc., Chicago, IL, USA). The groups
were compared using Kruskal-Wallis test for non-paramet-
ric data and are presented as median + interquartile range
(IQR). Differences with p<0.05 were considered statistical-
ly significant. The Dunn’s post hoc test was performed for
those groups where statistical difference was found.

The levels of CRP, SAA and IL-4 in heart are presented
as a ratio of the markers’ concentration in the sample to
the total protein concentration in the same tissue sample
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(ng CRP/mg Protein, ng SAA/mg Protein and pg IL-4/mg
Protein).

The expression of the pro and anti-inflammatory mol-
ecules was examined using biotin-streptavidin-peroxidase
method with universal BioSB mouse/rabbit polydetec-
tion kit. Polyclonal antibodies against CRP, SAA and IL-4
were used as primary antibodies. Reaction visualization
was performed by DAB, and its intensity was evaluated by
semi-quantitative scale; “+” - positive reaction in 25% of
100 counted cells; “++” - 50% of 100 counted cells; “+++” -
intensive expression in 100% of the cells.

RESULTS

CRP LEVELS IN HEART

The level of expression of CRP in heart samples of the con-

trol group detected by immunohistochemical analysis, was
relatively weak (+). The number of the positive cells, in the
group fed with the high-fat diet, was also low, and the ex-
pression of the marker was weak (+) (Fig. 1).

No statistically significant differences were found when
the values measured for each of the experimental groups
[ELISA, C-15.8 ng/mg, IQR (14.7-21.9); CC-15.7 ng/mg,
IQR (15.2-17.7); E-19.9 ng/mg, IQR (13.3-21.8); EE-18.7
ng/mg, IQR (16.8-20) and EC-16.2 ng/mg, IQR (15.318.7)],
were compared using the Kruskal-Wallis test, p=0.558. All
data are presented in Fig. 2.

SAA LEVELS IN HEART

SAA expression in heart detected by immunohistochemi-
cal analysis is similar to the expression of CRP in the same
organ. It was weak in both, the control group (+) and the
group fed with a high-fat diet (+) (Fig. 3).

Figure 1. Microphotographs of the CRP expression in heart.
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Figure 2. CRP levels in tissue homogenates from heart samples.
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Figure 3. Microphotographs of the SAA expression in heart.

The quantitative ELISA method showed that the SAA
levels remain a constant value across the groups, showing
no significant differences. There was no statistical difference
when the values obtained from all the experimental groups
were compared [C-14.9 ng/mg, IQR (13.7-15.7); CC-14.6
ng/mg, IQR (14.5-15.4); E-14.7 ng/mg, IQR (14.02-18.9);
EE-14.5 ng/mg, IQR (13.1-19.5) and EC-13.1 ng/mg, IQR
(12.1-18.1), p=0.877]. All data are presented in Fig. 4.

CHANGES IN THE |IL-4 LEVELS IN HEART

The IL-4 expression in heart measured immunohistochem-
ically was weak similar to the expression of CRP and SAA.
Unlike CRP and SAA, though, IL-4 expression in the con-
trol group (+) was significantly weaker than in the group
fed with the high-fat diet (++) (Fig. 5).
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Tissue IL-4 levels (ELISA) showed tendency to in-
crease. IL-4 levels were significantly higher in the group fed
with high-fat diet: E (20.9 pg/mg, IQR (18.5-23.4)) com-
pared with control group (C-7.7 pg/mg, IQR (5.9-12.04),
p=0.024). This difference was also detected when the con-
trol group (C) was compared with the group that had re-
ceived high-fat diet for a longer period of time (EE-21.8 pg/
mg, IQR (12.7-22.8), p=0.004).

The IL-4 tissue levels rapidly drop when the quality of
the food was changed. The IL-4 was much lower in the
group with the changed diet (EC-8.1 pg/mg, IQR (6.8-9.9)),
compared with both groups fed only with high-fat diet,
for the same period of time (EE), p=0.004, or the shorter
period of time (E), p=0.023. On the other hand, the levels
of IL-4 detected for the EC group were very similar to the

Groups

Figure 4. SAA levels in tissue homogenates from heart samples.
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Figure 5. Microphotographs of the IL-4 expression in heart.
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Figure 6. IL-4 levels in tissue homogenates from heart samples.

levels measured for the control groups at week 14, p=1.000,
and at week 18 (CC-12.04 pg/mg, IQR (7.8-12.7), p=0.468).
All data are graphically presented in Fig. 6.

DISCUSSION

Adipose tissue (AT) depots that are anatomically attached
to the heart (epicardial adipose tissue, EAT) and vessels are
able to interact with their neighboring cells and tissues di-
rectly in a paracrine way, hence to regulate their metabo-
lism under physiological and pathological conditions.?*?!
EAT possesses a phenotype closer to that of visceral AT.2
Free fatty acids (FFA), normally reaching the myocardium
via the coronary circulation, are a major source of energy

in the heart. In a high-fat diet, EAT may act as an energy
buffer, potentially protecting the myocardium from FFA
overload.?? Conversely, EAT may act as an excess source of
FFA, which is potentially associated with myocardial dys-
function.?? EPT, as well as the visceral AT, is linked to an in-
creased risk of development of cardio-vascular diseases.?®
CRP and SAA are acute phase proteins. They are secret-
ed predominantly by the liver.?® From hepatic synthesis
and secretion during the acute phase of the inflammatory
process, their synthesis and secretion become adipocytic in
high-fat diet and obesity.?”!° It has been reported that their
secretion depends on the secretion of the pro-inflammato-
ry TNF-a and IL-6. Our experiment demonstrated lack
of statistically significant changes in the levels of both CRP
and SAA. It could be explained by the lack, or changed se-
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cretion, of natural stimuli for their synthesis and secretion,
namely, the change in the phenotype of tissue macrophages
from M2 (non-classically activated) to M1 (classically ac-
tivated). Classically activated macrophages express and
secrete the pro-inflammatory molecules TNF-a and IL-6?
that are required for the synthesis and secretion of CRP and
SAA.

Despite the data of the development of an inflammatory
reaction in the heart?® our experiment did not demonstrate
presence of such an inflammatory process. Neither CRP,
nor SAA levels were significantly elevated. The rapid rise of
the anti-inflammatory IL-4 levels during the experiment is
indicative of presence of effective mechanisms for regula-
tion of the inflammatory process. Further experiments are
needed to demonstrate the existence of such mechanisms.

CONCLUSION

Our experiment suggests that there is a specific reaction of
the heart to a high-fat diet. Our previous experiment de-
tected that the intake of a high-fat diet changes the concen-
tration of the pro-inflammatory CRP and SAA molecules
in blood, liver and adipose tissue,*® and therefore for the
development of chronic, low-grade inflammation in these
tissues and organs. The absence of statistically significant
changes of these markers in heart indicates for the higher
degree of resistance of the heart to changes in the food in-
take. On the other hand, the statistically significant changes
in the levels of anti-inflammatory IL-4 in the same organ
suggest the existence of mechanisms that allow the heart to
counteract the development of chronic low-grade inflam-
mation.
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BBepeHune: OXxupeHmne CBA3aHO C Pa3BUTUEM XPOHUYECKOTO BOCNaieHus cnabon
cTeneHn. CBA3aHHOE C OXKMpPEHUEM BOCNaneHre ABNAETCA APYrMM TUMOM BOCMa-
NEeHVsA, FMaBHbIM 06pa3oM, U3-3a UPE3MEPHOTO NOTPEOEHNA NULLM Y HEOOBIYHO-
ro romeoctasa. Ero MoXHo oueHUTb NyTEM M3MEPEHNA KOHLEHTPaLUmM MOseKyn
npo- U NPOTUBOBOCMNANNTENIbHOIO MapKepa-C-peakTneHoro 6enka (CRP), cbiBopo-
TouHoro ammnouga-A (SAA) u nitepnenkuHa-4 (IL-4).

Lenb: Llenblo gaHHOro nccnenoBaHus ABNAETCA OLEHKa YaCTOTbl BOSHUKHOBEHMA
BOCManmMTeNIbHbIX 3aboneBaHWii ceppua, CMPOBOLMPOBAHHbIX BblICOKOKanopuii-
HOW AueTon.

MaTtepumanbl 1 meTogbl: B sKcnepumeHTe 1CNoONb30Bany CaMLUOB KPbIC JIMHWM
BucTap, B BO3pacTe wecTuaecaTi BOCbMU Hepgesb. JTabopaTopHbIX »KMBOTHbIX Ne-
popanbHO KOPMUNY ABYMA Pa3fNyYHbIMU TUMaMK KOPpMa AJ1A rPbi3yHOB B TeYeHue
14 1 18 HeZenb - BbICOKOKAIOPUIHBIM PaLMOHOM (3KCNepuMeHTasbHble Fpynmbl)
W CTaHAAPTHLIM KOPMOM AJ1A rPbi3yHOB (KOHTPOMbHbIE FPynmbl). Bcex »KMBOTHbIX
coiepXanu B CTaHOAPTHbIX YCNIOBUAX 06UTaHUA. YPOBHM NPoO- 1 MPOTMBOBOCNA-
NUTENbHbIX MapKepoB B FOMOreHaTe TKaHeW ceppua aHanusnpoBann MeTOAOM
ELISA. Nx akcnpeccua B obpa3uax TKaHeln Oblia MMMYyHOTMCTOXMMUYECKIN YCTa-
HoBJIeHa MeToOoM OVOTUH-CTpenTaBuANH-Nepokcuaasbl. OOLy0 KOHLEHTpaLuio
6enka onpegenanu metogom Jlaypu.

Pesynbratbi: YposHM CRP He nokasanu 3HaunTesbHbIX Pasfinymin npm CpaBHeHUN
KOHTPOJIbHOW rpynmbl C FpynnamMm C BbICOKMM coaep»kaHrnem nunungos (p> 0,05).
N3mepeHHble ypoBHU SAA TakXe He MMenn CTaTUCTUYECKN 3HAUYUMbIX U3MeHe-
HUN. Tonbko ypoBHU IL-4 B TKaHW UMenu TeHZeHUMIo K yBennueHuio (p <0,05) B
rpymnne C BbICOKUM coepKaHnem Inunuaos.

BoiBopgbl: Haw SKCNepMMEHT NOoKa3biBaeT, YTO CyLllecTByeT CI'IELl,I/Id)I/ILIeCKaFI pe-
akumAa ceppua Ha BbICOKOKaﬂOpI/IIZH)/PO anerty. OTO TaKXe OTHOCMTCA K Hannuuio
afanTUBHbIX MEeXaHU3MOB, KOTOpPble MO3BOJIAIOT cepauly I'IpOTI/IBOJJ,EIZCTBOBaTb
[Pa3BUTUIO BbI3BAHHOIO AVeTon BocnaneHus.
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