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.  Wprowadzenie

I.1. Odzialywanie pola elektromagnetycznego o roznej czestotliwosci na komorki

Czestotliwosci  pola elektromagnetycznego w przedziale od 0 do 300Hz s3
konwencjonalnie nazywane niskimi czestotliwosciami. Emiterami takiego pola sg linie
wysokiego napigcia, stacje transformatorowe, silniki elektryczne samochodow czy stacje
radiolokacyjne [1]. Liczne badania pokazaly wptyw tych pol magnetycznych na systemy
biologiczne [2]. Pulsacyjne pole elektromagnetyczne o bardzo niskiej czestotliwosci
(extremely low frequency pulsed electromagnetic field, ELF-PEMF) stymuluje apoptoz¢ w
proliferujacych komorkach. Badanie prowadzone na komdrkach ludzkiego kostniakomigsaka
MG-63 w hodowli komoérkowej eksponowane na ELF-PEMF (50Hz, 1mT) wykazaty
zahamowanie wzrostu komorkowego, indukcj¢ apoptozy oraz zwigkszong synteze
reaktywnych form tlenu (ROS) [3]. Dziatanie ELF-PEMF znalazto praktyczne zastosowanie
w leczeniu zaburzen kostnych w ostatnich latach [4]. Dlugotrwate dziatanie pulsacyjnego pola
elektromagnetycznego moze wywiera¢ takze negatywne skutki w postaci obnizonej
ruchliwos$ci plemnikow i spadku poziomu testosteronu [5]. Badania prowadzone na szczurach
poddanych 45 dniowej ekspozycji na ELF-PEMF o parametrach 50Hz, 1mT, wykazaty
wzrost wskaznikow stresu oksydacyjnego w ich watrobie [6]. Natomiast krotsza 5 dniowa
ekspozycja statym polem magnetycznym (o parametrach 5kHz, 128 mT) powodowata
indukcj¢ apoptozy na hepatocytach dorostych meskich szczurow [7]. Z kolei zastosowanie
pulsacyjnego pola elektromagnetycznego o wysokiej czestotliwosci (27,12MHz, 6+1V/m)
wptyneto na lepsze utlenowanie tkanek w mozgu zdrowego szczura oraz zwigkszony
przeptyw krwi [8]. Dziatanie PEMF (0 parametrach 25Hz i 10mT) na rany cukrzycowe u
dorostych samcow szczura pokazalo wzrost calkowitej grubosci tkanki oraz przyspieszylo
gojenie ran [9]. Eksperymenty prowadzone na ludzkich jednojadrzastych komorkach krwi
obwodowej (PBMCs) z oddziatywaniem PEMF (0 czestotliwosci 50Hz, 5mT) wykazaty
obnizenie zywotno$ci PBMCs pochodzacych od pacjentow z chorobg Crohna jak réwniez od
zdrowych dawcow. Efekt przeciwzapalny wywierany przez dziatanie PEMF manifestowat sie
wzrostem sekrecji 1L-10 w stymulowanej hodowli limfocytow [10]. Rezultaty naukowe
autorstwa Wang P. et al. potwierdzaja obserwacje, ze uzycie PEMF o czestotliwosci 15 Hz,

3mT indukuje takze apoptoze osteoklastow [11].



|.2. Biologiczne aspekty dzialania pulsacyjnego pola elektromagnetycznego
(PEMF)

W ciggu ostatnich 30 lat nastgpil znaczny rozwoj badan z wykorzystaniem pol
elektromagnetycznych prowadzonych na liniach komorkowych, zwierzetach doswiadczalnych
wskazujac na efekty biologiczne i warto$¢ przedkliniczng [12]. Odpowiedz biologiczna na
dziatanie pola elektromagnetycznego zalezy od wrazliwosci komorek, ich aktywnosci
proliferacyjnej oraz parametrow samego pola elektromagnetycznego takich jak czestotliwosé,
intensywno$¢, modulacja, polaryzacja, tryb (pulsacyjny, chwilowy, $redni), moc a takze
catkowita pochtonigta energia [13]. Udowodniono, iz pole elektromagnetyczne oddziatuje na
blony komoérkowe wplywajac na przewodnictwo sodu w stosunku do potasu, aktywno$é
kanalow wapniowych a takze na cykl komorkowy. Zjawiska fizjologiczne krétko badz
dlugoterminowe reguluja mechanizmy komorkowe, ktére sg uwarunkowane kinetyka
kanatow sodowych, chlorkowych i wapniowych [14]. Badania z wykorzystaniem pola
elektromagnetycznego pokazuja wspomagajacy wplyw na leczenie przez ostabienie
miejscowej reakcji zapalnej, w pooperacyjnym obrzeku stawow, a takze w zniesieniu bolu
[15]. Pacjenci z chorobg Parkinsona poddani przezczaszkowej stymulacji polem
magnetycznym o czestotliwosci 5Hz  wykazywali poprawe funkcji poznawczych i
autonomicznych, chodu oraz nastroju [16]. Zaobserwowano roéwniez, ze terapia PEMF obniza
markery stanu zapalnego i mogtaby stanowi¢ potencjalng metode terapeutyczng w leczeniu
zapalen tkanek miekkich [17]. Wyniki prac eksperymentalnych wykazaty aktywacj¢ szlakow
$mierci komorkowej w komorkach proliferujagcych pod wptywem dziatania PEMF o niskiej
czestotliwosci  (50mV,50Hz) [18]. Badania analizujgce wplyw pulsacyjnego pola
magnetycznego (15Hz, 6mT) na stan migénia sercowego po zawale u szczurow, wykazuja
promowanie angiogenezy migsnia sercowego i poprawe czynnosci narzadu [19]. Praktyczne,
potencjalne zastosowanie pola magnetycznego wynika z jego przeciwzapalnego,

przeciwbolowego oraz pro-regeneracyjnego dziatania w badaniach eksperymentalnych [20].



I.3. Magnetostymulacja jako praktyczne wykorzystanie dzialania

pola elektromagnetycznego

Pole magnetyczne wokot Ziemi ulega cigglym zmianom oraz powolnym wahaniom. Pierwsza
zmierzona czgstotliwos¢ rezonansowa Schumanna wynosita 7,83Hz [21]. Od momentu
odkrycia tego zjawiska w 1986r. elektromagnetyczna czestotliwos¢ Ziemi uwazana byla za
warto$¢ niezmienng, natomiast aktualnie wynosi ona ok.16,5Hz. Organizm ludzki czy
zwierzecy wykazuje zdolno$ci adaptacyjne do stalego magnetycznego oddziatywania
srodowiska [22]. W S$wiecie roslin magneto-skaryfikacja jest stosowana w procesie
pobudzania nasion roslin do intensywniejszego kietkowania i wzrostu. Zastosowanie pol
magnetycznych w medycynie, czyli tzw. "magnetoterapia™ jest jedna z popularnych metod
fizjoterapeutycznych wspomagajacych leczenie wielu schorzen. W ostatnim dziesigcioleciu
uzyto do regulacji aktywnosci komodrkowej pol elektromagnetycznych 0 roéznych zakresach.
Stymulacja polem magnetycznym stosowana do nieinwazyjnego modulowania ekspresji
genow, wptywa na wewnatrzkomorkowe organelle oraz aktywuje organizmy in vivo [23].
Ostatnie doniesienia wykazuja, ze Stymulacja elektromagnetyczna mogtaby stanowic
nieinwazyjng metode wczesne] diagnostyki chordob naczyn obwodowych 1 docelowo
cukrzycowych owrzodzen stopy [24]. U pacjentéw z zaburzeniami erekcji uzycie kombinacji
przezczaszkowej magnetoterapii i elektrostymulacji przezbrzusznej przez okres 6 miesigcy
powodowato zmniejszenie masy ciata, podniesienie poziomu testosteronu oraz poprawienie
funkcji erekcji [25]. Badania prowadzone z wykorzystaniem terapeutycznej przezczaszkowej
magnetoterapii i elektrycznej stymulacji u pacjentéw z zaburzeniami erekcji oraz otytosci
brzusznej powodowaly poprawe metabolizmu lipidow i funkcji erekcji, takze dziataty
hipotensyjne i uspokajajaco [26]. Potaczenie magnetoterapii i hydroterapii w leczeniu blizn
po glebokich ranach oparzeniowych u dzieci poprawiato wyniki leczenia po zastosowaniu 12
tygodniowej terapii w poréwnaniu do konwencjonalnego postgpowania, poprzez zmniejszenie

stopnia hiperplazji tkanek, bolu oraz odczuwania swedzenia blizn [27].



I1. Cele pracy

Celem niniejszej rozprawy byta analiza wpltywu ekspozycji pulsacyjnego pola
elektromagnetycznego (PEMF) o niskiej czestotliwosci na zywotnos$¢ i metabolizm komorek
macierzystych pochodzacych z tkanki tluszczowej (ADSCs), izolowanych od szczurow

utrzymywanych na diecie niskottuszczowej i wysokotluszczowe;.

Cele szczegdtowe pracy dotyczyty:
1. Okreslenia zmian w zywotnosci szczurzych komoérek macierzystych izolowanych z
tkanki thuszczowej (ADSCs) pod wplywem dziatania PEMF oznaczonych za pomoca
cytometrii przeptywowe;j.

2. Oceny wybranych parametrow stanu zapalnego w supernatantach z hodowli
szczurzych ADSCs eksponowanych na dziatanie PEMF oraz w surowicy zwierzat
eksperymentalnych, przez pomiar poziomu wybranych cytokin prozapalnych:

czynnika martwicy nowotworu —TNFa i interleukiny 6 —IL-6 oraz rezystyny.

3. Analizy wptywu PEMF na poziom wybranych adipokin (adiponektyna i leptyna)
produkowanych przez hodowlg ADSCs pochodzacych od szczurow bytujacych na
diecie niskottuszczowej lub wysokotluszczowej oraz w surowicy zwierzat

eksperymentalnych.

Cele uzupetniajace pracy stanowily:

1. Analize poziomu glikemii we krwi zwierzat doswiadczalnych wszystkich grup

badawczych réznigcych si¢ kalorycznos$cig przyjmowanej karmy bytowe;j.

2. Analize pomiaru temperatury ciala zwierzat otrzymujgcych karme standardowa

oraz o zwigkszonej zawartos$ci thuszczu.



[11. Wykaz publikacji sktadajacych si¢ na dysertacje

W skiad przedstawionej pracy doktorskiej wchodzg cztery artykuty opublikowane w

nastepujgcych czasopismach zwigzanych z medycyng eksperymentalng:

1. Changes in viability of rat adipose-derived stem cells isolated from
abdominal/perinuclear adipose tissue stimulated with pulsed electromagnetic field.
Baranowska A, Skowron B, Nowak B, Ciesielczyk K, Guzdek P, Gil K, Kaszuba-
Zwoinska J. J Physiol Pharmacol. 2017 Apr;68(2):253-264.
praca oryginalna; punktacja IF =2.478; punktacja MNiSW= 25.

Artykut pierwszy, opublikowany w Journal of Physiology and Pharmacology
skupia si¢ na ocenie zywotnos$ci szczurzych komorek macierzystych pochodzacych z
tkanki tluszczowej (ADSCs) w hodowli komorkowej poddanych ekspozycji na

dziatanie pulsacyjnego pola elektromagnetycznego ( PEMF).

2. Low Grade Inflammation in Visceral and Subcutaneous Adipose Tissue Originated
from Adipose Derived Stem Cells in Experimental Model of Obesity in Rats under
Influence of Pulsed Electromagnetic Field Interaction. Baranowska Agnieszka,
Skowron Beata, Ciesielczyk Katarzyna, Guzdek Piotr, Gil Krzysztof and Kaszuba-
Zwoinska Jolanta. Journal of Animal Research and Nutrition, 2018, Vol.3 No.1:1-8.
praca oryginalna; punktacja IF =0; punktacja MNiSW=0.

Artykut drugi, opublikowany w Journal of Animal Research and Nutrition
analizuje wybrane parametry procesu zapalnego w hodowli ADSCs stymulowanych
PEMF w warunkach in vitro oraz w surowicy zwierzat. Przedstawia stezenie glukozy

we krwi zwierzat utrzymywanych na diecie niskotluszczowej oraz indukujacej otytos¢.

3. Obesity related adipokines release in rat adipose derived stem cell cultures influenced
by pulsed electromagnetic field. Baranowska A, Skowron B, Gil K, Kaszuba-Zwoirnska
J.Folia Med Cracov. Vol. LVIII, 2, 2018: 131-145.
praca oryginalna; punktacja IF =0; punktacja MNiSW= 10.

Artykut trzeci, opublikowany w Folia Medica Cracoviensia przedstawia zaleznos¢

pomiedzy poziomem adipokin produkowanych przez ADSCs i stymulowanych PEMF,



a wplywem diety indukujgcej otyto$¢ u zwierzat, od ktorych izolowano ADSCs do
hodowli.

4. Effect of the pulsed electromagnetic field on the release of inflammatory mediators
from adipose-derived stem cells (ADSCs) in rats. Agnieszka Baranowska, Beata
Skowron, Krzysztof Gil, Jolanta Kaszuba-Zwoiriska, Folia Med Cracov. Vol. LVIII,
4,2018: 21-34.
praca oryginalna; punktacja IF =0, punktacja MNiSW= 10.

Artykul czwarty, opublikowany w Folia Medica Cracoviensia pokazuje réznice
w stezeniu mediatoréw procesu zapalnego w supernatantach z hodowli ADSCs,
uwzgledniajgc pte¢ badanych zwierzat oraz zmiany w temperaturze ciata zwierzat

utrzymywanych na karmie niskottuszczowej i wysokottuszczowe;.

V. Metodologia badan sktadajacych si¢ na dysertacje

IV.1. Badana grupa zwierzat doswiadczalnych
Badaniami objeto:

1. Oseski szczuréw obu pici [ WistarKrf: ( Wi) Wu]
2. Osobniki doroste szczurow obu pici [ WistarKrf: ( Wi) Wu]

Zgodnie z celem projektu zatozono 8 grup eksperymentalnych:

e Grupe nr 1 13 stanowity oseski plci zenskiej 1 meskiej wraz z matkami
utrzymywane na karmie niskottuszczowej przez 21 dni doswiadczenia

e Grupe nr 2 i 4 stanowity oseski ptci zenskiej i mgskiej wraz z matkami
utrzymywane na karmie wysokottuszczowej przez 21 dni doswiadczenia

e Grupg nr 5 1 7 stanowity Osobniki dojrzate ptciowo pici zenskiej 1 meskiej
utrzymywane na karmie niskotluszczowej przez 21 dni do§wiadczenia

e Grupe nr 6 1 8 stanowity osobniki dojrzate ptciowo plci Zenskiej i meskiej

utrzymywane na karmie wysokottuszczowej przez 21 dni doswiadczenia

Projekt uzyskat zgode | Lokalnej Komisji Etycznej ds. Doswiadczen na Zwierzgtach

dziatajacej przy Uniwersytecie Jagiellonskim w Krakowie nr 84/2014 z dnia 21 maja
2014 .

IV .2. Procedury wdrozone do projektu



Procedura nr 1. Zastosowanie karmy niskotluszczowe;j

e W czterech grupach eksperymentalnych zwierzeta otrzymywaty ad libitum
karme (Labofeed B, Pasze Kcynia) zawierajaca:

o 25% biatka

o 8% thuszczu

e 67% weglowodanow
Procedura nr 2. Zastosowanie karmy wysokotluszczowej

e W czterech grupach eksperymentalnych zwierzeta otrzymywaty ad
libitum karme (VERSELE-LAGA Opti Life Adult Active) zawierajaca:
o 32% biatka
o 22 % thuszczu
e 40% weglowodanow

e 6% skladniki mineralne
Procedura nr 3. Pomiar masy ciata

Pomiar masy ciata wykonany we wszystkich badanych grupach dwa razy w tygodniu
w godzinach porannych (waga OHAUS NAWIGATOR 2100/0.1g)

Procedura 4. Pomiar temperatury ciata

Pomiar temperatury ciata wykonany dwa razy w tygodniu w godzinach porannych we
wszystkich badanych grupach z wykorzystaniem termometru na podczerwien (Anima,
Vivari) w przypadku oseskow, natomiast u osobnikow dorostych zastosowano

termometr rektalny (Anima, Vivari).
Procedura nr 5. Autopsja zwierzat

W 21 dniu do$wiadczenia szczury ze wszystkich badanych grup zostaty
usmiercone przez przedawkowanie $rodka anestetycznego — pentobarbitalu (Morbital,
Biowet Putawy, sposob podania - dootrzewnowo, 200mg/kg m.c). W czasie sekcji
zostala pobrana tkanka ttuszczowa okotonajadrzowa od samcéw natomiast od samic
tkanka tluszczowa brzuszna podskoérna. Od zwierzat obu pici byla pobierana krew z
serca na heparyne z dodatkiem antyglikolitycznego fluorku sodu celem oznaczenia

glikemii.



IV.3. lzolacja i hodowla szczurzych komorek macierzystych pochodzacych z tkanki
thuszczowej ( ADSCs)

Tkanka tluszczowa byta pobierana w warunkach aseptycznych od szczurow
dojrzatych piciowo i od oseskow, w oparciu 0 opublikowang metodyke badan [28].
Wyizolowang tkanke tluszczowa przemywano buforowanym roztworem soli
fizjologicznej (PBS, Sigma-Aldrich, Niemcy), zawierajacym 1% roztwor antybiotyku
(penicyliny /streptomycyny-Sigma - Aldrich, Niemcy). Nastgpnie poddawano
trawieniu kolagenazg typu 1 (1 mg/ml; Gibco by Life Technologies USA) w
temperaturze 37°C przez 1 godzing. Aktywno$¢ enzymu byla neutralizowana za
pomoca medium hodowlanego (DMEM Sigma-Aldrich, Niemcy) zawierajacego 10%
bydleca surowice ptodows (FBS, Gibco by Life Technologies, USA) i 1% roztwor
penicyliny/ streptomycyny. Nastepnie zawiesing trawionej tkanki przesaczono przez
filtr ($rednica porow 100um, Fisher Scientific, USA), po czym wirowano przez
10min. przy 3009, uzyskujac pelet komorek o wysokiej gestosci. Osad komorkowy
zawieszano w DMEM suplementowanym 10% FBS i 1% roztworem
penicyliny/streptomycyny. Komorki przenoszono do butelek hodowlanych T75
(Corning, Sigma-Aldrich, Niemcy), hodowle inkubowano przez noc w cieplarce, w
temp. 37°C, z 5%CO; i 90% wilgotnoscia. Nieadherentne komorki i erytrocyty byly
usuwane po 24 godzinach a komorki adherentne byty przemyte roztworem PBS z
dodatkiem antybiotyku. Nast¢pnie adherentne komorki (ADSCs) zawieszano w
suplementowanym medium hodowlanym DMEM. Medium hodowlane byto
zmieniane, co 72h, az do uzyskania konfluencji hodowli ADSCs. Gdy komorki
osiggaty 80-90% konfluencji, umieszczono je w roztworze trypsyny - EDTA (0,25%
wag./obj., Sigma-Aldrich, Niemcy) na czas 10-15 min. w temp. 37°C. W celu
zatrzymania aktywno$ci trypsyny dodawano suplementowane medium hodowlane
DMEM, wirowano komorki przy obrotach 416g przez 10 min. Pelet zawierajacy
ADSCs zawieszano w suplementowanym medium DMEM. Komorki liczono w
komorze hemocytometru Fuchs—Rosenthala a nast¢pnie zaktadano z nich hodowle na
96-dotkowej ptytce hodowlanej (Corning, Sigma-Aldrich, Niemcy) w trzech
powtdrzeniach o gestosci wyjsciowej komorek 0,25 x 10°/ml i hodowano je w temp.

37°C, 2 5% CO21 90% wilgotnoscia do eksperymentu.
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IV.4. Ekspozycja ADSCs na dziatanie PEMF

Pierwsza stymulacja PEMF miata miejsce po 24 godz. trwania hodowli
komorkowej ADSCs. Generator PEMF (zaprojektowany przez Instytut Technologii
Elektronowej, Krakéw, Polska) byt umieszczany wewnatrz inkubatora do hodowli
komorkowej, emitowal pulsacyjne pole elektromagnetyczne o czgstotliwosci 7Hz i
indukcji magnetycznej 30mT. Plytke z hodowlg komorkowa ADSCs umieszczono na
czas ekspozycji polem elektromagnetycznym w Kkieszeni generatora. Ekspozycje na
PEMF stosowano trzy razy przez 4 godziny z 24-godzinnymi przerwami. Probki
kontrolne znajdowaty si¢ w tym samym inkubatorze, ale w odleglosci 35 cm od

generatora.

IV.5. Ocena parametrow S$mierci komorkowej ADSCs za pomoca cytometrii

przeptywowej

Dwadziescia cztery godziny po ostatniej ekspozycji na dziatanie PEMF,
ADSCs byly zbierane z plytek hodowlanych przez trypsynizacjg, a nastgpnie
odmywane trzykrotnie zimnym PBS (Sigma-Aldrich, Niemcy) i barwione aneksyng V
wyznakowang allofikocyjaning (AnV-APC, BD, Pharmingen TM, USA) do analizy
parametru wczesnej apoptozy. Jodek propydyny (Pl, BD, Pharmingen TM, USA)
zastosowano do oceny procentowej ilosci komorek martwych w populacji. Komorki
barwigce si¢ aneksyng V (AnV+) byly komoérkami wczesno apoptotycznymi, komorki
barwigce si¢ aneksyng V i jodkiem propidyny (AnV+PI+) analizowano, jako
poznoapoptotyczne i nekrotyczne a komorki dodatnie pod wzglgdem Pl (Pl+) jako
nekrotyczne. Dla oznaczenia parametrow zywotnosci komorek, ADSCs przemywano
dwukrotnie zimnym PBS i zawieszono w buforze wigzacym (BD, Pharmingen TM,
USA) o gestosci 1 X 10° komorek/ml. Nastepnie 100ul zawiesiny komorkowej
przenoszono do 5 ml probki do analizy cytometrycznej i dodawano 5ul AnV-APC
potem inkubowano komorki przez 15 minut w temperaturze pokojowej, w ciemnosci.
Po tym czasie do komoérek dodawano 400ul buforu wigzacego, a nastgpnie komorki
umieszczano na lodzie do momentu analizy w urzadzeniu FACS CALIBUR (Becton
Dickinson, San Jose, CA). Program Cell-Quest byl wykorzystany do procentowej
analizy barwionych poszczegélnych populacji komorek ADSCs. Kontrole do
ustawienia kompensacji urzadzenia obejmowaty komorki: niebarwione ( AnV-APC-,
Pl-) i znakowane pojedynczo aneksyna V i jodkiem propydyny (AnV-APC i PI).

11



Fluorescencje pochodzaca od AnV-APC mierzono na kanale 4 (fluorescencja FL-4)
natomiast fluorescencje od Pl mierzono na kanale 3 (fluorescencja FL-3). Dla kazdej

probki zbierano, co najmniej 10 000 zdarzen (komorek).

IV.6. Ilosciowy pomiar cytokin i adipokin technika ELISA

Analiza immunoenzymatyczna byla wykorzystywana do oznaczen ilosciowych
w supernatantach hodowlanych ADSCs stezenia czynnikow odpowiedzialnych za
regulacje metabolizmu (leptyna, adiponektyna) oraz mediatorow procesu zapalnego
(TNFa 1 IL-6 oraz rezystyny). Adipokiny i mediatory zapalenia byly rowniez
oznaczane ilosciowo w surowicy zwierzat wszystkich  badanych grup

doswiadczalnych.

IV.7. Analiza temperatury ciala zwierzat doswiadczalnych oraz poziomu glikemii.
Pomiar stezenia glukozy we krwi i temperature ciata zwierzat doswiadczalnych
porownywano u zwierzat obu plci, w réznym wieku, utrzymywanych na karmie

niskotluszczowej i wysokottuszczowe;j.

IV.8. Analiza statystyczna wynikow
Wyniki przedstawiono, jako s$rednie (+) odchylenie standardowe (S.D).
Analize  statystyczng wynikow przeprowadzone za pomoca testu t-Studenta.

Znamienno$¢ statystyczng uznano dla P <0,05.
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V. Omoéwienie wynikOw
V.1. Rezultaty naukowe

V.1.1. PEMF a zZywotnos¢ ADSCs

1. Ekspozycja szczurzych komoérek macierzystych izolowanych z tkanki thuszczowe;j
(ADSCs) na pulsacyjne pole elektromagnetyczne (PEMF) powodowata
statystycznie istotne zwigkszenie ilosci komorek bedacych we wezesnej apoptozie
uzyskanych z grupy dorostych samic szczura na diecie wysokottuszczowej (HF):
procent komorek wczesnoapoptotycznych nieeksponowanych na PEMF (8.84+
5.30 %) vs. procent komorek wczesnoapoptotycznych eksponowanych na PEMF
(17.48 £10.52 %).

2. Dziatanie PEMF powodowato znaczne réznice w zywotnosci ADSCs
izolowanych od oseskow pici zenskiej utrzymywanych na diecie niskotluszczowej
(LF) w postaci zmniejszonej liczby komorek ulegajacych nekrozie (1.13 = 0.59 %)
w porownaniu do komorek nieeksponowanych na PEMF ( 6.97 + 0.64 %).
Natomiast w przypadku oseskow pici meskiej na tej samej diecie ekspozycja
komorek na PEMF zwigkszyta populacj¢ komorek poznoapoptotycznych (12.35 +
4.66%) w stosunku do komorek nieeksponowanych na PEMF (9.87+ 3,47%).

3. W przypadku ADSCs izolowanych od oseskéw obu pici bytujacych na diecie HF
dziatanie PEMF wywotalo statystycznie istotne zmiany w zakresie parametrow
wczesnej apoptozy. U oseskow meskich nastgpit procentowy spadek komorek
wczesnoapoptotycznych poddanych dziataniu PEMF (3.36 + 1.48%) w stosunku
do komorek nieeksponowanych na PEMF (4.62+1.93%), podobng tendencje
obserwowano takze u oseskow zenskich (8.74 = 3.01 % ) vs. (10.92 + 3.11%).

4. ADSCs izolowane od oseskow zenskich bytujacych na diecie HF i traktowane
PEMF wykazaty statystycznie mniejszy odsetek komoérek bedacych w poéznym
stadium apoptozy (12.15 + 2.44 %) w stosunku do komorek nieeksponowanych na
PEMF (13.66 + 1.23%). Po ekspozycji na PEMF ilo$¢ komoérek nekrotycznych u
tych zwierzat byla nizsza ( 0.56 + 0.20 %) niz komodrek niepoddanych dziataniu
PEMF (0.74 £ 0.12 %).
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5. W przypadku ADSCs pochodzacych od dorostych osobnikow pici meskiej
utrzymywanych na diecie LF po ekspozycji na PEMF zaobserwowano
statystycznie istotny spadek w populacji komoérek wczesnoapoptotycznych
(1.91+2.21%) w poréwnaniu do komorek nieeksponowanych na PEMF (5.41 +
3.83%), podobny efekt obserwowano w populacji komoérek poznoapoptotycznych
po dziataniu PEMF ( 4.16 = 5.54 %) vs. ( 10.67 = 6.71 %).

V.1.2. PEMF a aktywnos¢ sekrecyjna ADSCs

1. ADSCs izolowane od oseskow plci zenskiej utrzymywanych na diecie LF
poddane dziataniu PEMF wykazywaly obnizong produkcje TNF -a po ekspozycji
na PEMF (2,61 + 1,43 pg/ml) w poréwnaniu do komorek nieeksponowanych
(14,29 + 8,42 pg/ml). Natomiast odwrotna zalezno$¢ byta obserwowana w hodowli
ADSCs pochodzacej 0d oseskow plci meskiej utrzymywanych na tej samej diecie,
pod wptywem PEMEF nastgpit istotny wzrost uwalnianego przez komoérki TNF-a
(5,72+1,89 pg/ml) w porownaniu do ADSCs nieeksponowanych na dziatanie
PEMF (0,2 + 0,01 pg/ml).

2. Poziom IL-6 w supernatantach hodowli komoérkowej ADSCs izolowanych od
oseskow pici zenskiej utrzymywanych na diecie LF eksponowanych na dziatanie
PEMF byl statystycznie istotnie wyzszy (41,69 + 3,44 pg/ml) niz w grupie
nieeksponowanej na PEMF (19,86+ 0,42 pg/ml). Natomiast ADSCs pochodzace
od oseskow ptci meskiej utrzymywanej na tej samej karmie, pod wptywem
PEMF wytwarzaty mniej IL-6 (30,89 + 15,73 pg/ml) w porownaniu do komorek
nieeksponowanych na PEMF (55,13 + 15,73 pg/ml).

3. Poziom rezystyny w hodowli komorkowej ADSCs pochodzacych od oseskow piei
meskiej utrzymywanych na diecie LF pod wptywem PEMF wzrastat
(16,57+0,69ng/ml) w stosunku do komorek nieeksponowanych (14,97+ 0,006
ng/ml).

4. Ekspozycja na PEMF indukowata wzrost stezenia TNF-o w supernatantach
hodowli komoérkowej ADSCs izolowanych od oseskow obu pici na diecie HF:

poziom TNF-
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a w hodowli ADSCs od samic wynosit: 4,57 + 1,57 pg/ml w stosunku do
komorek nieeksponowanych na dziatanie PEMF: 2,09 + 0,89 pg/ml; poziom TNF-
a w hodowli ADSCs od samcow wynosil: 5,34 + 1,62 pg/ml w stosunku do
komorek nieeksponowanych na dziatanie PEMF 1,85 + 1,83 pg/ml.

. Dziatanie PEMF na hodowl¢ ADSCs izolowanych od oseskow plci zenskiej
utrzymywanej na diecie HF powodowato statystycznie istotny spadek ilosci IL-6
(21,99 + 2,23 pg/ml) w poréwnaniu ADSCs do nieeksponowanych na dziatanie
PEMF (34,65+4,28 pg/ml).

Hodowle ADSCs uzyskane od dorostych osobnikéw obu pici utrzymywanych na
diecie LF pod wpltywem PEMF wytwarzaly wigcej TNF-a: ADSCs pochodzace od
samic na PEMF (6,85 += 1,72 pg/ml) w poréwnaniu do hodowli ADSCs
nieeksponowanej na dzialanie PEMF (1,05 0,90 pg/ml), ADSCs od samcow
eksponowane (5,82 + 2,48 pg/ml ) vs hodowla nieeksponowana na dziatanie

PEMF (3,49 + 0,25 pg/ml).

Dziatanie PEMF indukowato istotne zmiany w poziomie IL-6 w hodowli
komorkowej ADSCs pochodzacych od dorostych samic utrzymywanych na diecie
LF; komorki produkowaty mniej IL-6 (29,21 + 6,35 pg/ml) niz komorki
nieeksponowane na PEMF (39,79 + 1,98 pg/ml); natomiast w przypadku ADSCs
izolowanych od dorostych samcow na utrzymywanych na diecie LF po ekspozycji
PEMF efekt byt przeciwny, nastapit wzrost stezenia IL-6 (41,56 = 8,56 pg/ml) vs.
komorki nieeksponowane na PEMF (34,32 + 6,39 pg/ml).

. W hodowli komérkowej ADSCs pochodzacej od dorostych samic utrzymywanych
na diecie LF po ekspozycji na PEMF, zaobserwowano podniesienie poziomu
rezystyny (16,89 + 0,54 ng/ml) vs. hodowla nieeksponowana na dzialanie PEMF
(14,21 + 1,13 ng/ml). Podobny wynik uzyskano w hodowli ADSCs od dorostych
samcOw utrzymywanych na diecie HF, poziom rezystyny w hodowli ADSCs po
stymulacji PEMF podniost si¢ (17,00 + 0,27 ng/ml) w stosunku do hodowli
nieeksponowanej na PEMF(15,29 + 0,36 ng/ml).

Poziom rezystyny w hodowli ADSCs izolowanych od dorostych samic
utrzymywanych na diecie LF pod wplywem dzialania PEMF byl wyzszy
(16,89+0,54 ng/ml) w poroéwnaniu do hodowli ADSCs nieeksponowanej na

dziatanie PEMF ( 14,21+1,13 ng/ml). Analogiczny trend wystgpowat w przypadku
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11.

12.

13.

hodowli ADSCs izolowanych od dorostych samcoéw utrzymywanych na diecie HF
— obserwowano wzrost poziomu rezystyny pod wpltywem PEMF (17,00+0,27

ng/ml) w stosunku do komorek nieeksponowanych ( 15,29+0,36 ng/ml).

Znaczacy wzrost stezenia TNF-a zanotowano w hodowli komorkowej ADSCs
izolowanych od dorostych samic i samcoOw utrzymywanych na diecie HF:
ADSCs od samic eksponowane na PEMF (70,22 + 28,48 pg/ml) a ADSCs
nieecksponowane (5,76 + 2,23 pg/ml); ADSCs od samcéw pod wptywem PEMF
wynosit:  70,23+35,84 wzgledem kontroli 7,61%1,14. Podobna zalezno$¢
wystgpita w hodowli ADSCs otrzymywanych od dorostych samcoéw
utrzymywanych na diecie HF; poziom IL-6 po ekspozycji na PEMF wynosit :
41,12 + 3,49 pg/ml a w komoérkach hodowli nieeksponowanej wynosit: 28,84
+0,20 pg/ml.

Ekspozycja na PEMF hodowli komérkowej ADSCs pochodzacych od oseskow
plci zenskiej utrzymywanej na diecie LF powodowata wzrost ilosci uwalnianej
adiponektyny:  (5,28+0,38pg/ml) w  poréwnaniu z hodowlg ADSCs
nieeksponowang na PEMF (0,19 + 0,01 pg/ml). Hodowla komoérkowa ADSCs
pochodzaca od oseskéw plci zenskiej na diecie LF poddana PEMF uwalniata
mniejsze ilosci leptyny (2,20 + 0,70 pg/ml ) w porownaniu z komorkami

nieeksponowanymi (7,79 + 6,68 pg/ml).

Poziom adiponektyny w hodowli ADSCs pochodzacej od oseskéw plci zenskiej
utrzymywanej na diecie HF obnizyl si¢ statystycznie istotnie po ekspozycji PEMF:
(2,20 £ 0,70 pg/ml) vs komorki nieeksponowane na PEMF ( 7,79 + 6,68 pg/ml).
ADSCs izolowane od oseskow obu plci utrzymywanych na diecie HF poddane
dziataniu PEMF produkowaly wigcej leptyny (u samic:5,68 +0,14 pg/ml, u
samcow: 7,65 + 2,02 pg/ml) niz komoérki nieeksponowane (u samic: 4,41 + 0,42

pg/ml, u samcéw 2,78 + 0,83 pg/ml ).

ADSCs wyizolowano od dorostych osobnikéw plei zenskiej utrzymywanych na
diecie LF po stymulacji PEMF produkowaly mniej adiponektyny (0,173+ 0,008
pg/ml) i leptyny (0,36 + 0,25 pg/ml) vs. do komorek nieeksponowanych na
dziatanie PEMF (adiponektyna 0,77+ 0,15 pg/ml; leptyna 1,62 + 0,49 pg/ml).
Odwrotny efekt zaobserwowano w hodowli ADSCs izolowanej od dorostych

osobnikéw ptci meskiej utrzymywanej na diecie LF gdzie, poziom leptyny byt
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wyzszy (3,97+ 0,011pg/ml) po zadziataniu PEMF w stosunku do komorek
nieeksponowanych (1,32+ 0,84 pg/ml).

14. W hodowli ADSCs uzyskanej od dorostych samic utrzymywanych na karmie HF
po ekspozycji PEMF stezenie adiponektyny bylo wyzsze niz w przypadku
komorek nieeksponowanych na PEMF (0,770,008 vs. 0,17+ 0,40 pg/ml).W
hodowli ADSCs pochodzacej od dorostych osobnikow obu pici utrzymywanej na
diecie HF po ekspozycji na PEMF poziom leptyny zmienit si¢ znaczaco: U samic
nastgpit spadek ilosci adipokiny (0,35 + 0,25 pg/ml) w stosunku do komorek
nieeksponowanych na dziatanie PEMF(0,61 + 0,10 pg/ml ) natomiast u samcow
zanotowano wzrost poziomu leptyny (3,27 + 0,41 pg/ml) w poréwnaniu do

komorek nieeksponowanych (0,68 + 0,41 pg/ml).

V.1.3. Dieta, wiek, pte¢ a glikemia i parametry stanu zapalnego

1. Dieta zawierajace tluszcze nasycone predysponuje do rozwoju otylosci |
przewlektego stanu zapalnego a takze nowotworow [29]. Stezenie IL-6 w surowicy u
meskiego potomstwa gryzoni karmionych dieta wysokotluszczowa bylo istotnie
zwigkszone W 21. dniu Zycia co jest spojne z naszymi wynikami [30].Wprowadzenie
diety HF na etapie rozwoju zarodkowego i laktacji skutkowato u oseskow obu pfici
wyzszym poziomem cytokin prozapalnych w surowicy. Poziom IL-6 w surowicy u
oseskow obu pftci utrzymywanych na diecie HF byl wyzszy niz u oseskow na diecie
LF (samice na diecie HF: 115,28 pg/ml vs. samice na diecie LF: 32,61 pg/ml, samce
na HF:129,86 pg/ml vs. samce na LF:13,42 pg/ml).

2. Otylos¢ jest chorobag gdzie wystepuje przewlekly stan zapalny, ktoremu towarzyszy
niekorzystna dla organizmu sekrecja cytokin prozapalnych, w tym IL-6, TNF-a.
Powyzsze mediatory stanu zapalnego pelnig kluczowa role w schorzeniach
zwigzanych z otyloscig takich jak cukrzyca, zespdt metaboliczny 1 choroby sercowo-
naczyniowe [31]. W surowicy uzyskanej od oseskow pici zenskiej na diecie HF
zmierzono wyzsze wartosci stezenia TNF-a (13,25+ 0,15 pg/ml) niz w surowicy
zwierzat na diecie LF (6,97 + 1,25 pg/ml). St¢zenie w surowicy TNF-a i IL-6 w grupie
dorostych samic utrzymywanych na diecie HF bylo wyzsze niz u zwierzat tej samej
ptci utrzymywanych na diecie LF. Poziom TNF-a na diecie HF wynosik:
32,50£2,51pg/ml w poréwnaniu do poziomu TNF-a na diecie LF: 3,40+0,32 pg/ml.
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Stezenie IL-6 na diecie HF wynosito: 87,56+27,22 pg/ml w stosunku do stezenia 1L-6
na diecie LF 22,94+0,88pg/ml. W grupie dorostych samcoéw utrzymywanych na diecie
HF poziom TNF-o (48,87+ 8,85 pg/ml) i IL-6 ( 45,43+ 11,49 pg/ml) byt wyzszy niz
zwierzat utrzymywanych na diecie LF (TNF-a: 4,11+ 0,09 pg/ml;IL-6: 20,02+ 4,69
pg/ml).

4. Miejscem syntezy rezystyny u gryzoni sg adipocyty biatej tkanki ttuszczowej. W
badaniach naukowych prowadzonych na gryzoniach udowodniono zwigkszony
poziom rezystyny u zwierzat otrzymujacych karme¢ o wysokiej zawartos¢ thuszczu i
weglowodanow [32,33]. Rezystyna jest mediatorem opornosci na insuling [34]. Nasze
badania potwierdzity tg zaleznosci u osobnikow mtodych i dorostych utrzymywanych
na diecie HF. Poziom rezystyny w surowicach oseskow obu pici byl wyzszy gdy
zwierzeta byly utrzymywane na diecie HF (U samic 14,90 + 1,04 ng/ml; u samcow
14,05 £1,01 ng/ml) niz w przypadku stosowania diety LF ( samice 12,27+ 2,48 ng/ml;
samce 12,91 + 0,65). Stgzenie rezystyny uzyskane w surowicy dorostych zwierzat obu
ptci utrzymywanych na diecie HF byto wyzsze niz u zwierzat utrzymywanych na
diecie LF. U samic na diecie HF poziom tej adipokiny wynosit, 13,89+0,59 ng/ml
natomiast na diecie LF wynosit odpowiednio: 11,72+ 1,035 ng/ml. Podobna zalezno$¢
wystgpita u samcoéw na diecie HF gdzie poziom rezystyny wyniost 13,33+ 0,99ng/ml
w porownaniu do zwierzat na diecie LF, gdzie poziom rezystyny osiaggnal warto$¢
11,28+ 1,25ng/ml.

5. Adipokiny takie jak: adiponektyna i leptyna wykazuja przeciwstawne dziatanie:
leptyna zwieksza poziom cytokin pro zapalnych takich jak TNF-a i IL-6 skojarzonych
z insulinoopornoscig i cukrzyca typu 2, natomiast adiponektyna wykazuje dziatanie
przeciw zapalne, przeciw miazdzycowe oraz poprawia insulinowrazliwo$¢ tkanek
[35]. Poziom leptyny zmierzony w surowicy oseskow plci zenskiej utrzymywanych
na diecie LF ksztaltowal si¢ na nizszym poziomie i wynosit: 1214,76+718,81pg/ml w
stosunku do wartosci leptyny w surowicy zwierzat tej samej plci utrzymywanych na
diecie HF (5954,36+2468,92 pg/ml). Podobna zalezno$¢ wystapita u oseskow pitci
meskiej gdzie poziom leptyny na diecie LF wynosit: 269,94 + 2972,01pg/ml natomiast
na diecie HF ksztaltowat si¢ w zakresie: 5808,77+2468,92pg/ml.

6. Leptyna bedaca hormonem syto$ci, hamuje przyjmowanie pokarmu, dziata poprzez
neurony w podwzgorzu. W sposob dodatni koreluje z iloscig tkanki tluszczowej w

ustroju, depozyty podskornej tkanki tluszczowej uwalniaja do krazenia ogdlnego
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wiecej leptyny niz adipocyty z trzewnego depozytu tkanki thuszczowej [36]. Wartosci
leptyny w surowicy dorostych osobnikéw pici zenskiej utrzymywanych na diecie HF
byty wyzsze (7015,27+ 1518,5 pg/ml) niz w grupie zwierzat utrzymywanych na
diecie LF (2619,51+ 837,72pg/ml), podobna zalezno$¢ zaobserwowana u osobnikow
pici meskiej utrzymywanych na diecie HF (35471,02+ 21706,97 pg/ml) w stosunku do
osobnikow utrzymywanych na diecie LF (6295,99+ 5868,62 pg/ml).

7. Fizjologiczne poziom adiponektyny jest wyzszy u samic niz u samcoéw ze wzgledu
na wickszg sekrecj¢ z podskornej tkanki tluszczowej niz z trzewnej oraz dziatanie
testosteronu w okresie okotoporodowym [37]. Rezultatem stosowania diety HF byly
wyzsze warto$ci adiponektyny w grupie oseskéw plci zenskiej (15278,2+ 829,04
pg/ml) niz u tych samych zwierzat utrzymywanych na diecie LF (9437,71+ 4409,45
pg/ml).W grupie dorostych osobnikéw plci zenskiej i meskiej utrzymywanych na
diecie HF wystepowalo nizsze st¢zenie adiponektyny (samice 16421,4+1722,57pg/ml,
samce 15462,36+£1949,80pg/ml) w porownywaniu do wartosci uzyskanych w
surowicy zwierzat utrzymywanych na diecie LF (samice25297,54+ 2405,94 pg/ml,
samce 24205,88+ 2223,15 pg/ml).

8. W modelach opartych na gryzoniach zaréwno u potomstwa narazonego na diete
wysokottuszczowa ze strony matki w czasie cigzy 1 laktacji jak 1 u osobnikow
dorostych  utrzymywanych na diecie HF, stezenie glukozy we krwi  bylo
podwyzszone [38,39]. Nasze wyniki byly zgodne z powyzszymi doniesieniami:
utrzymywanie zwierzat w roznym wieku i ptci na karmie HF powodowato zmiany w
poziomie glikemii. Grupa oseskow obu pici prezentowata hiperglikemie w
porownaniu do zwierzat utrzymywanych na diecie LF: samice na diecie HF (170,75+
36,06mg/dl) vs samice na diecie LF (131,25+11,09 mg/dl); samce na diecie HF
(170,75 +£21,00mg/dl) vs samce na diecie LF (148,75+9,09mg/dl). Podobna tendencja
utrzymata si¢ u osobnikow dorostych na diecie HF: samice na diecie HF
(168,75+23,55 md/dl ) vs samice na diecie LF (139,25+20,33 mg/dl); samce na diecie
HF (258,62+50,51 md/dl) vs samice na diecie LF (168,75+35,23 md/dl). Poziom
glikemii u dorostych samcow szczura utrzymywanych na diecie HF przekraczat 200

mg/ml co jest kryterium diagnostycznym cukrzycy typu Il.

9. Dlugoterminowe spozycie karmy wysokotluszczowej przez doroste szczurze
osobniki ptci meskiej skutkowato obnizong temperatura ciata [40]. Otylos¢ zaburza

prawidlowg temperaturg ciala zwierzat w czasie cigzy, poprzez spadek powyzszego
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parametru [41]. Analiza temperatury ciata zwierzat doswiadczalnych w réznym wieku,
odmiennej ptci utrzymywanych na dwoch réznigeych si¢ kalorycznoscig karmach
(dieta LF 1 HF) wskazuje ze dieta indukujaca otylos¢ odpowiada za obnizenie
temperatury ciata szczurow doswiadczalnych. Temperatura ciata dorostych szczuréw
utrzymywanych na diecie LF wynosita odpowiednio u samic 37,8°C a, u samcow
37,93 °C. Temperatura ciata dorostych zwierzat utrzymywanych na diecie HF
wynosita u samic 35,81°C a u samcow na 35,53 °C.W grupie oseskéw temperatura
ciala samic na diecie LF wyniosta: 35,11 °C a samcow 34,56°C. Natomiast w grupie
oseskow utrzymywanych na diecie HF temperatura ciala wyniosta odpowiednio u

samic 33,66 °C ausamcow 33,13°C.

VI. Whioski

1. Hodowla ADSCs izolowana od dorostych samic szczurow, utrzymywanych na
diecie HF wykazywata wzrost ilosci komorek wczesnoapoptotycznych po
ekspozycji na PEMF. Komorki ADSCs, ktore ulegly programowej $mierci,
jaka jest apoptoza, nie beda si¢ rdznicowaty sie¢ w adipocyty, tym samym

ograniczajac ilo$¢ tkanki ttuszczowe;.

2. Dziatanie PEMF na hodowle ADSCs otrzymang od oseskow plci zenskiej,
utrzymywanych na diecie HF wywotalo spadek wytwarzanej prozapalnej
cytokiny - IL-6, powodujac zahamowanie aktywno$ci zapalnej komorek
ADSCs.

3. Poziom adiponektyny w populacji komorek ADSCs pochodzacych od
oseskow plci zenskiej utrzymywanych na diecie HF pod wptywem PEMF
wzrastal. Powyzszy efekt jest korzystny ze wzgledu na ujemng korelacje
adiponektyny w przebiegu wielu chorob metabolicznych wynikajacych z

otylosci.

4. Poziom cytokin prozapalnych (IL-6 i TNF-a) oznaczanych w surowicy
oseskow 1 zwierzat dorostych obu plci utrzymywanych na diecie HF byl
wyzszy niz u tych osobnikoéw utrzymywanych na diecie LF. Dieta
niskotluszczowa ograniczala prozapalng aktywnos¢ adipocytow. Natomiast
warto$ci temperatury ciata zwierzat bytujacych na diecie HF byl nizsze niz u

zwierzat bytujacych na diecie LF, prawdopodobnie w wyniku zmian
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metabolicznych zachodzacych w tkance tluszczowej, co wymaga dalszych

badan eksperymentalnych.

VI .1. Aspekty praktyczne pracy

Wedtug wiedzy autorki do tej pory w literaturze naukowej brakuje wynikow badan
eksperymentalnych, ktore przedstawiatyby wptyw pulsacyjnego pola elektromagnetycznego
na aktywnos$¢ biologiczng 1 zywotno$¢ szczurzych komorek macierzystych izolowanych z
tkanki thuszczowej (ADSCs). Komorki macierzyste pochodzace z tkanki ttuszczowej (ASCs)
sg zrodlem wyjsciowym do rdéznicowania w kierunku adipocytéw, osteoblastow,
chondrocytéw, miocytow czy neurocytow. Najnowsze prace z odzialywaniem pulsacyjnego
pola elektromagnetycznego o niskiej czegstotliwosci ( 1mT, 50Hz) na ludzkie komorki
macierzyste pochodzace z tkanki ttuszczowej ( hASCs) przedstawiaja proliferacje komorek na

wczesnym etapie i indukcjg¢ roznicowania osteogennego [42].

Realizacja projektu badawczego opierala si¢ na zwierzegcym modelu otylosci z
udziatem szczurow. Zwierzeta doswiadczalne byty zrédlem do izolacji komoérek ADSCs,
roznity sie¢ wiekiem (0seski i osobniki doroste), plcia (szczury meskie i1 zenskie) oraz
kalorycznoscia spozywanej karmy (niskottuszczowa - LF 1 wysokotluszczowa — HF). Oprocz
eksperymentéw z hodowlg ADSCs stymulowanych PEMF 0 nast¢pujacych parametrach:
czestotliwos¢ 7 Hz, indukcja magnetyczna 30 mT, 4 h dziennie, 3 krotnie w odst¢pach 24
godzin. Rownolegle mierzono poziom adipokin i mediator6w zapalenia w surowicach
zwierzat wykorzystanych do izolacji ADSCs. We wszystkich eksperymentalnych grupach
zwierzat wykonywano takze pomiar glikemii i1 temperatury ciala. Pomiar parametrow
fizjologicznych i patofizjologicznych z poszczeg6lnych grup badawczych pozwolit na ocene
efektow indukowanych pulsacyjnym polem elektromagnetycznym o niskiej czgstotliwosci w
hodowli ADSCs. Komorki byly izolowane od zwierzat w roznym wieku, odmiennej pici,

utrzymywanych na karmie niskotluszczowej i wysokottuszczowe;.

Dziatanie PEMF powodowato indukcje¢ apoptozy w komoérkach, zmiang profilu

produkowanych adipokin 1 cytokin, co w przysziosci mogloby przyczyni¢ si¢ do
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praktycznego wykorzystania PEMF, jako czynnika terapeutycznego w zaburzeniach
metabolicznych i procesie zapalanym. W przysztosci planowane sg badania nad wplywem

ekspozycji PEMF na proces roznicowania komérek ADSCs w kierunku adipocytow.

VII. Streszczenie w jezyku polskim

Otylos¢ u dzieci i dorostych jest obecnie gtéwnym problemem zdrowotnym, ktory
stanowi wyzwanie dla zdrowia publicznego. Wzrost otylosci w dzisiejszych czasach probuje
si¢ thumaczy¢ m.in.: wzgledami ewolucyjnymi. Nadmierna konsumpcja produktow
wysokotluszczowych i bogatych w cukry proste potaczona z brakiem aktywnosci fizycznej
jest niezgodna z hipoteza oszczednego genotypu (Neel J. 1962). Hipoteza ta zaktada, ze nasi
przodkowie zyjacy w warunkach przewlektego niedoboru pozywienia posiadali genotypy
determinujace do gromadzenia energii w postaci zapasow. Te korzystne dawniej genotypy
przetrwaly do czasow wspotczesnych, kiedy to organizm przebywa w $rodowisku bez
ograniczonego dost¢gpu do pozywienia, co moze prowadzi¢ do nadmiernego gromadzenia
energii w postaci tluszczu trzewnego. Wlasciwa masa ciata jest rezultatem utrzymania
homeostazy wynikajacej ze zbilansowanego przyptywu i1 wydatkowania energii. Brak
rownowagi na korzy$¢ dostarczania energii moze by¢ spowodowany przez czynniki
genetyczne 1 Srodowiskowe, prowadzac do rozwoju otytosci. Udzial czynnikow genetycznych
podkreslaja badania populacyjne, wykazujace ze otyli rodzice czes$ciej niz rodzice z
prawidlowa masg ciata posiadajg otyle dzieci. Postgp techniczny spowodowat zmiang trybu
zycia na bardziej wygodny 1 malo aktywny, jednakze nie zaniknal nasz ,,0szczgdny genotyp”.
Osoby z nadwagg cze$ciej sg narazone na wystgpienie chordb cywilizacyjnych — sercowo-
naczyniowych, cukrzycy typu 2 oraz nowotworow. Czynniki srodowiskowe skorelowane z
wystepowaniem otylosci wsérdd dzieci i osob dorostych sa nastepujace: nieodpowiednie
nawyki zywieniowe rodzicow, brak wspolnego spozywanie positkéw, tatwy dostep do
zywnosci typu ,,fast food”, stodyczy 1 napojéw stodzonych, zbyt niskie spozycie warzyw i
owocow oraz produktéw petnoziarnistych w potaczeniu z niskim lub catkowitym brakiem
aktywnosci fizycznej. Nadwaga i otylo$¢, w szczegolnosci u dzieci, ma istotny wpltyw na
kondycje fizyczna 1 psychiczna.
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Zasadniczym celem przeprowadzonych badan byla analiza wpltywu ekspozycji
pulsacyjnego pola elektromagnetycznego (PEMF) o niskiej czgstotliwos$ci na zywotno$¢ i
metabolizm komoérek macierzystych pochodzacych z tkanki tluszczowej (ADSCs),
izolowanych od szczuro6w utrzymywanych na diecie niskotluszczowej i wysokotluszczowe;.
W  badaniach aktywnosci sekrecyjnej ADSCs eksponowanych na PEMF oznaczano
produkowane przez komorki adipokiny takie jak rezystyna, leptyna, adiponektyna oraz

mediatory reakcji zapalnej technikg ELISA.

Najbardziej znaczace efekty dziatania PEMF uzyskano w hodowli ADSCs
izolowanych od dorostych otylych samic utrzymywanych na diecie wysokottuszczowej (HF).
W tym przypadku stymulacja indukowata najintensywniej apoptoz¢ w poréwnaniu do innych
hodowli ADSCs otrzymanych od zwierzat réznigcych si¢ wiekiem, plcig 1 rodzajem diety.
Oddzialywanie PEMF wykazato takze korzystny wpltyw na produkowanag adiponektyne
(wzrost) oraz IL-6 (spadek) w hodowli ADSCs izolowanych od oseskow plci zenskiej
utrzymywanych na diecie HF. Adiponektyna wykazuje dziatanie przeciwzapalne,
przeciwmiazdzycowe i1 poprawia insulinowrazliwo$¢ komorek. W otylosci notuje si¢ ujemnag
korelacj¢ tego hormonu. Natomiast IL-6 stymuluje produkcj¢ bialek ostrej fazy i nasila proces
zapalny w otylosci. Szczegdlnie wrazliwe na dzialanie PEMF okazaty si¢ hodowle ADSCs

pochodzace od samic utrzymywanych na diecie HF.

Uzyskane wyniki badan doswiadczalnych prowadzonych na hodowlach ADSCs
poddanych dzialaniu pola elektromagnetycznego moga przyczyni¢ si¢ w przysztosci do
praktycznego wykorzystania oddziatywania pulsacyjnego pola elektromagnetycznego o
niskiej czestotliwosci jako nieinwazyjnego czynnika fizycznego, ktory korzystnie wpltywa na

metabolizm komorkowy, proces zapalny 1 zywotnos¢ komorek
VII11. Streszczenie w jezyku angielskim

Childhood and adult obesity is currently the main health problem that poses a
challenge to public health. The high prevalence of obesity in modern times might be partly
explained by evolutionary reasons. Excessive consumption of high-fat and sugar-rich
products combined with a lack of physical activity is incompatible with the “thrifty-gene”
hypothesis (Neel J. 1962). This hypothesis assumes that our ancestors living in times of
chronic starvation had genetic variants leading to the accumulation of adipose stores. These

previously beneficial genotypes have survived to modern times when the body resides in the
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environment with unlimited access to food, leading to the excessive accumulation of energy,
especially in the form of visceral adipose tissue. The right body mass is the result of
maintaining homeostasis achieved from a balanced supply and energy expenditure. The
imbalance in favour of energy supply can be caused by genetic and environmental factors
leading to the development of obesity. The contribution of genetic factors is emphasised by
population studies showing that obese parents tend to have obese children more often than
parents with normal weight. Industrialisation has resulted in a change of lifestyle to a more
comfortable and less active, however, our "thrifty genotype™ has not disappeared. Overweight
people are prone to lifestyle diseases — cardiovascular diseases, diabetes type 2 and cancer.
Environmental factors correlated with the occurrence of obesity among children and adults
are as follows: inappropriate parenting habits, lack of shared meals, easy access to fast food,
sweets and sugary drinks, inadequate intake of vegetables, fruits and whole grains in
combination with low or no physical activity. Overweight and obesity, especially in children,
has a significant impact on physical and mental condition.

The main aim of the research was to examine the influence of low-frequency
pulsatile magnetic field (PEMF) exposure on the viability and metabolism of adipose derived
stem cells (ADSCs) isolated from rats maintained on low and high-fat diets. Adipokines, such
as resistin, leptin and adiponectin as well as inflammatory mediators were determined by
ELISA method to assess the secretion activity of ADSCs exposed to PEMF.

The most significant effects of PEMF were obtained in ADSCs cultures
isolated from adult obese female rats maintained on a high fat diet (HF). The PEMF
stimulation in this case induced the most intense apoptosis in comparison to other ADSCs
cultures isolated from animals differing in age, sex and diet type. The PEMF also showed a
beneficial effect on the secretion of adiponectin (increase) and IL-6 (decrease) in ADSCs
isolated from female nursing rats maintained on the HF diet. Adiponectin has anti-
inflammatory, anti-atherosclerotic activity and improves cellular insulin sensitivity. Obesity is
associated with a negative correlation of this hormone. IL-6, on the other hand, stimulates the
production of acute phase proteins and intensifies the inflammatory process in obesity. The
ADSCs from females kept on the HF diet proved to be particularly sensitive to the influence
of PEMF.

The experiments conducted on ADSCs cultures exposed to the electromagnetic
field may contribute in the future to the practical use of the pulsed low frequency
electromagnetic field as a non-invasive physical factor that enhances cell metabolism,

inflammation and cell viability.
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CHANGES IN VIABILITY OF RAT ADIPOSE-DERIVED STEM CELLS ISOLATED
FEOM ABDOMINAT/PERINUCLEAR. ADIPOSE TISSUE STIMULATED WITH

PULSED ELECTEOMAGNETIC FIELD

of Pathophysiology, JTagiellonian University Medical College, Cracow, Poland: Deparmment of Immunalozy,
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Previous experiments demonsiated that low-Teqoency elecromaznenc feld (LF-EMF) may actvate cellular death
pathways in proliferating cells. Therefore, we hypothesmed that LF-EMF may also influence wiability of highly
proliferating undifferentated adipose-derived stem cells. Obesify is classified as a civilization disease; its
etippathogenesis is presumed o inchide both genetic predisposiden and influence of modified environmental factors,
such as unbalanced diet with excess caloriss and'or too Low physical actovity. Obesify may kead fo a mmber of metabolic
disorders, inchading type 1 diabetes mellins, cardiovascular diseases (asseciated with atherosclerosis) related fo prmary
hyperension and ischemic heart disease, myocardial infarction and other complications. The aim of this study was to
venfy if LF-EMF alters viability parameters of adipese-derived stem cells (ATYSC:) isolated from rats, culbared in vitro
and exposed w pulsed elecovmarnetic Seld (PEMF: 7 Hz, 30 mT). ADSCs were obined from bealthy rats and animals
with expenmentally-induced gbesity, both males and famales, pups and adules. The animals were fed with chow with
either low (LF diet) or high fat comtent (HF diet) for 21 days. Then, ADSCs were isolated from exiracted adipose tissue
and used to establish cell colhwes. ADSCs from the first passage were exposed to PEMF three times, 4 hours per
exposure, at 14-b intervals (expermmentally developed protecol of PEMF stinmlation). 24 hours after the last exposure
to PEMF. viability parameters of AD5Cs were analyzed by flow cytometry (FCM). The stady demonstrated that LF diet
exeried a protectve effect on PEMF-exposed ADSCs, especially in the case of male and female pups. In tam, the
propartion of sarly apoptotic cells in PFEMF-treated ADSC culfures from adult female rats maintained on HF diet norned
aut to be significantly higher than in other experimental proups.
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INTRODUCTION

Low-fequency elecmomaznetic feld (LF-EMF) was shown
to modolate several cellolar processes, inchuding proliferation,
differentiation and viability of mamy cell types in an mtensity-
and field type-dependent manner Due to ifs doecumented
bensficial biological effects, LF-EM iz commonly wsed in
medirine for magmetotherapy, and recently also as timor reating
field (TTF) therapy, a nowel anfimitotic electmic field-based
trearment for gliohlastama (1).

Biological effects of EMF documented in iving erganisms,
tissues and cell lines are heteropensous and seem to depend on
cell type, electromagmetic field characteristics, such as ramge.
intensity, waveform and time of exposure. Mevertheless, many
experiments demonstrated that EMF may mduce dmnge&m
vanions metabalic pathways (2, 3). Previous studies imwolving
vanable cell types showed that EMF may interfere with nearly
all cellular processes, affecting proliferation. inducing changes
in signal tansduction pathways, causing DNA damage,
maodulating finction and viability of immune cells, and exerting

tumericidal’anti-tumoricidal effacts. The mest extensively
studied of these processes was cell  proliferation:
eleciomagnetic simulation was shown fo impair cell division
vig activatien of cell death pathways (3-13).

Apoptosiz, ie. progrmmed controlled cell death, plays a key
role m tissue and erean development, as well as dumine cell
turnover within maars tissues. Apoptosis ks distmet from necrosis
which is an uncontrolled cell death resulting fom aoste infury.
Tysis, inflammation, tiszae damape or carcinopenesis (14, 15).

Stem cells can be found wirmmlly in whele body, mehading
bomes, camilage, fat, tendoms, nmscles and bone mamow. They
conirol tissue regeneraton and healing (16, 17). Adipose tissue
{AT) = a hetzrogensons body comparment with endocmine
propertiss, playing complex role in mamtenance of homeostsis.
Aside flom beimp ensrgy resmuce, AT mperferes with varieus
metabolic pathways, as well as with the endomine and mmons
system (18). Mahmre adipocytes represent approximately 309 of
Mdfﬁtﬁst&ﬁma&;ﬂﬂﬁ;ﬂm&mtmﬂsn
mnltipatent stem cells, nerve fSbers, small blood vessels, Sbroblasts
and preadipocytes at vanous siges of differentation (19).
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Obesity iz classified as a civiization dizease; its
etiopathogenesis is presumed te include both penetic
predisposition and influence of medified environmental faciors.
such as unbalanced dist with excess calomes and'or too low
physical actvity. Obesity may lead o a oumber of membalic
disorders, mchiding type 2 diabetes mellims, cardiovascular
diseases (associated with atherosclerosis) related to promary
bypertension and leading to ischemic heart disease, myocardial
mfarction and other complications {207).

In this shudy, we used amimal medel for obesity, namely
Wistar mts of varous age (both pups and adults), exposed to
high- (HF) or low-fat (LF) diet. ADSCs were isolated from mwo
different compartments, subcutaneous adipose tissue m females
and periouclear fat in males, to reflect sex-specific differences
m body fat distmbution. ADSCs were culhued in vifre; calls
from the first passage were exposed to PFEMF (7 Hz, 30 mT) for
4 bouars at 24-h intervals, which comespended to a total of three
exposures during a 3-day period. 14 bows afier the last
exposure, PEMF-induced chanpes m ADSC wviabilify were
studied by means of Sow cytometry (FC).

The am of this study was to analyze PFEMF-indoced changes
I viability parameters of m vigre cubhured ADSCs from female
and male rats of varkous age.

MATERIALS AND METHODS
Animals

The studies inchaded Wistar rats (WistaErf (Wi) Wu)
because of the physiological parameters amalysiz of the
particular researched proups. The amimals were obtained from
the central animal honse at the Faculty of Pharmacy, Jamiellonian
University in Cracow (hreedsr registradon ne. 0058). Upon
admission to the local mnimal bouse af the Depariment of
Pathophysiclogy. the amimal: were allowed to adapt o Dew
living conditions for seven days (a5 recommended by Szarek or
al. adaptation peried should Last ¥ — 15 days). During this period.
f&malem;wimpupsmehuuseduﬂmusped.ﬁthvgimi.c
conditions: in an air-conditioned room with air temperature
maintained at 21 — 253°C, 50 — 60% humidity, with 12-h day-
might cycle and unlimited access to water and food. Protocel of
the study was approved by the Local Bioethics Committes at the
Jagiellonian University in Cracow, Poland (decision mo.
242014).

Study proups and eoperimental procedures

The stody inchaded the following eight groups of .
identified om the basis of sex, age (pups kept with their mothers
and adult animals) and diet (LF and HF disf):

Groups 1 and 3 - female and male pups kept with their
mathers and receivine LF diet for 21 days of the experiment;

Groups 2 and 4 - female and male pups kept with their
mnthﬁsmnireceﬁng}ﬁ'diﬂferlldafsufmee:pm

Groups 3 7 - adult female and male rats receiving LF
dJ.e'rfur"ldnhufﬂm Evparimeant;

Groups 6 and £ - adulr female and male mts recsiving HF
diet for 21 days of the expermment.

Animals from all expenmental groups underwent the
following procedures:

Procedure 1. Animal weishing. Body weieht was measured
mwice 2 wesk using elsctomic scales (Scale OHAUS
WAWIGATOE. 2100001 )

Procedure 2. Temperature measurements. Body temperature
wa: measured twice 3 wesk To minimize stress and paim
associated with the procedure. the measurements were taken

with an mfrared thermometer (Anima Vivar). The data on body
weight and body temperature obtained within the famework of
th:.pmject]mrealreaﬁ} been published elsewhere (217.
Procedure 3. Diet. Pups and adult rat: maintained on HF diet
received chow with hizher contents of fat and profem (32% and
12%, respectively) and less carbohydrates (20%:) (VERSELE-
LAGA Opti Life Adult Active) than in the LF chow (protein
157%, fat B3, carboloydrates 67%; Labofeed B, Pasze Krynia).
Procedure 4. Euthanasia and fissue specimen collecoon On
the 21 day of the experiment. all animals were suthanized by an
owverdose of anesthetic (Pentobarbital. Marbiml, Pulawy, 200 mg
per kg hody weight nraperitoneally), and adipese tssue
specimens, suboufaneens tszoe in females and periepididymal fat
m males, were harvested. The specimens were collected m stenile
condidons, under a laminar flow, using sterile surgical insniments
(ASHE/A, mp type steam sterilizer, 15 min at 121°C).

Lpigrion gf adipose-derived stem cells and cell culnme

Adipose tissue specimens were collected asepucally as
described previously in adult BalbC mice (22). The specimen:
were washed with phosphate-tuffered saline (PBS, Sigma-Aldrich.
(Germany) contaiming | %% penicillin'srepiomydn sobion (Sipma-
Aldrich, Gemany), bomogenized and digested with me type
collazenase {1 mgml: Gibco by Life Technologiss, TSA) at 37°C
for 1 hour. Enzymatc activity was peomalized with a Drulbecco's
modified eagle's medim (DMEM Siema-Aldnich,
confaming 10%: fetal bovme serum (FBS: Gibco by Life
Technologies, USA) and 1% pemicilln/streptomycm sehtion
Subsequently, the reaction cockiail obtained from disintegrated
dssues was fltered (filters with 100-pm pore diameter Fisher
Sceennific, USA) and centrifiiged at 300 = g fior 10 min i obtam a
high-demsity cell pellst The pellst was suspended in DMEM
supplemented with 10% FBS (Gibco by Life Technologies, T54)
and 1% penicillin'smeptonnycin  sobsbon  (Sipma-Aldrich,
Germany), placed in T73 flasks (Coming, Siema-Aldrich
Germany) and incubated overnight at 37°C in a 3% OO0, incobator
with 20%: bumidity. After the 24-h incubation, non-attached cells
and pop-adherent erythrocyies were washed with amfibiofic-
supplemented PES. Adherent cells (ADCSs) were muspended in
CMEM with 10% FBS and 1% penicillin'strepeomycin sohition
The medmm was changed every 721 b umfil the cells became
confluent. After reaching an 20 — 90% confluence. the cells were
plu:l!iimtn-'pe:ulE]Z}'l'ﬂt5|J}tu:um|j]"1 : weishtvolumes; Sipma-
Aldrich, (Germany), moubated at 37°C for 10 — 15 min, and
dissociated by tinaton. The fypsin reacton was blodked by
addifion of DMEM with 10% FBS and 1% penicillinstreptonry omn
mlmuu.miﬂmc&ﬂsmmmw;muﬂgeﬂuﬂﬁrgﬁzrm
min ADECE were suspended in DMEM medium supplemented
with 10% FBS and 1% penicillin'sreptonrycm sofaton, counted
with a hemocytometer, seeded on a -well plate (Commg, Sipma-
Aldrich. Germany) in wiplicate at density of .25 = 10¢ gells/m] per
sample and cultared at 37°C at bumidified amosphere of 3¢ OOy

Ldrgmeric stimulafion gf adipose-derived stem ceils cuinmes

PEMF stimulation was started after 24 hours of ADSC
culture. A generator produced and kindly provided by the
Instingte of Eleciron Technology (Cracow, Poland) generated
pulsad electromagznetic field with a frequency 7 Hz at a flux
denzity of 30 mT inside the cell culture imcubator. The reason
behind choosing this particular PEMF frequency was its
minimal heating effect and the fact that similar frequency EMF
could be penerated by household power devices. Furthermare,
elecromagmetic fields with similar parameters are used for
medical purposss. ez, magmetotherapy. A 9%-well plate with
ADSC culure was placed in the geperatar’s pocket and exposed
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to EMF for 4 hours daily at 24h intervals, during thres
consecntve days; this comesponded to a total of toee PEMF
exposuTes over the 3-day period. Coniool samples were placed in
the same incubatar but at a 35-m disance fom the generator,
additionally profected from PEMF exposure with an alumimim
foil shisld.

Cail vigbility asreszmant by mears gf fow cyromedric analysis

Twenty-four hours after the last exposure to FEMF, ADSCs
were detached from culture plates by trypsinizaton, washed
three times with cold PBS (Sipma-Aldnch, Gemmany) and then
staimed exactly as described in FCM manufacturer's procedure.
The proportion of apoptotic cells was determined with
allophycocyanin (APC) conjugated apnexin V (AnV-APC, BD,
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Pharmingen TM. USA). Propidum iodide (PI BD.
Pharminzen TH, USA) was used as a standard flow cyfometric
viability probe fo distmguish pecrotic cells from wiable ones
(23). AnV-APC-positive, Pl-negative cells (AnV+) wers
classified as early apoptotic, AnV-APC- and Pl-positive cells
(ADV+PI+) as late apoptofic. and AnV-APC-pezative, PI-
positive cells (PI+) as pecrotic. For staining, ADSCs were
washed twice with cold PBS and resuspended in 1 = binding
buifer (BD., Pharmingen TH. USA) at a concenimaton of 1 =
107 cells/ml. Then, the sehation (104 ul) was transfermred to a 3-
ml culfure fubs, and AnV-APC and PT were added, 3 ul each.
The cells were vortexed gently and mcubated in darkmess at
room temperamure for 13 min After adding 1 = binding baffer
(400 ), the cells were analyzed on a FACS CALIBUR. flow
cytometzr (Becton Dickinsen, San fose, CA) using Cell-Crest

Tinbie 1. Viahility of ADSCs onpmated from female and male pups mamtained on low fat (LF) or high fat (HF) diet. Resuls for FEMF-
exposed cells and cells from non-exposed control cnltures (means = 5 D). Differences siznificant at P < 0.05 marked with asterisks (*).
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Fig. 1. Viahility of ADSCs from famale and male pups maintamed on LF diet (eroups | and 3). Results for PEMF-exposed cells and
cells from non-exposed control cultures, presented as means (= 5D.). Statistical siznificance of intergroup differences verifisd with

Snadent's i-test; differences sipnificant at P < (.05 marked with asterisks (*).
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Fig 1 Fepresenmafives log
floprescence dof plots of
ADSC: origmated from
femnale pups grown on low
far diet in comtral (A) and
PEMF exposed cells (B).
Log propediom sodide (PT)
flopmescence | FLI) versas

ARC) floorescence (FLA)

0.3%  14,62%

o L oerrwnp roaraem)
i an! 1 1 lind
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dat p}nts af ADSCs.

Fig 3. Fepresentatives log
floprescence dot plots of
ADSC: orgmated from
male pups grown oo low
fat diet in comrel {A) and
PEMF exposed cells (B)
Log propidium sodide (PT)
flopmescence | FL3) versas

APC) fuomscence (FL4)

’

dot plots of ADSCs.

software to caloulate the proportion of ADSCs representing (detected in FL-3) were used as the controls te set up
vanous types. Unstained cells. cells stamed with AnV-ARC compensation and approprate quadrants. At least 10,000
alone (for FL-4 fluorescence) and cells stained with PI alone events were acguired for each sample (16).
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Statizsical analysis

The results were presented as means (=) their standard
deviations (5.0.). Interproup companisons were conducted with
Snadent's f-test. The differences were comsidered stamsocally
sipnificant at B = 005,

BRESULTS

The stody included eight sroups of rats, differmz m terms of
age, sex and dist. Animal: maintained on fat- and carbobydmee-
rich diet. both pups and adults, presented with obesity and lipid
dizorders (21). ADSCs isolated from various anatomical regions
were cultured fn vitro and exposed to PEMF, and then their
viability parameters were determined

Puised eiec tromagnesc fleid-induced changes in viability
aff adipose-derived stem ceils from female and male pups
mamiained on low fat dier

While PEMF-exposed ADSC cultures from female pups
contamed a larger proportion of late apoptotic (AnW+PI+)
cells and a significantly lower percemtape of necrofic cells
(PI+) than the pon-exposed control cultures, virmally no
imterproup differences were found m the percenfages of early
apoptotic cells (AnV+). In ADSC cultures from male pups,
exposure to PEMF resolted in a siznificant mcrease in the
proportion of late apeptotic cells (AnWV+PI+), a5 well as m a
mild, statistically insignificant, mcrease in the percentage of
early apoptotic cells (AnW+). virally oo chapnges were
obzerved in the case of necrotc cells (PI+) (Figzn 1, 2, 3):
Tabie 1.
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Puited electromagnetic field-mduced changes i viability
aff adipaze-derived stem celiz from femaie and male pups
mamrained on kigh flt diet

PEMF-exposed ADSC oulures from female paps contained
significantly smaller propertions of earty apoptotic (AnV+), late
apopiotic (AnV+PI+) and pecotic cells (P1+) than the non-
exposed commel colhares. Similar pattern of PEMF-induced
viability changes was observed m the case of ADSC coltures
from male pups, except fom an increase in the percentage of
necrotic cells. However, only the difference in the proportion of
early apoptotic cells among ADSCE from male pups honed oar
to be statistically sipnificant (Figs. 4, 3, 6); Tebie J.

Puited electromagnetic field-mduced changes i viability
aff adipase-derived stem celiz from adedt fomale and male
rarr mainraimed on low far diet

PEMF exposure of ADSCs fom adult female rats maintained
an LF di=t resulted mn a statistically insipnificant decrease in the
propontsans of early apoptotic (AnV+) and necrotic (PI+] cells. In
the case af ADSC cultures from adult male mts mainfamed on LF
diet, exposure to FEMF contributed fo a sipnificant decreass in
the percentape of early and late apopeotic cells (AnV+) and
(ADV+PT+), respecovely), as well as to a sipnificant inrrease in
the propartion of necrotic cells (PI+) (Figz. 7, 8 ¥)c Takle 2.
Puited electromagneric fleld-mduced changes i viability
af adipaze-derived stem celiz from aduit female and male
rars muinraimed on eh far dier

In ADSC cultares from adult female ratz maintamed on
HF diet. exposure to PEMF was reflected by a sipnificant
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Fig. 4. Viabdity of ADSCs from female and male pups maintamed oo bigh fat diet (zroups 1 and 4). Results for FEMF-exposed cells and
cells from ooo-exposed control colfures, presemted as means (= 50.). Sttistical sipnificance of interproup differences verified with
Snudent's t-fest; differences sipnificant at P < (.05 marked with asterizks (*).
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mirease in the proportion of early apoptotic cells (AnV+), as
well as by a mild albeit snill sigpificant increase m the

percentage of necrotic cells (FI+). Mo statistically significant diet (Figs. 10, 11, 12} Tabis 2.

Fig I Repressnfatives log
flnorescence dot plots of
ADSECs origmated from
female pups erown on high
fat diet in comirol (A) and
PEMF exposad cells (B)
Leg propidom iodide (FT)
finorescence ( FL3) versus
log annewn V-APC [ AoV
APC) fluorescence (FL4)
dot plots of ADSCs.

Fig 4. Fepressmiatives log
finorescence dot plats of
ADSC: origmated fom
male pups zrown oo high
far dist in comirel (A) and
PEMF exposed cells (B)
Log propidiom sodide (PT)
finorescence | FL3) versus
log annewin V-APC | AnV-
APC) flonescence (FLA)
dot plots of ADSCs.

PEMF-induced changes were observed m the wiability
parameters of ADSCs from adult male rats mainfamed oo HF
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Tinbie 2. Viability of ADSCs originated from adult famale and male rats maintained on low fat (LF) and high fat (HF) dist. Resulis for
PEMF-exposed cells and cells from non-exposed control cultures (means = 5.10.). Differences sipnificant at P < (.05 marked with

asterisks (*).
Comparison of viability parameters of rat ADSCs PEM F-exposed and controk
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Fig. 7. Viahility of ADSCs from adult female and male rats maintained on bow fat dist (zroups 5 and 7). Results for PEMF-sxpased cells
and cells from noo-exposed control cultores, presented as mesms (= 510 Smstical siznificance of mtergroup differences verified with
Student's t-test. differences sipnificant at < 005 marked with asterisks (*).

DISCUSSION

Propartion qf apoprotic and necrotic cells amang adipese-
derived stam cells from female and male pups memsamed on
Ione firs amd high fat diet

To the best of owr knowledpe, pone of the previously
published experiments apalyzed the ssue of obesity s@nting
from in vire ADSC cultures and chanzes m ther viability in
response t0 an external stimohes, such as expesure fo
eleciromapmetic field Typical frequencies of magnetic felds
used for medical purposes range betwesn 10 Hz and 20 Hz, and

never exceed 100 Hz (24). In our present sudy, exposure to
PEMF (frequency 7 Hz, magmedc indoction 30 mT, 3 daily
sessions, each lastng 4 hours) conmibuted to sex-specific
changes in the wiability of m were oolured ADSCs. Whereas
exposure t0 PEMF seemed i improve the viability of ADSCs
from female pups mamtained oo LF diet, as shown by a decreaze
in the percentage of necrotic celks, an opposite effect, namely an
increase in the proportion of late apoptotic cells, was observed in
caltured cells from male pups. Meng ef @l (15) mvestigated
effects of high-intensity pulsed electromagnedc fsld (HI-PEME,
0.1Hz, 0.5 - 10T, five exposures) on prowing neural stem cells
from neopatal rats. The treatment resulted in an increase in
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Fig & Fepressmfatives log
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proliferative activity, particularly evident after exposure to HI-
PEMF with magnetic mtensity of 4.0 T. However, no statistcally
sipnificant differences were foumd in the viability of HI-PEMF-

exposed and noo-exposed meural stem cells (25). Perhaps.
discrepancies between the abovementioned fndings and our
bereby presemted results reflected different parameters of
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Viability of ADSCs: PEMF exposes vs. control
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Fig. 10 Viahility of ADSCs from adult famale and male rats maintained on high fat diet. Resolts for PEMF-exposad cells and cells from
non-eposed control oulbares, pressnted as means (= 510 Stfstical sipnificance of intergroup differences verified with Stadent's t-test;

differences sipmificant at P < (.05 marked with asterizks (*).
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electromapnetic fields. In another published study, the effacts PEMF with markedly lower magnetic

Fig. 1], Bepresentatives
log fluorescence dot plots
af ADGCs originated from
femnale adult zrown oo hizh
far diet in contal (A) and
FENMF euposed cells (B
Log propidrum indide (PT)
fhirescence ( FLI) versus
log annemm V-APC (Ant-
APC) fuerescence (FL4)
dot plots of ADISCs.

induction vahwes, §.06 mT

PEMF exposure on the activity and wiability of neonatal mat to 0.2 mT. An mcrease i cell mumber and proliferative activity

osteoblast-like cells were similar to these decumented in our was observed solely after exposure to

PEMF with 0.2-mT vake

present experiment. However, the authors of tus study wsed The wiability of cells exposad fo 0.06-mT PEMF was lower than
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Fig. 11 Representatives
log fluarescence dot plots

of ADSCs ongmated from
male adult grown oo high
far diet in commol (A) and
PEMF exposed cells (B)
Loz propadiom sodide (PT)
floprescence (FL3) versus
log amnexin V-APC (AnW-

ARC) floorescemce (FL4)
-.’nl:p]um af ADSCs.

m the case of commol cells. and ewen mere pronounced
misrEroup diferences were observed following exposure o 0.2-
mT PEMF (24).

Stem cell-based therapies can be used fo m=al many dis=ases,
mchuding several fypes of cancer, mosoulockeleml, cardiovasoular,
metabolic, aooimrmme diseases as well as in the Teament of
wooumds, ulcers, and ams. However, before clinical applications of
stem cells, it 5 essential to isolate and mulbply them & vire o
obiain a sofficient quantify.

Long term cell cultare studies II:I.'I."EtI_E',.I‘tI:Ilg changes in the
bialogical and marphological propertes of fn vitro expanded
tuman adipose tissue-derived stem cells (hADSCs) over 30
passages, showed that long-term expansion leads to sipnificant
changes in merphology and affects proliferation kinetics, bt
hADSCs mainmined a prototypical immunophenotype, normal
cell cycle. apopiosis regulater fonction, and possessed a low
lewel of telomerase activity during later passages. what stays m
aereement with findings of our stadies (27)

Imespective of sex, maimtenance of rat pups oo HF diet
resulbed m excess weizht Fain and development of lipid disordars
(21). In the case of ADSCs from female pups mamiained on HF
diet, stinmulation with low-frequency PEMF (7 Hz, 30 mT)
-:muihmdm a dacrease i the propartion of early apoptotic, late

and necrotic cells; in contrast, ooly a decreass in the
percentage of early apoptotic cells was observed in male pups.
(uite oppostte findings were reported by other muthaors, according
o Whom exposure o high-frequency elecromaznetic Seld (P00
Hz) enhanced apoptosis in differently localized cells obtained
from rat pups. Specifically, Odaci ef al. analyzed the effects of
50-min in utere exposure to high-fequency elecomarnetc field
(HF-EMF, 200 Hz) on brain pranule cells. They showed that
treatment with EMF contributed i a dacrease in the proportion of
viable cells, inducing apoptesis thereof (28). Similar effects were
also reparted by Hand er gl accerding to whom exposurz to

EMF ephanced apoptosis of mt testicolar cells (29). The
observation that exposure to elecromaznetic field exarts sex-
specific effects on viability of cells from rat adipese tiszue seems
to be the principal finding of our study. Forthermare, the hereby
presemted results maply that the efects of PEMF exposure on
viability of ADSC:s from adipese fissoe of obese pups are
different from those observed in pormal-weight mats.

FPropartion ¢f mpoprotc and necrodc cells among adipose-derived
srem cells from adult female aad male rars mantamed an low jit
amd high it dier

In this smudy, expesure to PEMF was reflected by a decrease in
the proportion of early and late apopiotic ADSCs from male adult
rats kept on LF diet, as well as by a concomitant increase in the
percentze of pecrobc cells. Our findings are consistent with the
results published by Xie W. (30), accordme to whom 2-wesk
PEMF therapry reduced apoptosis in rabbit chondrecytes. Fecentty,
Lou F e @i, reparted the efects of PEMF on messnchymal cells.
According to these anthors, PEMF induces differentiaion of
boman mesenchymal stem cells (M3Cs) (31), widely used i
medirine and fissue enzineering. However, m another smudy,
exposure o low-frequency EMF (75 =2 Hz, 2 =02 mT. duation
3 — 40 mm) exered oo effects on proliferation and differentation
of subontaneous faf cells (A%Cs) and bone marrow stem calls (BM-
MS5(Cs5), except from an inease m the proliferaton mte of the
latter (32). Sumilar findings were also reported by Lu e al, who
aralyzed BM-M5Cs fom aduli male and fmale mats; exposure to
PEMF (20 Hz. 2 mT, & hours per day for 12 days) promoted
osl=0genests ut not adipogenesis (33). These findings imply that
PEMF exposure exerts an unfaworable effect on AT formation.

In our study. exposure to PEMF altered the proportion of
apopotic and necrotic cells among ADSCs from adult female
rat: maintained on HF diet. The unfavorble effects of PEMF on
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viability of ADSCs fiom obese female rats were particularly
evident, as showm by both a substantial mcrease m the
proportion of early apoptotic cells and somshow less spac@onlar
increass in the percentage of necrotic cells. Swpnsmely, similar
effects were not observed m ADSC colnres from male rats
maintained on high fat diet

Amspciamons resuigng from kgh far diet during pregnancy in
rat and adipokines level in abese humans

There are research data related to our findings in term of
used dist in rafs and its infloence on hormonss releass, which
show that, feedmz a HF diet to dams dunnz pregmancy and
lactation disturbs plasma adipopectin levels and protein
expression, both in female and male offspring; it is lowered
adiponectin secretion and protem expression o the female
whereas m male it &5 increased. Observed conseguence is
dizniption of steroid sacreton in offspring, wowards testosterons
and i females, and cestradiol in males (34).

Obesity in ferm of pathogenesis represemts disease with
participation of several adipokines such as leptin, adiponectn,
resistin, tomer necrosis facter-o (TWF-z) sopport bhepatic and
perpheral carbohydrate homeostasis, insulin sensitivity, lipid
metabolism, ensrgy expenditure, hematopoiesis, wound healing,
fartility and vascular hemodynamics in the pathomechamism.

As it regards obese padents with bigh BMI (BMI = 40
kz/m?) the srudy has shown that adiponectin bas a positive effect
on platelets activation through a pessible reduction in sP-selectin
and an elevated sE-selectin what revealed perspective about the
endothelium stimmladen, a hizher nsk of endothalial damage in
marbidly obese patients.

The hizher leptin level leptin-to-adipooectin ratio and
simmilfaneeusly lower concenmaton of lepdn receptor were
associated with leptin resistance, possible fitare fsk of insulin
resistance and development of diabetes rype 2 m hamans (35).

Crar observation that PEMF indoces apoptosis in culnured
ADSEC: from obese mts (especially i the cells fom subrutanecns
adipose tissue of females mainfamed oo HF diet), mplies that
low-fTequency elecromagpetic fizld may be considered as an
option of non-imvasive anti-obesity meatment, fes fom adverss
effects ipheremt to pharmacotherapy. eg dms interactons.
However, this atmactive hypathesis needs to be vernified in firhme
studies; specifically, fimme research should fors oo the influence
of PEMF on the differentiation of ADSCs to adipecytes.
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Objective: Aim of our study was to =damine i pulsed

ic field [PEMF) trestment of the adipose
derived stem cells (ADSCs) originating from differenthy
loclized adipose tissue, affecs the pro-inflammatory
cytokines and nesistin nelease dependently on age, gender
and used diet.

Methods: Cultures of ADSCs originated from pups and sdult
animals of both gender grown on low fat | LF) and high St
[HF) diet for 21 days of obesity inducing time, after which
the adipose tizswe and blood samples for sersm wens
collectec. ADSCs cultures werne exposed to PEMF (7 Hz, 30
mT] thrice, 4 h per day. Proinflammatory cytokines and
resistin levels were determined by ELISA.

Results: The serum level of THFa and IL-6 oytokines in HF
diet female and male adults wes significantly higher as
compared to LF diet s=rum level. HF diet also caused
changes in resistin s=rom level. ADSCs of PEMF exposed LF
diet fermale pups released more THFa than unexposed ones.
IL-6 lewel in ADSCs cultures of PEMF exposed female pups
was higher than in controls. PEMF esposure of ADSCs of
both penders of HF diet pups caussd increassd ssoretion of
THFa. On the other hand IL-6 releass by ADSCs of female
pups upon PEMF treatment was diminished. PEMF exg =
of ADGCs of both penders of LF diet pups Gused incressed
secretion of resistin. Different results were obtained in case
of HF diet pups ADSCs. ADSCs cultures after PEMF evposisne

iginating from male and female sdults produced mone
resiztin.

Conclusion: We found that PEMF esposure can modify
metzbolic activity of ADSCs.

I(E]I'w{)rds: Lew prade inflammation; Adipose tissue;
Pulsed electromagnetic field; Obesity

Introduction

Nowadays low frequency electromagnetic fields are used in
the form of magnetotherapy or magnetostimulation as a non-
invasive and simple manner to treat a variety of conditions, like
Alzheimer's, Parkinson’s disesse, multiple sclerosis or mamy
diseases with inflammatory patomechanisms, both in medicine
and dentistry [1). The impact of pulsed magnetic field (PRF] is
broad and indudes anti-inflammatory, antallodynic character
and also and pro-repenerative effect in rodent models [2-6]. The
current study revealed that PEMF exposure can modify
metzbolic activity of ADSCs. Several epidemiologic studies have
implicated viscerzl fat (WAT) as a major risk factor for insulin
resistance, type I diabetes mellitus, cardiovascular disease,
stroke, metzbolic syndrome and death [7). Obesity is an
inflammation of the body, showing signs of inflammation at a
low level. In addition, it strongly influences the development of
insulin resistance and type 2 diabetes [B]. It is well known that
high fat contzining diet indwces obesity and metabolic diserders
in rodent experimerntal studies [9). Qur experiment shows the
ontogenic process in animals of both genders induding a
madified environmentsl issue - their diet. The research has
shown changes in inflammatory cytokines both in serum and in
vive conditions. The consumption of food rich in fat during
pregrnancy and lactation predisposes to excessive weight zain in
later life [10). Maternal obesity is recognized to trigger stress
factors induding pro-inflammatory cytokines and owidative
stress molecules [11]. The sccumulated knowledge sllows for
statement that obesity plays an impormnt role in the
pathogenesis of low-grade inflammation related to metabolic
disorders [12]. The adipose tissue [AT) is an endocrine ongan
which affects, among others, the vasoular and immune systems
and plays an importnt function in metzbolism [13]. One of the
AT roles is secretion of adipokines and cytokines which hawe 2
signaling character. The above factors play 2 significant role in
mairtaining health but from the other side they also participate
in pathophysiclogy of obesity [14]. AT consists of a fraction of
white adipose tizsue [WAT] and brown adipose tissue [BAT)
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Basic role of WAT is collection of triacylglycerols while BAT takes
part in heat production [15]. WAT is responsible for production
of bioactive molecules — adipokines, which include leptin,
resistin, adiponectin, that affect the body homeostasis [16]. The
expression of profein substances is related to the localzation of
two main fat depots: wvisceral (VAT) and subcutanecws [58T)
adipose tissues. Results related to the level of proinflammatory
molecules showed higher levels in VAT, a5 compared to 54T, in
dizhetes mellitus type 2 [17). Most of these adipokines have a
proinflammatory character. Soentific reports showed that in
fatty tisswes tumor necrosis factor-a (THFa), interlewkin-6 (IL-6),
monocyte chemoattractant protein-1 [MCOP-1) are elevated
[1E.19]. Another pro-inflammatory adipokinin s  resistin,
produced by adipocytes and macrophages [20]. Resistin is also
known =5 adipose tissue-specific secretory factor (ADS5F) and
was found to be released from adipose tissue and involved in
other physiological systems, such as inflammation and enengy
homeaostasis [21-23]. Resitin exspression @n be upregulated by
some interleuking such as IL-6, IL-1 and THFo as well as by some
inflammatory stimuli like lipopolysaccharide (LPS) from Gram
negative bacteria. Resistin is primarily related to insulin
sensitivity and adipocyte differentiation [24]. In obesity and
metzholic syndrome, higher levels of sdipokines were observed
in blood, like resistin, leptin, adiponectin and alse € reactive
protein (CRP) [25]. Research has shown that overaeight reduces
inflammation by decreasing the serum CRP. IL-6 leptin and
resistin [26.27]. Shang et al. used ADSCs to supervise disease
with inflammatory or autoimmune character, but the comrelation
between obesity and inflammation remains still unesplzined
[2E]. Thus resistin is reputed to contribute to insulin resistznce
from one side, and from the other side some resszrch results
sugpest that resistin may be a link in the well-known association
between inflammation and insulin resistance [25]. WNT proteins
are family of autecrine and paradine growth factors that affect
biological and developmental processes. They also mediate
signal transduction pathways in fat tissue. WHNTSA, a non-
canonical WHNT ligand. has been shown to promote AT
inflammation and insulin resistance in animal studies. Elevated
non-canonical WNT3A signaling in VAT contributes to the
exacerbated IL-6 prodwction in this depot and the low-grade
systemic  inflammation typically assodated with visceral
adipasity [30).

Materials and Methods

Animals and ethics statement

BAnimals were purchased from the central animal house of the
Pharmacy Faculty at the Jagiellonian Wniversity Medical College
{JUMC) in Cracow. All procedures related to laborstory 'Wistar
rats were approwved by the Animal Bioethical Committes of
Jagiellonian University, Cracow, Poland [resolution no. 84,/2014).
Damis snd adult rats were housed in air conditioned room with
constant temperature of 20°C +/- 4 ® € with a 12 hour day/night
cycle with humidity level of 55% 1-10%. To ensure that the
welfare of the Wistar albino rats was at the highest level
possible, we provided lux in an expedition room at 25-50 o
The air eschange was at the recommended bewvel of 15-200
exchanges per hour The animals were randomized to an
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experimental group and received chow and water ad libitum.
Femazle rats, during mating time, pregnancy and |actation [21
days) received the LF or HF diets, respectively. &t birth, dams
were sexed and randomized in groups with B liters. To
implement one of the Principles of Humane Experimental
Technique, the remaining pups were left to adulthood.

Diet

In our experimental model of obesity, we used the following
dietary groups: (1.3} group on low fat [LF) diet, with female or
male pups with mother; (2.4) growp on high fat (HF) diet, with
female or male pups with mother; {5,7) group on LF diet with
sdult male or female; (6,8) group on HF diet with adult male or
female. The LF diet (Labofeed B, Pasze Kopnia, Peland)
supplement contained 25% of protein, 8% of fat and 67% of
carbohydrates. The obesity-inducing diet. D0 [WVERSELE-LAGA
Opti Life &dult &ctive, Belgium) contained: 32% of protein, 22%
of fat and 40% of mrbohydrates was shown in Tablde 1.

Table 1: Compositions of 1 gram of low fat diet (LF) versus high
fat diet (HF).

Dl 2o ol LF dist HF dist
Carborwydnabes, il and minans (4] ar 48
Prostein [R] a5 32
Fals [H] 8 »n
Eneigy density [kealig)] 276 47

Blood collection

Afver 3 21-days period of feeding animals with different diets,
all members of the esperimental groups were terminally
anaesthetized with pentobarbital {Morbital, Putawy, 200 mg per
dose]. We then collected blood samples from the cardiac wein
using standard surgicd techniques and cemtrifugation to obtain
serum samples for further analytic procedures.

solation and cell culture of ADSCs

ADSCs in female rats were obtEined from white adipose tissue
from the subcutzneous ares. From miale rats, we isolated ADSCs
from the visceral area scconding to @ published method based
on adult BalbC mice [31]. Isolated fat tissues were washed with
phosphate-buffered  saline  (PB5, Sigma-fldrich, Germany)
containing 1% penicillin/streptomycin solution [Sigma-Aldrich,
Germany]. minced and digested with collagenzse type (1
mg/ml; Giboo by Life Technologies, USA) st 37°C for 1 h. Enzyme
activity was neutralized with & Dulbeooo’s modified eagle’s
medium [DMEM, Sigma-fldrich, Germany) containing 10% FBS
{Giboo by Life Technologies, W5SA) and 1% penicillin/streptomycin
solution. Afterwards, the reacton cockizil obtained from
disintegrated tisswes was filtered (100 pm pore dizmeter filters,
Fisher Scientific, W54), centrifuged at 300 g for 10 min. to obtain
= high-density cell pellet. The cell pellet was suspended in
DMEM supplemented with 10% fetal bovine serum (FBS; Gibco
by Life Technologies, US&) and 1% penicillin/streptomycin
solution (Sigma-Aldrich, Germany] and placed in T75 flasks

This articls s avallabbs from: hip:yanimalinutrftionimsdpub.com
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{Coming. Sigma-Aldrich, Germany), incubated owvernight at 37°C
in a 5% COy incubator at 90% humidity. Unatteched cells and
non-adherent red blood cells were removed after 24 h by
washing with antibiotic supplement=d PBE5S. Adherent cells
{ADCSs) were suspended in DIMEM supplemented with 10% FBES
and 1% penicillindstreptomydn  solution. The medium was
changed at 72 h intervals until the o=lls bemme confluent. When
the cells reached 80-50% confluence, they were placed in
trypsin - EDTA solution [0.25% wt/vel; Sigma-Aldrich, Germany)
for 10-15 min. at 37°C, and dissociated by trituration. To arrest
the trypsin reaction, DMEM containing 10% FBS and 1%
penidillin/streptomycin solubion was added the cell suspension
and the cells were centrifuged at 416 g for 10 min. ADSCs were
suspended in DMEM medium supplemented with 10% FBS and
1%  penicillinfstreptomydn  solution, counted with a
hemocoytometer and seeded on 36-well plate (Coming. Sigma-
Aldrich, Germany] in triplicate at 2 density of 0.25 = 10° cellsfml
per each sample and cultured at 37'C with 5% C0D; and
humidified atmosphere.

Magnetic stimulation of ADSCs cultures

PEMF stimulztion was started sfrer 24 b of ADSCs cubture. &
penerator produced and kindly provided by the Institute of
Electron  Technology (Cracow, Poland) genemted pulsed
electromagnetic field with a frequency 7 Hz at a flun density of
30 mT inside the cell culture incubator. & 96-well plate with
ADSC cuftures was plaoed in the generator’s podoet znd exposed
to EMF for 4 h daily at 24 h intervals, during three consecutive
days; this cormesponded to & total of three PEMF exposures over
the 3-day pericd. Control samples were placed in the same
incubator but at a 35 cm distance from the generator.

Cytokines production

Inflammatory cytokines and resistin levels were measured in
blood serum samples obtained from animalks of all experimental
proups a5 well as in supernatants originated from ADSCs cultures
24 h after the last PEMF exposure and from unexposed control
cultures, respectively. The cytokine concentrations THFa, IL-6
{Diaclone 5AS5, France) and resistin {SunredBio, China) were
estimazted by enzpyme-linked immunosorbent aszay (ELISA)
strictly according to the manufacturer's procedure.

Statistical analysis

The data were expressed a5 mean [+) standand deviation [5.00.)
and compared uwsing the Student t-test considering P05
defined a= significantly different.

Results

Serum level of proinflammatory cytokines and resistin in rat
pups of both genders grown on LF and HF diet: In serum of
female and male pups grown on HF diet the level of both pro-
inflammatory cytokines TNFa and IL-6 was inoreased, but the
really big difference was observed in IL-6 level in serum (p<0.02)
comparing female and make pups fed with LF diet |Figune 1).

& Under License of Creative Commons Attribution 3.0 License

Figure 1: Concentration of proinflammatory cytokines THFa
and IL-1 in serum from female and male pups grown on low
(LF] and high [HF} fat diet assessed by ELISA tests. The data
are expressed as mean (+ 50, statistical significance was
determined by Student t-test "p0.05, *"pe 0.001.

Resistin level in serum of female and male pups grown on HF
diet was elevated in comparison to serum resistin level of rats of
both genders fed the LF diet [Figure 2).

Figure 2: Concentration of resisting in serum from female and
male pups grown on low [LF) and high (HF) fat diet assessed
by ELISA tests. The data ane expressed &5 mean [+ 50,
statisticzl significance was determined by Student t-test
*pe0.05.

Serum level of proinfi y cytokines and resistin in rat
mdults of both genders grown on LF and HF dietx The serum
level of TMFa and IL-6 cytokines in the group of female and male
adults grown on HF diet were significantly higher as compared
to serum level of these cytokines in rats grown on LF diet |Figurne
3).

#

Figure 3: Concentration of proinflammatory cytokines TNF o
ard IL-6 in serum of female and male adults grown on low
{LF) and high [HF] fat diet assessed by ELISA method. The data
are expressed as mean (+ S0), statistical significance was
determined by Student t-tes “p<0.05, *pu 0001

\, J

HF diet caused changes in the serum level of resistin in adult
rats of both genders when compared to LF diet; higher content

3
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of resistin was measured in serum of adult animals induced by
HF diet [Figure 4].
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Figure 4: Concentration of resist in in serum samples
obtained from female and male adults grown on low [LF) and
high (HF) fat diet assessed by ELISA tests. The data are
expressed as mean (+50], statistical significance was
detarmined by Student t-test  [a0.05.

PEMF exposure induced changes in  preinflammatory
cytokines level in ADSCs cell cultures originated from female
and male rat pups grown on LF diet: In in witro cell culture
conditions, PEMF exposure of ADSCs isolated from female and
male rat pups grown on LF diet caused changes in pro-
inflammatory cytokines levels in ADSCs  cell culture
supernatants. PEMF exposed ADSCs cell cultures, originating
from female pups, released more THFa than unexposed ADSCs
cell cultures, the opposite effect was obtained in cse of male
originated, PEMF exposed ADSCs cell cultures (Figure 5).

IL-6 level in PEMF exposed ADSCs cell cultures from female
pups was higher than in controls not exposed to PEMF, the
opposite effect was induced in ADSCs cell cultures from male
pups. Upon PEMF treatment there was a significant increase of
IL-6 cytokine preduced to the milieu {Figure 5).
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ADEC yvuporratmk

e

Figure 5: Concentration of pro-inflammatory cytokines TNFa
and IL-1 in the supernatants from female and male pups
orginated from adipose derived stem cells (ADSCs) grown on
low (LF) fat diet assessed by ELISA tests under pulsed
electromagnetic field (PEMF). The data are expressed as
mean (+50), statistical significance was determined by
Student t-test “p<0.05, * p<0.001.

e

PEMF exposure induced changes in  preinflammatory
cytokines level in ADSCs cell cultures originated from female
and male rat pups grown on HF diet: PEMF exposure of ADSCs
cell cultures originating from pups of both genders grown on HF

a4

diet caused increased secretion of TNFa to cell culture medium
by ADSCs, as opposed to ADSCs which were not exposed to
PEMF. While the release of IL-6 by ADSCs originated from femnale
pups upon PEMF treatment was diminished, ADSCs from male
pups exposed to PEMF produced more IL-6 than ADSCs in
controls (Figure &).
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Figure &: Concentration of pro-inflammatory cytokines TNFa
and IL-1 in supernatants from female and male pups
originated from adipose derived stem cells (ADSCs) grown on
HF diet assessed by ELISA tests under pulsed electromagnatic
field [PEMF). The data are expressed as mean (+5D), statistical
significance was determined by Student t-tast "p=0.05.

Resistin level changes induced by PEMF exposure in ADSCs
cell cultures originated from rat pups and adults grown on HF
or LF diet: PEMF treatment of ADSCs cell cultures from pups of
both genders fed with LF diet caused increased secretion of
resistin cell culture medium by ADSCs as compared to ADSCs
cultures which were not treated with PEMF. Different results
were obtained in case of ADSCs originated from HF diet pups.
ADscs cell cultures isolated from female pups grown on HF diet
have shown slightly diminished resistin level upon PEMF
influence (Figure 7).
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Figure 7: Concentration of resistin in supernatants from
female and male pups in adipose derived stemn cells (ADSCs)
grown on low (LF) and high (HF) fat diet assessed by ELISA
tests. The data are expressed as mean (+ 5D, statistical
significance was determined by Student t-test "p<0.05.

b "

The aDsCs cell cultwres from adults of both genders fed with
LF and HF diet when treated with PEMF, a slight elevation of the

This article is available from: httpofanimalnutritionmedpub.com
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measured resistin content in cell culture supernatants was
observed in Figure B.

-
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Figure B: Concentration of resistin in supernatants from male
and female adults grown on low [LF) and high [HF) fat diat
assessed by ELISA tests under pulsed electromagnetic field
(PEMIF). The data are expressed as mean [+50), statistical
significance was determined by Student t-test “p<0.05.

PEMF exposure induced changes in  proinflammatory
cytokines level in ADSCs cell cultures originated from adult
female and male rats grown on LF and HF diet: The level of IL-6
evaluated in ADSCs cell culture supernatants originating from
adult females grown on LF diet was lowered under PEMF
influence, an opposing effect was observed in ADSCs cell culture
supernatants obtained from LF diet raised males, Figure 8The
THFa level was increased in ADSCs cell cultures supernatants
originating from both genders upon PEMF treatment [Figure B).
The ADSCs from male adult on HF diet under PEMF showed in
inflammatory profile a significantly higher level of TNFa and IL-6
[Figure 9).

Lewel of THF o and [L-6 in adults ariginated
ADECE sugernatants
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Figure 9: Concentration of pro-inflammatory cytokines and
IL-6 in supernatants from female and male adults grown on
low [LF) fat diet assessed by ELISA tests under pulsed
electromagnetic field (PEMF). The data are expressed as
mean |+ 50, statistical significance was determined by
student t-students "p<0.05.

b

Spectacular increase of the TMFa amount released to cell
cutture miliew ocourred in ADSCs cell cultures isolated from both

eenders grown on HF diet, on the other hand when it comes to
Il-6 measurements, there was nearly no effect in IL-6 level in

8 Under License of Creative Commuons Attribution 3.0 License

aDsCs originated from HF grown females, and a slight increase
in ADSCs supernatants obtained from HF diet males [Figure 10).
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Figure 10: Concentration of pro-inflammatory cytokines THFa
and IL-& in supernatants from male and fermale adults grown
on high |{HF) fat diet assessed by ELISA tests under pulsed
electromagnetic field (PEMF). The data are expressed as
mean [+ 50), statistical significance was determined by
student t-students “p<0.05, *“p< 0.001.

b -

Discussion

Maternal obesity caused by high fat diet is responsible for
chronic low grade inflammation in progeny placenta, adipose
tissue, liver, vascular system and brain [32]. During in utero time
period, when the mother received obesity-inducing diet [Neeraj
Desai et al.] a higher level of IL-6, TNFa was revealed in fetal
plasma [33]. Also THFa in maternal plasma of animals on HF diet
was higher than in controls [34]. The obvious consequence of
mather's diet with high fat levels is systematic inflammation in
the offspring. Other studies also support our reports, that in
offspring from maothers on HF diet from mating, gestation and
lactation, TMFa may be evaluated in 3-weeks-old pups of both
genders [35). In contrast to the above statement, in pregnamt
rats on HF diet, the maternal plasma IL-6 and TMFa was reduced.
These incompatibilities in inflammatory profiles are the results
of short exposure to diet induced obesity (DID) chow
compaositions and also timing of the harvested tissue [36]. Our
findings support the resistin levels evaluated in male offspring
from owverweight mothers on HF diet in postnatal day (PND)
[22,37].

Overweight contributes to collection fat im AT, liver and
muscle to cause activation of macrophages by secretion a pro-
inflammatory proteins like TMFa, CRP, MCP-1, leptin, IL-G,
resistin [38]. Results of ouwr study confirm earlier finds that
exposure to HF diet is connected to higher level of TNFa and IL-6
in adult male rats [39]. Gil et al. state that long term HF diet in
adult mice on the degree of pro-inflammatory cytokines [TNF-a,
IL-6, and MCP-1) was higher than in control-animals on LF diet
[20]. Introduction of HF diet to adult rodent male species
resulted in higher concentration of TMFa, just like in our
experiment, but also in growth of other pro-inflammatory
biemarkers — CRP, IL-17 [41,43]. In obesity models, WaT
accumulated excess fatty tissue and released resistin, with levels
correlating to OO0 and possibly gene—related issues [43,44].

5
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scores from Muthulakshmi et al. are consistent with our
experiment pro-inflammatory  markers panel (TMFa, IL-6,
resisting in male mice and rats on HF diet [45]. Our results are
also compatible, with the statement that in rodent male model
on HF diet, the level of resistin is higher [46,47]. Other studies
which also support our work show that in both genders of adult
rats, the level of resistin increased on HF diet [48]. Our data are
in agreement with Christine et al. research who found that in
adult female mice on high fat diet, there were higher levels of
inflammatory molecules, including 1L-6 [48]. Acute model of high
fat diet was im many reports dedicated to males. Milles et al.
proved that in the females on HF diet, the level of TNFa was
lower as compared to animals on LF diet. The differences may
hawe resulted from the short duration of the diet [50].

Conclusion

Cur previous experiments showed PEMF impact on ADSCs
obtained from rat pups of both genders on LF diet having
protective effects on viability. Contrary, PEMF exerted influence
on ADSCs cell culture originating from adult famale rats grown
on HF diet by inducing high percentage of early apoptofic cells
[51]. uUnfortunately, there are little data available in the
literature  concerming the influence of PEMF on  pro-
inflammatory markers in ADSCs from adult rats of both genders
on LF and HF diets. However, the available publications provide
information that PEMF impact on bone marrow cells from adult
femnale rats on standard diet causes a decrease in TNFx and IL-6
[52]. In gur study, PEMF treatment of ADSCs from adult female
rats on LF diet presented low IL-6 level, howewver THNFa
concentration increased. Incompatibilities in PEMF influence
may have resulted from the time exposure of the cells. Other
reports showed osteoclastogenesis in adult females under low
frequency pulsed electromagnetic field (ELF-PEMF) exposure. In
6 and & day of ELF-PEMF stimulation (intensity of 7.5 Hz, tension
of 12.2 mVv/cm and time 2 h/ day] TNFQ conCentration grew as
comparad to comtrols [53]. Electromagnetic fields used in obese
persons, both men and women, lead to high abdominal fat
reduction [54]. In obese mice weight and fat loss was reported
after activity of 0.5 T electromagnetic fields [55]. In addition, the
use of extremely low frequency field (ELF-MF 7.5 Hz, 0.4T) on
human tissue induced an inhibitory effect on obesity. Research
studies carried gut on mesenchymal stem cells (MSCs) showed a
restrictive influence of ELF-MF on adipogenic differentiation
[56]. Mengyao et al. proved that PEMF influence promotes
myeblast differentiation, obtained from mice im inflammatory
and in vitro conditions [57]. Alse in human fibroblast like-cells,
the level of inflammatory cytokines (IL-1B, TNFa) was lower with
PEMF treatment of 2.25 mT with a frequency of 50 Hz [58]. Our
earlier experimental studies analyzing the lipid profile in
offspring on DD feed showed high levels of triglhycerides [TG),
total cholesterol [TC) and low density lipoproteins (LDL) [55].
ADSCs isolated from young female animals grown on HF diet
were susceptible for PEMF treatment what decreased releass
proinflammatory cytokine like IL-6 and metabolic agent -
resistin. Adipose derived mesenchymal stem cells isolated and
characterized and then osteogenic differentiation of them was
investigated after culturing on the surface of Poly [caprolactone)
[PCL) scaffold under treatments of pulsed electromagnetic fields

G
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[PEMF] [3]. ADSCs-seeded PCL  nanofibrous  scaffold in
combination with PEMF could be a great option for use in bone
tissue engineering applications [60).
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Abstract: Objective: The main goal of our studies was to investigate the effect exerted by pulsed
clectromagnetic filed (PEMF) on adipocytokines secretion in cell culture supernatants from rat adipose
derived stem cells (ADSCs) grown on varied energy-rich diel. Offspring and adull animals were randomly
selected for two types of experimental diets: low (LF) or high fat (HF) diet for 7 weeks. After the diet
period, serum plucose level was measured, ADSCs were isolated from adipose tissues from different
locations. ADSCs from all experimental groups were exposed o PEMFE, supernalants collected and
adipokines level was determined.

Results: TIF dict feed in pupsfadult animals elevated blood glucose level and increased the level of
adiponectin (Apn) and leplin of both genders and age measured in serum.

ADSCs cell cultures originated from female pups on LF diet and exposed to PEMF released large
amounts of Apn. PEMF effect exerted on Apn release was also observed in ADSCs isolated from male
pups HE diel, ADSCs [rom female pups on LI diel exposed Lo PEMP released smaller amounts of leptin in
comparison to cell cultures without PEMF treatment. PEMF exposure of ADSCs cell cultures originated
from female adults on LF diet decreased release of Apn, contrary adult male on LF diet ADSCs under
PEME trealment produced more leplin, PEMF trealed male HE diel-originated ADSCs cullures released
significantly more leptin than controls.

Conclusion: Our results suggest that PEMF exposure is responsible for metabolic physiological bal-
ance ellects oblained in ADSCs cullures originaling from adull animals on HE diel.

Key words: high/low fat dict, adipose tissue derived stem cells, adipokines, glicemia, PEME

52



132 Agniteszka Baranowska, Beata Skowron, et al,

Introduction

Obesity has become a worldwide society health problem associated with metabolic
and chronic disorders. It concerns both male and female genders in most age
groups [1, 2]. Adiposity is progressive, connected with adipocytokines such as
adiponectin (Apn), by it decreased levels and the opposite effect is observed in leptin
serum level. These metabolically active hormones in association with proinflammatory
cytokines like TNFa and IL-6 are responsible for dysfunction of endothelium
development and insulin resistance [3]. Apn plays an important role in metabolic
balance through insulin-sensitizing, antidiabetic, antioxidant, anti-inflammatory,
anti-atherogenic and vasoprotective effects [4, 5]. Leptin is engaged in obesity, insulin
resistance, eliopathogenesis of cardiovascular diseases, inflammation, diabetes and
plays an essential role in the long-term regulation/control of body weight [6, 7].
The western diet, rich in fat and sugar with combination of less activity results in
excess weight and expression of genetic predispositions leading to type 2 diabetes
mellitus (T2DM). This long-term developing disease with diagnosed hyperglycemia
is caused by impaired insulin secretion, invalid insulin activity, defects of insulin
receptors or post receptor insulin resistance [8]. Short term HF diet food highly
increased plasma glucose and insulin level in adult male mice but didn't affect the
body mass and inflammation [9, 10]. Rodent studies based on maternal HF diet during
pregnancy and lactation resulted in later life obesity and metabolic syndrome in
offspring [11]. Introduction of HF diet in utero during pregnancy caused disturbances
in appelile and energy balance during formation of the hypothalamic nervous
system. Increased blood glucose and leptin level was noted in the offspring of both
genders [12].

Low frequency pulsed electromagnetic field (PEMF) exposure of different cell
types is known to exert biological effects such as cell proliferation/differentiation,
cell death induction/inhibition, changes in gene expression and release of cytokines,
growth factors and hormones [13]. It has been proved that pulsed electromagnetic
field (PEMF) in a non-invasive way affected the proliferation and osteogenic
differentiation into stem cells [14, 15].

Although PEMF exposure induces a neuroprotective effect in patients with
peripheral neuropathy in diabetes, usage of PEMF therapy in medicine remains
controversial and needs further experiments to explain the cellular mechanism
engaged in PEMF influenced activities [16].
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Materials and Methods
Experimental animals

The use of animals in experimental research was approved by the First Local Ethics
Commission of Jagicllonian University, Cracow, Poland (resolution no. 84/2014).
Wistar rats [WistarKef: (Wi) Wu| emanated from the Pharmacy Faculty at the UJCM
in Krakow. Animals were acclimatized for 7 days before the research was started.
Dams with offspring and adult animals were kept in an environmentally controlled
room (20 + 5°C, humidity 55+ 10% and 12 h light-dark cycle with lights on
from 07.00 h to 19.00 h). The intensity of light in experimental room was at 25 lux as
a result of albinotic strain used. Animals were provided with enrichment in the cage
in accordance with the guidelines of the 3R rule.

Diets

The rats were randomly divided into 8 groups and treated for 7 weeks: low fat
diet group (LF), received a standard chow for rodents (Labofeed B Pasze Kcynia,
Poland) and a high-fat group (HF) with higher content of fat (VERSELE-LAGA
Opti Life Adult Active, Belgium). All experimental study groups based on
different type of chow and also included age and gender characteristics. Standard
diet contained the following: protein 25%, fat 8%, carbohydrates, ashes and
minerals 67% (energy density was 2.75 keal/g), HF diet with a higher fat content
contained: protein 32%, fat 22%, carbohydrates, ashes and minerals 46%, (energy
density 4.70 kcal/g).

Isolation and culture of ADSCs

Adipose tissue (AT) was obtained from animals from all 8 study groups under
sterile conditions and placed in a sterilized culture dish under a laminar hood.
AT was carefully collected according to a previously described methodology [17].
The specimens were washed with phosphate-buffered saline (PBS, Sigma-Aldrich,
Germany) containing 1% penicillin/streptomycin solution (Sigma-Aldrich,
Germany), homogenized and digested with me type collagenase (1 mg/mL; Gibco
by Life Technologies, USA) at 37°C for 1 h. Enzymalic activity was neutralized with
Dulbeccos modified eagles medium (DMEM Sigma-Aldrich, Germany) containing
10% fetal bovine serum (FBS; Gibco by Life Technologies, USA) and 1% penicillin/
streptomycin solution. Subsequently, the reaction cocktail obtained from disintegrated
tissues was filtered (filters with 100-pm pore diameter, Fisher Scientific, USA) and
centrifuged at 300 x g for 10 min to obtain a high-density cell pellet. The pellet was
suspended in DMEM supplemented with 10% FBS (Gibco by Life Technologies,
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USA) and 1% penicillin/streptomycin solution (Sigma-Aldrich, Germany), placed
in T75 flasks (Corning, Sigma-Aldrich, Germany) and incubated overnight at 37°C
in a 5% CO, incubator with 90% humidity. After the 24-h incubation, non-attached
cells and non-adherent erythrocytes were washed with antibiotic-supplemented
PBS. Adherent cells (ADCSs) were suspended in DMEM with 10% FBS and
1% penicillin/streptomycin solution. The medium was changed every 72 h until
the cells became confluent. After reaching 80-90% confluence, the cells were
placed in trypsin-EDTA solution (0.25% weight/volume; Sigma-Aldrich, Germany),
incubated at 37°C for 10-15 min, and dissociated by trituration. ‘lhe trypsin
reaction was blocked by addition of DMEM with 10% FBS and 1% penicillin/
streptomycin solution, and the cell suspension was centrifuged at 416 x g for
10 min. ADSCs were suspended in DMEM medium supplemented with 10% FBS
and 1% penicillin/streptomycin solution, counted with a hemocytometer, seeded
on a 96-well plate (Corning, Sigma-Aldrich, Germany) in triplicate at a density
of 0.25x 10° cells/ml per sample, and cultured at 37°C at humidified atmosphere
of 5% CO,.

PEMF exposure of ADSCs cell cultures

PEMF stimulation was started after 24 h of ADSCs cell culture duration. A genera-
tor was designed and manufactured by the Institute of Electron Technology (Cra-
cow, Poland) with a frequency of 7 Hz al a flux density of 30 mT inside the cell
culture incubator. A 96-well plate with ADSC culture was placed in the generator’s
pocket and exposed to PEMF for 4 h a day at 24-h intervals, during three consecu-
tive days.

Euthanized animals

At the end of the experiment (21st day), animals from all study groups were sacrificed
with an anaesthetic (Pentobarbital, Morbital, Pulawy) at a dose of 200 mg per kg body
weight to collected blood sample and AT.

Adipokines level measurement

Adiponectin was measured in serum and ADSCs cell culture supernatants with ELISA
(Mediagnost /Germany) in duplicates. Leptin in rat plasma and supernatants from
ADSCs cell cultures were determined by ELISA kit (BioVendor/Czech Republic) in
duplicates.
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Blood glucose level measurement

Rat blood was collected on heparin with anti-glycololytic fluoride for determination of
blood glucose level. Glucose concentration was evaluated with an enzymatic method
using the Cobas 80 000 analyzer.

Statistical analysis

The results were presented as means (+) and their standard deviations (SD).
Intergroup comparisons were conducted with Student’s t-test. The differences were
considered statistically significant at P <0.05.

Results

Adipokines serum level in animals
of both genders grown on LF or HF diet

Serum adiponectin level in female pups and in male pups was elevated in animals
grown up on HF diet in comparison to animals grown on LF diet. LF diet fed
male pups showed to release more Apn into serum than female pups grown on the
same type of chow (Fig. 1). Opposite effect was found in serum of adult animals
grown on LF diet (both females and males) — adiponectin level was higher
than in adult animals fed with HF diet (Fig. 1). Serum leptin level measured in
pups of both genders was higher in animals fed with HF diet. Exactly the same
relationship occurred in adult rats, which grown on HF diet produced more leptin

Adipokines serum level in groups of offspring
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Fig. 1. 'lhe influence of LE/HF diel on sera adiponeclin and leplin levels in offspring. Statistical
significance of inlergroup differences verified with Student’s t-lest; diflerences significant at P <0.05
marked with asterisks (*).
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Fig. 2. The influence of LF/HF diet on sera adiponectin and leptin levels in adult animals. Statistical

significance of intergroup differences verified with Student’s t-test; differences significant at P <0.05
marked with asterisks (*).
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Fig. 3. The blood glycemia in pups. Statistical significance of intergroup differences verified with Student’s
t-test; differences significant at P <0.05 marked with asterisks (*).
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Fig. 4. The blood glycemia in adult animals. Statistical significance of intergroup differences verified with
Student’s t-test; differences significant at P <0.05 marked with asterisks (*).
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than LF fed animals, respectively (Fig. 1). The highest amount of leptin was obtained
in adult males fed with HF diet, nearly four times more than adult females on the
same diet (Fig. 2).

Blood glucose level in animals of both genders grown
on LF or HF diet

Glucose level in rat pups of both genders fed with HF diet was much higher than glucose
level measured in pups grown on LF diet (Fig. 3). Blood glucose level in adult animals
fed with HF diet exceeded 200 mg/ml in males — characteristic for diabetes mellitus
diagnostic criterion, and was slightly elevated in females fed with HF diet in comparison
to LF diet glucose level, however not exceeding the value of 200 mg/ml (Fig. 4).

Adipokines level in supernatants of ADSCs cell cultures
isolated from pups exposed to PEMF

ADSCs cell cultures originating from female pups grown on LF diet when treated
with PEMF exposure released extremal amounts of Apn in comparison to ADSCs
cell cultures without PEMF treatment. The PEMF exposure effect exerted on Apn
release was also observed in ADSCs cell cultures isolated from HF diet fed animals,
but it was not as spectacular as in case ADSCs isolated from LF diet grown animals
(Fig. 5). ADSCs cell cultures originating from female pups grown on LF diet exposed
to PEMF released smaller amounts of leptin in comparison to ADSCs cell cultures
without PEMF treatment, whereas PEMF has not caused any effect on leptin level in
supernatants from male ADSCs cell cultures (Fig. 5).

Adipokines level in ADSCs supernatants from pups fed
with LF diet and PEMF exposed
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Fig. 5. Adiponectin and leptin levels in supernatants ol ADSCs cell cullures isolaled from pups on LF
diet exposed to PEMF. Statistical significance of intergroup differences verified with Student’s t-test;
differences significant at P <0.05 marked with asterisks (*).
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Adipokines level in ADSCs supernatants from offspring
grown on HF diet and PEMF affected
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Fig. 6. Adiponectin and leptin levels in supernatants of ADSCs cell cultures isolated from pups grown on
HF diet exposed to PEMF. Statistical significance of intergroup differences verified with Student’s t-test;
differences significant at P <0.05 marked with asterisks (*).

ADSCs cell cultures treated with PEMF originating from HF diet males and
females produced less leptin to cell culture milieu than control ones (Fig. 6).

Adipokines level in supernatants from ADSCs cell cultures
exposed to PEMF originating from adults

PEME-exposed ADSCs cell cultures originating from female adults grown on LF diet
released lower amounts of adiponectin in comparison to ADSCs cell cultures without
PEMF treatment. The PEMF exposure effect exerted on adiponectin production was
not observed in ADSCs cell cultures originating from female and male adults fed HF
diet (Fig. 7). PEMF-exposed ADSCs cell cultures originating from adult males grown

Adipokines level in supernatants AD5SCs isolated from
adult animals grown on LF diet and PEMF affected
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Fig. 7. Adiponectin and leptin levels in ADSCs cell cullure supernatants originating {rom adult animals
exposed lo PEME. Statistical significance of intergroup differences verified with Student’s -test;
differences significant at P <0.05 marked with asterisks (*).
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on LF diet produced more leptin than ADSCs cell cultures without PEMF treatment.
PEMF-exposed ADSCs cell cultures originating from adult females grown on LF diet,
produced less leptin than control ADSCs cell cultures (Fig. 7).

PEMF exposure of female HF diet grown ADSCs cell cultures caused slight
decrease of leptin level in cell culture supernatants and significant leptin release in
PEMF treated male HF diet grown ADSCs cell culture supernatants (Fig. 8).

Adipokines level in ADSCs supernatants from adult
animlas grown on HF diet and PEMF affected
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Fig. 8. Adiponectin and leptin levels in ADSCs cell culture supernatants originating from adult animals
fied with HF dict, exposed to PEME. Statistical significance of intergroup differences verified with
Student’s 1-lest; differences significant al P <0.05 marked with asterisks (*).

Conclusion

ADSCs cell cultures isolated from adult males fed with LF or HF diet when PEMF
exposed, released more leptin than those not exposed to PEME. PEMF treated ADSCs
cell cultures from male pups caused significant increase of Apn. The metabolic effects
exerted by PEMF treatment of ADSCs cell cultures could be used as a possible
antidiabetic, metabolic balance- influencing therapy.

Discussion
Adipokines and obesity

Obesity is nowadays considered as one of the leading health problems resulting in
increased rates of cancers, heart disease, stroke and diabetes. The suggested solution
for this problem was to restrict calories, make wiser dietary choices and encourage
physical activity [18]. Research derived from murine projects based on HF diet has
shown that females have lower body weight (BW), body mass index (BMI) and also
smaller body waist circumference (WC) than male animals. Similarly, significantly
higher values of fasting glycaemia were noticed in males on the same diet in
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comparison to female ones [19, 20]. Hyperglycemia as a metabolic disorder was
observed in offspring of both genders from dams fed with HF diet during pregnancy
and lactation period, which is consistent with our experimental results [21]. Some
signal transduction hormones like adipokinins are released from adipocytes and
directly related with pathogenesis of obesity. Low level of Apn is negatively correlated
with inflammation markers in overweight animals when BMI increases over 30 [22].
The leptin target activity is localized in the hypothalamus which regulates food intake
and impact on BW [23]. It has been proved that increased leptin level is associated with
the growth of AT. It defines pathogenesis of obesity and resulting complications [24].
Our data revealed that HF diet led to higher leptin and glucose levels in adult animals
of both genders while adiponectin amount was decreased in adults. Similarly to our
research studies, in adult male rats and other animal models (rabbits) grown on HF
diet, blood glycaemia was out of normal range [25, 26]. Experiments carried out on
adult obese females have shown high leptin concentration in their serum results, that
stay in agreement with results obtained by our group [27]. Masuyama ef al. stated
that in offspring mice of both genders fed with HF diet, blood glucose level and leptin
release were elevated contrary to adiponectin value [28]. Other results indicated that
in adult male rats plasma adipocytokines — Apn and leptin amount increased in
animals grown on high fat rich diet. Differences in our results in terms of adiponectin
level might result from later introduction of HF diet (24 post natal day) [29]. Some
research studies presented correlation between HF diet effect and increase of glucose
and leptin level in young male rats as well as in adults [30]. Our data are in agreement
with Hou ef al. who proved that animals of age 3 and 8 weeks after HF diet had
impaired glycaemia. Rodent studies showed fasling glycaemia level in young male
species on HF diet and decreased adiponectin level [31, 32].

EMF influence

Electromagnetic field (EMF) interaction has been evidenced to be therapeutically
effective and useful in a wide range of its parameters as well as medical implications.
‘There are many research studies which confirm the hypoglycaemic activity of magnetic
field exposure but still frequency and exposure time vary in different projects [33, 34].
Studies carried by Sieron et al. which marked glucose by 3H uptake in organs and
tissues of rats exposed to an extremely low electromagnetic field (ELEME 10 Hz,
1.8-3.8 mT), showed significantly higher glucose uptake in the liver, kidney, heart
muscle, cartilage, connective tissue, skin and tendon. They hypothesised that ELEMF
can facilitate glucose transport through the cell membrane [35]. Diabetic male mice
when exposed to EMF (25 Hz, 250 pT) for 45 minutes for 2 weeks revealed lower
blood glucose comparative to metformin and insulin application [33]. Research of
Sakurai ef al. run on hamster-derived insulin secreting cells (TTH-T15) with ELEMF
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(60 Hz, 5 mT) has found increased concentration of intracellular insulin in the cell
lines [36]. Ocal ef al. investigated changes in blood glucose level in healthy and
diabetic rats caused by alternating magnetic field (5 mT and 8 mT). They found out
that alternative magnetic field exposure resulted in a decrease of blood glucose level
in healthy and diabetic rats [37].

Endocrine system is sensitive to PEMF influence and possibly responds with
changes of hormone production in the course of experimental animal research [38, 39].
Analysis of Holstein cow’s milk productivity in the interaction of the vertical field
and the horizontal magnetic field showed rise in insulin-like growth factor 1 (IGF-1)
and milk production [40]. Influence of extremely low electromagnetic field on gender
hormones is partially reversible [41]. Leoci et al. observed that application of EMF in
the course Benign Prostatic Hyperplasia (BPH) in canine model led to a reduction
a gland volume. Furthermore it did not negatively affect testosterone level and quality
of the semen [42]. High rate of EMF (2450 MHz) in the prenatal period in female
rats showed postnatal growth restriction and delayed maturation. In addition, in the
brain and ovarian tissue EMF resulted in high oxidative stress index [43]. Currently,
magnetotherapy is an easy and direct method used to treat a variety of illness and
pathologies [44]. Studies with a low frequency electromagnetic field showed to affect
different physiological processes in vitro and in vivo experiments, thus we chose
the frequency of 7 Hz with a flux density of 30 mT [45]. Apn is a hormone from
the fat tissue with anti-inflammatory effect in obesity, in contrast to the majority
of adipocytokines [46, 47]. Apn lower values are associated with abundance of
abdominal fat [48]. Unfortunately, there is little evidence when analyzing PEMF effect
on metabolic hormones in rat ADSCs in experimental models of obesity. Therefore,
we could not compare our findings with the results by other authors. In ADSCs
cultures obtained from female pups grown on LF diet we proved strong PEMF effect
with higher Apn level contrary to values of leptin. In turn, ADSCs cultures originating
from HF diet grown animals showed the PEMF influence on higher serum leptin
level in supernatants from ADSCs female pups. ADSCs from male offspring on the
same diet presented elevated supernatant leptin level but adiponectin value was
lower under PEMF exposure. Application of ELEMF from the 6th day of pregnancy
across 21 days of lactation in male offspring did not affect the spermatogenesis and
fertility [49].

QOur PEMF treatment of ADSCs from adult females on LF diet presented lower
Apn and leptin values but in males leptin scores were higher as compared to controls.
Our PEMF application showed that ADSCs originating from obese adult male rats
improved Apn on higher level, in turn ADSCs from females showed low leptin
level after exposure. Research of Trent ef al. presented activity growth and weight
loss in obese adult knockout male mice in electromagnetic field of 0.5 Tesla (T)
conditions. Other research studies dealing with human embryonic stem cells which
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were underwent static magnetic fields exposure showed upregulation of genes
encoding insulin factors [18]. Cell line HIT-T15 under ELEMF demonstrated
limited insulin secretion in response to increased glucose level [50]. Contrary, in the
same conditions, HIT-T15 cells treated with electromagnetic field at a frequency of
60 Hz, 5 mT without glucose therapy, responded with an increase in intracellular
insulin concentration [51].
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Abstract: Objective: Theaim of this study was to verify if the exposure to the pulsed electromagnetic
field (PEMF) influenced the release of proinflammatory cytokines from adipose-derived stem cells
(ADSCs) of normal and overweight rats of various age and sex. Moreover, we compared body temperatures
of normal-weight and overweight rats.

Methods: ADSCs of Wistar rats were isolated from the subcutaneous area in females and paratesticular
region in males, cultured and exposed to PEMF (7 Hz, 30 mT). Concentrations of proinflammatory
cytokines were determined in rat sera and supernatant from ADSCs cultures exposed and non-exposed
to PEMF. Body temperature (BT) was measured twice a week, using an infrared and rectal thermometer.
Results: Irrespective of age and sex, animals maintained on low-fat (LF) diet had higher BT than
those grown on high-fat (HF) diet. Exposure to PEMF reduced the release of TNF-a and enhanced
the production of IL-6 in ADSCs cultures from female pups maintained on LF diet. In contrast, a decrease
in IL-6 level was observed in PEMF-exposed ADSCs cultures from female pups grown on HF diet.
A similar phenomenon, i.e. a post-exposure increase in IL-6 level was also observed in male pups fed
with the LF diet. In the case of ADSCs cultures from adult rats maintained on an HF diet, either males
or females, PEMF exposure contributed to a dramatic increase in TNF-a production.

Conclusion: Our findings suggest that PEMF exposure may affect the production of proinflammatory
cytokines in ADSCs cultures. The intergroup differences in BT may result from the presence of an
underlying inflammation in obese rats.

Key words: obesity, PEMF, ADSCs, proinflammatory cytokine, temperature.
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Introduction

The effect of electromagnetic field (EMF) as a modulator of immune response has
been recently a subject of many studies [1]. Previous research demonstrated that
exposure to the pulsed electromagnetic field (PEMFE) might affect proliferation,
differentiation and viability of various cell types, as well as their metabolic and
signal transduction pathways [2-6]. Extremely low-frequency electromagnetic fields
(ELF-EMF) were shown to modulate the release of inflammatory mediators and
keratinocyte proliferation [7]. According to Vincenzi ef al, the treatment of N9
microglial cell cultures with lipopolysaccharides and exposure to PEMF contributed
to a decrease in concentrations of proinflammatory cytokines, such as tumor necrosis
alpha factor (TNF-a), interleukin 6 (IL-6) and interleukin-1p (IL-1f), in cell culture
medium [8]. Also, a study of adipose-derived stem cells (ADSCs) isolated from
adipose tissue (AT) of male and female Wistar rats showed that exposure to PEMF
modulated the synthesis of proinflammatory cytokines and adipokines by these
cellular population [9].

Almost a half billion people worldwide are obese, and according to one hypothesis,
the predisposition to overweight may correlate with metabolic activity and energy
balance in homeothermy [10]. According to literature, normal body temperature (BT)
of laboratory rats approximates 37.5-38.5/39.0°C. A decrease below those values may
be a marker of immune response associated with an inflammatory process [11-13].
A drop off in BT below normal values was inter alia observed in adult female rats
with experimentally-induced cystitis caused by E.coli strains [14].

The tunction of AT later in life is modulated by maternal nutritional status during
fetal and immediate postnatal period; this phenomenon is referred to as metabolic
programming [15]. Fat depots forming adipose tissue differ in terms of their structure
and function [16].

Brown adipose tissue (BAT) is involved in thermogenesis acting via catecholamine
sipnaling pathways. Homeostatic hormones, such as leptin and insulin, affect
a release of uncoupling protein 1 (UCP-1) and the generation of thermal energy in
brown adipocytes [17]. In turn, the primary function of adipocytes in white adipose
tissue (WAT) is an accumulation of lipids and endocrine activity. Thus, an excess
of WAT leads to obesity [18, 19]. In one study, rats maintained on high-fat (HF)
diet showed an increase in UCP-1 level, but this effect was observed only in males.
However, the authors of this study did not analyze changes in BT [20]. In contrast,
Almeida ef al. demonstrated that maternal HF diet contributed to an increase
in UCP-1 and tyrosine hydroxylase (TH) contents in BAT from female, but not
male pups [21]. Obesity was shown to cause disorders of BT in nonpregnant rats.
Consumption of cafeteria diet contributed to a decrease (by up to 0.29°C) in BT of
overwelght female rats during the estrous cycle and pregnancy [22].
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Excessive proliferation of AT can cause adipocyte dysfunction and stimulate secretion
of proinflammatory cytokines [23]. Inflammatory mediators, such as TNF-a and IL-6,
are the main proinflammatory cytokines associated with the development of endothelial
dysfunction in obesity and type 2 diabetes mellitus (T2DM) [24]. TNF-a plays a crucial
role as a chemotactic and activating agent attracting neutrophils and monocytes to the site
of inflammation [25]. Overweight is known to be assoclated with excessive secretion
of THNF-a in adipose tissue. Rat’s male offspring from mothers maintained on HF diet
during pregnancy and lactation presented with elevated serum levels of TNF-a [26].
An increase in serum TNF-a was also observed in HF diet-fed rats with experimentally
induced kidney damage [27]. One study demonstrated that the development of low-grade
inflammation in mice with diet-induced obesity was associated with upregulation of
IL-6 [28]. In another experiment, male mice maintained on two types of diet, HF and
cafeteria feeding, presented with elevated serum levels of IL-6 [29].

The aim of this study was to verify if the exposure to PEMF influenced the release
of proinflammatory cytokines from ADSCs of normal and overweight rats of various
age and sex. Before harvesting the AT, we measured BT of the study animals.

Material and Methods
Animal care and preparation

Wistar rats were obtained from the Animal House of the Faculty of Pharmacy,
Jagiellonian University Medical College. Following a 5-day quarantine, 64 animals of
various sex and age were randomized to eight groups, maintained on low- (LF) and
high-fat (HF) diet. The rats were kept in an experimental room with controlled air
temperature (20 + 5¢C) and humidity (55 + 10%), under a 12-hour light cycle (light
on from 7:00 AM to 7:00 PM), with unlimited access to water and chow. Every effort
was made to provide animal welfare in line with the principles of the 3Rs.

Dietary treatment

The study animals were maintained on two types of diet: regular low-fat diet (LFE
Labofeed B, Pasze Kcynia) containing 25% protein, 8% fat and 67% carbohydrates,
and obesity-inducing high-fat diet (HF, DIO, VERSELE-LAGA Opti Life Adult
Active) with 32% protein, 22% fat and 40% carbohydrates.

Cell culture and PEMF exposure
Adipose-derived stem cells (ADSCs) were isolated using the method described by

safford ef al. [30]. AT were obtained from both control and obese animals. The tissues
were washed with phosphate-buffered saline (PBS, Sigma-Aldrich, Germany) containing
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1% penicillin/streptomycin solution (Sigma-Aldrich, Germany), homogenized and
digested with type 1 collagenase (1 mg/mL; Gibco by Life Technologies, USA) at
37°C for 1 hour. Enzymatic activity of the samples was neutralized with Dulbecco’s
modified eagles medium (DMEM, Sigma-Aldrich, Germany) containing 10% fetal
bovine serum (FBS, Gibco by Life Technologies, USA) and 1% penicillin/streptomycin
solution. Then, the ADSCs were filtered (filters with a 100-pm pore diameter, Fisher
Scientific, USA) and centrifuged at 300 g for 10 min. The cell pellets were suspended
in DMEM supplemented with 10% FBS (Gibco by Life Technologies, USA) and
1% penicillin/streptomycin solution (Sigma-Aldrich, Germany), and left overnight in
T75 flasks (Corning, Sigma-Aldrich, Germany) in a 5% CO, incubator set at 37°C and
90% humidity. After one day of culture, non-adherent cells were washed out with PES
containing 1% penicillin/streptomycin solution and resuspended in a fresh cell culture
medium. Adherent cells were cultured until a 90% confluence was achieved, with
cell culture medium changed every 72 hours. When the cells became confluent, they
were treated with trypsin-EDTA solution (Gibco by Life Technologies, USA), followed
by enzymatic neutralization. Then, the cells were centrifuged at 300 g for 10 min.
Isolated ADSCs were counted with a hemocytometer and then cultured in triplicates
onto 96-well plates, at the density of 0.25 % 10° cells/ ml. After a 24-hour incubation,
the cells were exposed to PEMF (7 Hz, 30 mT, three exposures, each lasting 4 hours,
with 24-hour intervals in between.

Euthanasia and tissue harvestings

On the 21* day of the experiment, animals from all groups were sacrificed by
anesthetic overdose (Pentobarbital, Morbital, Putawy), to harvest adipose tissue
specimens.

Temperature measurements

BT of rats from all the study groups was measured twice a week. To minimize stress
and pain, BT of rat pups was measured with an infrared thermometer (Anima,
Vivari), whereas the measurements in adults were taken with a rectal thermometer
(Anima, Vivari).

ELISA tests

Concentrations of cytokines, TNF-a and IL-6, in serum and ADSCs cultures were
measured using ELISA with commercially available kits purchased from Diaclone
(SAS, France), strictly following the manufacturer’s instructions.
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Statistical analysis

All results are presented as arithmefic means + their standard deviations (5D).
Intergroup comparisons were carried out with Student t-test, with the threshold of

statistical significance set at p<0.05. Statistically sipnificant differences were designated
with asterisks.

Results
Female pups maintained on LF diet had significantly higher BT than female pups
grown on HF diet. The same phenomenon was also observed in the case of male pups.
BT of rat pups turned out to be lower than in adult rats, but this difference might be

associated with the fact that the measurements in these two age groups were taken
with different types of thermometer, infrared and rectal one, respectively (Fig. 1 and 2).

Body temperature in pups maintained on LF/HF diet
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Fig. 1. Effect of HR'LF diet on body temperature in female and male rat pups. The results are presented
as mean (+500), the statistical significance of intergroup differences verified with Student t-test, * p <0.05.

BT of female adult rats maintained on LF diet was significantly higher than
the temperature of adult females kept on HF diet. Also, male adult rats maintained
on LF diet presented with significantly higher BT than the males receiving HF
diet (Fig. 2).

Serum concentrations of cytokines, TNF-a and IL-6, in female pups and adult
females maintained on HF diet were significantly higher than in their counterparts
grown on LF diet (Fig. 3).

Both female and male pups received the same type of diet (HF or LF) as was
given to their mothers during pregnancy.
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Body temperature in adults maintained of LF/HF diet
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Fig. 2. Effect of HE'LF diet on body temperature in female and male adult rats. The results are presented
a5 mean (+500), the statistical significance of intergroup differences verified by Student t-test, * p <005,

Inflammatory cytokine levels in female pups and adult
females maintained on LF/HF diet
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Fig. 3. Serum concentrations of TNF-a and [L-6 in female pups and adult fermales maintained on LF and
HF diet, as determined by ELISA. The results are presented as mean (+50)), the statistical significance of
intergroup differences verified by Student t-test, * p <005, ** p <0001,

Serum concentrations of TNF-a and IL-6 in male pups and adult males grown on
HF diet were significantly higher than in respective groups of male rats maintained
on LF diet (Fig. 4).

While the exposure to PEMF contributed to a significant decrease in the
release of TNF-a from ADSCs obtained from female pups grown up on LF diet,
the amount of TNF-a synthesized by PEMF-exposed ADSCs from female pups
maintained on HF diet was significantly higher than in non-exposed ADSCs
from the same group of animals. Conversely, the exposure to PEFM resulted in
a significant increase in the amount of IL-6 secreted by ADSCs from female pups
maintained on LF diet, but PEMF-treated ADSCs from female pups grown on HF
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Inflammatory cytokine levels in male pups and
adult males maintained on LF/HF diet
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Fig. 4. Serum concentrations of TMF-a and IL-6 in male pups and adult males maintained on LF and
HF diet, as determined by ELISA. The results are presented as mean (+50)), the statistical significance of
intergroup differences verified by Student t-test, * p <005, ** p <0.001.

Inflammatory cytokine levels in ADSCs cultures from
female pups maintained on LF/HF diet
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Fig. 5. Concentrations of TNF-a and IL-6 in supernatants from adipose-derived stem cell (ADSCs)
cultures from female pups maintained on LF and HF diet, as determined by ELISA. The results for
control cultures and cultures treated with the pulsed electromagnetic field (PEMF) are expressed as
mean (+500), statistical significance of intergroup differences verified by Student t-test, * p <0.05.

diet produced significantly lesser amounts of this cytokine than the non-treated
cells (Fig. 5).

PEMF-exposed ADSCs from adult females grown on either LF or HF diet produced
significantly larger amounts of TNF-a than respective non-exposed ADSCs cultures.
While the exposure to PEMF contributed to a significant decrease in the amount of
IL-6 synthesized by ADSCs from adult females maintained on LF diet, no significant
differences were found in the concentrations of this cytokine in PEMF-treated
and non-treated ADSCs cultures from females grown on HF diet (Fig. 6).
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Inflammatory markers in ADSCs culture originated from
LF/HF diet female adult
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Fig. 6. Concentrations of TWF-a and IL-6 in supernatants from adipose-derived stem cell
(ADSCs) cultures from adult females maintained on LF and HF diet, as determined by ELISA.
The results for control cultures and cultures treated with the pulsed electromagnetic field (PEMEF)
are expressed as mean (+50), statistical significance of intergroup differences verified by Student
t-test, * p <0.05.

Irrespective of the diet type, exposure to PEMF contributed to a significant
increase in the concentration of TNF-a in the supernatants of ADSCs cultures from
male pups. While IL-6 concentration in PEMF-exposed ADSCs cultures from male
pups maintained on LF diet was significantly lower than in non-exposed cells, an
opposite effect, i.e. post-exposure increase in IL-6 level was observed in ADSCs from
male pups fed with HF diet (Fig. 7).

Inflammatory markers im ADSCs culture eriginated from
LF/HF male pups.
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Fig. 7. Concentrations of THNF-a and IL-6 in supernatants from adipose-derived stem cell (ADSCs)
cultures from male pups maintained on LF and HF diet, as determined by ELISA. The results for control
cultures and cultures treated with the pulsed electromagnetic field (PEMF) are expressed as mean (+50).
statistical significance of intergroup differences verified by Student t-test, * p <0.05.

74



znsoHsmapanpl -.r'\l N v jmirnals, pan. pl

Effect of the pulsed electromagnetic field on the release of inflammatory mediators. . . 29

Following the exposure to PEMF, ADSCs from adult male rats maintained on HF
diet, but not from animals kept on LF diet, produced significantly more TNF-a than
non-treated cells. Irrespective of the diet type, the exposure to PEMF contributed to
a significant increase in the production of IL-6 by ADSCs (Fig. 8).

Inflammatory markers in AD3Cs culture originated from
LF/HF diet male adult
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Fig. 8. Concentrations of THNF-a and IL-6 in supernatants from adipose-derived stem cell (ADSCs)
cultures from adult males maintained on LF and HF diet, as determined by ELTSA. The results for control
cultures and cultures treated with the pulsed electromagnetic field (FEMF) are expressed as mean (+503),
statistical significance of intergroup differences verified by Student t-test, * p <0.05.

Discussion

Non-shivering thermogenesis in mammals is associated with the activity of BAT,
and is responsible for the maintenance of BT, especially during inflammatory
processes [31]. BAT differs morphologically and functionally from WAT as it contains
small intracellular lipid droplets, a greater number of mitochondria, synthesizes
UCP-1 and shows enhanced metabolic activity [32]. Some published evidence suggests
that the activity of BAT may be limited in obese humans [33]. In our present study,
male and female rat pups grown on a standard LF diet had similar BT, 35.5C £ 0.1
and 35.6°C £ 0.9, respectively [34]. Our findings are consistent with the results
published by Tsushima ef al. who demonstrated that HF diet had an effect on BT in
adult male rats, which was lower than in the controls [35]. Also in another study, in
which BT was measured twice a day, male adult rats fed with HF diet presented with
lower body temperatures than the controls [36]. We observed that male and female
rats maintained on an HF diet, either pups or adults, had increased piloerection (not
shown) which may indicate disturbances at the BAT function level.

The results of our study are consistent with the observations made by De
Almeida ef al. according to whom male offspring from mothers grown on HF
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diet during lactation period (with light and dark cycle kept) had lower BT then
the controls maintained on LF diet [37]. However, another study conducted in mice
produced contradictory findings, since 4-week-old animals that were grown on HF
diet presented with higher BT than their counterparts maintained on LF diet; this
effect was observed during the day and was followed by a decrease in early-night
thermogenesis [38]. Finally, some authors did not find significant diet-related
differences in rectal temperatures of adult male rats [39].

Maternal HF diet is known to promote the signs of early obesity, excessive prolif-
eration of white adipocytes and enhanced accumulation of BAT in the offspring [40].
Male and female offspring from dams fed with HF diet during mating, gestation
and lactation were overweight and showed greater body adiposity. However, some
sex-specific differences were observed in the offspring’s response to HF diet, as only
males presented with hyperleptinemia and had higher energy expenditures [41].
Maternal HF diet was also shown to contribute to elevated plasma levels of TNF-a
and IL-p in the offspring [42]. Our findings are consistent with the results of an in
vitro study conducted by Tinkow et al, in which the levels of IL-6 in adult female rats
maintained on HF diet were significantly higher than in animals grown on a standard
LF diet. Also, serum concentrations of IL-6 in male adult mice and rats grown on
HF diet were shown to be higher than in control groups fed with LF diet [43, 44].
Likewise in our study, Diaz-Ria et al. demonstrated that HF diet had an effect on
serum TNF-a level in adult male rats [45]. Another study, conducted in overweight
rodents, showed that elevated concentration of TNF-a was a marker of underlying
inflammation [46]. An increase in serum TNF-a level was also previously observed in
young male mice grown on HF diet [47]. Elevated levels of TNF-a and [L-6 were also
found in visceral adipose tissue (VAT) harvested from male offspring grown on HF
diet. Interestingly, however, the level of TNF-a in subcutaneous adipose tissue (SAT)
from female pups maintained on the HF diet was similar as in the controls [48].

PEMF treatment is a non-invasive method to deliver electric and magnetic fields
to tissues especially those affected by various pathological processes. Published
evidence from clinical studies in humans and animal experiments suggests that PEMF
treatment may produce beneficial effects in bone and wound healing, inflammation,
treatment of post-operative pain and edema [49]. In vitro studies demonstrated that
PEMEF exerts an anti-inflammatory effect in cell culture models [50, 51].

Following the exposure to PEMF, the cells of the nucleus pulposus from adult
male rats released less IL-1p and TNF-a to cell culture medium [52]. In another
study, low-frequency PEMF treatment (2.5 £ 0.3 mT, 75 Hz, 1.3 ms pulse duration)
maintained at low levels the production of proinflammatory cytokines (IL-1p, TWF-a
and IL-6) in mononuclear cells obtained from adult male rats [53]. To the best of our
knowledge, none of the previous studies except those conducted by our group [9, 54],
have analyzed the effect of PEMF on ADSCs in an animal model for obesity. Our
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findings suggest that the exposure to PEMF may alter the profile of biomarkers
synthesized in vitro by undifferentiated ADSCs and that this effect may depend on
animal age, sex and the type of diet.
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Jednoczesnie ~ wyrazam  zgod¢ na  przedlozenie = w/w  pracy  przez
mgr inz....Agnieszki Baranowska . ... jako czg$¢ rozprawy doktorskiej w formie spéjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Os$wiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wkiad mgr inz. Agnieszki Baranowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.

w/éww/rf/a’ﬂ/’f sely

(podpis wspotautora)
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Krakéw, dnia 18.12.2018

Dr nauk med. Beata Skowron

(tytul zawodowy, imi¢ i nazwisko )

OSWIADCZENIE

Jako wspolautor pracy pt. Low Grade Inflammation in Visceral and Subcutaneous
Adipose Tissue Originated from Adipose Derived Stem Cells in Experimental Model of
Obesity in Rats under Influence of Pulsed Electromagnetic Field Interaction.

oswiadczam , iz méj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to:

Jednoczesnie wyrazam zgod¢ na przedlozeniec w/w pracy przez mgr inz. Agnieszke
Baranowska jako czgéci rozprawy doktorskiej w formic spdjnego tematycznie zbioru

artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$é ww. pracy wykazuje
indywidualny wklad mgr inz. ... Agnieszk¢ Baranowska... przy opracowywaniu koncepcii,
wykonywaniu czgsci eksperymentalnej, opracowywaniu i interpretacji wynikow tej pracy.

Mk oL

o.-u --------------------------------

(podpis wspolautora)
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13. 02 2049

KrakOW, dnidivinns o o

Dr Katarzyna Ciesielczyk.
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. Low Grade Inflammation in Visceral and Subcutaneous
Adipose Tissue Originated from Adipose Derived Stem Cells in Experimental Model of
Obesity in  Rats under Influence of  Pulsed Electromagnetic ~ Field

IO BRI i s S S B R i i

o$wiadczam, iz m6j wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacji to:

pomoc w zbieraniu literatury

Jednoczesnie  wyrazam  zgode na  przedlozenie = w/w pracy  przez
mgr inz..... Agnieszk¢ Baranowska......... Jako czg$¢ rozprawy doktorskiej w formie sp6jnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy
wykazuje indywidualny wkiad mgr inz. ....Agnieszki Baranowskiej .... przy opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspdtautora)
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Krakow, dnia.d f‘% - JO]

Dr hab. Jolanta Kaszuba-Zwoifiska
(tytut zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Low Grade Inflammation in Visceral and Subcutaneous
Adipose Tissue Originated from Adipose Derived Stem Cells in Experimental Model of

Obesity in Rats under Influence of Pulsed Electromagnetic Field Interaction”

oswiadczam, iz mo6j wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

-korekta manuskryptu i pomoc w analizie statystycznej

Jednoczesnie ~ wyrazam  zgod¢ na  przedlozenie w/w  pracy przez
mgr inz..... Agnieszke Baranowska......... jako czes¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$é ww. pracy
wykazuje indywidualny wklad mgr inz. .... Agnieszki Baranowskiej .... przy
opracowywaniu koncepcji, wykonywaniu czg$ci eksperymentalnej, opracowaniu i

interpretacji wynikow tej pracy.

(}(/ ..... WX*/”“&*

(podpis wspoétautora)
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Krakéw, dnia 12-02-2019

Dr hab. Krzysztof Gil, prof. UJ
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Low Grade Inflammation in Visceral and Subcutaneous
Adipose Tissue Originated from Adipose Derived Stem Cells in Experimental Model of
Obesity in Rats under Influence of Pulsed Electromagnetic Field Interaction”
oswiadczam, iz m6j wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacii to:

- wsparcie finansowe projektu
- rewizja tekstu manuskryptu

- akceptacja wersji finalnej manuskryptu

Jednoczesnie wyrazam zgode¢ na przedlozenie w/w pracy przez Panig
mgr inz. Agnieszk¢ Baranowska jako czes¢ rozprawy doktorskiej w formie spojnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wklad mgr inz. Agnieszki Baranowskiej przy opracowywaniu
koncepeji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspotautora)
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Krakow, dnia 18.12.2018

Dr nauk med. Beata Skowron

(tvtul zawodowy, imi¢ i nazwisko )

OSWIADCZENIE

Jako wspolautor pracy pt. Obesity related adipokines release in rat adipose derived
stem cell cultures influenced by pulsed electromagnetic field.

oswiadczam , iz mdj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji to:

Jednocze$nie wyrazam zgode¢ na przedlozenie w/w pracy przez mgr inz. Agnieszke
Baranowska jako czgsci rozprawy doktorskiej w formie spOjnego tematycznie zbioru

artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy wykazuje
indywidualny wklad mgr inz. ... Agnieszk¢ Baranowska... przy opracowywaniu koncepcji,
wykonywaniu czgsci eksperymentalnej, opracowywaniu i interpretacji wynikow tej pracy.

(podpis wspolautora)
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Dr hab. Jolanta Kaszuba-Zwoinska
(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Obesity related adipokines release in rat adipose derived

stem cell cultures influenced by pulsed electromagnetic field”

os$wiadczam, iz m6j wlasny wkitad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

-korekta manuskryptu i pomoc w analizie statystycznej

Jednocze$nie  wyrazam  zgod¢ na  przedlozenie @ w/w  pracy  przez
mgr inz..... Agnieszk¢ Baranowska... jako czg$¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wklad mgr inz. ... Agnieszki Baranowskiej ..przy opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspoétautora)
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Krakéw, dnia 12/02/2019

Dr hab. Krzysztof Gil, prof. UJ
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspétautor pracy pt. “Obesity related adipokines release in rat adipose derived stem cell

cultures influenced by pulsed electromagnetic field”

oswiadczam, iz moj wlasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

- wsparcie finansowe projektu

- rewizja tekstu manuskryptu

- akceptacja wersji finalnej manuskryptu

Jednoczesnie wyrazam zgod¢ na przedlozenie w/w pracy przez Panig
mgr inz. Agnieszke Baranowska jako czes¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy
wykazuje indywidualny wklad mgr inz. Agnieszki Baranowskiej przy opracowywaniu
koncepcji, wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspotautora)
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Krakéw, dnia 18.12.2018

Dr nauk med. Beata Skowron

(tytul zawodowy, imi¢ i nazwisko )

OSWIADCZENIE

Jako wspélautor pracy pt. Effect of the pulsed electromagnetic field on the release of

inflammatory mediators from adipose-derived stem cells (ADSCs) in rats.

oswiadczam , iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanic badan oraz przedstawienie pracy w formie publikacji to:

Jednoczesnie wyrazam zgod¢ na przediozenie w/w pracy przez mgr inz. Agnieszke
Baranowskg jako cz¢Sci rozprawy doktorskiej w formie spdjnego tematycznic zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i1 mozliwa do wyodre¢bnienia cz¢$¢ ww. pracy wykazuje
indywidualny wkiad mgr inz. ... Agnieszke Baranowska... przy opracowywaniu koncepcji,
wykonywaniu czgsci eksperymentalnej, opracowywaniu i interpretacji wynikéw tej pracy.

(podpis wspolautora)
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Krakow, dnia..4 h O-ZM -9

Dr hab. Jolanta Kaszuba-Zwoinska
(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Effect of the pulsed electromagnetic field on the release of

inflammatory mediators from adipose-derived stem cells (ADSCs) in rats”

o$wiadczam, iz mdj whasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

- korekta manuskryptu i pomoc w analizie statystycznej

Jednoczesnie  wyrazam  zgod¢ na  przedlozenie @ w/w  pracy  przez
mgr inz..... Agnieszke Baranowska......... jako czes¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ ww. pracy
wykazuje indywidualny wkiad mgr inz. ...Agnieszki Baranowskiej .... przy opracowywaniu
koncepcji, wykonywaniu czgéci eksperymentalnej, opracowaniu i interpretacji wynikéw tej

pracy.
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Krakow, dnia 12/02/2019

Dr hab. Krzysztof Gil, prof. UJ
(tytut zawodowy, imie i nazwisko)

OSWIADCZENIE

Jako wspoétautor pracy pt. “Effect of the pulsed electromagnetic field on the release of

inflammatory mediators from adipose-derived stem cells (ADSCs) in rats”

oswiadczam, iz m6j wlasny wklad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacii to:

- wsparcie finansowe projektu

- rewizja tekstu manuskryptu

- akceptacja wersji finalnej manuskryptu

Jednoczesnie wyrazam zgode na przedlozenie w/w pracy przez Pania
mgr inz. Agnieszk¢ Baranowska jako cze$¢ rozprawy doktorskiej w formie spdjnego
tematycznie zbioru artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czeS¢ Ww. pracy
wykazuje indywidualny wkiad mgr inz. Agnieszki Baranowskiej przy opracowywaniu
koncepcji, wykonywaniu czgsci eksperymentalnej, opracowaniu i interpretacji wynikow tej

pracy.

(podpis wspotautora)
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