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1. POSIADANE DYPLOMY | STOPNIE NAUKOWE

25.09.2012rr.

doktor nauk chemicznych w dyscyplinie chemia, specjalno$¢:
chemia analityczna; Uniwersytet Marii Curie-Sklodowskiej w
Lublinie; Wydziat Chemii; tytul rozprawy doktorskiej: ,,Analiza
stripingowa wybranych pierwiastkow toksycznych z
uwzglednieniem ich specjacji”’; promotor: prof. dr hab. Mieczystaw

Korolczuk

30.06.2008 r.

magister; kierunek studiow — chemia; Uniwersytet Marii Curie-
Sktodowskiej w Lublinie; Wydzial Chemii; tytut pracy
magisterskiej: ,,Oznaczanie kadmu i amarantu metoda analizy
stripingowej z zastosowaniem btonkowej elektrody olowiowej”;

promotor: prof. dr hab. Mieczystaw Korolczuk

1.  DOTYCHCZASOWE ZATRUDNIENIE W JEDNOSTKACH NAUKOWYCH

2013- obecnie

adiunkt w Katedrze Biochemii i Toksykologii Wydziatu Nauk o
Zwierzetach 1 Biogospodarki Uniwersytetu Przyrodniczego w

Lublinie

2012-2013 .

asystent w Katedrze Biochemii i Toksykologii Wydziatu Biologii i

Hodowli Zwierzat Uniwersytetu Przyrodniczego w Lublinie




IV.  OSIAGNIECIE NAUKOWE WYNIKAJACE Z ART. 219 UST. 1 PKT. 2b
USTAWY PRAWO O SZKOLNICTWIE WYZSZYM 1 NAUCE
(Dz.U.2018.0.1668 - USTAWA Z DNIA 20 LIPCA 2018 r.)

A. TYTUL OSIAGNIECIA  NAUKOWEGO ,POZIOM WYBRANYCH
HORMONOW 1 SKEADNIKOW MINERALNYCH W ORGANIZMIE
SZCZURA 1 KURCZAT ZALEZNY JEST OD ZASTOSOWANEJ FORMY
CHROMU W DIECIE”

B. PUBLIKACJE WCHODZACE W SKEAD OSIAGNIECIA NAUKOWEGO

I.1. Stepniowska A., Tutaj K., Juskiewicz J., Ognik K. Effect of a high-fat diet and chromium
on hormones level and Cr retention in rats. J. Endocrinol. Invest. 2022, 45, 527-535. DOI:
10.1007/s40618-021-01677-3

(IF =5,467; MEIN — 100)

Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan oraz napisanie
manuskryptu i przeprowadzenie procesu edytorskiego (autor korespondencyjny), a takze
bratam udzial w przeprowadzeniu analiz laboratoryjnych.

I.2. Stepniowska A., Juskiewicz J., Tutaj K., Fotschiki J., Fotschki B., Ognik K. Effect of
chromium picolinate and chromium nanoparticles added to low- or high-fat diets on
chromium biodistribution and the blood level of selected minerals in rats. Pol. J. Food Nutr.
Sci. 2022, 72, 229-238. DOI: 10.31883/pjfns/151750

(IF = 2,736; MEIN — 100)

Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan oraz napisanie
manuskryptu i przeprowadzenie procesu edytorskiego (autor korespondencyjny), a takze
bratam udzial w przeprowadzeniu analiz laboratoryjnych.

1.3. Stepniowska A., Tutaj K., Drazbo A., Koztowski K., Ognik K., Jankowski J. Estimated
intestinal absorption of phosphorus and its deposition in chosen tissues, bones and feathers of
chickens receiving chromium picolinate or chromium nanoparticles in diet. PloS One, 2020,
15, e0242820, DOI: 10.1371/journal.pone.0242820

(IF = 3,240; MEIN — 100)

Bylam odpowiedzialna za koncepcje, hipoteze i metodologie badan oraz napisanie
manuskryptu i przeprowadzenie procesu edytorskiego (autor korespondencyjny), a takze
bratam udzial w przeprowadzeniu analiz laboratoryjnych.

I.4. Ognik K., Drazbo A., Stepniowska A., Koztowski K., Listos P., Jankowski J. The effect
of chromium nanoparticles and chromium picolinate in broiler chicken diet on the
performance, redox status and tissue histology. Anim. Feed Sci. Technol., 2020, 259, 114326,
DOI: 10.1016/j.anifeedsci.2019.114326

(IF = 3,247; MEIN — 200)

Bratam udzial w opracowaniu koncepcji przeprowadzenia badan, przeprowadzeniu analiz
laboratoryjnych oraz napisaniu manuskryptu.

I.5. Stepniowska A., Drazbo A., Koztowski K., Ognik K., Jankowski J. The effect of
chromium nanoparticles and chromium picolinate in the diet of chickens on levels of selected
hormones and tissue antioxidant status. Animals, 2020, 10, 45, DOI: 10.3390/ani10010045

(IF = 2,752; MEiN — 100)

Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan oraz napisanie
manuskryptu i przeprowadzenie procesu edytorskiego (autor korespondencyjny), a takze
bratam udzial w przeprowadzeniu analiz laboratoryjnych.




Sumaryczny Impact Factor publikacji wchodzacych w sklad osiagniecia naukowego
wedlug listy Journal Citation Reports (JCR) = 17,422

Suma punktow za publikacje wchodzace w sklad osiagniecia naukowego wedlug wykazu

czasopism naukowych MEIN = 600

Kopie publikacji wchodzacych w sktad szczegdlnego osiggnigcia naukowego stanowia

zalacznik nr 5. O$wiadczenia wspotautorow wyzej wymienionych prac stanowi zatgcznik nr

6.

OMOWIENIE CELU NAUKOWEGO WW. PRAC I OSIAGNIETYCH WYNIKOW WRAZ
Z OMOWIENIEM ICH EWENTUALNEGO WYKORZYSTANIA

Wprowadzenie i uzasadnienie badan

Chrom (Cr) jest pierwiastkiem, ktérego rola w organizmie nie jest do konca poznana.
Z uwagi na jego wptyw na metabolizm weglowodanow, NRC (2005) sklasyfikowato chrom
jako pierwiastek niezbedny do prawidtowego funkcjonowania organizmu. Jednak badania z
ostatnich lat wykazaly, ze efekty korzystne wymagaja stosowania wysokich,
farmakologicznie odpowiednich dawek, znacznie przekraczajacych dawki istotne zywieniowo
(Vincent, 2013; Di Bona i in., 2011). W zwiazku z tym Europejski Urzad ds. Bezpieczenstwa
Zywnosci (EFSA, 2009) doktadnie ocenit niezbedno$é chromu i doszedt do wniosku, ze nie
ma jednoznacznych dowodow potwierdzajacych niezbednos¢ chromu trojwartosciowego jako
pierwiastka §ladowego. Przyjeto klasyfikacje chromu jako pierwiastka korzystnego odzywczo
lub farmakologicznie (EFSA, 2009).

W przyrodzie Cr wystepuje gtdéwnie w dwoch formach roznigeych sie stopniem
utlenienia jako Cr(IIl) oraz Cr(VI). Rozroznienie tych dwoch form jest bardzo wazne ze
wzgledow toksykologicznych, gdyz Cr(IIl) jest pierwiastkiem korzystnie oddzialujgcym na
organizm, natomiast Cr(VI) wykazuje dziatanie toksyczne oraz ma udowodnione dziatanie
kancerogenne. Z tego powodu jako suplement diety zarowno dla zwierzat laboratoryjnych jak
I gospodarskich stosowany jest tylko Cr(l1l). Chrom naturalnie wystgpuje w diecie zwierzat
gtownie w postaci zwigzkow nieorganicznych takich jak np. CrCls, natomiast jako dodatek do
diety czy wody stosowane sg rowniez formy organiczne tego pierwiastka takie jak kompleksy
Cr z kwasem pikolinowym, nikotynowym czy aminokwasami oraz drozdze wzbogacane
chromem. Ponadto coraz cz¢éciej badane sg rowniez nanoczastki Cr jako potencjalny dodatek

do diety dla zwierzat.



Wchtanianie Cr z diety jest zazwyczaj niskie i wynosi ok. 1% dla zwigzkoéw
nieorganicznych takich jak np. CrCl; (Vincent, 2013; Khan i in., 2014), natomiast lepsza
absorpcje wykazuja kompleksy Cr(IIl) z ligandami organicznymi (oK. 3%). Natomiast w
przypadku nanoczastek Cr, ze wzgledu na ich mate rozmiary 1 unikatowe witasciwosci, ciezko
stwierdzi¢ czy ich wchtanianie bedzie lepsze czy gorsze niz innych form Cr. W dostepnej
literaturze mozna znalez¢ niewiele informacji na temat absorpcji nanoczastek Cr w
przewodzie pokarmowym zwierzat zarowno laboratoryjnych jak i gospodarskich.

Dokladny mechanizm wnikania tego pierwiastka do komorek (niezaleznie od
stosowanej formy) nie zostal dotychczas poznany. Prawdopodobnie przedostaje si¢ on do
wnetrza komorki na drodze dyfuzji biernej, pinocytozy lub fagocytozy (Eastmond i in., 2008).
Natomiast po wchionigciu do krwioobiegu, Cr jest transportowany do tkanek poprzez gtowne
biatko transportowe zelaza - transferyng. Wedlug Eastmonda i in. (2008) Cr jest szybko
usuwany z organizmu gldwnie z moczem, a jego biologiczny okres pottrwania przy podaniu
doustnym wynosi 10 h.

Chrom wystgpujacy w ustroju jest zwigzany z oligopeptydem chromoduling. Jest to
niskoczasteczkowa substancja wigzaca Cr (ang. low molecular weight chromium binding
substance — LMWCr) sktadajaca si¢ z glicyny, cysteiny, asparginianu i glutaminianu z
karboksylanami zawierajgcymi ponad potowe wszystkich reszt aminokwasowych.
Chromodulina moze zwiaza¢ az 4 jony Cr**. Apochromodulina, czyli oligopeptyd bez
przylaczonych jonéw Cr jest magazynowana w komorkach wrazliwych na insuling. W
odpowiedzi na wzrost st¢zenia insuliny we krwi, insulina wigze si¢ ze swoim receptorem,
powodujac zmiang konformacji, ktéra powoduje autofosforylacje reszt tyrozyny po
wewngetrznej stronie receptora. Proces ten przeksztalca receptor w aktywnag kinaze
tyrozynowg 1 przekazuje sygnal z insuliny do komoérki. W odpowiedzi na insuling Cr jest
przenoszony z krwi do komorek wrazliwych na insuling. Chrom wiaze si¢ z apochromoduling
tworzac holochromoduling. Nastepnie holochromodulina wigze si¢ z receptorem,
prawdopodobnie pomagajagc w utrzymaniu receptora w jego aktywnej konformaciji,
wzmacniajac aktywnos¢ kinazy receptora. Gdy sygnalizacja ma by¢ wylaczona, spadek
poziomu insuliny we krwi sprzyja rozluznieniu konformacji receptora, a holochromodulina
jest wydalana z komorki do krwi. Nastgpnie chromodulina jest wydalana z organizmu z
moczem (Vincent, 2004).

Chrom poprzez aktywacj¢ wydzielania insuliny umozliwia prawidlowe przemiany
metaboliczne weglowodanow, biatek 1 lipidow. Ponadto badania naukowe potwierdzaja

wplyw tego pierwiastka na wydzielanie hormonow. Wedhlug Inanc i in. (2006) suplementacja
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diety chromem skutkuje obnizeniem poziomu ,,hormonu sytosci” — leptyny we krwi. Z Kkolei
badania przeprowadzone na zwierzgtach laboratoryjnych pokazuja, ze Cr zwigksza
obwodowa dostepnos¢ tryptofanu - aminokwasu niezbgdnego do syntezy serotoniny (5-HT)
(Attenburrow i in., 2002). Natomiast badania przeprowadzone na kurczetach pokazuja, ze
dodatek chromu do diety ptakow utrzymywanych w warunkach stresu cieplnego skutkuje
zwickszeniem wydzielania hormonow tarczycy — trijodotyroniny (T3) i tyroksyny (T4) (Sahin
I in., 2002). Jednakze czgsto uzyskane wyniki badan sg rozbiezne i zaleza zaréwno od
gatunku zwierzat, jak i zastosowanej formy oraz dawki chromu.

Wchioniety do organizmu chrom poprzez wplyw na wydzielanie hormonoéw takich jak
parathormon (PTH), kortykosteron, insulina czy dopamina moze rowniez posrednio wptywac
na gospodark¢ mineralng organizmu, a szczeg6lnie na gospodarke fosforu i wapnia. Fosfor
jest sktadnikiem kwaséw nukleinowych i fosfolipidow, bierze udzial w zachowaniu
rOwnowagi osmotycznej organizmu 0raz razem z wapniem uczestniczy w mineralizacji kosci.
Z uwagi na to, ze Cr i Fe maja to samo biatko transportowe, Cr moze rowniez zaburzaé
gospodarke zelaza.

Poprzez wpltyw na wydzielanie hormondéw i metabolizm weglowodanow chrom
rowniez posrednio wptywa na efekty produkcyjne oraz otluszczenie organizmu. Zaréwno
producenci jak i konsumenci mig¢sa drobiowego uwazajg zmniejszenie othuszczenia tuszek za
efekt pozadany. Jednakze wyniki badan przeprowadzonych do tej pory na temat mozliwos$ci
redukcji otluszczenia poprzez dodatek chromu do diety nie sg jednoznaczne zaré6wno jezeli
chodzi o dawke czy forme chromu. Wedtug literatury zastosowanie dawek Cr w zakresie 200-
3200 pug/kg nie ma wplywu na ottuszczenie tuszki (Moeini i in., 2011; Ghanbari i in., 2012,
Habibian i in., 2013) lub moze skutkowa¢ zmniejszeniem ottuszczenia (Lien i in., 1999; Sahin
i in., 2002, 2003; Kheiri i Toghyani, 2009; Zha i in., 2009; Chen i in., 2018). Wedtug EFSA
(2015) suplementacja diety pikolinianem Cr lub drozdzami wzbogacanymi chromem w ilo$ci
0,8 mg/kg diety nie wptywa na efekty produkcyjne kurczat i indykéw. Podobnie Moeini 1 in.
(2011), ktorzy podawali kurczgtom brojlerom w warunkach stresu cieplnego CrCls lub
metioninian Cr (Cr-Met) w dawkach 800 i 1200 ppb nie odnotowali wptywu Cr na efekty
produkcyjne. Z kolei Sahin i in. (2003), ktory podawali kurczetom 250 ppb Cr-Pic stwierdzili
poprawe wynikow produkcyjnych. Zazwyczaj badania naukowe dotyczace stosowania
dodatku Cr do diety zwierzat gospodarskich, w tym drobiu nie majg na celu uzyskania
poprawy wynikéw produkcyjnych, a niwelowanie dziatania stresu cieplnego czy zmniejszenie
otluszczenia tuszki. Rozbiezno$¢ uzyskanych wynikow moze by¢ wynikiem wielu

czynnikow, gtéwnie jednak stosowanej dawki i formy Cr. Europejski Urzad ds.
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Bezpieczenstwa Zywnosci (EFSA) rekomenduje dawke 300 pg/kg m.c. dla zwierzat
laboratoryjnych, nie ma natomiast rekomendacji dla drobiu. Podobnie nie ma rekomendacji
National Research Council (NRC, 1994) dla dawek Cr stosowanych u drobiu. Dlatego tez w
dostegpnej literaturze mozna znalez¢ badania dotyczace wptywu na organizm réznych dawek
Cr, przyktadowo dla pikolinianu chromu badano dawki 200 — 4000 ug/kg, natomiast dla
nanoczastek Cr 200 — 1500 pg/kg (Uyanik i in., 2002a, 2002b; Sirirat i in., 2012).

Produkty zawierajace Cr w formie CrCls, Cry(SO4); lub pikolinianu Cr sa
zatwierdzone jako dodatki do zywnos$ci dla ludzi badZ preparaty farmaceutyczne, natomiast
nie sg obecnie dopuszczone w UE jako dodatki paszowe. Z kolei w USA tripikolinian chromu
jest dozwolony jako dodatkowe zrodto chromu w diecie §win, przy czym poziom
suplementacji jest ograniczony do 200 ppb chromu (van Paemel i in., 2010).

Coraz popularniejsze w badaniach naukowych staja si¢ rowniez nanoczgstki chromu
ze wzgledu na ich unikalne wlasciwosci. Mozna przypuszcza¢ ze ze wzgledu na ich maly
rozmiar, nanoczastki beda lepiej absorbowane w przewodzie pokarmowym niz formy makro.
Ponadto nadal niewiele wiadomo na temat dziatania nanoczastek Cr na organizm, przede
wszystkim czy bedg miaty taki sam wptyw jak makro formy Cr czy tez ich maty rozmiar oraz
unikatowe wlasciwosci fizyczne wplyna na ich role w organizmie. Interesujace wydaje sie
réwniez czy wchloniete nanoczastki zostang zdeponowane w organizmie i jezeli tak to jakie
skutki bedg wywotywaty.

Podsumowujac, dane literaturowe dostarczajg informacji, ze chrom ma wplyw na
wydzielanie hormonéw regulujacych gospodarka weglowodanowa. Istnieja dane, z ktorych
wynika takze zwigzek pomiedzy wydzielaniem ww. hormondéw a poziomem sktadnikow
mineralnych. Dotychczas jednak nie przeprowadzono kompleksowych badan, ktore
dostarczylyby szerokiej wiedzy na temat wptywu réznych form i dawek chromu na poziom
hormonéw (innych niz regulujace gospodarke weglowodanowg) oraz skladnikow
mineralnych. Wiedza na temat takiego wptywu ma znaczenie zardwno poznawcze jak i
praktyczne dla hodowcow zwierzat gospodarskich. Chrom poprzez wptyw na wydzielanie
insuliny moze regulowa¢ réwniez posrednio wydzielanie serotoniny. Hormon ten odgrywa
modulujaca rolg w regulacji temperatury, CO jest szczegélnie wazne w warunkach stresu
cieplnego czy tez obnizonej temperatury W hodowli drobiu. Dodatkowo Cr moze modulowaé
wydzielanie hormonu zwigzanego ze stresem - noradrenaliny. Zwigkszony stres moze
prowadzi¢ do zahamowania wzrostu zwierzat oraz agresywnych zachowan u ptakow. W

hodowli drobiu bardzo waznym pierwiastkiem jest fosfor, ktorego deficyty moga prowadzic¢



do zwiekszonej tamliwosci kosci. Dodatek Cr do diety kurczat poprzez wpltyw na wydzielanie
hormonoéw moze skutkowa¢ réwniez zwigkszonym wchtanianiem P co byloby korzystnym

efektem stosowania Cr.

Cel i zakres pracy

Postawiono hipoteze, ze ilos¢ wydzielanych hormonéw (insuliny, glukagonu, leptyny,
greliny, serotoniny, dopaminy, noradrenaliny, tyroksyny — T4) oraz ich wptyw na gospodarke
mineralng, status redoks, funkcje watroby czy otluszczenie organizmu jest zalezna od
zastosowanej w diecie formy i dawki chromu a takze od ilosci thuszczu w diecie.

Celem badan na zwierzgtach laboratoryjnych byto poroéwnanie i ustalenie wplywu
zastosowania w diecie szczurow dodatku chromu w formie kompleksow organicznych lub
nanoczastek na biodystrybucje tego pierwiastka, wydzielanie wybranych hormonow (insuliny,
glukagonu, leptyny, greliny, serotoniny, dopaminy, noradrenaliny, tyroksyny — T4) oraz
gospodarke mineralng organizmu.

Celem badan na kurczetach bylo ustalenie wpltywu stosowania réznych form Cr
(komplekséw organicznych lub nanoczastek) oraz roéznych dawek (3 lub 6 mg/kg) na
wydzielanie wybranych hormonéw (insuliny, glukagonu, serotoniny, dopaminy,
noradrenaliny, tyroksyny — T4), gospodarke mineralna, status redoks, funkcje watroby oraz

otluszczenie organizmu.

Omowienie wynikow prac wskazanych, jako szczegdélne osiagniecie naukowe

W celu weryfikacji hipotezy badawczej przeprowadzono 3 dos§wiadczenia.

Doswiadczenie 1 przeprowadzono na 56 szczurach Wistar. Zwierzgta zostaty
podzielone na 8 grup po 7 szt. w kazdej grupie. Doswiadczenie prowadzono przez 8 tygodni.
Zastosowano dwa typy diety: standardowa i wysokotluszczowg oraz 3 formy chromu:
pikolinian chromu (Cr-Pic), kompleks chromu z metioning (Cr-Met) i nanoczastki chromu
(Cr-NP). Dawka Cr zostata wybrana na podstawie zalecen EFSA (2014) i wynosita 0,3 mg/kg
m.cC.

Doswiadczenie 2 przeprowadzono na 48 szczurach rasy Wistar karmionych
niskothuszczowa (LFD) lub wysokotluszczowa (HFD) dieta z dodatkiem nanoczastek chromu
lub pikolinianu chromu. Doswiadczenie sktadato si¢ z dwoch 9 tygodniowych okresow:
wstepnego 1 eksperymentalnego. W poczatkowym 9-tygodniowym okresie szczury byty

karmione dietag wysokottuszczowg. Po okresie wstepnym szczury zostaty losowo podzielone
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na 4 grupy po 12 szt. i karmione przez kolejne 9 tygodni w nastepujacy sposob: grupa LFD-
CrPic otrzymywata standardowa diet¢ niskotluszczowa z dodatkiem pikolinianu chromu;
grupa LFD-CrNPs - standardowa diet¢ niskottuszczowa z nanoczastkami chromu; grupa
HFD-CrPic - diete wysokotluszczowa z pikolinianem chromu; a grupa HFD-CrNPs - diete
wysokottuszczowg z nanoczgstkami chromu. Szczurom podawano chrom w dawce takiej
samej jak w dos§wiadczeniu 1 (0,3 mg/kg m.c.).

Doswiadczenie 3 przeprowadzono na 405 1-dniowych kurczetach brojlerach Ross
308, ktore zostaty podzielone na 5 grup doswiadczalnych (9 powtorzen x 9 szt.). Grupa
kontrolna nie trzymywata dodatku Cr do diety, grupy 3 mg/kg Cr-Pic i 6 mg/kg Cr-Pic
otrzymywaty dodatek pikolinianu chromu odpowiednio w ilosci 3 lub 6 mg/kg diety, grupy 3
mg/kg Cr-NP i 6 mg/kg Cr-NP otrzymywaly dodatek nanoczastek chromu odpowiednio w
ilosci 3 lub 6 mg/kg diety. W 35 dniu zycia zwierzeta poddano ubojowi 1 pobrano materiat
badawczy.

Szczegolowa charakterystyka metod badawczych wraz z opisem zastosowanych analiz
statystycznych otrzymanych wynikow, a takze szczegotowy opis wynikow badan zostaty
opisane w publikacjach sktadajacych si¢ na osiagniecie naukowe.

Gospodarka weglowodanowa organizmu jest regulowana glownie przez cztery
hormony: insuling, glukagon, greling i leptyne. Insulina i glukagon dziataja przeciwstawnie,
podobnie jak grelina i leptyna. Insulina jest produkowana przez komorki p wysp Langerhansa,
znajdujace si¢ w trzustce. Hormon ten reguluje metabolizm weglowodanéw, thuszczow i
biatek, stymulujac wychwyt aminokwasow 1 synteze biatek oraz wykorzystanie glukozy w
tkankach (Sahin i in., 2001). Uwolnienie insuliny do krwioobiegu powoduje nasilenie
obwodowego zuzycia glukozy w wielu narzadach, gtownie w migsniach szkieletowych oraz
hamuje jej endogenne wytwarzanie w watrobie. W prezentowanych badaniach odnotowano
zwigkszenie poziomu insuliny w osoczu krwi szczuréw otrzymujacych dodatek Cr-Pic oraz
brak wplywu stosowania Cr-Met oraz nanoczgstek Cr na poziom tego hormonu (publikacja
I.1). Rola Cr w sekrecji insuliny jest wielotorowa. Wedlug Yildiza i in. (2004) chrom jest
kofaktorem aktywno$ci insuliny. Pierwiastek ten wchodzi w skilad oligopeptydowe;j
chromoduliny, ktora wigzac si¢ z miejscem aktywnym kinazy tyrozynowej receptora insuliny,
odgrywa role w autoamplifikacji sygnalizacji tego hormonu. Chrom zwigksza wigzanie
insuliny z komorkami, liczbe receptorow insulinowych oraz aktywno$¢ kinazy receptorow
insulinowych (Qiao i in., 2009). Moze takze aktywowac transport GLUT 4 (transporter
glukozy) poprzez mechanizm zalezny od cholesterolu (Hoffman i in., 2014; Wang 1 in.,

2005). Ponadto Cr zwigksza poziom mRNA receptora insuliny GLUT 4, syntazy glikogenu i
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biatka UCP3 w komorkach migsni szkieletowych hodowanych w warunkach in vitro (Qiao i
in., 2009). Nowatorskim aspektem zaprezentowanych badan jest stwierdzenie, ze sposrod
przebadanych form chromu jedynie potaczenie tego pierwiastka z pikolinianem (w dawce
rekomendowanej przez EFSA, 2014) powodowato zwigkszenie poziomu insuliny we krwi
SZCZUrow.

W badaniach na szczurach stosowano tylko dawki rekomendowane przez EFSA
(2014) — 0,3 mg/kg. Z uwagi na brak rekomendacji EFSA (2014) oraz NRC dla stosowania Cr
w zywieniu drobiu, w badaniach na kurczetach postanowiono zbada¢ wplyw wiekszych
dawek tego pierwiastka. Zastosowano tylko dwie formy Cr — Cr-Pic oraz Cr-NP, jak rowniez
dwie dawki — 3 lub 6 mg/kg diety. Przy zastosowaniu wigkszych dawek niz te
rekomendowane dla zwierzat laboratoryjnych odnotowano zwickszenie poziomu insuliny
jedynie w osoczu krwi kurczat otrzymujacych 6 mg/kg Cr-NP w stosunku do kurczat z grupy
kontrolnej. Zastosowanie mniejszych dawek Cr-Pic skutkowato zwigkszeniem poziomu
insuliny u szczurdéw, natomiast zastosowanie wigckszych dawek tej samej formy Cr u kurczat
nie wplywato na wydzielanie tego hormonu (publikacja 1.5).

Insulina odgrywa kluczowa rol¢ w utrzymaniu prawidlowego poziomu glukozy we
krwi. W prezentowanych badaniach dodatek Cr do diety kurczat na poziomie 3 i 6 mg/kg
niezaleznie od zastosowanej formy zwigkszal poziom glukozy we krwi kurczat. Z kolei
badania przeprowadzone przez innych autorow wykazaty, ze Cr w postaci Cr-Pic podawany
w zakresie 200-3200 ug/kg obnizat poziom glukozy we krwi (Lien et al., 1999; Sahin et al.,
2002, 2003; Patil i in., 2008). Takie rozbiezno$ci w uzyskiwanych wynikach moga by¢
spowodowane zastosowaniem r6znych form i dawek Cr.

Na metabolizm glukozy maja rowniez wptyw inne hormony - leptyna i grelina.
Leptyna jest nazywana potocznie ,,hormonem syto$ci”, natomiast grelina ,,hormonem glodu”.
Leptyna zwigksza wrazliwos¢ komorek na dziatanie insuliny, a przez to réwniez zwieksza
zuzycie glukozy. Ponadto obnizajac poziom neuropeptydu Y, czyli zwigzku pobudzajacego
taknienie, leptyna zmniejsza apetyt. W badaniach wlasnych przy stosowaniu diety
wysokottuszczowe] obserwowany jest wysoki poziom leptyny oraz niski poziom greliny w
osoczu krwi szczurow (publikacja 1.1). Organizm, ktory przez dlugi czas przyjmuje dietg
wysokottuszczowa stopniowo uodparnia si¢ na dzialanie leptyny, przez co moze dojs¢ do
zaburzen wydzielania leptyny 1 greliny oraz silniejszego 1 czestszego odczuwania gtodu. U
szczuroOw otrzymujacych dodatek organicznych form Cr (Cr-Pic lub Cr-Met) odnotowano
wyzszy poziom leptyny w osoczu krwi niz u szczurdw otrzymujacych diete bez dodatku Cr

lub z dodatkiem Cr-NP. Orhan i in. (2019), ktorzy podawali szczurom zywionym dietg
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wysokottuszczowg, Cr-Pic i biotyng¢ badz kompleks Cr z histydyng (Cr-Hist) i biotyne
odnotowali zmniejszenie poziomu leptyny w poréwnaniu do grupy otrzymujacej dietg HFD
bez dodatku Cr. Odnotowane przez tych autoréw wyniki badan moga by¢ zwigzane z
jednoczesnym podawaniem organicznych form Cr oraz biotyny. Réwniez w badaniach
przeprowadzonych na ludziach, Inanc i in. (2006) stwierdzili zmniejszenie poziomu leptyny u
kobiet z otyloscia, ktore otrzymywaty Cr-Pic w dawce 200 pg/dzien przez 8 tygodni.

Z uwagi na udziat Cr w procesie wydzielania insuliny, pierwiastek ten moze posrednio
wplywa¢ na wydzielanie innych hormonow takich jak serotonina (5-HT), dopamina,
noradrenalina, czy histamina. W prezentowanych badaniach (publikacja 1.1) odnotowano
zwigkszony poziom serotoniny w osoczu krwi szczuréw, ktére otrzymywaly dodatek Cr do
diety niezaleznie od zastosowanej formy. W badaniach na kurczgtach (publikacja 1.5)
réwniez odnotowano podwyzszony poziom serotoniny w osoczu krwi kurczat otrzymujacych
dodatek Cr do diety, zarowno w postaci Cr-Pic, jak i Cr-NP. Uzyskane wyniki byly
prawdopodobnie wynikiem zwigkszonego poziomu insuliny w osoczu krwi. Insulina
wspomaga transport tryptofanu - prekursora serotoniny przez bariere krew-mozg, dzieki
swojej zdolno$ci do zwigkszania wychwytu aminokwasow rozgat¢zionych (BCAA) przez
migsnie (Komorowski i in., 2012). Z badan Attenburrow i in. (2002) wynika, ze Cr-Pic
zmniejsza stezenie aminokwasOw rozgalezionych w osoczu, a w konsekwencji zwigksza
stosunek tryptofanu do BCAA, przez co posrednio wpltywa na zwigkszenie transportu
tryptofanu do mézgu. Ponadto u szczuréw karmionych dieta suplementowana Cr-Pic w dawce
100 mg/kg stwierdzono zwigkszong wrazliwos$¢ osrodkowych receptoréw serotoninowych 2A
(5-HT2A) (Franklin i Odontiadis, 2003). Ze wzgledu na oddzialywanie serotoniny i dopaminy
poprzez bezposrednie polaczenia synaptyczne oraz heterokompleksy receptorow S5-HT2A i
DA2 mozliwe jest, ze chrom réwniez posrednio wptywa na syntez¢ dopaminy (Di Giovanni 1
in., 2008; Van Bockstaele i in., 1994, De Bartolomeis i in., 2013). W prezentowanych
badaniach na kurczetach (publikacja 1.5) odnotowano zwigkszenie poziomu dopaminy tylko
przy zastosowaniu dawki Cr 3 mg/kg. Zwigkszenie poziomu serotoniny i dopaminy w osoczu
krwi kurczat moze by¢ réwniez spowodowane zwigkszonym poziomem Fe odnotowanym u
kurczat zywionych dieta suplementowang Cr. Pierwiastek ten jest kofaktorem hydroksylazy
tyrozynowej 1 hydroksylazy tryptofanu enzymoéw odpowiedzialnych za synteze serotoniny i
dopaminy (Kim i Wessling-Resnick, 2014).

Chrom wptywat rowniez na wydzielania noradrenaliny. Noradrenalina jest jednym z
hormonow regulujacych proces lipolizy. Odnotowany w prezentowanych badaniach

Zmniejszony poziom noradrenaliny oraz zwigkszone wydzielanie insuliny u szczurow
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otrzymujacych dodatek Cr-Pic moze sugerowa¢ inhibicj¢ lipolizy (publikacja 1.1). Badania
na kurczetach réwniez pokazaly, ze wlaczenie dodatku Cr do diety niezaleznie od
zastosowanej dawki i formy skutkowato zmniejszeniem poziomu noradrenaliny (publikacja
1.5). Z kolei badania Franklin i Odontiadis (2003) wskazuja, ze dodatek Cr do diety szczuroéw
w duzo wiegkszej dawce - 100 mg/kg zwickszal zarowno poziom serotoniny, jak i
noradrenaliny.

Poziom glukozy we krwi reguluje nie tylko insulina, ale takze ukfad histaminowy.
Wpltyw Cr na wydzielanie insuliny moze by¢ rowniez przyczyng odnotowanego w
prezentowanych badaniach zmniejszonego poziomu histaminy w osoczu krwi szczurdéw
otrzymujacych Cr niezaleznie od zastosowanej formy (publikacja 1.1). Zmniejszenie
poziomu histaminy odnotowano rowniez w osoczu kurczat otrzymujacych Cr w dawce 3
mg/kg, niezaleznie od zastosowanej formy (publikacja 1.5). Prawdopodobnie Cr, zwigkszajac
poziom insuliny w osoczu, powoduje zmniejszenie stezenia histydyny, ktora jest prekursorem
histaminy. Oprocz bezposredniego zaangazowania receptorow histaminowych w regulacje
stezenia glukozy we krwi rowniez aktywacja lub dezaktywacja receptorow histaminowych
odgrywa role modulujaca w regulacji poziomu glukozy we krwi (Masaki i Yoshimatsu, 2007;
Simiin., 2014).

Wyniki zaprezentowanych badan na kurczetach (publikacja 1.5) wykazaty
zwigkszenie poziomu T4 w osoczu kurczat otrzymujacych Cr-Pic w ilosci 6 mg/kg. Rowniez
Sahin i in. (2003) odnotowali zwigkszony poziom hormondéw tarczycy T3 i T4 w osoczu krwi
kurczat zywionych dietg z dodatkiem 0,4 mg/kg Cr-Pic poddanych dziataniu stresu cieplnego.
Wedlug Sahin i in. (2002) dodatek Cr do diety kurczat w dawkach 220-1200 pg/kg
odchowanych w warunkach stresowych poprawial wydajno$¢ wzrostu poprzez regulacje
metabolizmu hormonoéw tarczycy (zwigkszone wydzielanie T3 i T4). W dostepne;j literaturze
brak jest dostatecznej wiedzy na temat wptywu Cr na wydzielanie hormonow tarczycy w
standardowych warunkach odchowu, wigc uzyskane wyniki trudno odnie$¢ do warunkow,
jakie towarzyszyty badaniom wtasnym.

Wptyw Cr na wydzielanie hormonéw moze by¢ rowniez zwigzany z kumulacja tego
pierwiastka w organizmie. W badaniach na szczurach stwierdzono, ze dodatek Cr do diety
niezaleznie od formy skutkowal zwigkszeniem spozycia oraz wydalania tego pierwiastka. Z
kolei strawno$¢ 1 retencja Cr zalezala od zastosowanej formy. U szczurdw otrzymujacych
dodatek organicznych form Cr, czyli Cr-Pic lub Cr-Met odnotowano wigkszg strawnos¢ oraz

retencje Cr niz u szczurow otrzymujacych dodatek Cr-NP (publikacja 1.1).
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W do$wiadczeniu 2 (publikacja 1.2) z wykorzystaniem zwierzat laboratoryjnych
zbadano wplyw dwoch czynnikow na retencje Cr. Jednym z nich bylo zastosowanie diety
niskottuszczowej (LFD) lub wysokottuszczowej (HFD), za$ drugim dodatek Cr-Pic lub Cr-NP
do diety. W efekcie odnotowano wigksze spozycie Cr u szczuré6w karmionych dieta HFD
suplementowang Cr-NP niz u szczuréw karmionych dieta LFD suplementowang Cr-NP.
Powyzsze wyniki mozna czgsciowo przypisa¢ tworzeniu adduktow ztozonych z nanoczastek
Cr 1 wysokiego poziomu nasyconych kwaséw tluszczowych w diecie HFD (Muller i1 in.,
2017). Ponadto niezaleznie od rodzaju zastosowanej diety, wicksze wydalanie Cr z moczem
odnotowano u szczurdéw, otrzymujgcych Cr w postaci Cr-NP w poréwnaniu do szczurow
otrzymujacych Cr w postaci Cr-Pic. Najwyzszy % strawnosci i retencji Cr odnotowano po
zastosowaniu diety z LFD-Cr-Pic, natomiast najnizsze wartoSci tych wskaznikéw
odnotowano u szczuréw karmionych LFD-Cr-NP. Przy zastosowaniu diety HFD zastosowana
forma Cr nie miala wptywu na % strawnosci i retencji Cr. Pikolinian Cr wykazuje
wlasciwosci hydrofobowe, przez co jest latwo wchianiany z przewodu pokarmowego w
poréwnaniu z innymi formami Cr, takimi jak nikotynian czy chlorki (Di Silvestro i Dy, 2007).
Kottwitz i in. (2009) odnotowali, ze wchtanianie Cr podawanego w formie Cr-Pic jest dwa
razy wigksze niz Cr w formie CrCls. Lamson i Plaza (2002) stwierdzili wzglednag stabilno$é¢
Cr-Pic w ludzkim soku Zotadkowym przez ok. trzy godziny, wymagajaca wysokiego stezenia
kwasu (0,1 M) do rozerwania wigzan mi¢dzy Cr a kwasem pikolinowym. Jednakze tylko
niewielka porcja wchionigtego Cr-Pic jest metabolizowana w watrobie do fizjologicznej
formy Cr i magazynowana w organizmie. Wigkszo$¢ wchionigtego Cr-Pic jest transportowana
do nerek 1 wydalana z moczem. Wedlug Lien 1 in. (2009) wysoki 1 porownywalny %
strawnosci wykazuje Cr-Pic zarowno w formie makro jak i nanoczastek. W prezentowanych
badaniach wigksza strawno$¢ wykazywal Cr w formach organicznych niz w formie
nanoczastek co moze by¢ spowodowane mniejszym wydalaniem tego pierwiastka z katem 1
wigksza jego pula w organizmie. W literaturze mozna znalezé duzo badan na temat
porownania wchlaniania oraz retencji Cr podawanego w postaci zwigzkow nieorganicznych 1
organicznych. Brakuje natomiast informacji na temat poréwnania jelitowego wchianiania
nanoczastek chromu i form organicznych tego pierwiastka.

Podawanie zwierzetom Cr moze skutkowa¢ kumulacja tego pierwiastka w tkankach. Z
badan wtasnych przeprowadzonych na szczurach wynika, ze zastosowanie diety HFD lub
LFD z dodatkiem Cr w postaci Cr-NP lub Cr-Pic, nie wptywato na kumulacje Cr w mozgu,
$ledzionie, nerkach, watrobie, kosciach i migsniach szczuréow (publikacja 1.2). Zastosowanie

w badaniach na kurczetach wiekszych dawek Cr tj. 3 lub 6 mg/kg (publikacja 1.3)
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skutkowato zwiekszong kumulacjg tego pierwiastka w jelicie cienkim, watrobie, skorze,
kosciach i1 pidrach. Wedlug Lindemann i in. (2008) niektore tkanki takie jak np. kosci
kumulujg Cr przez dlugi czas, natomiast tkanki takie jak np. serce, mozg czy trzustka
relatywnie krotko. Dodatek do diety kurczat Cr-NP niezaleznie od zastosowanej dawki lub
6 mg/kg Cr-Pic skutkowat zwiekszeniem kumulacji tego pierwiastka w watrobie o 12,5 - 30%
w porownaniu do grupy kontrolnej. Z kolei tylko zastosowanie 6 mg/kg Cr-NP spowodowato
zwickszenie poziomu Cr w mig$niu piersiowym kurczat o ok. 30% w stosunku do grupy
kontrolnej.

Ciekawg zalezno$¢ zaobserwowano w przypadku kosci. Zastosowanie Cr-Pic
skutkowato zwigkszong kumulacja Cr w tej tkance o ok. 70% przy zastosowaniu dawki
3mg/kg i az o 210% przy zastosowaniu dawki 6 mg/kg. Z kolei zastosowanie Cr-NP nie
skutkowato zwigkszeniem kumulacji tego pierwiastka w kos$ciach w stosunku do grupy
kontrolnej. Ustalono zatem, Ze nie tylko dawka, ale rowniez forma Cr wptywa na kumulacje¢
tego pierwiastka w kosciach. Podobng zalezno$¢ odnotowano w przypadku pior. Z kolei
Sathyabama i in. (2016) prowadzac badania na nioskach stwierdzili, ze forma chromu (Cr-Pic
czy Cr-NP) nie ma wplywu na kumulacje tego pierwiastka w tkankach, a proces ten
determinowany jest wylacznie przez zastosowang dawke Cr.

Kumulacja Cr w ko$ciach nie jest zjawiskiem pozadanym bowiem moze wplywaé na
metabolizm fosforu. Wedtug Sankaramanivela i in. (2006) fosfor nie jest uwalniany z kosci,
natomiast gdy poziom tego pierwiastka jest obnizony w komorkach, bardziej prawdopodobne
jest zwiekszenie wchtaniania jelitowego P lub zmniejszenie jego wydalania z moczem.
Prezentowane badania wskazujg jednak, ze resorpcja P z kosci byla bardzo wysoka (okoto
30%) po zastosowaniu Cr-NP (3 i 6 mg/kg) oraz Cr-Pic w dawce 6 mg/kg w poréwnaniu z
kontrola. Uzyskane wyniki wskazujg na ryzyko stosowania Cr w diecie kurczat z uwagi na
potencjalnie wigksza tamliwo$¢ kosci. Badania z ostatnich lat wykazatly, ze na mineralizacjg
kosci wplywa réwniez stres oksydacyjny, gdyz reaktywne formy tlenu biorg udziat w
resorpcji Ca i P z kosci (Soudani i in., 2011, Yang i in., 2001; Sontakke i Tare, 2002). Z
prezentowanych badan (publikacja 1.5) wynika, ze Cr moze mie¢ dziatanie prooksydacyjne
w watrobie 1 mig$niu piersiowym, a zatem obnizenie poziomu P w kosciach moze by¢
réwniez zwigzane ze stresem oksydacyjnym generowanym przez Cr.

Pomimo tego, iz w obrazie histologicznym jelita kurczat otrzymujacych dodatek Cr do
diety (publikacja 1.4) stwierdzono uszkodzenia kosmkéw to badania ex vivo wykonane
metoda worka jelitowego wykazaty, ze stosowanie Cr w diecie kurczat w réznych formach i

dawkach nie wptywa na wchtanianie jelitowe P (publikacja 1.3). Uzyskane wyniki mozna
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prawdopodobnie wyttumaczy¢ faktem, ze Cr 1 P maja rézne tadunki jonowe 1 dlatego moga
by¢ wchtaniane do enterocytow réznymi kanatami oraz moga wykazywaé zrdznicowane
powinowactwo do biatek transportowych. Niemniej jednak Cr wchtoniety do organizmu moze
posrednio wptywac na poziom P w osoczu i1 jego odkladanie w innych tkankach.

Z badan przeprowadzonych na szczurach (publikacja 1.1) wynika, ze Cr dodawany do
diety w formie Cr-Pic lub Cr-NP skutkowat obnizeniem poziomu P w osoczu krwi szczuréw.
Z kolei wraz ze wzrostem poziomu Cr w diecie kurczat, niezaleznie od zastosowanej formy,
poziom P wzrastal w osoczu krwi (publikacja 1.3). Wptyw Cr na wchtanianie P moze zaleze¢
od stosowanej dawki (szczury otrzymywaty znacznie nizsze dawki Cr) lub wieku zwierzat
(mtode kurczgta majg niedojrzaty nabtonek jelitowy w poréwnaniu do ptakow 35-dniowych).
Ponadto poziom P w osoczu krwi jest zalezny od pory uboju i zmienia si¢ w ciggu dnia wraz z
uptywem czasu od ostatniego karmienia. Wchtanianie jelitowe i akumulacja fosforanow w
tkankach jest rowniez regulowane przez hormony, nie tylko przez parathormon (PTH), ale
rowniez przez hormony, ktérych wydzielanie jest modulowane przez Cr, czyli insuling i
dopaming (Levi i in., 2019).

Dodatek Cr do diety moze mie¢ rowniez wptyw na poziom innych pierwiastkow w
osoczu krwi. Badania innych autoréw dotyczace wptywu dodatku do diety Cr na poziom
sktadnikéw mineralnych we krwi wykazaly istotng interakcj¢ pomigdzy Cr a Fe (Anderson i
in., 1996; Lindemann i in., 2008; Yoshida i in., 2010). Ponadto suplementacja diety Cr(l1I)
skutkowata zwigkszeniem poziomu Zn i zmniejszeniem poziomu Cu (Vlizlo 1 in., 2014). W
prezentowanych badaniach (publikacja 1.2) odnotowano zwigkszony poziom Zn, Cui P w
osoczu krwi szczurow otrzymujacych diet¢ LFD z dodatkiem Cr-Pic w pordéwnaniu do
szczurOw otrzymujacych diet¢ HFD z dodatkiem Cr-Pic. Takich réznic nie odnotowano
natomiast przy stosowaniu dodatku Cr-NP. Najnizsze stezenie Fe w osoczu krwi szczurow
odnotowano w grupie trzymujacej diet¢ HFD z dodatkiem Cr-NP w pordéwnaniu do
wszystkich pozostatych grup eksperymentalnych. Obnizenie poziomu Fe moze by¢
spowodowane zablokowaniem transferryny przez Cr.

Podawanie Cr kurczetom skutkowato kumulacja tego pierwiastka w watrobie co moze
prowadzi¢ do zaburzen metabolizmu, intensyfikacji reakcji oksydacyjnych oraz zmian
morfologicznych tego organu. Stwierdzono, ze dodatek Cr do diety kurczat zarowno w dawce
3 jak 1 6 mg/kg, niezaleznie od stosowanej formy, zwigkszat poziom MDA w watrobie, ale
tylko zastosowanie wyzszej dawki Cr, tj. 6 mg/kg skutkowato zwigkszonym poziomem
LOOH. Odnotowane zwigkszenie tych parametrow §wiadczy o intensywniejszej peroksydacji

lipidow w watrobie kurczat otrzymujacych dodatek Cr do diety. Nasilenie proceséw

15



oksydacyjnych w watrobie prowadzito do niekorzystnych zmian w obrazie histologicznym
tego organu oraz zmian aktywnosci enzymoéw antyoksydacyjnych (obnizona aktywnos¢ SOD
oraz wyzsza aktywno$¢ CAT) (publikacja 1.5). Ponadto dodatek Cr w ilosci 3 Iub 6 mg/kg,
zarowno w postaci Cr-Pic, jak i Cr-NP, skutkowal zwieckszeniem aktywnosci AST i ALP oraz
zmniejszeniem aktywno$ci ALT i LDH w osoczu krwi kurczat (publikacja 1.4). Znaczacy
wzrost aktywnosci transaminazy AST moze by¢ spowodowany wyciekiem enzymoéw przez
uszkodzone btony komorkowe i/lub zwickszong syntezg enzymoéw przez watrobe. Jest to
niekorzystny efekt stosowania Cr juz w dawce 3 mg/kg jako dodatku do diety kurczat.

Przeprowadzone badania wykazaty nasilenie procesow oksydacyjnych w watrobie pod
wplywem stosowania Cr w postaci nanoczastek. W grupach otrzymujacych dodatek 3 lub 6
mg/kg Cr-NP zaobserwowano znacznego stopnia przekrwienie tkanki watroby z licznymi
naciekami komorek jednojadrzastych oraz rozlegte ogniska zwyrodnienia tluszczowego
(publikacja 1.4). Podobne wyniki uzyskali Fan i in. (2015), ktorzy podawali kurczgtom CrCls
przez 42 dni w duzo wyzszych dawkach od 0,625 (12,5% LD50) do 2,5 g/kg m.c. (50%
LD50). Odnotowali oni niekorzystne zmiany w obrazie histologicznym w watrobie kurczat
otrzymujacych dodatek Cr do diety jak rowniez zwigkszenie poziomu MDA i zmniejszenie
aktywno$ci enzymow antyoksydacyjnych. Prezentowane badania wskazuja, ze juz duzo
nizsze dawki Cr niz te stosowane przez Fan i in. (2015), skutkowaty zmianami w obrazie
histologicznym watroby kurczat.

W prezentowanych badaniach odnotowano spadek aktywnosci dysmutazy
ponadtlenkowej (SOD) réwniez w osoczu krwi kurczat, ktorym podawano diete
suplementowang chromem (publikacja 1.4). Uzyskane wyniki moga by¢ spowodowane
obnizeniem poziomu Cu i Zn w osoczu krwi kurczat, ktore otrzymywaty dodatek Cr do diety,
gdyz pierwiastki te sg kofaktorami dysmutazy ponadtlenkowej (publikacja 1.5).

Poza wplywem na wydzielanie hormondw oraz gospodarke mineralng, dodatek Cr do
diety na poziomie 3 1 6 mg/kg powodowatl zmniejszenie ilosci thuszczu brzusznego kurczat w
stosunku do grupy kontrolnej. Niektore doniesienia literaturowe (Diaz i in., 2008; Wang i in.,
2007) sugeruja, ze Cr moze hamowal apetyt i stymulowal termogeneze poprzez
uwrazliwienie wrazliwych na insuling glukoreceptoréw w moézgu. Ponadto rozmieszczenie
tkanki thuszczowej w organizmie jest zwigzane z wrazliwos$cig na insuling; ttuszcz obwodowy
jest bardziej wrazliwy na insuling niz tluszcz centralny znajdujacy si¢ w klatce piersiowe;j i
brzuchu (Yazaki i in., 2010).

W prezentowanych badaniach (publikacja 1.4) dodatek Cr do diety kurczat w postaci

zarowno Cr-Pic jak i Cr-NP niekorzystnie wpltywal na wydajnos¢ wzrostu. Kurczgta
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otrzymujagce dodatek Cr do diety miaty nizsza koncowg mase ciata i wyzsze dzienne spozycie
paszy. Z kolei Youssef i in. (2022), ktorzy podawali kurczetom dodatek Cr w postaci
kompleksu z metioning w mniejszej ilosci tj. 200 — 400 ppb odnotowali poprawe wynikow

produkcyjnych. Zastosowane w prezentowanych badaniach dawki Cr okazaly si¢ by¢ na duze.

Podsumowanie i wnioski

Osiggnieciem naukowym z przeprowadzonych badan na zwierzetach laboratoryjnych 1
zwierzetach gospodarskich (kurczegta) jest ustalenie wptywu oddzialywania réznych form
chromu na gospodarke wybranych hormonéw, a w szczegdlnosci serotoniny, histaminy,
noradrenaliny, dopaminy, insuliny, greliny i leptyny. Uzyskane wyniki badan sg nowatorskie,
bowiem dotychczas badacze skupiali si¢ gldéwnie na ustaleniu wptywu odziatywania chromu
(szczegblnie jego formy organicznej: Cr-pikolinian) na hormony regulujace gospodarke
weglowodanowa.

Osiagnieciem naukowym jest wustalenie, ze stosowanie w diecie szczurow
rekomendowanej przez EFSA dawki chromu w formie pikolinianu — 0,3 mg/kg m.c.
wprawdzie potwierdza korzystny wplyw na gospodarke weglowodanows, jednak
nowatorskim aspektem przeprowadzonych badan jest ustalenie, ze dodatkowo korzystnie
oddzialuje na inne wazne hormony tj. serotoning, histamine czy noradrenaling. Uzyskane
nowatorskie wyniki badan odnos$nie w/w hormonéw wskazuja, ze dodatek chromu w formie
pikolinianu moze stanowi¢ dodatek paszowy dla zwierzat gospodarskich stosowany w celu
tagodzenia reakcji na stres. W badaniach na zwierzetach laboratoryjnych ustalono réwniez, ze
poprzez stosowanie innych form chromu m.in. nanoczastek tego pierwiastka lub chromu w
kompleksie z metioning mozna uzyska¢ korzystny efekt oddziatywania tych form na poziom
serotoniny 1 histaminy, jednakze te formy pierwiastka nie wplywaja na regulacj¢ hormonéw
gospodarki weglowodanowej (publikacja 1.1). Z punktu widzenia stosowania dodatku chromu
w dietach dla zwierzat gospodarskich ten aspekt jest bardzo istotny, bowiem oddzialywanie
chromu na gospodarke weglowodanowa ma istotny zwigzek z oczekiwang np. redukcja
otluszczenia tuszki drobiowej. W badaniach na zwierzgtach laboratoryjnych ustalono takze,
ze stosowanie dodatku chromu w formie pikolinianu do diety (szczegodlnie
wysokottuszczowej) moze niekorzystnie obnizy¢ poziom fosforu, co jest istotnie niekorzystne
w hodowli drobiu (publikacja 1.2).

Jako osiagnigcie naukowe z badan nad chromem kontynuowanych na kurczgtach

brojlerach mozna wskaza¢, iz potwierdzono korzystne oddziatywanie dodatku do diety tego
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pierwiastka w formie pikolinianu i nanoczastek w dawce 3 i 6 mg/kg na poziom hormonow t;.
serotoniny czy noradrenaliny, jednakze chociaz zastosowane dawki badanych form chromu
korzystnie oddziatywaja na w/w hormony, oraz ze po ich stosowaniu mozna uzyskaé
oczekiwany efekt zmniejszenia ottluszczenia tuszki, to sposob oddziatywania na hormony
regulujagce  gospodarke weglowodanowag okazal si¢ odmienny (publikacja 1.5).
Przeprowadzone badania na kurczgtach poszerzone o oceng¢ wynikéw odchowu, analizg
statusu oksydoredukcyjnego, wskaznikow metabolizmu, histologi¢ watroby, trzustki i jelita
cienkiego pozwolity na jednoznaczne stwierdzenie, ze dodatek chromu w dawce 3 mg/kg do
diety kurczat, niezaleznie od zastosowanej formy nie powinien by¢ rekomendowany z uwagi
na fakt, ze powoduje niekorzystne zmiany w statusie oksydoredukcyjnym i obrazie
histologicznym tkanek ptakéw (publikacja 1.4). Dodatkowo Kkolejnym argumentem
wskazujacym, ze stosowanie chromu w dawce 3 mg/kg nie powinno by¢ rekomendowane jest
oddzialywanie tego pierwiastka na obnizenie poziomu fosforu w kosciach kurczat (publikacja
1.4). Potencjalne zastosowanie chromu w dietach kurczat powinno uwzglednia¢ dawki nizsze

niz 3 mg/kg diety.
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V. INFORMACJA O WYKAZYWANIU SIE ISTOTNA AKTYWNOSCIA
NAUKOWA ALBO ARTYSTYCZNA REALIZOWANA W WIECEJ NIZ
JEDNEJ UCZELNI, INSTYTUCJI NAUKOWEJ LUB INSTYTUCJI
KULTURY, W SZCZEGOLNOSCI ZAGRANICZNEJ

Po uzyskaniu stopnia doktora odbytam staz naukowy w Faculty of Animal Science of
the Lithuanian University of Health Sciences Veterinary Academy w Kownie (28.06.2019 —
29.09.2019 r.). W czasie stazu zdobylam praktyczng wiedz¢ z zakresu prowadzenia badan na
zwierzetach oraz umiejetnosci wdrazania nowych metod badawczych z zakresu toksykologii
zwigzkow, fizjologii, anatomii patologicznej i farmakologii. W ramach programu Erasmus+
odbytam 3 wizyty w Lithuanian University of Health Sciences. Celem pierwszej wizyty byta
wymiana do$wiadczen w prowadzeniu badan naukowych na zwierzetach oraz nawigzanie
wspolpracy migdzynarodowej pomiedzy Katedrami. W trakcie pozostaltych dwoch wyjazdow
odbylam zajecia ze studentami na temat wptywu endokrynnego odziatywania chromu,
zwlaszcza w przypadku stosowania diety wysokottuszczowej. Przeprowadzone zostaty
réwniez zajecia laboratoryjne ze studentami, ktorych celem bylo praktyczne pokazanie metod

oznaczania hormonow za pomocg testow immunoenzymatycznych.

VI. INFORMACJA o) OSIAGNIECIACH DYDAKTYCZNYCH,
ORGANIZACYJNYCH ORAZ POPULARYZUJACYCH NAUKE LUB
SZTUKE.

Na m¢j dorobek dydaktyczny sktada si¢ realizacja zaje¢ z 27 przedmiotow
prowadzonych na Wydziale Nauk o Zwierzetach i Biogospodarki, Biologii Srodowiskowej
oraz Nauk o Zywnos$ci i Biotechnologii UP w Lublinie na kierunkach: Biokosmetologia,

Kryminalistyka w biogospodarce, Ochrona Srodowiska, Biologia, Zootechnika, Biologia
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Sadowa, Bezpieczenstwo i higiena pracy, Dietetyka, Biologia, specjalno$¢ nauczanie biologii

i chemii, Aktywno$¢ fizyczna i1 agroturystyka kwalifikowana, Bezpieczenstwo i certyfikacja

zywnosci, Biobezpieczenstwo i zarzadzanie kryzysowe oraz zaje¢ w ramach 2 kierunkow

studiow podyplomowych (Analityka laboratoryjna w ochronie $rodowiska oraz Analityka,

Bezpieczenstwo i Certyfikacja Zywnosci). Zestawienie realizowanych kursow dydaktycznych

zebrano w tabeli 1.

Tabela 1. Wykaz prowadzonych zaje¢ dydaktycznych

Lp. Przedmiot Kierunek Forma zajeé Rok/
stopien
1.  Chemia Biokosmetologia Wyktad/¢wiczenia 1/°1
kosmetyczna laboratoryjne/audytoryjne
2. Chemia ogoélna i Kryminalistyka w Wyktad/¢wiczenia I/°1
analityczna biogospodarce laboratoryjne/audytoryjne
3. Substancje Biokosmetologia Wyktad/¢wiczenia 11/°11
zapachowe w laboratoryjne/audytoryjne
biokosmetykach
4.  Biochemia Biokosmetologia ¢wiczenia I/°1
laboratoryjne/audytoryjne
5.  Toksykologia Biokosmetologia ¢wiczenia 11/°1
laboratoryjne/audytoryjne
6.  Podstawy analityki  Ochrona Wyktad/¢wiczenia I/°1
w ochronie srodowiska laboratoryjne/audytoryjne
srodowiska
7.  Ekotoksykologia Ochrona Wyktad/¢wiczenia 11/°11
srodowiska laboratoryjne/audytoryjne
8.  Bioanalityka Ochrona ¢wiczenia el
srodowiska laboratoryjne/audytoryjne
9. Analizaiocena Bezpieczenstwo 1 Wyktad/¢wiczenia /el
zagrozen higiena pracy laboratoryjne/audytoryjne
10. Ksenobiotyki w Bezpieczenstwo i Wyklad/¢wiczenia I1/°1
srodowisku pracy higiena pracy laboratoryjne/audytoryjne
11. Problemy Bezpieczenstwo 1 Wyklad/¢wiczenia e
toksykologiczne w  higiena pracy laboratoryjne/audytoryjne
srodowisku pracy
12. Toksykologia Biologia ¢wiczenia /o1l
laboratoryjne/audytoryjne
13. Analiza Biologia Wyktad/¢wiczenia el
chromatograficzna laboratoryjne/audytoryjne
14. Toksykologia Biologia sgdowa ¢wiczenia I/°ln
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sagdowa laboratoryjne/audytoryjne
15. Chemia sagdowa Biologia sadowa Wyktad/¢wiczenia I/°lIl
audytoryjne
16. Toksykologia Dietetyka ¢wiczenia I1/°1
laboratoryjne/audytoryjne
17. Chemia analityczna Biologia, Wyktad/¢wiczenia /el
specjalnosé laboratoryjne/audytoryjne
nauczanie biologii i
chemii
18. Biochemia z Aktywnos¢ ¢wiczenia I/°1
elementami fizyczna i laboratoryjne/audytoryjne
biochemii wysitku  agroturystyka
kwalifikowana
19. Analityka Zootechnika ¢wiczenia I1/°1
laboratoryjna laboratoryjne/audytoryjne
20. Chemia Biologia, ¢wiczenia I1/°1
toksykologiczna specjalnosé laboratoryjne/audytoryjne
nauczanie biologii i
chemii
21. Toksykologia Bezpieczenstwo i ¢wiczenia I1/°1
Zywnosci certyfikacja laboratoryjne/audytoryjne
Zywnosci
22. Ceryfikacja Biobezpieczenstwo ~ Wyktad/¢wiczenia 1/°1
laboratorium i zarzadzanie laboratoryjne
kryzysowe
23. Analiza Analityka, ¢wiczenia laboratoryjne Studia
toksykologiczna Bezpieczenstwo i Podyplom
Zywnosci Certyfikacja owe
Zywnosci
24. Aspekty zdrowotne  Analityka, ¢wiczenia audytoryjne Studia
i nadzor nad Bezpieczenstwo i Podyplom
jakoscig zywnosci  Certyfikacja owe
Zywnosci
25.  Analityka Analityka ¢wiczenia laboratoryjne Studia
toksykologiczna Laboratoryjna  w Podyplom
Zywnosci Ochronie owe
Srodowiska
26. Metrologia Analityka Wyktad/¢wiczenia Studia
chemiczna z Laboratoryjna ~ w audytoryjne Podyplom
elementami Ochronie owe
akredytacji Srodowiska
laboratorium
27. Analityka Analityka ¢wiczenia laboratoryjne Studia
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Laboratoryjna w Laboratoryjna  w Podyplom
Ochronie Ochronie owe
Srodowiska Srodowiska

Pod moja opieckg naukowg zrealizowanych zostalo 29 prac magisterskich, 14 prac
inzynierskich oraz 3 prace licencjackie. Bytam réwniez promotorem pomocniczym rozprawy
doktorskiej dr Roberta Chachaja obronionej w 2020 roku.

W ramach poszerzania swojej wiedzy 1 umiejetnosci dydaktycznych uczestniczytam w
projekcie realizowanym przez Ministerstwo Nauki i Szkolnictwa Wyzszego ,,Mistrzowie
Dydaktyki”. W ramach projektu odbylam szkolenie prowadzone przez Ghent University w
Gandawie (Belgia, 02-06.12.2019) oraz prowadzilam =zajecia ze studentami metodami
tutoringu.

Do gtéwnych aspektow mojej dziatalnoSci organizacyjnej mozna zaliczy¢:
cztonkostwo w Kolegium Wydzialu Nauk o Zwierzetach i Biogospodarki w latach 2019-
2021; cztonkostwo w Komisji ds. Organizacji i Rozwoju Wydziatu; czlonkostwo w Radach
Programowych kierunkéw studiow Biokosmetologia, Bezpieczenstwo i Higiena Pracy, oraz
Animal Science and Dairy Production. Bylam opiekunem roku studentow kierunkow
Bezpieczenstwo i Higiena Pracy, Ochrona Srodowiska oraz Biokosmetologia.

W ramach popularyzacji nauki organizowatam projekty w ramach Lubelskiego
Festiwalu Nauki, warsztaty dla uczniow szkot $rednich oraz dni otwarte uniwersytetu.

Dziatania majace na celu popularyzacje nauki zostaly zestawione w tabeli 2.

Tabela 2. Dziatalno$¢ na rzecz promocji nauki

Lp. Dzialanie Rok

1. XIII Lubelski Festiwal Nauki — projekt ,,Z pamigtnika technika 2016
kryminalistyki”

2. XII Lubelski Festiwal Nauki — projekt ,,Czy dtugopisy niebiskie na 2016
pewno s3 niebieskie?”

3. XII Lubelski Festiwal Nauki — projekt ,,Dlaczego pieczywo jest 2016
kwasne, a migkisz posiada dziury?”

4.  Warsztaty praktyczne dla uczniow reprezentujacych wojewodztwo 2017

lubelskie w zawodach centralnych Olimpiady Biologicznej

5.  XIV Lubelski Festiwal Nauki, — projekt ,,Czy dtugopisy niebiskie na 2017
pewno s3 niebieskie?”

6.  Warsztaty praktyczne dla ucznidow reprezentujagcych wojewodztwo 2018
lubelskie w zawodach centralnych Olimpiady Biologicznej
7. Dni Otwarte Uniwersytetu ,,Niespotykane wtasciwosci coca-coli” 2018
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8.  XVII Lubelski Festiwal Nauki — projekt ,,Czy wy wiecie czy nie wiecie 2021
- fakty i mity o coca-coli”

9.  XVII Lubelski Festiwal Nauki — projekt ,,Dlaczego robaczek 2021
swigtojanski swieci?”

10. Warsztaty ,,Chemia w eksperymentach - chemiczne tamiglowki” dla 2022
uczniéw z XXX Liceum Ogolnoksztatcacego w Lublinie

11.  XVIII Lubelski Festiwal Nauki — projekt ,,Kolorowa chemia” 2022

12, XVIII Lubelski Festiwal Nauki — projekt ,,Czy wy wiecie czy nie wiecie 2022
- fakty i mity o coca-coli”

13.  XVIII Lubelski Festiwal Nauki — projekt ,,Dlaczego robaczek 2022
swietojanski swieci?”

14.  XVIII Lubelski Festiwal Nauki — projekt ,,Czy powinno taczy¢ si¢ 2022
pomidora z ogérkiem?”

VIl. OMOWIENIE POZOSTALYCH OSIAGNIEC NAUKOWO-BADAWCZYCH

Opis pozostatego dorobku naukowo-badawczego

Moja dotychczasowa dziatalnos¢ naukowo-badawcza, poza tematyka omowiong w cyklu

publikacji sktadajacych si¢ na osiagniecie naukowe, wpisuje si¢ przede wszystkim w

nastepujace zagadnienia:

1.

o ~ w N

Opracowanie nowych metod oznaczania zwigzkow o dzialaniu potencjalnie
antykancerogennym za pomocg metod elektrochemicznych

Wplyw nanoczastek metali na organizm kurczat 1 indykow

Zastosowanie produktow fermentowanych w Zywieniu drobiu i trzody chlewnej

Wplyw stosowania antybiotykdéw i probiotykéw na organizm kurczat 1 indykow
Zastosowanie roznych proporcji argininy i metioniny w stosunku do lizyny w zywieniu
indykow

Zastosowanie maczek z owadow w zywieniu drobiu

a) Przed uzyskaniem stopnia doktora

Pierwsze opublikowane wyniki badan, wynikajace z realizacji pracy magisterskiej,

dotyczyly opracowania metody oznaczania niskich stezen kadmu na btonkowej elektrodzie

otowiowej (publikacja 1.1.42). Poprzez zastosowanie elektrochemicznego naktadania btonki

otowiu na elektrode z wegla szklistego znacznie obnizono granice wykrywalnosci tego

pierwiastka. Metoda ta moze by¢ stosowana do oznaczania kadmu w probkach wéd po ich

wstepnej mineralizacji. Dalsze badania zwigzane byly z opracowaniem metod oznaczania
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kolejnych pierwiastkow toksycznych takich jak rte¢ (Hg), tal (TI) oraz chrom (Cr) z
wykorzystaniem metod elektrochemicznych gltownie woltamperometrii. Tal wystepuje w
srodowisku naturalnym w bardzo niskich ilo$ciach, jednak ze wzgledu na jego toksyczne
dziatanie na organizm oraz kumulacj¢ w tancuchach troficznych wazne jest oznaczanie nawet
sladowych 1ilosci tego pierwiastka. W probkach rzeczywistych Tl wystepuje zawsze w
obecno$ci nadmiaru Pb, ktdry przeszkadza w oznaczeniach, gdyz sygnaty utleniania tych
pierwiastkow sa bardzo blisko siebie. Zauwazono, ze dodatek czynnika kompleksujacego
(EDTA) mniejsza interferencje pochodzace od Pb. Opracowano metod¢ oznaczania talu w
obecno$ci 0,2 umol/L Pb(Il) w zakresie liniowosci krzywej kalibracyjnej 2 — 50 nmol/L. W
kolejnych badaniach skupiono si¢ na specjacji pierwiastkow, czyli oznaczaniu jednej formy
pierwiastka w obecnosci nadmiaru innej formy tego pierwiastka. Opracowano metode
oznaczania metylorteci (MeHg) - organicznej formy rtgci w obecnos$ci nadmiaru formy
nieorganicznej (publikacja 1.1.41). Metylorte¢ jest ok 1000 razy bardziej toksyczna od form
nieorganicznych tego pierwiastka. Ze wzgledu na katastrofy ekologiczne jest jej duzo w
wodach moérz i oceandw, natomiast 0Oznaczanie tych dwoch form pierwiastka obok siebie jest
bardzo trudne. Standardowe metody stosowane do oznaczania rtgci pozwalaja na oznaczenie
jedynie ogélnej zawartoSci tego pierwiastka. W badaniach wlasnych zastosowano
modyfikacje btonkowej elektrody =zlotej poprzez pokrycie jej warstwa zywicy
kationowymiennej Nafionu. Ponadto do roztworu prébki dodawano czynnik kompleksujacy
DTPA. W takich warunkach jony rteci nieorganicznej tworzyty kompleksy z DTPA o fadunku
ujemnym, natomiast metylorte¢ pozostawata w roztworze w postaci kationéw. Podczas etapu
nagromadzania do powierzchni elektrody poprzez warstwg Nafionu przechodzity tylko
kationy metylorteci. Za pomoca tej metody mozliwe jest oznaczanie $ladowych ilosci
metylortgci w obecnosci 2000-krotnego nadmiaru rtgci nieorganicznej. Specjacja jest rOwniez
bardzo wazna w przypadku chromu. Zwigzku Cr(VI) majg dziatanie toksyczne i rakotworcze,
natomiast zwigzki Cr(Ill) sa uwazane za korzystnie wplywajace na funkcjonowanie
organizmu. Podczas oznaczen woltamperometrycznych Cr(VI) w obecnosci Cr(IIl) uzywa sig
réznych czynnikéw kompleksujacych, ktore majg za zadanie zwigzanie Cr(III). W moich
badaniach aby poprawi¢ selektywno$¢ oznaczen zastosowany zostal wstepny rozdziat obu
form na tlenku glinu. Zoptymalizowano warunki rozdziatu Cr(VI) 1 Cr(Ill) na kolumience
wypetnione] tlenkiem glinu oraz warunki prowadzenia oznaczen. Przy zastosowaniu
opracowanej procedury oznaczen mozliwe jest oznaczanie Cr(VI) nawet w obecnosci 10%
nadmiaru Cr(l11) (publikacja 1.1.40).
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b) po uzyskaniu stopnia doktora

Po uzyskaniu stopnia doktora w roku 2012 zostatam zatrudniona na etacie asystenta w
Katedrze Biochemii i Toksykologii. Swoje zainteresowania naukowe, ktore do tej pory
skupiaty si¢ gltownie na opracowaniu nowych metod oznaczania $ladowych ilosci
pierwiastkow toksycznych poszerzylam o badania dotyczace wplywu réznych czynnikoéw, w
tym toksycznych na organizm zwierzat.

We wspoélpracy z Uniwersytetem Marii Curie Sktodowskiej oraz Uniwersytetem
Medycznym w Lublinie opracowatam nowe metody oznaczania zwigzkoéw, ktore mogg by¢ w
przysztosci stosowane w leczeniu nowotworow. Jednym z nich byt nowo zsyntezowany przez
pracownikow Uniwersytetu Medycznego w Lublinie [4-okso-8-(3-chlorofenylo)-4,6,7,8-
tetrahydroimidazo[2,1-c][1,2,4]triazyn-3-ylo] octan etylu (ETTA). W swoich badaniach
zoptymalizowatam procedur¢ oznaczania tego zwiagzku na blonkowej elektrodzie bizmutowej
(sktad 1 pH elektrolitu podstawowego, warunki nanoszenia btonki bizmutu, potencjal i czas
nagromadzania, szybko$¢ skanowania itp.). W zoptymalizowanych warunkach mozliwe jest
oznaczanie ETTA w zakresie stezen 2-50 pg/L przy czasie nagromadzania 300 s. W
metodach woltamperometrycznych wazne jest uzyskanie jak najnizszych granic
wykrywalnosci. Granica wykrywalnosci (LOD) dla ETTA dla 300 s czasu nagromadzania
wynosita 0,4 pg/L. Zaproponowana tatwa, czuta i niedroga metoda zostata z powodzeniem
zastosowana do oznaczania ETTA w surowicy krwi po ekstrakcji metoda SPE (publikacja
1.1.28). We wspotpracy z Uniwersytetem Medycznym w Lublinie opracowano réwniez
kolejne procedury oznaczania proleku (2E)-2-{(2E)-[1-(4-metylofenylo)imidazolidyno-
2ylideno]hydrazynylideno}butanodionianu dietylu (DIB). Substancja ta ma rowniez dziatanie
antynowotworowe potwierdzone w badaniach na zwierzg¢tach laboratoryjnych. Do oznaczania
tej substancji wykorzystano dwie elektrody blonkowe - elektrode z wegla szklistego
modyfikowang btonkg bizmutu (BiF/GCE) i elektrode z wegla szklistego modyfikowang
btonka otowiu (PbF/GCE). Ponadto po raz pierwszy zaproponowano mechanizm
wzmocnienia elektrondow do elektrochemicznej redukcji DIB na obu opracowanych
elektrodach. Porownano parametry walidacyjne uzyskane podczas oznaczania DIB na obu
elektrodach i zakres liniowos$ci krzywej kalibracyjnej byt szerszy na PbF/GCE - 9-900 ug/L
przy czasie nagromadzania 10 s (LOD = 1,5 pug/L i LOQ = 5,0 pg/L). Zoptymalizowane
procedury oznaczania moga by¢ stosowane do oznaczania DIB w preparatach

farmaceutycznych (publikacja 1.1.14).
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Moje zainteresowania badawcze koncentruja si¢ réwniez na wplywie nanoczastek
metali na organizm kurczat i indykow. W trakcie doswiadczen przeprowadzonych na
kurczetach brojlerach i indykach badano wptyw nanoczastek srebra, miedzi, manganu i cynku
na organizm tych zwierzat.

Przeciwdrobnoustrojowe wiasciwosci Ag 1 jego zwigzkoéw byly znane i
wykorzystywane od tysigcleci, petlnigc te funkcj¢ az do wynalezienia antybiotykow. W
ostatnich latach nastapit jednak powrdt do stosowania Ag jako $rodka bakteriobojczego w
postaci roztwordw, zawiesin nanoczgstek badz obu postaci. Wptyw nanoczgstek srebra (Ag-
NPs)na organizm kurczat brojleréw zbadano w 3 do$wiadczeniach. W do$wiadczeniu 1
kurczeta podzielono na 7 grup doswiadczalnych. Grupa kontrolna nie otrzymywata Ag-NPs,
natomiast pozostale kurczeta otrzymywaty hydrokoloid Ag-NPs w stezeniu 5 mg/LL w wodzie
do picia w 1 cyklu x 7 dni (8—14 dzien zycia) dla D1 (2,87 mg/szt.) lub w 2 cyklach x 7 dni
(8-14 dzien zycia i 36-42 dzien zycia) dla D2 (12,25 mg/szt.) oraz w 3 rozmiarach
nanoczastek 5, 25 lub 40 nm (odpowiednio S-5, S-25 i S-40). Wyniki uzyskanych badan
pokazaty, ze dodatek Ag-NPs do wody nie poprawitl parametréow wzrostowych ptakow,
jednak nanoczastki Ag niezaleznie od zastosowanego rozmiaru kumulowaty si¢ w jelicie i
watrobie. Wszystkie dawki i rozmiary Ag-NPs stymulowaty uktad odpornosciowy (z
wyjatkiem podania S-40(D1)) i nasilaly stres oksydacyjny w poréwnaniu do grupy kontrolnej.
Wykazano réwniez, ze doustne podawanie Ag-NPs kurcz¢tom wplywa na morfologie
przewodu pokarmowego oraz parametry statusu immunologicznego i redoks, natomiast efekt
ten zmienia si¢ w zaleznosci od dawki i wielkosci zastosowanych Ag-NPs (publikacja
1.1.25).

W doswiadczeniu 2 grupa kontrolna nie otrzymywata Ag-NPs, natomiast kurczeta z
grup T-5 i T-10 otrzymywaly hydrokoloid Ag-NPs w stezeniu 5 mg/L (grupy T-5) lub 10
mg/L (grupy T-10) w réznym czasie od drugiego tygodnia zycia. Podawanie Ag-NPs w
stezeniu 5 mg/L lub 10 mg/L w zakresie dawek 2,87-12,25 mg/szt. powodowato efekt
immunostymulujacy, wyrazajacy si¢ zwiekszeniem wyrzutu oddechowego u heterofilow oraz
zwigkszeniem stezenia lizozymu. Z kolei wyzsze dawki Ag-NP mialy dziatanie prozapalne,
na co wskazywaly podwyzszone poziomy IL-6 i ceruloplazminy, a takze wysokie OB.
Stymulowaty réowniez limfocyty B do produkcji immunoglobulin IgA i1 IgA (publikacja
1.1.26). Niezaleznie od stezenia, podawanie Ag-NPs (5 nm) w dawce nieprzekraczajacej 54
mg/szt. nie mialo negatywnego wptywu na wyniki wzrostowe kurczat. Ponadto stosowanie
Ag-NPs w ilosci od 2,87 do 63,74 mg/szt. nie powodowato gromadzenia si¢ Ag w migsniu

piersiowym. Stwierdzono takze, ze spozycie przez kurczeta 2,87 mg/szt. Ag-NPs powoduje
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kumulacje tego pierwiastka w $cianie jelita cienkiego i w watrobie. Podawanie Ag-NPs (5
nm), zwlaszcza w dawkach wigkszych niz ,,poziom, przy ktérym nie obserwuje si¢
szkodliwych skutkow” (NOAEL) wynoszacy 9,47 mg/szt., moze indukowaé reakcje
oksydacyjne we krwi, $cianie jelita cienkiego, watrobie i miegéniu piersiowym Kurczat
(publikacja 1.1.19).

W doswiadczeniu 3 kurczeta podzielono na 7 grup doswiadczalnych. Grupa kontrolna
nie otrzymywata Ag-NPs, natomiast kurczeta z pozostatych grup otrzymywaty nanoczastki
Ag (0,5, 1,0 lub 1,5 mg/kg m.c./dzien) przez rurk¢ do wola w trzech 3-dniowych okresach (8—
10, 22-24 i 36-38 dzien zycia) lub trzech 7 -dniowych okresach (d 8-14, 22-28 i 36-42 dzien
zycia). Wchtanianie sktadnikoéw mineralnych zbadano za pomoca techniki worka zotagdkowo-
jelitowego in vitro. Stwierdzono, Ze dostarczane droga pokarmowa nanoczastki Ag
prowadzity do zaleznej od dawki kumulacji Ag w $cianach jelit, a Ag skumulowane w jelitach
nie zaburzato wchtaniania Ca, ale zmniejszato wchtanianie K i Fe (publikacja 1.1.30).

Wyniki badan dotyczace wptywu nanoczastek Ag na wchianianie jelitowe innych
elementoéw mineralnych sktonito nas do zbadania wplywu stosowania nanoczastek ztota lub
nanoczastek miedzi na wchlanianie jelitowe pierwiastkow. W tym celu przeprowadzono
doswiadczenie na kurczetach brojlerach, w ktorym grupa kontrolna nie otrzymywata
nanoczastek zlota, natomiast grupy: Au-5(7), Au-10(7) i Au-15(7) otrzymywaty
nanoczasteczki ztota w ilosci 5 mg/L dla grupy Au-5(7), 10 mg/L dla grupy Au-10(7) i 15
mg/L dla grupy Au-15(7) w 8-14, 22 28 i 36-42 dniu zycia. Natomiast ptaki z grup Au-5(3),
Au-10(3) i Au-15(3) otrzymywatly nanoczasteczki ztota w takich samych ilosciach, ale tylko
w 8-10, 22-24 i 36-38 dniu zycia. Stwierdzono, ze nanoczgstki ztota dostarczane droga
pokarmowa prowadzi, do zaleznej od dawki i czasu, kumulacji ztota w $cianach jelit, a ztoto
obecne w jelicie czczym ma negatywny wptyw na wchtanianie wapnia, Zelaza 1 potasu w
warunkach in vitro (publikacja 1.1.32).

Badania wlasne wykazaty, ze réwniez nanoczastki miedzi stosowane jako suplement
diety dla drobiu moga rowniez wplywaé na absorpcje sktadnikow mineralnych.
Doswiadczenie przeprowadzono na kurczetach przydzielonych do siedmiu grup
doswiadczalnych. Grupa kontrolna (G-C) nie otrzymywala nanoczastek miedzi. Grupy: Cu-
5(7), Cu-10(7), i Cu-15(7) otrzymywaty nanoczastki miedzi w wodzie pitnej w ilosci: 0,5
mg/kg m.c./dzien dla grupy Cu-5(7), 1,0 mg/kg m.c./dzien dla grupy Cu-10(7) lub 1,5 mg/kg
m.c./dzien dla grupy Cu-15(7) w okresie od 8 do 14, od 22 do 28 i od 36 do 42 dnia zycia
ptakow. Ptaki z grup Cu-5(3), Cu-10(3) i Cu-15(3) otrzymywaty nanoczastki miedzi w takich
samych ilo$ciach, ale tylko w czasie od 8 do 10, od 22 do 24 i od 36 do 38 dnia zycia.
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Wchtanianie sktadnikow mineralnych badano podobnie jak w przypadku nanoczgstek srebra i
ztota technika worka zotadkowego in vitro. Stwierdzono, ze podawanie kurczg¢tom
nanoczastek miedzi w ilosci 0,5; 1,0 i 1,5 mg/kg m.c./dzien doprowadzito do kumulacji tego
pierwiastka w Scianach jelita. Na podstawie badan in vitro stwierdzono, ze Cu skumulowana
w jelitach zmniejsza wchianianie wapnia i cynku, ale nie wptywa na wchlanianie Zelaza
(publikacja 1.1.34). W grupie otrzymujacej dodatek nanoczastek Cu w ilosci 0,5 mg/kg
m.c./dzien przez 3 dniowe okresy w trakcie odchowu odnotowano zmniejszenie niedoboru Cu
z 28,7 do 11% w stosunku do poziomu zalecanego przez NRC (1994). W pozostatych
grupach $rednie dzienne spozycie Cu przekraczato zalecane spozycie od 7% do prawie 100%.
Suplementacja diety kurczat nanoczastkami Cu skutkowata zwigkszeniem zawartosci Cu w
watrobie i migéniu piersiowym przy jednoczesnym zmniejszeniu zawartosci Zn. Uzupelnienie
diety kurczat nanoczastkami Cu do poziomu przekraczajacego poziom Cu zalecany przez
NRC o 7% do 25% zwigkszylo potencjat antyoksydacyjny watroby i mig¢snia piersiowego.
Stwierdzono, ze status antyoksydacyjny watroby i migsni piersiowych kurczgt mozna
poprawi¢ poprzez uzupehienie standardowej diety zawierajgcej Siarczan miedzi dodatkiem
nanoczastek Cu, jednak do poziomu nieprzekraczajacego 25% zawarto$ci miedzi dla kurczat
brojleréw zalecanej przez NRC (1994). Sposrod zastosowanych dawek najbezpieczniejszy
okazal si¢ poziom nanoczastek Cu nieprzekraczajacy 7% zawarto$ci miedzi zalecanej przez
NRC (1994) (publikacja 1.1.15).

Kolejnym problemem badawczym bylo ustalenie, czy zastosowanie nanoczastek Mn
umozliwi obnizenie poziomu tego pierwiastka w paszy dla indykow bez negatywnego
wptywu na wyniki wzrostowe, status antyoksydacyjny i1 immunologiczny ptakow.
Doswiadczenie przeprowadzono w uktadzie dwuczynnikowym z 3 dawkami manganu 100, 50
i 10 mg/kg oraz 2 formami: tlenkiem manganu (MnO) i nanoczastkami manganu (NP-
Mn,03). Stwierdzono, ze niezaleznie od zastosowanej formy Mn, obnizenie poziomu Mn
zalecanego przez British United Turkeys (BUT) dla diety mtodych indykow ze 100 g do 10
mg/kg skutkowato zwigkszeniem zawartosci tego pierwiastka we krwi bez negatywnego
wplywu na wydajno$¢ wzrostu lub uktad odpornosciowy. Zmniejszenie suplementacji Mn w
postaci NP-Mn,O3 ze 100 do 50, a nawet do 10 mg/kg diety indykéw nie wptywato
negatywnie na obron¢ antyoksydacyjna mtodych indykéw. Natomiast zmniejszenie o 50%
zalecanego poziomu Mn w postaci MnO nasilato procesy utleniania lipidow. (publikacja
1.1.27). Stwierdzono, zastapienie MnO nanoczastkami NP-Mn,O3 poprawito strawno$¢ Mn w
jelicie kretym. Ponadto niezaleznie od zastosowanej formy, zmniejszenie poziomu

suplementacji Mn w diecie ze 100 mg/kg do 50 lub 10 mg/kg zmniejszylo strawnos¢ tego
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pierwiastka w jelicie kretym i zwickszylo jego gromadzenie w watrobie, mig$niach
piersiowych i skorze. Dodatkowo stwierdzono, ze Mn ma wplyw na wchtanianie i kumulacje¢
innych elementéw mineralnych, gdyz zmniejszenie dodatku Mn do diety indykoéw zwigkszyto
jelitowe wchtanianie Zn oraz zmniejszyto gromadzenie si¢ Zn i Cu w watrobie, migsniach
piersiowych i skorze. Odnotowano roéwniez, ze zmniejszenie dodatku Mn do diety indykow
pobudzito uktad odpornosciowy, co objawito si¢ pobudzeniem limfocytéw B do produkcji
immunoglobulin i uwolnieniem cytokiny IL-6 (publikacja 1.1.18). Ponadto stwierdzono, ze
niezaleznie od zastosowanej dawki Mn w postaci NP-Mn,O3 zmniejszat nitrowanie biatek
bardziej niz Mn w postaci MnO. Réwniez zmniejszenie dawki Mn w diecie ze 100 do 50
mg/kg, a nastgpnie do 10 mg/kg jest niekorzystne, poniewaz proporcjonalnie zwigksza
utlenianie biatek i DNA w komorkach, zmniejsza aktywno$¢ enzymdw antyoksydacyjnych i
zwicksza poziom glutationu. Dodatkowo zmniejszenie dawki Mn ze 100 do 10 mg/kg
zwicksza globalng metylacjc DNA. Redukcja poziomu Mn, niezaleznie od zastosowanej
formy, jest niekorzystna, poniewaz ostabia obron¢ systemu antyoksydacyjnego, co w
konsekwencji moze indukowac¢ procesy oksydacyjne w komorkach. Chociaz Mn w postaci
NP-Mn,0; redukuje nitrowanie biatek lepiej niz w postaci MnO, zastosowanie nanoczgstek
manganu w zywieniu indykéw (nawet w mniejszych dawkach) wymaga dalszych badan
(publikacja 1.1.17).

Celem kolejnych badan dotyczacych stosowania nanoczgstek bylo okreslenie
skuteczno$ci tacznego zastosowania nanoczastek Cu, Zn i Mn w diecie indykow pod katem
potencjalnego obnizenia zawarto$ci tych pierwiastkow w paszach. Dos$wiadczenie
przeprowadzono na indyczkach przydzielonych do czterech grup. Indyki z grupy PC
otrzymywaly pasz¢ z dodatkiem nieorganicznych form Cu, Zn i Mn w ilosciach
rekomendowanych przez B.U.T., z grupy IR otrzymaty dodatek w ilosciach obnizonych do
10% zalecanego poziomu, a z grupy NR dodatek pierwiastkéw w postaci nanoczastek w
takich samych ilosciach jak w grupie IR. Indyki z grupy NC otrzymywaly pasz¢ bez dodatku
tych pierwiastkéw. Badania wykazaty, ze dodatek Cu, Zn 1 Mn do pasz dla indykéw, zarowno
w postaci nieorganicznej, jak 1 nanoczasteczek, w ilosciach pokrywajacych zaledwie 10%
B.U.T. zalecenia nie mialy negatywnego wplywu na wydajno$¢ wzrostu ani na potencjat
antyoksydacyjny i obron¢ immunologiczng indykow. Dodatkowo stwierdzono, ze zmiany
statusu redoks u indykoéw, ktorych dieta nie byla uzupelniana Cu, Zn 1 Mn wskazuja na
zmniejszenie procesOw utleniania w tkankach (publikacja 12).

Kolejnym tematem moich zainteresowan naukowych bylo ustalenie mozliwosci

zastosowania produktow fermentowanych w zywieniu zwierzat. W doswiadczeniu 1 zbadano
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wplyw réznych poziomow fermentowanej Sruty sojowej na wydajnos¢ wzrostu, morfologie
jelit, wskazniki metaboliczne i odporno$¢ u indykéw. Doswiadczenie przeprowadzono na
indyczkach przydzielonych do 4 grup doswiadczalnych. Paszg dla grupy kontrolnej (FSBMO)
byta mieszanka standardowa bez fermentowanej $ruty sojowej. Dla indykow z grup FSBM?7,
FSBM9 1 FSBM10 dieta zawierata odpowiednio 70, 90 lub 100 g fermentowanej Sruty
sojowej (FSBM) na 1 kg paszy. Badania wykazatly, ze dodanie sfermentowanej $ruty sojowej
do paszy dla indykéw w ilosci 7% poprawito histologie jelit i pobudzito uktad odpornosciowy
i antyoksydacyjny. Stwierdzono, ze zastosowanie wyzszego poziomu FSBM (9% i 10%) w
diecie indykow poprawito wyniki wzrostowe 1 korzystnie wptynelo na histologie jelita
cienkiego. Ponadto wiaczenie do diety 10% FSBM korzystnie wptyneto na parametry
krwinek czerwonych, ale negatywnie na czynno$¢ watroby i nerek (wzrost aktywnosci
aminotransferaz, zawartosci glukozy i kreatyniny we krwi indykow). Odnotowano, ze 10%
udziat FSBM w paszy przyczynit si¢ do niekorzystnego nasilenia reakcji oksydacyjnych i
zapalnych, czego wyrazem byl wzrost zawartosci dialdehydu malonowego, nadtlenkow
lipidowych oraz prozapalnej inteleukiny-6 (publikacja 1.1.16).

Badania dotyczace zastosowania produktow fermentowanych przeprowadzono
rowniez na trzodzie chlewnej. Miaty one na celu okreslenie, w jaki sposob fermentowana
$ruta rzepakowa (FRSM) podawana cigzarnym lochom wplywa na status antyoksydacyjny i
immunologiczny prosiat. Zwierzgta podzielono na 4 grupy. Grupy kontrolne pierwiastek (CG)
1 wielorodek (CS) otrzymywaty standardowa diete dla cigzarnych lub karmigcych loch. Grupy
doswiadczalne loch pierwiastek (EG) 1 wielorddek (ES) otrzymywaty pasze z 4% udzialem
FRSM zamiast sruty sojowej do 100 dnia cigzy, 9% udziatem FRSM od 100 dnia cigzy do 7
dnia laktacji, a nastgpnie ponownie 4% udziatem FRSM do konca laktacji. Stwierdzono, ze
dodatek FRSM do paszy dla loch istotnie stymuluje procesy antyoksydacyjne u pierwiastek i
wielorodek oraz ich prosiat. (publikacja 1.1.1).

W swoich badaniach skupitam si¢ réwniez na badaniach wptywu stosowania
antybiotykow 1 probiotykow U drobiu. Nadmierne stosowanie antybiotykow jest
kontrowersyjne i moze prowadzi¢ do rozprzestrzeniania si¢ zakazen lekoopornych zarowno u
ptakow, jak 1 u ludzi. W prezentowanych badaniach poréwnano wplyw stosowania w
pierwszym tygodniu zycia antybiotyku enrofloksacyny lub probiotyku zawierajacego szczepy
Enterococcus faecium i Bacillus amyloliquefaciens na organizm kurczat. Wykonano
doswiadczenie w ktorym grupa kontrolna nie otrzymywata zadnych dodatkow w wodzie
pitne] (GC); grupa GP otrzymywala przez pierwsze 5 dni zycia, preparat probiotyczny

zawierajacy E. faecium 1 B. amyloliquefaciens, grupa GA otrzymywala antybiotyk
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(enrofloksacyna 0,5 ml/L wody) przez pierwsze 5 dni zycia. Stwierdzono, ze zastosowanie
zarowno enrofloksacyny, jak i probiotyku zawierajacego szczepy E. faecium i B.
amyloliquefaciens u kurczat w pierwszym tygodniu zycia poprawito integralnos$¢ jelit i
zmniejszyto stany zapalne oraz zmiany oksydacyjne 1 epigenetyczne w jelicie cienkim. Efekt
ten byl widoczny zarowno w 6 dniu zycia, jak i pod koniec okresu odchowu (publikacja
1.1.11). Podawanie antybiotyku enrofloksacyny lub probiotyku zawierajacego szczepy E.
faecium i B. amyloliquefaciens kurczetom w pierwszym tygodniu zycia wywiera wyrazny
wpltyw immunomodulujacy na humoralne i komorkowe mechanizmy obronne u tych ptakow.
Stwierdzono, ze wczesne podanie enrofloksacyny moze stwarza¢ ryzyko ostabienia
odpornosci humoralnej, na co wskazuje znaczny spadek catkowitego stezenia IgY w osoczu
kurczat (publikacja 1.1.2).

W hodowli drobiu poszukuje si¢ dodatkow do diety lub wody, ktorych podawanie
bedzie skutkowalo poprawa zdrowia ptakéw, a co za tym idzie wydajnosci wzrostu. Coraz
wieksze nadzieje na uzyskanie takich efektow poktada si¢ w dodatkach roslinnych, zwanych
fitobiotykami, ktore jako naturalne dodatki sg bezpieczne zar6wno dla zdrowia ptakow, jak i
nie pozostawiaja toksycznych pozostatosci w produktach koncowych (migsie i jajach). W
prezentowanych badaniach zalozono, ze preparat fitobiotyczny zawierajacy olejek
cynamonowy i kwas cytrynowy dodany do wody pitnej dla kurczat w odpowiedniej ilosci i
przez odpowiedni czas korzystnie modyfikuje sktad i morfologi¢ mikrobiomu jelita cienkiego,
poprawiajac w ten sposob odpornos¢ i wydolno$¢ wzrostowa bez indukowania zaburzen
metabolizmu. Dos$wiadczenie przeprowadzono na kurczgtach przydzielonych do siedmiu
grup doswiadczalnych. Grupa kontrolna (G-C) nie otrzymywata fitobiotyku. Grupy CT-0.05,
CT-0.1i CT-0.25 otrzymywaty fitobiotyk w wodzie do picia w ilo$ci odpowiednio 0,05; 0,1 i
0,2 ml/L w okresie od 1 do 42 dnia zycia (aplikacja ciagta, CT). Ptaki z grup PT-0.05, PT-0.5
i PT-0.25 otrzymywaty fitobiotyk w takich samych ilosciach, ale tylko w 1-7, 15-21 i 29-35
dniu zycia (aplikacja okresowa, PT). Stwierdzono, ze dodatek fitobiotyku zawierajacego
olejek cynamonowy i kwas cytrynowy do wody pitnej kurczat w odpowiedniej dawce i przez
odpowiedni czas moze korzystnie modyfikowa¢ skitad mikrobiomu i morfometri¢ jelita
cienkiego poprawiajac odpornos¢ i wydolnos¢ wzrostowa kurczat. Sposrod trzech badanych
dawek (0,05, 0,1 i 0,25 ml/L wody) preparatu zawierajacego olejek cynamonowy
najkorzystniejsze okazato si¢ podawanie 0,25 ml/L przez 42 dni, gdyz kurczgta z tej grupy
cechowaly si¢ lepsza wydajnoscia wzrostu. Bylo to zwigzane z korzystnym wpltywem
preparatu na mikrobiom jelita cienkiego, metabolizm oraz status immunologiczny oraz uktad

antyoksydacyjny kurczat (publikacja 1.1.5).
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Kolejnym tematem badawczym byto ustalenie optymalnych pozioméw i1 proporcji
lizyny (Lys), argininy (Arg) i metioniny (Met) w mieszankach paszowych, ktore pozwola na
optymalne wykorzystanie potencjalu wzrostowego indykow rzeznych i ogranicza zaburzenia
metaboliczne. Przeprowadzone do$wiadczenie miato uktad czynnikowy 3 x 2 z trzema
poziomami Arg (90%, 100% lub 110%) i dwoma poziomami Met (30% lub 45%), w stosunku
do zawartosci Lys w diecie. Odnotowano wplyw poziomu Arg na metabolizm lipidow.
Stwierdzono, ze najnizsza zawartos¢ Arg (90% Lys) w diecie spowodowata wzrost poziomu
cholesterolu catkowitego w osoczu indykdw w pordwnaniu z wyzszg zawartoscig Arg (100%
lub 110% Lys), dodatkowo stezenie HDL w osoczu wzrastato u indykéw karmionych paszami
o wyzszej zawartosci Arg (100% 1 110% Lys) w pordwnaniu z indykami karmionymi dietg o
najnizszej zawartosci Arg (90% Lys). W poréwnaniu z indykami o najnizszej i posredniej
zawartosci Arg (90% i 100% Lys), dieta z najwyzsza zawarto$cia tego Arg (110% Lys)
spowodowata wzrost poziomu T4 w osoczu. Stwierdzono, ze zréznicowane poziomy Arg i
Met w stosunku do Lys nie wptywaly na wydzielanie neuroprzekaznikéw ani hormonow
regulujacych metabolizm glukozy. Jednak przy niskim poziomie Met w diecie spadek Arg w
stosunku do Lys ze 100% do 90% powodowal zahamowanie wzrostu indykow, czego nie
odnotowano w przypadku wyzszej zawartosci Met (publikacja 1.1.7). W pordéwnaniu z
indykami zywionymi dietami o umiarkowanej zawartosci Arg (100% zawartosci Lys), spadek
poziomu Arg w diecie (90% zawartosci Lys) prowadzit do obnizenia stezenia 3-nitrotyrozyny
(3-NT) w osoczu, natomiast wzrost poziomu Arg w diecie (110% zawartoséci Lys) prowadzit
do wzrostu stgzenia 3-NT w osoczu. Odnotowano, ze w poréwnaniu z indykami zywionymi
dietami o umiarkowanej zawartosci Arg (100% zawartosci Lys), najnizszy poziom Arg w
diecie (90% zawarto$ci Lys) powodowatl obnizenie aktywnosci dysmutazy ponadtlenkowej
(SOD) w $cianie jelita oraz w watrobie, zwigkszenie aktywnosci SOD we krwi i w mig$niach
piersiowych oraz zwigkszenie st¢zenia dialdehydu malonowego w migéniach piersiowych.
Wzrost zawartosci Met z 30 do 45% zawartosci Lys spowodowat spadek stezenia pochodnych
karbonylowych w biatkach osocza i aktywnosci katalazy w mig$niach piersiowych oraz
wzrost aktywnosci SOD w watrobie. Stwierdzono, ze najwyzszy poziom Arg w diecie (110%
zawarto$ci Lys) nie indukowal utleniania lipidow, biatek ani DNA, ale zwigkszat ryzyko
nitrowania biatek. Najnizszy poziom Arg w diecie (90% zawarto$ci Lys) pogarszal status
antyoksydacyjny indykow. Odnotowano, ze niezaleznie od poziomu Arg w diecie, wzrost
zawartosci Met z 30 do 45% zawartosci Lys stymulowal antyoksydacyjny system obronny
indykow. Stosujac zalecany przez NRC poziom Lys w diecie indykoéw, optymalny poziom
Arg wynosi 100%, a Met 45% w poréwnaniu z Lys (publikacja 1.1.8).
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W doswiadczeniu 2 przyjeto hipoteze, ze odpowiednia proporcja pokarmowa argininy
(Arg) do lizyny Lys) moze poprawi¢ stan immunologiczny i wydajno$¢ wzrostowg indykow.
Dos$wiadczenie przeprowadzono na indykach przydzielonych do czterech grup z dwoma
poziomami Lys (niski = zalecenie NRC lub wysoki = NRC + 10%) i dwoma poziomami Arg
(95% lub 105% Arg w stosunku do zawarto$ci Lys w diecie) . Stwierdzono, ze zawarto$¢ Lys
w paszach dla indykow powinna by¢ o 10% wyzsza niz zalecana przez NRC i w potaczeniu z
wyzszym poziomem Arg (105% Lys). Chociaz powyzszy stosunek Arg:Lys nie poprawial
wydajnosci wzrostowej ptakow, stymulowat ich uktad odporno$ciowy i zmniejszat nitrowanie
biatek oraz utlenianie biatek i DNA (publikacja 1.1.9)

W swoich badaniach skupitam si¢ rowniez na mozliwo$ci zastgpienia biatka
ro§linnego stosowanego w zywieniu drobiu poprzez stosowanie maczek z owadow.
Przeprowadzono do$wiadczenie na indykach, w ktorym diety podstawowej dodano
petnotluste maczki otrzymane z owadow Tenebrio molitor (TM) lub Hermetia illucens (HI) w
ilosci 3 g/kg. Uzyskane wyniki poréwnano z grupa kontrolng nie otrzymujacg tych dodatkoéw
oraz grupa otrzymuja¢a dodatek monenzyny (MON). Wprawdzie dodatek do diety
petottustych maczek z owadoéw nie poprawiat wynikow produkcyjnych tak jak monenzyna,
ale zadziatal przeciwzapalne, immunostymulujaco i antyoksydacyjnie wywotujac korzystne
zmiany we krwi indykow. Stwierdzono, ze dodatek HI i TM spowodowat korzystne obnizenie
zawartosci cholesterolu catkowitego we krwi oraz wzrost fosforu, czego nie odnotowano przy
stosowaniu MON. Uzyskane wyniki wykazaty, ze w poréwnaniu z dieta kontrolng bez
dodatkow, dodatki MON, TM i HI wykazywaly nieselektywne wtasciwos$ci bakteriostatyczne,
bez niekorzystnej intensyfikacji fermentacji biatek 1 wzrostu pH tresci pokarmowej w jelicie
$lepym mtodych indykéw. Odnotowano, ze dodatek TM i HI podobnie jak MON zmniejszyt
aktywno$¢ enzymatyczng mikrobiomu jelita $lepego oraz obnizyl stezenie wszystkich
krotkotancuchowych kwasow thuszczowych z wyjatkiem mastowego w jelicie Slepym.
Stwierdzono, ze dodatek 3 g/kg pelotlustych maczek z owadow, zwlaszcza Hermetia
illucens, wywarl znacznie silniejsze dziatanie przeciwzapalne, immunostymulujgce i
przeciwutleniajace niz powszechnie stosowana monenzyna (publikacja 1.1.4).

W kolejnych badaniach skupiono si¢ na wlaczeniu réznego udzialu maczek z
Hermetia illucens do diety indykow. Wykonano do$wiadczenie w ktérym indyki karmiono
dieta kontrolng (HIO) bez maczki z owadow oraz trzema dietami o zwigkszonej zawarto$ci
Hermetia illucens (HI) o 5%, 10% i 15% (grupy HI5, HI10 i HI15). Stwierdzono, ze
stosowanie 10% lub 15% HI w diecie mtodych indykéw, przy korzystnym zwigkszeniu
poziomu P, Fe i hemoglobiny, ma negatywny wplyw na gospodarke lipidowa, zwigkszajac
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poziom cholesterolu catkowitego, powodujac utlenianie lipidow i odktadanie tluszczu w
watrobie. Natomiast wiaczenie 5% HI do diety mtodych indykéw nie wptywa niekorzystnie
na stan lipidowy i histologiczny watroby, ale nie poprawia statusu antyoksydacyjnego.
Stwierdzono ze, poziom maczki HI w diecie indykéw nie powinien przekraczaé 5%
(publikacja 1.1.10).

Zbadano rowniez wpltyw stosowanie maczki z Hermetia illucens na czynnos¢ jelit.
Wiaczenie Hermetia illucens do diety spowodowato zwigkszenie zawartosci suchej masy
(DM) i lepkosci tresci jelita cienkiego. Najwyzszy udzial Hermetia illucens nie wptynat na
poziomy IgA, ale zwiekszyt poziomy IgY w tkance jelita cienkiego w porownaniu z grupa
kontrolna. Jednoczes$nie stosowanie Hermetia illucens zadziatato przeciwzapalne poprzez
zmniejszanie poziomu TNFa i zwickszanie poziomu IL-6 w tkance jelita cienkiego.
Odnotowano, ze wiaczenie Hermetia illucens do diety korzystnie zwickszyto aktywnosc
wybranych enzyméw drobnoustrojéow (a-galaktozydazy, B-glukozydazy i B-glukuronidazy)
oraz st¢zenie kwasu mastowego w jelicie Slepym. Zwigkszenie poziomu inkluzji Hermetia
illucens nie wplyngto na ostateczng mase ciata (BW) ani przyrost masy ciata (BWG) ptakow,
ale spowodowato zmnijeszenia wspoétczynnika wykorzystania paszy (FCR). (publikacja
1.1.6).

W swoich badaniach zajmowatam si¢ réwniez oznaczaniem réznych substancji w
ros§linach i produktach roslinnych. Cze$¢ badan byla skoncentrowana na wptywie sposobu
uprawy na jako$¢ ziarna i sktad chemiczny pszenicy, jeczmienia czy grochu (publikacje
1.1.23, 1.1.31, 1.1.33, 1.1.37-1.1.39). Zajmowatam si¢ rowniez oznaczaniem naturalnych
antyoksydantéw oraz elementéw mineralnych w réznych odmianach dyn (publikacja 1.1.12,
1.1.24), winach wytworzonych z owocoéw jagodowych (publikacja 1.1.35), hiszpanskich
odmianach karczocha kulistego (publikacja 1.1.21) oraz w paszach (publikacja 1.1.36).
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Podsumowanie dorobku naukowego

Zestawienie dorobku naukowego wg. liczby pozycji bibliograficznych, wartosci IF z
uwzglednieniem punktow MEIN, przed oraz po uzyskaniu stopnia doktora przedstawiono w

ponizszym zestawieniu tabelarycznym.

Rodzaj publikacji Przed Po uzyskaniu stopnia doktora Ogotem
uzyskaniem Jednotematyczny Pozostate
stopnia doktora cykl publikacji publikacje
IF MEIN IF MEIN IF MEIN | IF MEIN
Prace oryginalne w | 7,922 |87(3) |17,422 |600(5) |87,380 | 2835 | 112,744 | 3522
czasopismach z bazy (39)
JCR
Prace oryginalne w 7(2) - 7

czasopismach spoza
bazy JCR

Artykuty 28 (2) 28
przegladowe w

czasopismach spoza

bazy JCR

Doniesienia i - (6) - (46)

komunikaty

Rozdziaty W 130 130
monografiach (14)

Ogotem 112,744 | 3687

W trakcie dotychczasowej pracy naukowej, bylam kierownikiem jednego projektu
badawczego, a takze wykonawca 3 projektow finansowanych przez Narodowe Centrum
Nauki (NCN).

Ponadto petnitam funkcje recenzenta 19 publikacji naukowych wyszczegolnionych w
JCR tj. Veterinary Sciences (1), BMC Veterinary Research(1), International Journal of
Nanomedicine (1), Agriculture (1), Scientific Reports (1), Animals (5), PLOS ONE (1),
Plants (1), Phytotherapy Research (1), Molecules (2), International Journal of Vegetable
Science (1), Environmental Research (1), Antioxidants (1), Foods(1).
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Prowadzona dziatalno$¢ naukowa pozwolita na uzyskanie nagrody JM Rektora
Uniwersytetu Przyrodniczego w Lublinie za osiagnigcia naukowe w latach 2019-2021.
Ponadto, w 2021 uzyskalam zespolowe Wyrdznienie Komitetu Nauk Zootechnicznych i
Akwakultury Polskiej Akademii Nauk za osiggni¢cie naukowe ,,Technologie pozwalajace na
istotne obnizenie emisji gazéw cieplarnianych, azotu 1 fosforu do srodowiska naturalnego bez
negatywnego wptywu na wyniki produkcyjne drobiu”. W 2022 roku zostatam uhonorowana
nagroda zespotowa Komitetu Nauk Zootechnicznych i Akwakultury Polskiej Akademii Nauk
za osiggnigcie naukowe , Antyoksydacyjne 1 immunostymulujgce oddziatywanie
zroznicowanych poziomow 1 wzajemnego stosunku lizyny, argininy i metioniny w

mieszankach dla indykéw rzeznych”.

Lublin, 20.03.2023 r.
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I. INFORMACJA O OSIAGNIECIACH NAUKOWYCH ALBO ARTYSTYCZNYCH,
O KTORYCH MOWA W ART. 219 UST. 1. PKT 2 USTAWY

CYKL POWIAZANYCH TEMATYCZNIE ARTYKULOW NAUKOWYCH, ZGODNIE Z
ART. 219 UST. 1. PKT 2B USTAWY

Lp. Publikacja IF MEIN
I.1. Stepniowska A., Tutaj K., Juskiewicz J., Ognik K. Effect of a high- 5,467 100
fat diet and chromium on hormones level and Cr retention in rats. J.
Endocrinol. Invest. 2022, 45, 527-535. DOI: 10.1007/s40618-021-

01677-3
Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan
oraz napisanie manuskryptu i przeprowadzenie procesu

edytorskiego (autor korespondencyjny), a takze bratam udzial w
przeprowadzeniu analiz laboratoryjnych.

1.2.  Stepniowska A., Juskiewicz J., Tutaj K., Fotschki J., Fotschki B., 2,736 100
Ognik K. Effect of chromium picolinate and chromium
nanoparticles added to low- or high-fat diets on chromium
biodistribution and the blood level of selected minerals in rats. Pol.
J. Food Nutr. Sci. 2022, 72, 229-238. DOI: 10.31883/pjfns/151750
Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan
oraz napisanie manuskryptu i przeprowadzenie procesu
edytorskiego (autor korespondencyjny), a takze bratam udzial w
przeprowadzeniu analiz laboratoryjnych.

1.3. Stepniowska A., Tutaj K., Drazbo A., Koztowski K., Ognik K., 3,240 100
Jankowski J. Estimated intestinal absorption of phosphorus and its
deposition in chosen tissues, bones and feathers of chickens
receiving chromium picolinate or chromium nanoparticles in diet.
PloS One 2020, 15, €0242820. DOI: 10.1371/journal.pone.0242820
Bylam odpowiedzialna za koncepcje, hipoteze i metodologie badan
oraz napisanie manuskryptu i przeprowadzenie procesu
edytorskiego (autor korespondencyjny), a takze bratam udzial w
przeprowadzeniu analiz laboratoryjnych.

1.4.  Ognik K., Drazbo A., Stepniowska A., Kozlowski K., Listos P., 3,247 200
Jankowski J. The effect of chromium nanoparticles and chromium
picolinate in broiler chicken diet on the performance, redox status
and tissue histology. Anim. Feed Sci. Technol. 2020, 259, 114326.
DOI: 10.1016/j.anifeedsci.2019.114326
Bratam udzial w opracowaniu koncepcji przeprowadzenia badan,
przeprowadzeniu analiz  laboratoryjnych  oraz  napisaniu
manuskryptu.

I.5. Stepniowska A., Drazbo A., Koztowski K., Ognik K., Jankowski J. 2,752 100
The effect of chromium nanoparticles and chromium picolinate in
the diet of chickens on levels of selected hormones and tissue
antioxidant  status.  Animals 2020, 10,  45. DOI:
10.3390/ani10010045
Bytam odpowiedzialna za koncepcje, hipoteze i metodologie badan
oraz napisanie manuskryptu i przeprowadzenie procesu
edytorskiego (autor korespondencyjny), a takze bratam udzial w
przeprowadzeniu analiz laboratoryjnych.



Razem 17,442 600

II. INFORMACJA O AKTYWNOSCI NAUKOWEJ ALBO ARTYSTYCZNEJ

1. Wykaz opublikowanych artykutdow w czasopismach naukowych (z zaznaczeniem pozycji

niewymienionych w pkt 1.2).

1.1 Publikacje naukowe w czasopismach znajdujgcych sie w bazie Journal Citation Reports

(JRC).

Lp.

PRACE WYDANE PO UZYSKANIU STOPNIA DOKTORA

IF

MEIN

111

Czech A., Stepniowska A., Kiesz M. Effect of fermented
rapeseed meal as a feed component on the redox and immune
system of pregnant sows and their offspring. Ann. Anim. Sci.
2022, 22, 201-219. DOI: 10.2478/aoas-2021-0034

2,667

140

1.1.2

Jankowski J., Tykatowski B., Stepniowska A., Konieczka P.,
Koncicki A., Matusevicius P., Ognik K. Immune parameters in
chickens treated with antibiotics and probiotics during early life.
Animals 2022, 12, 1133. DOI: 10.3390/ani12091133

3,231

100

1.13

Gawryluk A., Stepniowska A., Lipinska H. Effect of soil
contamination with polycyclic aromatic hydrocarbons from
drilling waste on germination and growth of lawn grasses.
Ecotoxicol.  Environ. Saf. 2022, 236, 113492. DOL:
10.1016/j.ecoenv.2022.113492

7,129

100

114

Koztowski K., Ognik K., Stepniowska A., Juskiewicz J.,
Zdunczyk Z., Kieronczyk B., Benzertiha A., Jozefiak D.,
Jankowski J. Growth performance, immune status and intestinal
fermentative processes of young turkeys fed diet with additive of
full fat meals from Tenebrio molitor and Hermetia illucens. Anim.
Feed Sci.  Technol. 2021, 278, 114994. DOl:
10.1016/j.anifeedsci.2021.114994

3,313

200

1.15

Krauze M., Cendrowska-Pinkosz M., Matusevicius P.,
Stepniowska A., Jurczak P., Ognik K. The effect of
administration of a phytobiotic containing cinnamon oil and citric
acid on the metabolism, immunity, and growth performance of
broiler ~ chickens.  Animals 2021, 11, 399. DOL:
10.3390/ani11020399

3,231

100

1.1.6

Jankowski J., Koztowski K., Zdunczyk Z., Stepniowska A.,
Ognik K., Kieronczyk B., Jozefiak D., Juskiewicz J. The effect of
dietary full-fat Hermetia illucens larvae meal on gut physiology
and growth performance in young turkeys. Anim. Feed Sci.
Technol. 2021, 275, 114879. DOl:
10.1016/j.anifeedsci.2021.114879

3,313

200

1.1.7

Ognik K., Catyniuk Z., Mikulski D., Stepniowska A., Konieczka
P., Jankowski J. The effect of different dietary ratios of lysine,
arginine and methionine on biochemical parameters and hormone
secretion in turkeys. J. Anim. Physiol. Anim. Nutr. 2021, 105,
108-118. DOI: 10.1111/jpn.13433

2,718

100

1.1.8

Jankowski J., Ognik K., Catyniuk Z., Stepniowska A., Konieczka
P., Mikulski D. The effect of different dietary ratios of lysine,

3,730

200




arginine and methionine on protein nitration and oxidation
reactions in turkey tissues and DNA. Animal 2021, 15, 100183.
DOI: 10.1016/j.animal.2021.100183

1.19

Ognik K., Mikulski D., Konieczka P., Tykatowski B., Krauze M.,
Stepniowska A., Nynca A., Jankowski J. The immune status,
oxidative and epigenetic changes in tissues of turkeys fed diets
with different ratios of arginine and lysine. Sci. Rep. 2021, 11,
15975. DOI: 10.1038/s41598-021-95529-y

4,996

140

1.1.10

Ognik K., Koztowski K., Stepniowska A., Listos P., Jozetfiak D.,
Zdunczyk Z., Jankowski J. Antioxidant status and liver function
of young turkeys receiving a diet with full-fat insect meal from
Hermetia illucens. Animals 2020, 10, 1339. DOI:
10.3390/ani10081339

2,752

100

1.1.11

Ognik K., Konieczka P., Stepniowska A., Jankowski J. Oxidative
and epigenetic changes and gut permeability response in early-
treated chickens with antibiotic or probiotic. Animals 2020, 10,
2204. DOI: 10.3390/ani10122204

2,752

100

1.1.12

Stepniowska A., Czech A., Sujak A., Matusevicius P., Chatabis-
Mazurek A. The effect of pumpkin varieties on the content of
selected toxic elements from south-eastern Poland. J. Food
Compos. Anal. 2020, 92, 103632. DOI:
10.1016/j.jfca.2020.103632

4,556

100

1.1.13

Jankowski J., Ognik K., Koztowski K., Stepniowska A.,
Zdunczyk Z. Effect of different levels and sources of dietary
copper, zinc and manganese on the performance and immune and
redox status of Turkeys. Animals 2019, 9, 883. DOI:
10.3390/ani9110883

2,323

100

1.1.14

Stepniowska A., Sztanke M., Tuzimski T., Korolczuk M.,
Sztanke K. Square-wave adsorptive stripping voltammetric
approaches at two in situ modified electrodes as first analytical
methods for the quantitative determination of a new anticancer
drug candidate. J. Iran. Chem. Soc. 2019, 16, 2755-2763. DOI:
10.1007/s13738-019-01735-x

1,552

40

1.1.15

Ognik K., Cholewinska E., Stepniowska A., Drazbo A.,
Koztowski K., Jankowski J. The effect of administration of
copper nanoparticles in drinking water on redox reactions in the
liver and breast muscle of broiler chickens. Ann. Anim. Sci. 2019,
19, 663-677. DOI: 10.2478/aoas-2019-0009

1,572

140

1.1.16

Chachaj R., Sembratowicz I., Krauze M., Stepniowska A.,
Rusinek-Prystupa E., Czech A., Matusevicius P., Ognik K. The
effect of fermented soybean meal on performance, biochemical
and immunological blood parameters in turkeys. Ann. Anim. Sci.
2019, 19, 1035-1049. DOI: 10.2478/aoas-2019-0040

1,572

140

1.1.17

Ognik K., Koztowski K., Stepniowska A., Szlazak R., Tutaj K.,
Zdunczyk Z., Jankowski J. The effect of manganese nanoparticles
on performance, redox reactions and epigenetic changes in turkey
tissues. Animal 2019, 13, 1137-1144.
DOI:10.1017/S1751731118002653

2,400

200

1.1.18

Jankowski J., Ognik K., Stepniowska A., Zdunczyk Z.,

2,659

140




Koztowski K. The effect of the source and dose of manganese on
the performance, digestibility and distribution of selected
minerals, redox, and immune status of turkeys. Poult. Sci. 2019,
98, 1379-1389. DOI: 10.3382/ps/pey467

1.1.19

Kulak E., Ognik K., Stepniowska A., Drazbo A. Effect of
nanoparticles of silver on redox status and the accumulation of Ag
in chicken tissues. J. Sci. Food Agric. 2018, 98, 4085-4096. DOI:
10.1002/jsfa.8925

2,422

35

1.1.20

Czech A., Ognik K., Laszewska M., Cholewinska E.,
Stepniowska A. Modification of the lipid profile and antioxidant
status of the blood plasma of turkey hens fed mixtures with raw or
extruded linseed. J. Anim. Physiol. Anim. Nutr. 2018, 102, e270-
e278. DOI: 10.1111/jpn.12738

1,703

30

1121

Perez-Esteve E., Satata A., Barat J.M., Stepniowska A., Lopez
Galarza S., Nurzynska-Wierdak R. Polyphenolic composition of
spanish cultivars of globe artichoke (Cynara cardunculus L. var.
Scolymus (L.) Fiori). Acta Sci Pol. Hortorum Cultus 2018, 17,
177-184. DOI: 10.24326/asphc.2018.2.15

0,443

20

1.1.22

Brodacki A., Batkowska J., Stepniowska A., Blicharska E.,
Drabik K. Quality and mineral composition of eggs from hens
supplemented with copper-lysine chelate. Arch. Anim. Breed. -
Arch. Tierz. 2018, 61, 109-113. DOI: 10.5194/aab-61-109-2018

1,157

20

1.1.23

Wozniak A., Rachon L., Stgpniowska A. Spring wheat grain
quality in relation to a cropping system. J. Elem. 2018, 23, 1295-
1306. DOI: 10.5601/jelem.2018.23.1.1580

0,733

15

1.1.24

Czech A., Stepniowska A., Wigcek D., Sujak A., Grela E.R. The
content of selected nutrients and minerals in some cultivars of
Cucurbita maxima. Br. Food J. 2018, 120, 2261-2269. DOI:
10.1108/BFJ-10-2017-0599

1,717

25

1.1.25

Kulak E., Ognik K., Stepniowska A., Sembratowicz I. The effect
of administration of silver nanoparticles on silver accumulation in
tissues and the immune and antioxidant status of chickens. J.
Anim. Feed Sci. 2018, 27, 44-54. DOI: 10.22358/jafs/84978/2018

0,875

20

1.1.26

Kulak E., Sembratowicz I., Stepniowska A., Ognik K. The effect
of administration of silver nanoparticles on the immune status of
chickens. Ann. Anim. Sci. 2018, 18, 401-416. DOI: 10.1515/aoas-
2017-0043

1,515

20

1.1.27

Jankowski J., Ognik K., Stepniowska A., Zdunczyk Z.,
Koztowski K. The effect of manganese nanoparticles on apoptosis
and on redox and immune status in the tissues of young turkeys.
PloS One 2018, 13, e0201487. DOl:
10.1371/journal.pone.0201487

2,776

40

1.1.28

Stepniowska A., Sztanke M., Tuzimski T., Korolczuk M., Sztanke
K. A simple stripping voltammetric method for the determination
of a new anticancer prodrug in serum. Biosens. Bioelectron. 2017,
94, 584-588. DOI: 10.1016/j.bi0s.2017.03.053

8,173

40

1.1.29

Ognik K., Sembratowicz 1., Czech A., Stepniowska A.,
Cholewinska E. Effect of aloe preparation and 5-oxo-1,2,4-
triazine on mineral composition of tissues of turkey hens

0,826

15




subjected to stress. J. Appl. Anim. Res. 2017, 45, 460-463. DOI:
10.1080/09712119.2016.1211529

1.1.30

Ognik K., Stepniowska A., Koztowski K. The effect of
administration of silver nanoparticles to broiler chickens on
estimated intestinal absorption of iron, calcium, and potassium.
Livest. Sci. 2017, 200, 40-45. DOI: 10.1016/j.livsci.2017.04.002

1,204

35

1.1.31

Wozniak A., Stepniowska A. Yield and quality of durum wheat
grain in different tillage systems. J. Elem. 2017, 22, 817-829.
DOI: 10.5601/jelem.2016.21.4.1304

0,684

15

1.1.32

Sembratowicz I., Ognik K., Stepniowska A. An evaluation of in
vitro intestinal absorption of iron, calcium and potassium in
chickens receiving gold nanoparticles. Br. Poult. Sci. 2016, 57,
559-565. DOI: 10.1080/00071668.2016.1187713

0,884

30

1.1.33

Wozniak A., Nowakowicz-Debek B., Stepniowska A., Wlazto L.
Effect of ozonation on microbiological and chemical traits of
wheat grain. Plant, Soil Environ. 2016, 62, 552-557. DOI:
10.17221/655/2015-PSE

1,225

25

1.1.34

Ognik K., Stepniowska A., Cholewinska E., Koztowski K. The
effect of administration of copper nanoparticles to chickens in
drinking water on estimated intestinal absorption of iron, zinc,
and calcium. Poult. Sci. 2016, 95, 2045-2051. DOI:
10.3382/ps/pew200

1,908

35

1.1.35

Stepniowska A., Czech A., Malik A., Chatabis-Mazurek A.,
Ognik K. The influence of winemaking on the content of natural
antioxidants and mineral elements in wines made from berry
fruits. J. Elem. 2016, 21, 871-880. DOl:
10.5601/jelem.2015.20.4.1020

0,641

15

1.1.36

Czech A., Ognik K., Klebaniuk R., Stepniowska A. Chemical
characteristic of the feed mixtures containing raw and extruded
flax seeds. Przem. Chem. 2015, 94, 960-966. DOI:
10.15199/62.2015.6.20

0,367

15

1.1.37

Wozniak A., Soroka M., Stepniowska A., Makarski B. Chemical
composition of pea (Pisum sativum L.) seeds depending on tillage
systems. J. Elem. 2014, 19, 1143-1152.
DOI:10.5601/jelem.2014.19.3.484

0,690

15

1.1.38

Wozniak A., Soroka M., Stepniowska A., Makarski B. Chemical
composition of spring barley (Hordeum vulgare L.) grain
cultivated in various tillage systems. J. Elem. 2014, 19, 597-606.
DOI: 10.5601/jelem.2014.19.2.438

0,690

15

1.1.39

Wozniak A., Makarski B., Stepniowska A. Effect of tillage
system and previous crop on grain yield, grain quality and weed
infestation of durum wheat. Rom. Agric. Res. 2014, 31, 129-137.

0,281

15

PRACE WYDANE PRZED UZYSKANIEM STOPNIA
DOKTORA

1.1.40

Korolczuk M., Stepniowska A. Determination of Cr(VI) in the
presence of high excess of a Cr(lll) by adsorptive stripping
voltammetry. Talanta, 2012, 88, 427-431. DOI:
10.1016/j.talanta.2011.11.012

3,498

40




1.1.41 Korolczuk M., Stepniowska A. Stripping Voltammetric 2,721 32
Determination of Methylmercury in the Presence of Inorganic
Mercury. Electroanal. 2010, 22, 2087-2091.
DOI:10.1002/elan.201000073

1.1.42 Korolczuk M., Stepniowska A., Tyszczuk K. Determination of 1.703 15
cadmium by stripping voltammetry at a lead film electrode. Int. J.
Environ. Anal. Chem. 2009, 8-12, 727-734. DOIL:
10.1080/03067310802562683

Razem 95,302 2922

1.2. Prace oryginalne w czasopismach miedzynarodowych Ilub krajowych innych niz

znajdujqce sig w bazie Journal Citation Reports (JCR).

Lp. PRACE WYDANE PO UZYSKANIU STOPNIA DOKTORA MEIN

1.2.1 Ognik K., Sembratowicz I., Stepniowska A., Cholewinska E., Krauze M. 7
Effect of aloe preparation and 5-o0x0-1,2,4-triazine on the effects of
performance and chemical composition of tissues of turkey hens subjected to
stress. Ann. Univ. Mariae Curie-Sktodowska, EE Zootech. 2015, 33, 29-41.

Razem 7

1.3. Prace przeglgdowe w czasopismach miedzynarodowych Ilub krajowych innych niz

znajdujqce si¢ w bazie Journal Citation Reports (JCR).

Lp. PRACE WYDANE PO UZYSKANIU STOPNIA DOKTORA MEIN

1.3.1 Stepniowska A., Cieplinska P., Fac W., Gorska J. Selected alkaloids used in 20
the cosmetics industry. J. Cosmet. Sci. 2021, 72, 229-245.

1.3.2 Stepniowska A., Kowalczyk M., Cholewinska E., Ognik K. E-papierosy — 8
pomoc w rzuceniu palenia czy zagrozenie? Hygeia 2017, 52, 86-95.

Razem 28

Bibliometryczne podsumowanie publikacji niewchodzacych w sktad osiagniecia naukowego
wymienionych w punkcie 11.1

Lacznie - IF: 95,302; Punkty MEIN: 2957



2. Wykaz opublikowanych rozdzialow w monografiach naukowych.

2.1. Wykaz opublikowanych rozdziatow w monografiach naukowych.

Lp.

PRACE WYDANE PO UZYSKANIU STOPNIA DOKTORA

MEIN

2.1.1.

Stepniowska A. Biosurfaktanty w kosmetykach. W: Wybrane aspekty
biokosmetologii. Pod red. M. Chwil i B. Denisow, Lublin, 2021,
Wydawnictwo Uniwersytetu Przyrodniczego w Lublinie, s. 141-150.

20

212

Stepniowski D., Wodyk T., Wojewoda A., Cholewinska E., Ognik K.,
Stepniowska A. Mozliwo$¢ wykorzystania analizy witaminy C oraz kwasu
moczowego w diagnostyce zdrowia drobiu. W: Aktualne problemy w
produkcji zwierzecej. Pod red. W. Chabuza, B. i Nowakowicz-Debek,
Lublin, 2018, Wydawnictwo Uniwersytetu Przyrodniczego w Lublinie, s.
102-108.

20

2.1.3

Cholewinska E., Stepniowski D., Wodyk T., Wojewoda A., Ognik K.,
Stepniowska A., Brys M. Prozdrowotne wtasciwosci czystka (Pro-health
properties of Cistus). W: Zywno$¢ i zywienie. Pod red. J. Nyckowiak i J.
Lesny, Poznan, 2018, Mtodzi Naukowcy, s. 26-30.

214

Wodyk T., Stgpniowski D., Wojewoda A., Cholewinska E., Ognik K.,
Stepniowska A. Wykorzystanie dialdehydu malonowego oraz nadtlenkow
lipidowych jako wskaznikow w diagnostyce zdrowia drobiu. W: Aktualne
problemy w produkcji zwierzgcej. Pod red. W. Chabuza i B. Nowakowicz-
D¢bek, Lublin, 2018, Wydawnictwo Uniwersytetu Przyrodniczego w
Lublinie, s. 109-115.

20

2.15

Stepniowska A., Wojewoda A., Wodyk T. Alkohol etylowy — wybrane
aspekty toksykologiczne i analityczne. W: Najnowsze doniesienia z zakresu
nauk $cistych. Pod red. M. Szala i K. Maciag, Lublin, 2017, Wydawnictwo
Naukowe TYGIEL, s. 166-179.

20

2.16

Ktys S., Czech A., Stepniowska A. Niebezpieczenstwa zwigzane z
promieniowaniem ultrafioletowym w $rodowisku pracy. W: Ergonomia,
bezpieczenstwo 1 higiena pracy w praktyce t. 2. Pod red. H. Pawlak i B.
Nowakowicz-Debek, Lublin, 2017, Towarzystwo Wydawnictw Naukowych
Libropolis, s. 165-179.

2.1.7

Stepniowska A., Ognik K., Cholewinska E. Ocena narazenia zawodowego
na pyly w rolnictwie. W: Ergonomia, bezpieczenstwo i1 higiena pracy w
praktyce t. 2. Pod red. H. Pawlak i B. Nowakowicz-D¢bek, Lublin, 2017,
Towarzystwo Wydawnictw Naukowych Libropolis, s. 297-310.

2.1.8

Stepniowska A., Ognik K., Rusinek-Prystupa E., Czech A., Cholewinska E.
Ftalany jako zagrozenie dla zdrowia pracownikow. W: Ergonomia,
bezpieczenstwo i higiena pracy w praktyce. Pod red. B. Nowakowicz-Debek
i H. Pawlak, Lublin, 2016, Towarzystwo Wydawnictw Naukowych
Libropolis, s. 115-123.

2.19

Cholewinska E., Ognik K., Stepniowska A., Cisek A., Kosun J.
Postgpowanie techniczno-kryminalistyczne i sgdowo-lekarskie w przypadku
zgonu z podejrzeniem o zatrucie. W: Kryminalistyka w ujeciu naukowym.
Pod red. B. Zdunek i K. Maciag, Lublin, 2016, Wydawnictwo Naukowe
TYGIEL, s. 100-117.

2.1.10

Stepniowska A., Kiesz M., Zasadna Z., Cholewinska E., Czech A. Profil
kwasow tluszczowych w tkankach karpia 1 $ledzia. W: Przeglad wybranych




zagadnien z zakresu przemyshu spozywczego. Pod red. M. Szala i K.
Kropiwiec, Lublin, 2016, Wydawnictwo Naukowe TYGIEL, s. 114-122.

2.1.11

Krauze M., Stepniowska A., Abramowicz K. Smiercionoéne oblicze 5
,,Krokodyla”. W: Kryminalistyka w uj¢ciu naukowym. Pod red. B. Zdunek i
K. Maciag, Lublin, 2016, Wydawnictwo Naukowe TYGIEL, s. 146-155.

2.1.12

Rusinek-Prystupa E., Abramowicz K., Czech A., Stepniowska A., Ognik K. 5
Wiedza rolnikéw w zakresie choréb uktadu oddechowego zwigzanych z
chemicznymi zanieczyszczeniami $rodowiska pracy. W: Ergonomia,
bezpieczenstwo i higiena pracy w praktyce. Pod red. B. Nowakowicz-D¢bek

I H. Pawlak, Lublin, 2016, Towarzystwo Wydawnictw Naukowych
Libropolis, s. 211-222.

2.1.13

Cholewinska E., Ognik K., Stepniowska A. Zatrucia grzybami - objawy, 5
diagnostyka, leczenie. W: Rosliny - przeglad wybranych zagadnien. Pod red.

K. Kropiwiec i M. Szala, Lublin, 2016, Wydawnictwo Naukowe TYGIEL, s.
335-348.

2.1.14

Stepniowska A., Golian S. Aspartam as a factor of food product quality 5
(Aspartam a jako$¢ produktow spozywczych). W: Promotion of healty
lifestyle in european countries = Promocja zdrowego stylu zycia w krajach
europejskich. Pod red. B. Sawicki, Lublin, 2016, Katedra Turystyki i
Rekreacji Uniwersytetu Przyrodniczego w Lublinie, s. 539-551.

Razem 130

Bibliometryczne podsumowanie opracowan przedstawionych w punkcie 11.2

Lacznie - Punkty MEIN: 130

3. Informacja o wystapieniach na krajowych lub miedzynarodowych konferencjach

naukowych lub artystycznych, z wyszczegdlnieniem przedstawionych wyktadow na

zaproszenie 1 wyktadow plenarnych.

Lp.

Doniesienie

3.1.

Stepniowska A., Tutaj K., Solek P., Fotschki B., Juskiewicz J., Matusevicius P.,
Ognik K. The effect of a low or high-fat diet and supplementation with various forms
of chromium on immunological parameters in the rat's organism. Livestock Production
— Recent Trends and Future Prospects, Lithuanian University of Life Sciences,
Kowno, Litwa, 16.11.2022

3.2.

Jurczak P., Krauze M., Stepniowska A., Tutaj K., Ognik K., Jankowski J. Ocena
zmian neurodegeneracyjnych u indykéw zywionych dietami o réznych proporcjach
argininy i metioniny w stosunku do lizyny (Assessment of neurodegenerative changes
in turkeys fed diets with different proportions of arginine and methionine relative to
lysine). XXXII Migdzynarodowe Sympozjum Drobiarskie PB WPSA , Nauka praktyce
— praktyka nauce”, Lidzbark Warminski, 5-7.09.2022

3.3.

Smagiet R., Cholewinska E., Marzec A., Sembratowicz I., Ognik K., Stgpniowska A.,
Mikulski D., Szymanski L., Jankowski J. Wptyw wczesnego podawania antybiotykow
lub zywienia dietagzawierajaca kokcydiostatyk na status oksydoredukcyjny krwi




indykow (Effect of early administration of antibiotics or feeding a diet containing a
coccidiostat on the redox status of turkey blood). XXXII Miedzynarodowe
Sympozjum Drobiarskic PB WPSA , Nauka praktyce — praktyka nauce”, Lidzbark
Warminski, 5-7.09.2022

3.4.

Smagiet R., Tutaj K., Osowska P., Marzec M., Stepniowska A., Jozwiakowski K.,
Ognik K. Ocena toksykologiczna $cieckow z hybrydowej hydrofitowej oczyszczalni
przy osrodku dydaktyczno-muzealnym Poleskiego Parku Narodowego. VIII
Konferencja Naukowo-Techniczna: Nowe kierunki badan w inzynierii $rodowiska,
energetyce i geodezji, potaczona z obchodami Jubileuszu 60-lecia pracy naukowej
prof. dra hab. inz. Oleksandra Dorozhynskyy'ego, Urszulin, 21-23.09.2022

3.5.

Sembratowicz 1., Krauze M., Czech A., Stepniowska A., Szczepanska D. Wplyw
ultradzwiekdéw na stezenie substancji polifenolowych w wyciggach z zi6t stosowanych

w kosmetyce. Ogolnopolska Konferencja Naukowa: Naturalne surowce lecznicze i
kosmetyczne, Lublin, 15-16.11.2022

3.6.

Czech A., Ognik K., Tutaj K., Stepniowska A., Sembratowicz I. Owoce jagodowe,
jako zrodto substancji antyoksydacyjnych wykorzystywanych w produktach
kosmetycznych. Ogélnopolska Konferencja Naukowa: Naturalne surowce lecznicze i
kosmetyczne, Lublin, 15-16.11.2022

3.7.

Czech A., Sembratowicz I., Stepniowska A., Krauze M., Cholewinska E. Owoce
cytrusowe, jako zrddlo substancji antyoksydacyjnych wykorzystywanych w
produktach kosmetycznych. Ogolnopolska Konferencja Naukowa: Naturalne surowce
lecznicze i kosmetyczne, Lublin, 15-16.11.2022

3.8.

Sembratowicz 1., Czech A., Krauze M., Stepniowska A., Wawryniuk K. Zawarto$¢
antocyjanéw 1 karotenoidow w wybranych surowcach zielarskich stosowanych w

kosmetologii. Ogolnopolska Konferencja Naukowa: Naturalne surowce lecznicze i
kosmetyczne, Lublin, 15-16.11.2022

3.9.

Ognik K., Stepniowska A., Krauze M., Tutaj K., Sembratowicz I., Witek J. Ocena
zawartosci rutyny w kremach kosmetycznych wytworzonych z dodatkiem ziot.

Ogolnopolska Konferencja Naukowa: Naturalne surowce lecznicze 1 kosmetyczne,
Lublin, 15-16.11.2022

3.10.

Cholewinska E., Stepniowska A., Ognik K., Sembratowicz I., Czech A., Gruszczyk
W. Potencjat antyoksydacyjny tonikow kosmetycznych wytwarzanych z dodatkiem
ekstraktow z rozmarynu, czystka i tymianku. Ogolnopolska Konferencja Naukowa:
Naturalne surowce lecznicze i kosmetyczne, Lublin, 15-16.11.2022

3.11.

Stepniowska A., Krauze M., Cholewinska E., Czech A., Tutaj K., Cieplinska P.
Analiza zwigzkow polifenolowych w kremach kosmetycznych wytwarzanych z
dodatkiem ekstraktow z owocoéw jagodowych. Ogdlnopolska Konferencja Naukowa:
Naturalne surowce lecznicze i kosmetyczne, Lublin, 15-16.11.2022,

3.12.

Cholewinska E., Mikulski M., Krauze M., Stepniowska A., Matusevicius P., Ognik
K., Jankowski J. The effect of diets with different ratios of arginine and lysine on
immune status, oxidative and epigenetic changes in tissues of turkeys. Recent Trends
and Future Prospects in Livestock Production, Lithuanian University of Life Sciences,
Kowno, Litwa, 11.11.2021

3.13.

Stepniowska A., Cholewinska E., Krauze M., Matusevicius P., Fotschki B.,
Juskiewicz J., Ognik K.. Effect of a high-fat diet and chromium on hormones level and
Cr retention in rats. Recent Trends and Future Prospects in Livestock Production,
Lithuanian University of Life Sciences, Kowno, Litwa, 11.11.2021

3.14.

Cieplinska P., Calyniuk Z., Cholewinska E., Jurczak P., Kiewlak M., Stepniowska A.
Wptyw formy 1 dawki chromu na poziom wybranych neuroprzekaznikow w
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organizmie kurczat (The effect of form and dose of chromium on the level of selected
neurotransmitters in the organism of chickens). Przeglad badan prowadzonych w
studenckich kotach naukowych, Uniwersytet Przyrodniczy w Lublinie. Lublin, 2020

3.15.

Konieczka P., Mikulski D., Ognik K., Stepniowska A., Jankowski J. Different dietary
ratios of arginine, methionine and lysine affect DNA integrity in the gut tissue of
turkeys challenged with C. Perfringens. XLVIII Sesja Naukowa Sekcji Zywienia
Zwierzat Komitetu Nauk Zootechnicznych i Akwakultury Polskiej Akademii Nauk,
Poznan, 13-14.06.2019

3.16.

Stepniowska A., Rusinek-Prystupa E., Koztowski K., Tutaj K., Drazbo A., Krauze M.
Wplyw dodatku nanoczgstek chromu i pikolinianu chromu do diety kurczat na obraz
histologiczny watroby oraz status oksydoredukcyjny wybranych tkanek(The effect of
the addition of chromium nanoparticles and chromium picolinate on the chicken diet
on the histological picture of the liver and the redox status of selected tissues). XXXI
Miedzynarodowe Sympozjum Drobiarskie PB WPSA ,Nauka praktyce — praktyka
nauce”, Polanczyk, 04-06.09.2019

3.17.

Stepniowska A., Koztowski K., Ognik K., Czech A., Drazbo A., Jankowski J. Wptyw
dodatku nanoczastek chromu i pikolinianu chromu do diety kurczat na wyniki
odchowu oraz poziom wybranych hormondéw(The effect of the addition of chromium
nanoparticles and chromium picolinate to the chicken diet on the performance and
level of selected hormones). XXXI Mig¢dzynarodowe Sympozjum Drobiarskiec PB
WPSA , Nauka praktyce — praktyka nauce”, Polanczyk, 04-06.09.2019

3.18.

Wojewoda A., Wodyk T., Stepniowski D., Cholewinska E., Stepniowska A., Ognik
K. Analiza zawarto$ci substancji biologicznie aktywnych w kietkach réznych
gatunkow ro$lin jadalnych = Analysis of the content of biologically active substances
in sprouts of various edible plant spiecies. Ogodlnopolska Konferencja Naukowa:
Rosliny w naukach medycznych i przyrodniczych. Lublin, 2018

3.19.

Stepniowski D., Wodyk T., Wojewoda A., Cholewinska E., Ognik K., Stepniowska
A. Mozliwo$¢ wykorzystania witaminy C i kwasu moczowego w diagnostyce zdrowia
drobiu. XV Miegdzynarodowe Seminarium Studenckich Koét Naukowych nt.
"Srodowisko - Zwierze - Produkt": V Konferencja Doktorantow, Lublin, 17.04.2018

3.20.

Cholewinska E., Ognik K., Stepniowska A., Drazbo A. The effect of using fermented
protein products in turkey feed on the redox status of the blood (Wptyw stosowania
fermentowanych produktow biatkowych w Zywieniu indykow na status redox krwi).
XXX Miedzynarodowe Sympozjum Drobiarskie PB WPSA ,Nauka praktyce —
praktyka nauce”, Zegrze, 10-12.09.2018

3.21.

Wodyk T, Stepniowski D., Wojewoda A., Cholewinska E., Ognik K., Stepniowska A.
Wykorzystanie dialdehydu malonowego oraz nadtlenkow lipidowych jako
wskaznikow w diagnostyce zdrowia drobiu. XV Migdzynarodowe Seminarium
Studenckich Kot Naukowych nt. "Srodowisko - Zwierze - Produkt": V Konferencja
Doktorantow, Lublin, 17.04.2018

3.22.

Wojewoda A., Stgpniowski D., Wodyk T., Cholewinska E., Stepniowska A. Analiza
zawartosci stewiozydow jako zwiazkow biologicznie aktywnych w stewii (Stevia
rebaudiana) oraz produktach wytwarzanych na bazie tej rosliny. International
Conference of Natural and Medical Science: Young Scientists, PhD Students and
Students, Lublin, 1-3.12.2017

3.23.

Czech A., Krauze M., Abramowicz K., Stepniowska A. Blood hematologic profile of
chickens receiving cinnamon oil in the water = Obraz hematologiczny krwi kurczat
otrzymujacych w wodzie dodatek olejku cynamonowego. XXIX Migdzynarodowe
Sympozjum Drobiarskie PO WP SA ,Nauka praktyce - praktyka nauce”, Tarnowo
Podgorne, 18-20.09.2017
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3.24.

Ognik K., Cholewinska E., Otowski K., Koztowski K., Jankowski J., Stepniowska A.
Effect of application of different forms and dosages of Mn in turkey diet on indicators
of protein oxidation and nitration = Wplyw stosowania roznych form i dawek Mn w
diecie indykéw na wskazniki oksydacji i nitrowania biatek. XXIX Migdzynarodowe
Sympozjum Drobiarskie PO WP SA ,Nauka praktyce - praktyka nauce”, Tarnowo
Podgoérne, 18-20.09.2017

3.25.

Stepniowska A., Cholewinska E., Ognik K., Otowski K., Koztowski K., Jankowski J.,
Zdunczyk Z. Effect of using different forms and dosages of Mn in turkey diet on
indicators of redox status = Wplyw stosowania réznych form i dawek Mn w diecie
indykow na wskazniki statusu oksydoredukcyjnego. XXIX Migdzynarodowe
Sympozjum Drobiarskie PO WP SA ,Nauka praktyce - praktyka nauce”, Tarnowo
Podgoérne, 18-20.09.2017

3.26.

Stepniowska A., Wojewoda A., Wodyk T. E-papierosy — pomoc w rzuceniu palenia
czy zagrozenie?. IX Interdyscyplinarna Konferencja Naukowa TYGIEL 2017:
Interdyscyplinarno$¢ kluczem do rozwoju, Lublin, 18-19.03.2017

3.27.

Kiesz M., Czech A., Chachaj R., Stepniowska A., Wlazto L. Obraz mikrobiologiczny
1 histologiczny przewodu pokarmowego oraz wybrane wskazniki krwi prosiat
otrzymujacych fermentowang $rute sojowa lub rzepakowa = Microbiological and
histological profile of the gastrointestinal tract and selected blood parameters in piglets
receiving fermented soybean or rapeseed meal. XLVI Sesja Naukowa Sekcji Zywienia
Zwierzat Komitet Nauk Zootechnicznych i Akwakultury Polska Akademia Nauk,
Lublin, 21-23.06.2017

3.28.

Stepniowska A., Ognik K., Smiech A., Cholewinska E., Stepniowski D., Wodyk T.,
Wojewoda. A. Poréwnanie zawartosci karotenow w roznych odmianach dyn
jadalnych. XX Naukowa Lubelska Konferencja Magnezologiczna: Pierwiastki -
Srodowisko - Zdrowie, Lublin, 27.05.2017.

3.29.

Cholewinska E., Ognik K., Stepniowska A. The effect of administration of copper
nanoparticles to chickens on content of copper, zinc and iron in breast muscle and
liver. XX Naukowa Lubelska Konferencja Magnezologiczna: Pierwiastki -
Srodowisko - Zdrowie, Lublin, 27.05.2017

3.30.

Stepniowska A., Chachaj R., Ognik K., Czech A. Wplyw diety z udzialem
fermentowanych produktéw biatkowych na profil biochemiczny krwi indykow = The
influence of diet with fermented protein products on the biochemical profile of blood
of turkeys. XLVI Sesja Naukowa Sekcji Zywienia Zwierzat Komitet Nauk
Zootechnicznych i Akwakultury Polska Akademia Nauk, Lublin, 21-23.06.2017

3.31.

Satata A., Buczkowska H., Nurzynska-Wierdak R., Lopez Galarza S.V., Stepniowska
A. Pharmaceutical compounds in leaves and floral stem of globe artichoke (Cynara
cardunculus L. Var. Scolymus (L.) Fiori). VII International Scientific Agriculture
Symposium "Agrosym 2016", Jahorina, East Sarajevo, 6-9.10.2016

3.32.

Ognik K., Stepniowska A., Cholewinska E. Wptyw stosowania fermentowanej $ruty
sojowej lub rzepakowej w mieszankach paszowych dla kurczat na dostgpnos¢ oraz
stopien bioretencji fosforu, wapnia i magnezu w tkankach = The effect of including
fermented soybean or rapeseed meal in compouned feed for chickens on the
availability and bioretention of phosphorus, calcium and magnesium in tissues. XLV
Sesja Naukowa Sekcji Zywienia Zwierzat Komitetu Nauk Zootechnicznych i
Akwakultury Polskiej Akademii Nauk, Olsztyn, 21-22.06.2016

3.33.

Stepniowska A., Cholewinska E., Oksejuk P., Szabelak A., Czech A. Content of
heavy metals in single-flower honeys from Ukraina. XVIII Naukowa Lubelska
Konferencja Magnezologiczna: Rola pierwiastkow w biosferze, Lublin, 30.05.2015

3.34.

Stepniowska A., Cholewinska E., Oksejuk P., Szabelak A., Czech A. Content of
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microelements in single-flower honeys from Ukraine. XVIII Naukowa Lubelska
Konferencja Magnezologiczna: Rola pierwiastkéw w biosferze, Lublin, 30.05.2015

3.35.

Stepniowska A., Merska-Kazanowska M., Oksejuk P., Szabelak A., Czech A.
Contents of bioactive substances in forest fruits and processed products. Naukowa

Lubelska Konferencja Magnezologiczna: Rola pierwiastkow w biosferze, Lublin,
30.05.2015

3.36.

Satata A., Lopez Galarza S.V., Stepniowska A. Phenolic composition of different
morphological parts of Cynara scolymus L. International Scientific Conference.
Horticulture in shaping life quality, Lublin, 18-19.06.2015

3.37.

Cholewinska E., Stepniowska A., Ognik K. Postgpowanie techniczno-
kryminalistyczne i sgdowo-lekarskie w przypadku zgonu podejrzanego o zatrucie =
Forensic procedure in cases of death from suspected poisoning. I Ogolnopolska
Konferencja Naukowa Krimed: Metody badawcze w kryminalistycei medycynie
sadowej, Lublin, 2015

3.38.

Krauze M., Stepniowska A., Abramowicz K. Smierciono$ne oblicze "Krokodyla" =
Deadly nature of "Crocodile". I Ogoélnopolska Konferencja Naukowa Krimed: Metody
badawcze w kryminalistyce i medycynie sadowej, Lublin, 2015

3.39.

Lechowski J., Stepniowska A., Makarska E., Makarski B., Nowak M. Ocena
efektywnosci resorpcji miedzi w warunkach 'in vitro w jelicie czczym Sus Scrofa F.
Dometicus'. Pierwiastki chemiczne, a jako$¢ zycia: XVII Naukowa Lubelska
Konferencja Magnezologiczna, Lublin, 31.05.2014

3.40.

Wozniak A., Stepniowska A., Makarski B. Sktad chemiczny nasion grochu siewnego
(Pisum Sativum L.) w zaleznosci od systemu uprawy roli. Pierwiastki chemiczne, a
jakos¢ zycia: XVII Naukowa Lubelska Konferencja Magnezologiczna, Lublin,
31.05.2014

3.41.

Lechowski J., Stepniowska A., Nowak M., Makarski B. Badanie resorpcji miedzi w
warunkach in vitro. Pierwiastki chemiczne a zdrowie: XVI Naukowa Konferencja
Magnezologiczna, Lublin, 25.05.2013, Lublin

3.42.

Gryzinska M., Krauze M., Merska M., Stepniowska A., Kubaczynski A.
Concentration of calcium, sodium, potassium and magnesium in blood serum of hens.
Pierwiastki chemiczne a zdrowie: XVI Naukowa Konferencja Magnezologiczna,
Lublin, 25.05.2013

3.43.

Krauze M., Stepniowska A., Gryzinska M., Merska M., Kubaczynski A. Content of
chosen elements in infusions of coffee and assesment of their daily intake. Pierwiastki
chemiczne a zdrowie: XVI Naukowa Konferencja Magnezologiczna, Lublin,
25.05.2013

3.44.

Rusinek-Prystupa E., Stepniowska A. Determination of tannins and soluble oxalates
in chosen tea and coffee. Pierwiastki chemiczne a zdrowie: XVI Naukowa
Konferencja Magnezologiczna, Lublin, 25.05.2013

3.45.

Merska M., Krauze M., Stepniowska A., Gryzinska M., Kubaczynski A. The
influence of caffeine on selected antioxidant indices and concentration of antioxidative
microelements of turkey hens' blood. Pierwiastki chemiczne a zdrowie: XVI Naukowa
Konferencja Magnezologiczna, Lublin, 25.05.2013

3.46.

Wozniak A., Stepniowska A., Makarski B. Zawarto$¢ sktadnikow mineralnych i
fosforu fitynowego w ziarnie pszenicy. W: Pierwiastki chemiczne a zdrowie: XVI
Naukowa Konferencja Magnezologiczna, Lublin, 25.05.2013
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4. Informacja o udziale w komitetach organizacyjnych i naukowych konferencji krajowych

lub miedzynarodowych, z podaniem petnionej funkcji.

Lp. Konferencja Termin

4.1  1st International PhD Student’s Conference at the University of Life 26.04.2022
Sciences in Lublin, Poland: ENVIRONMENT- PLANT-ANIMAL-
PRODUCT (ICDSUPL) — cztonek komitetu organizacyjnego

4.2 I Ogodlnopolska Konferencja Naukowa Toksyny — przeglad i badania 04.04.2022
— cztonek komitetu naukowego

43 VI FORUM MLODYCH PRZYRODNIKOW Rolnictwo. Zywno$é. 25.05.2019
Zdrowie — czlonek komitetu naukowego

5. Informacja o uczestnictwie w pracach zespotow badawczych realizujacych projekty
finansowane w drodze konkurséw krajowych lub zagranicznych, z podzialem na projekty
zrealizowane 1 bedace w toku realizacji, oraz z uwzglednieniem informacji o petnionej funkcji

w ramach prac zespotow.

Lp. Projekt Realizacja Charakter
udzialu
51 NCN MINIATURA 017/01/X/ST4/01784 2018-2019 kierownik

,,Zastosowanie analizy stripingowej do oznaczania zrealizowany
amin biogennych”

5.2 NCN OPUS 2017/27/B/NZ9/01007 2017-2021 wykonawca
»Antyoksydacyjne i immunostymulujgce  zrealizowany
oddziatywanie = zroznicowanych  pozioméw i
wzajemnego stosunku lizyny, argininy i metioniny w
mieszankach dla indykow rzeznych”

53 NCN OPUS 20 2020/39/B/NZ9/00674 ,Yagodzenie 2021- wykonawca
niekorzystnych efektow zwigzanych ze spozywaniem w trakcie
diety wysokottuszczowej poprzez zmiang sposobu realizacji
zywienia 1/lub suplementacje rdéznymi formami

chromu”
54 NCN OPUS 20 2020/39/B/Nz9/00765 ,,Odpowiedz 2021- wykonawca
uktadu immunologicznego i systemu W trakcie

oksydoredukcyjnego indykow zywionych dietami z realizacji
lub bez dodatku kocydiostatyku na wczesne podanie
antybiotykow”

6. Czlonkostwo w migdzynarodowych lub krajowych organizacjach i towarzystwach

naukowych wraz z informacjg o petnionych funkcjach.

Cztonek stowarzyszenia drobiarskiego The Polish Branch of World Poultry Science
Association od 2020 roku
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7. Informacja o odbytych stazach w instytucjach naukowych lub artystycznych, w tym

zagranicznych, z podaniem miejsca, terminu, czasu trwania stazu i jego charakteru.

Lp. Osrodek badawczy Czas pobytu

7.1  Litwa, Faculty of Animal Science of the Lithuanian 17.06.2019 — 21.06.2019
University of Health Sciences, Veterinary Academy —
Erasmus+

7.2  Litwa, Faculty of Animal Science of the Lithuanian 28.06.2019 — 29.09.2019
University of Health Sciences, Veterinary Academy —
staz haukowy

7.3  Litwa, Faculty of Animal Science of the Lithuanian 30.05.2022 — 03.06.2022
University of Health Sciences, Veterinary Academy —
Erasmus+

7.4  Litwa, Faculty of Animal Science of the Lithuanian 14.11.2022 — 18.11.2022
University of Health Sciences, Veterinary Academy —
Erasmus+

8. Cztonkostwo w komitetach redakcyjnych i radach naukowych czasopism wraz z informacja

o petnionych funkcjach (np. redaktora naczelnego, przewodniczacego rady naukowej, itp.).

Rada naukowa czasopisma naukowego ,,Nauki Przyrodnicze i Medyczne” (ENG: Journal of
Life and Medical Sciences) nr ISSN 2353-13-71 od 2013 roku

9. Informacja o recenzowanych pracach naukowych lub artystycznych, w szczegdlnosci

publikowanych w czasopismach miedzynarodowych.

I—
©

Czasopismo Liczba recenzji

Veterinary Sciences

BMC Veterinary Research

International Journal of Nanomedicine

Agriculture

Scientific Reports

Animals

PLOS ONE

Plants

© o N o g Bk~ w N

Phytotherapy Research

N N e L e = = =

[
©

Molecules
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11.  International Journal of Vegetable Science

12.  Environmental Research

13.  Antioxidants

R R R e

14.  Foods

I11. INFORMACJE NAUKOMETRYCZNE

1. Informacja o punktacji Impact Factor

Sumaryczny Impact Factor wedlug listy Journal Citation Reports (JCR), obejmujacy
publikacje z cyklu powigzanych tematycznie artykuléw naukowych, zgodnie z art. 219 ust. 1.
pkt 2B ustawy oraz pozostate publikacje przedstawione w punkcie I1.1.1, obliczony zgodnie z

rokiem opublikowania na dzien 06.03.2023 r. wynosi: 112,744

2. Liczba cytowan publikacji (na dzien 20.03.2023)
Liczba cytowan wedlug bazy Web of Science (core collection) wynosi - 333, bez
autocytowan — 297

Liczba cytowan wedtug bazy Scopus wynosi - 352, bez autocytowan - 316

3. Informacja o posiadanym indeksie Hirscha
Indeks Hirsha wedlug bazy Web of Science wynosi - 10

Indeks Hirsha wedtug bazy Scopus wynosi - 10

4. Informacja o liczbie punktow MEIN
Suma punktéw MEIN, obejmujaca publikacje z cyklu powigzanych tematycznie artykutow
naukowych, zgodnie z art. 219 ust. 1. pkt 2B ustawy oraz pozostate publikacje przedstawione

w punkcie Il, obliczony zgodnie z rokiem opublikowania na dzien 15.02.2023 r. wynosi: 3687

Lublin, 20.03.2023 r.
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Abstract

Aims The aim of the study was to determine how the administration of a high-fat diet supplemented with various forms of
chromium to rats affects accumulation of this element in the tissues and levels of leptin, ghrelin, insulin, glucagon, serotonin,
noradrenaline and histamine, as well as selected mineral elements.

Methods The experiment was conducted on 56 male Wistar rats, which were divided into 8 experimental groups. The rats
received standard diet or high fat diet (HFD) with addition of 0.3 mg/kg body weight of chromium(III) picolinate (Cr-Pic),
chromium(III)-methioninate (Cr-Met), or chromium nanoparticles (Cr-NP).

Results Chromium in organic forms was found to be better retained in the body of rats than Cr in nanoparticles form. How-
ever, Cr-Pic was the only form that increased the insulin level, which indicates its beneficial effect on carbohydrate metabo-
lism. In blood plasma of rats fed a high-fat diet noted an increased level of serotonin and a reduced level of noradrenaline.
The addition of Cr to the diet, irrespective of its form, also increased the serotonin level, which should be considered a
beneficial effect. Rats fed a high-fat diet had an unfavourable reduction in the plasma concentrations of Ca, P, Mg and Zn.
The reduction of P in the plasma induced by supplementation with Cr in the form of Cr-Pic or Cr-NP may exacerbate the
adverse effect of a high-fat diet on the level of this element.

Conclusion A high-fat diet was shown to negatively affect the level of hormones regulating carbohydrate metabolism (increas-
ing leptin levels and decreasing levels of ghrelin and insulin).

Keywords Chromium - Rat - Hormone - High-fat diet - Cr digestibility

Introduction HFD is associated with the risk of obesity. Obese animals

have been shown to have increased levels of leptin, the hor-

Diet, particularly a diet rich in fats, plays a key role in
the development of civilization diseases such as diabetes,
cardiovascular disease, and cancer [1]. Studies on animal
models fed a high-fat diet (HFD) have shown many adverse
metabolic changes, such as hypertriglyceridemia, hyperinsu-
linemia and glucose intolerance [2]. In addition, a long-term
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Division of Food Science, Institute of Animal Reproduction
and Food Research of the Polish Academy of Sciences,
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mone encoded by the obesity (ob) gene. In physiological
conditions, the plasma leptin concentration is proportional
to the amount of adipose tissue in the body, and thus con-
centrations of this hormone are higher in obese individuals
than in those with normal body weight [3]. Leptin has many
functions in the organism, it decreases appetite and increases
energy consumption, thereby acting as a long-term regula-
tor of body weight [3, 4]. The hyperleptinemia observed
in obese humans and animals suggests that their organisms
are not sensitive to endogenous leptin [5]. Ghrelin has the
opposite effect on the organism to leptin. This hormone is
secreted by the stomach and acts as a meal initiator. Ghre-
lin peripherally and centrally administered to rats increased
food intake, induced weight gain, stimulated secretion of
gastric juice, and improved gastric motility [6]. Olszanecka-
Glinianowicz et al. [7], in a study in obese women, noted a
reduction in fasting ghrelin secretion, as well as an increase
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in its levels as a result of weight loss. A high-fat diet also
causes impairment of insulin secretion, i.e. insulin resist-
ance. Insulin increases expression of the ob gene, and thus
the release of leptin from the adipocytes [8]. According to
Posey et al. [9], diet-induced obesity involves the acquisition
of functional resistance of the central nervous system (CNS)
to insulin and leptin, which in turn leads to pathological
body weight gain. Because insulin and leptin can use the
same intracellular signalling pathways, neuronal resistance
to these hormones may involve the same or similar mecha-
nisms [10].

Energy homeostasis is also regulated by neurotransmitters
such as serotonin (5-HT) and dopamine [11, 12]. Changes in
eating behaviour in obese individuals are due to changes in
serotonin and dopamine secretion [13, 14]. Increased sero-
tonin levels cause a feeling of satiety and are conducive to
a reduction in food intake. Research by Haleem and Khalid
[15] showed that a high-fat diet reduces the level of 5-HT in
the hypothalamus and increases levels of 5-HT and 5-HIAA
(5-hydroxyindoleacetic acid) in the hippocampus of rats.
Both inhibition and stimulation of serotonin and dopamine
secretion are associated with differences in feeding behav-
iour, stimuli to eat, and energy expenditure [16].

A high-fat diet also indirectly affects mineral metabolism
by disturbing normal hormone secretion. Iron is important
for glucose-stimulated insulin secretion, but excessive iron
induces oxidative stress and increases apoptosis in pancre-
atic f cells. The mechanisms whereby excess iron contrib-
utes to type 2 diabetes (T2D) are not fully understood but
most likely involve insulin resistance and impairment of the
function of pancreatic f cells [17]. On the other hand zinc
increases uptake of 5-HT in the corpus callosum, cingulate
cortex, and raphe nucleus of the brain of rats [18].

The adverse effect of a high-fat diet on the organism can
be neutralised by adding chromium to the diet [19]. This
element is involved in glucose metabolism, in part as a
component of glucose tolerance factor (GTF). Chromium
activates insulin receptor and increases insulin-dependent
glucose uptake into cells. Furthermore, Cr reduces the lep-
tin level in the blood [20]. Thus, chromium is a popular
dietary supplement in the treatment of type 2 diabetes and
the promotion of weight loss [21]. The addition of Cr to the
diet also increases secretion of neurotransmitters such as
serotonin and noradrenalin [22].

Both absorption of Cr and its effects on the organism
depend on its chemical form. Inorganic compounds of
Cr(IIT) are poorly absorbed in the gastrointestinal tract, while
the organic forms of Cr like chromium picolinate (Cr-Pic),
chromium malate or complexes with various amino acids are
much more easily digested [23, 24]. Not all organic forms of
Cr are absorbed to the same degree. According to Anderson
et al. [25], Cr in the form of amino acid complexes is bet-
ter absorbed than Cr in the form of Cr-Pic. This means that

@ Springer

absorption of organic forms of Cr depends on the organic
ligand. Cr nanoparticles are also becoming increasingly
popular; this includes both metallic Cr nanoparticles and
nanoparticles in the form of chemical compounds, such as
nano-Cr-Pic. Owing to the small size of nanoparticles, Cr in
nano-form may be more digestible than macro-forms. How-
ever, knowledge of both the absorption of Cr nanoparticles
and their effects on the body is still inadequate. As different
forms of Cr are absorbed in varying degrees, their effect
on the body may vary as well. We hypothesised that the
addition of chromium to a high-fat diet would reduce the
negative effect of that diet on the secretion of hormones
regulating carbohydrate metabolism and physiologically
important neurotransmitters. It was additionally postulated
that chromium in nanoparticle form will be more easily
digestible and better retained in the body of rats than chro-
mium in organic form, and thus the regulatory effect of this
form of Cr on hormonal metabolism will be more efficient.
The aim of the study was to determine the how the admin-
istration of a high-fat diet supplemented with various forms
of chromium to rats affects accumulation of this element in
the tissues and levels of leptin, ghrelin, insulin, glucagon,
serotonin, noradrenaline and histamine, as well as selected
mineral elements.

Materials and methods

The present study is part of a larger experiment. Experi-
mental design and other physiological results have been
published in Ognik et al. [26], Dworzanski et al. [27] and
Dworzanski et al. [28].

Animals and diets

The experiment was conducted on 56 male Wistar outbred
rats (Rattus norvegicus, Cmdb:WI). The animals were used
in compliance with the European guidelines for the care
and use of animal models [29]. The Animal Care and Use
Committee in Olsztyn (Poland) approved the experimental
protocol (approval no. 04/2019). All efforts were made to
minimise the suffering of the experimental animals. At the
start of the experiment the rats weighed 131+4.33 g and
were randomly assigned to one of eight groups of seven rats
each. The animals were kept individually in metabolic cages
(Tecniplast Spa, Buguggiate, Italy) under a stable tempera-
ture (21-22 °C), a 12-h light:12-h dark cycle, and a ventila-
tion rate of 20 air changes per hour. For 8 weeks the rats had
free access to tap water and semi-purified diets, which were
prepared and then stored at 4 °C in hermetic containers until
the end of the experiment (Table 1). The diets were modifi-
cations of a casein diet for laboratory rodents recommended
by the American Institute of Nutrition [30]. Two types of
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Table 1 Composition of diets fed to rats, %

Ingredient Diet
Standard High-fat

Casein® 20.0 20.0
DL-methionine 0.3 0.3
Cellulose® 5.0 3.00
Sucrose 10.0 10.0
Rapeseed oil 8.0 8.0
Lard - 17.0
Vitamin mixture® 1.0 1.0
Mineral mixture? 35 35
Choline chloride 0.2 0.2
Cholesterol 0.3 0.3
Corn starch 51.7 36.7

4Casein preparation (LACPOL Co., Murowana Goslina, Poland),
crude protein 89.7%, crude fat 0.3%, ash 2.0%, water 8.0%
ba-cellulose (SIGMA, Poznan, Poland), main source of dietary fibre
°AIN-93G-VM (Reeves, 1997), g kg™! mix: 3.0 nicotinic acid, 1.6 Ca
pantothenate, 0.7 pyridoxine—HCI, 0.6 thiamin-HCI, 0.6 riboflavin,
0.2 folic acid, 0.02 biotin, 2.5 vitamin B;, (cyanocobalamin, 0.1% in
mannitol), 15.0 vitamin E (all-rac-a-tocopheryl acetate, 500 TU g~'),
0.8 vitamin A (all-trans-retinyl palmitate, 500,000 IU g-1), 0.25 vita-
min Dj (cholecalciferol, 400,000 IU g-1), 0.075 vitamin K, (phyllo-
quinone), 974.655 powdered sucrose

dMineral mix, g kg™' mix: 357 calcium carbonate anhydrous
CaCO;, 196 dipotassium phosphate K,HPO,, 70.78 potassium cit-
rate CgHsK;0;, 74 sodium chloride NaCl, 46.6 potassium sulphate
K,SO,, 24 magnesium oxide MgO, 18 microelement mixture®, starch
to 1 kg=213.62

“Microelement mixture, g kg_' mix: 31 iron (II) citrate (16.7% Fe),
4.5 zinc carbonate ZnCO; (56% Zn), 23.4 manganese (II) carbon-
ate MnCOj; (44.4% Mn), copper carbonate CuCO; (55.5% Cu), 0.04
potassium iodide KI, citric acid CgHgO to 100 g

fCorn starch preparation: crude protein 0.6%, crude fat 0.9%, ash
0.2%, total dietary fibre 0%, water 8.8%

The experimental sources of dietary Cr, chromium(III) picolinate (Cr-
Pic), chromium(IIl)-methioninate (Cr-Met), and chromium nanopar-
ticles (Cr-NP), were added to the diet as an emulsion together with
dietary rapeseed oil rather than in the mineral mixture (MX)

diet were used in the experiment: a standard diet (diet S)
containing 8% rapeseed oil and 5% cellulose as sources
of fat and dietary fibre, respectively, and a high-fat, low-
fibre diet (HFD), which was a modification of diet S with
17% lard added in place of maize starch and with cellulose
content reduced to 3%. All diets had an identical amount
of dietary protein originating from a casein preparation
(Lacpol Co., Murowana Goslina, Poland) and DL-methio-
nine, comprising 20% and 0.3% of the diets, respectively.
Different chromium sources, i.e. chromium(III) picolinate
(Cr-Pic), chromium(IIT)-methioninate (Cr-Met), and chro-
mium nanoparticles (Cr-NP), were added to the standard and
high-fat diets. Chromium picolinate (Cr-Pic; purity >980 g/
kg) was purchased from Sigma-Aldrich Sp. z 0.0. (Poznan,

Poland). Chromium-methionine complex (Cr-Met) was pur-
chased from Innobio Co., Ltd. (Siheung, Korea). Chromium
nanoparticles (Cr-NP) with 99.9% purity, size 60-80 nm,
spherical shape, specific surface area 6-8 m*/g, bulk density
0.15 g/cm?, and true density 8.9 g/cm?, was produced and
purchased from SkySpring Nanomaterials (Houston, TX,
USA).

The dosage of Cr administered to each rat was 0.3 mg/kg
BW and was chosen in accordance with recommendations
by the EFSA [31]. To ensure the safety of the individual
preparing the experimental diets, the Cr-NP preparation, as
well as the other Cr sources in order to maintain comparable
conditions, was added to the diet not in a mineral mixture,
but as an emulsion together with dietary rapeseed oil.

Sample collection

The feeding period was 8 weeks. Individual feed consump-
tion of rats were determined. All physiological measure-
ments were made for each animal separately (n =7 for each
group). Cr digestibility and utilisation tests (balance tests)
were carried out during the study. After a 10 days prelimi-
nary period (days 8—17 of experimental feeding), faeces and
urine were collected for 5 days (days 18-22) from all rats
kept in the metabolic cages. The content of Cr in the diets,
drinking water, faeces and urine collected in the balance
period was assayed using the methods described below.

At the end of the experiment, the rats were fasted for 12 h
and anaesthetized i.p. with ketamine and xylazine (K, 100/
kg BW; X, 10 mg/kg BW) according to recommendations
for anaesthesia and euthanasia of experimental animals.
Following laparotomy, blood samples were taken from the
caudal vena cava into heparinized tubes, and finally the rats
were euthanized by cervical dislocation. The blood plasma
was prepared by solidification and low-speed centrifugation
(350xg, 10 min, 4 °C). Plasma samples were kept frozen at
— 70 °C until assayed.

Laboratory analysis

Chromium was determined colorimetrically by reaction with
1,5-diphenylcarbazide (DPC) in acid solution. About 2 g of
the sample was mineralized in a muffle furnace at 550 °C
and dissolved in 3 mL of sulphuric acid (5 mol/L). To con-
vert trivalent chromium to its hexavalent state the dissolved
ash was transferred from the crucible to a conical flask and
heated to the boiling point with potassium permanganate.
Potassium permanganate (0.1% in water) was added in 50
uL portions until the oxidation process was completed (the
slightly violet colour of the potassium permanganate disap-
peared until trivalent chromium was present in the solution).
The mixture was allowed to cool to room temperature and
then transferred to a 50 mL volumetric flask, to which 2 mL
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of sulphuric acid (5 mol/L) and 0.3 mL of phosphoric acid
(98%) were added. Then 24 mL of acidified solution was
transferred to a 25 mL volumetric flask containing 1 mL
of DPC (0.25% in acetone). The contents were mixed and
diluted to mark with distilled water. The absorbance was
measured after 15-20 min at 546 nm using a GENESYS 20
spectrophotometer (Thermo Fisher Scientific).

Kits produced by Cell Biolabs, Inc. (San Diego, USA)
were used to determine the level of the hormones leptin,
ghrelin, insulin, glucagon, serotonin, noradrenaline, and
histamine. Content of minerals (Ca, Mg, Fe, and Zn) in the
blood samples was determined by flame atomic absorption
spectrometry (FAAS).

Statistical analysis

The results are expressed as means and pooled SEM (stand-
ard error of the mean). Two-way analysis of variance
(ANOVA) was used to determine the effect of the Cr source
(Cr: none, Cr-Pic, Cr-Met, or Cr-NP) and the diet type (D:
standard or high-fat diet) and the interaction between these
two factors (Crx D). If the analysis revealed a significant
interaction (P <0.05), the differences between treatment
groups were then determined by Duncan’s post hoc test at
P <0.05. The data were checked for normality prior to the
statistical analyses. The statistical analysis was performed
using STATISTICA software, version 10.0 (StatSoft Corp.,
Krakow, Poland).

Table 2 Chromium excretion patterns in the digestibility and retention test

Results
Effect of high-fat diet

Administration of a high-fat diet to rats decreased feed
intake (P <0.001), Cr intake from the diet and total Cr
intake (P <0.001, both), Cr digestibility and Cr retention
(P<0.001, both) and increased Cr excretion in the faeces
(P=0.005) compared to the group receiving a standard diet
(Table 2). Administration of a high-fat diet to rats decreased
the levels of insulin (P=0.017), ghrelin (P =0.005),
noradrenaline (P =0.032) and histamine (P <0.001)
and increased those of leptin (P =0.019) and serotonin
(P=0.048) compared to the group receiving a standard diet
(Table 3). The plasma of rats receiving a high-fat diet had
lower levels of Ca (P=0.028), P (P <0.001), Mg (P=0.010)
and Zn (P =0.004) than the plasma of rats fed a standard
diet (Table 4).

Effect of form of Cr

Cr content in the diet (P <0.001), Cr intake from the diet
(P<0.001), total Cr intake (P <0.001), and excretion of Cr
in the urine and faeces (P=0.033, P <0.001, respectively)
were all higher in the groups receiving a diet with added Cr,
irrespective of its form. Cr % digestibility and Cr % retention
were higher in the rats receiving a diet with added Cr-Pic
or Cr-Met and lower in rats receiving Cr-NP (P < 0.001, all)
than in rats receiving a diet without added Cr (Table 2).
The leptin level in the plasma of rats receiving a diet
with the addition of Cr-Pic or Cr-Met was higher than in
rats receiving a diet without added Cr or with the addition

Item Diet (D) Cr form (Cr) SEM P value
Standard  High-fat None Cr-Pic  Cr-Met Cr-NP Deffect Creffect Interaction
(CrxD)

Cr content of diet (mg/kg) 3.31 3.34 1.24° 3.99? 4.02* 4.03*  0.161 0.067 <0.001 0.057
Cr intake from diet (mg/5 day)* 0.282% 0.253° 0.100° 0.328° 0.322*  0.319* 0.013 <0.001 <0.001 0.082
*otal Cr intake (mg/5d)® 0.282° 0.253? 0.100° 0.328° 0322  0.319* 0.013 <0.001 <0.001 0.082
Excretion of Cr in urine (mg) 0.009 0.010 0.006" 0.010° 0.011*  0.013* 0.001 0.373 0.033  0.120
Excretion of Cr in faeces (mg) 0.128" 0.174% 0.062° 0.166° 0.164°  0.213* 0.012 0.005 <0.001 0.071
Total Cr excretion (mg/5 day) 0.137° 0.185? 0.068° 0.176° 0.175°  0.226* 0.012 0.004 <0.001 0.011
Cr digestibility (%) 52.23% 33.12° 39.32¢  51.60*° 47.97°  31.79¢ 2329 <0.001 <0.001 0.052
Cr retention (%) 48.94% 28.43b 34.07°  48.47°  44.18°  28.04° 2425 <0.001 <0.001 0.066

ACr intake from diet calculated from feed intake data presented in Ognik et al. [26]
Feed intake: diet: standard—17.45 g/day, high-fat—16.17 g/day; Cr form: none—19.9 g/day, Cr-Pic—16.8 g/day, Cr-Met—16.8 g/day, Cr-NP—

16.7 g/day [26]

BTotal Cr intake from diet and water (Cr concentration in water administered to rats 2.9 pg/L)

abedMean values within a row with unlike superscript letters were shown to be significantly different (P<0.05)
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Table 3 Content of hormones in the blood plasma of rats
Hormone Diet (D) Cr form (Cr) SEM P value
Standard ~ High-fat  None Cr-Pic Cr-Met Cr-NP Deffect  Creffect Interaction
(CrxD)

Leptin, ng/mL 1.163° 1.325% 1.035¢ 1.341° 1.611% 0.988°  0.057 0.019 <0.001 0.074
Ghrelin, pg/mL 72.97% 62.54° 72.26®  62.58° 75.67* 60.53° 3.743 0.005 0.010 0.126
Insulin, mIU/L 60.22° 55.48° 54.68° 61.49* 57.43% 57.79% 1.740 0.017 0.034 0.133
Glucagon, pg/mL 4679.7 5180.0 5201.6 4846.6 4587.5 5083.8 137.9 0.073 0.401 0.564
Serotonin, ng/ml 1987.6° 2180.7* 1859.9°  2161.7°  2065.7°  2249.3% 56.53 0.048 0.037 0.225
Noradrenaline, pg/mL 441.76* 427.96° 445.14*  396.19°  454.51* 44358 7.125 0.032 0.009 0.147
Histamine, ng/ml 484.46* 244.03° 568.43"  239.73°  240.76°  408.06* 33.76  <0.001 <0.001  0.305
abCMean values within a row with unlike superscript letters were shown to be significantly different (P<0.05)
Table 4 Content of minerals in the blood plasma of rats
Item Diet (D) Cr form (Cr) SEM P value

Standard High-fat None Cr-Pic Cr-Met Cr-NP D effect Cr effect Interaction

(CrxD)

Ca, mmol/L 2.287% 2.172° 2.297% 2.113° 2.357% 2.150° 0.031 0.028 0.003  0.312
P, mmol/L 4.329* 3.218° 4.333% 2.981° 4.278* 3.503° 0.129 <0.001 <0.001 0.251
Mg, mmol/L 0.831° 0.782° 0.759° 0.841° 0.808% 0.818®  0.010 0.010 0.019  0.542
Fe, umol/L 12.668 13.031 12.474®  11.517°  13.199%  14.208*  0.453 0.686 0.044  0.298
Zn, pmol/L 19.251% 17.860°  19.064®  17.708"  17.313°  20.136*  0.319 0.004  <0.001  0.126

ab<Mean values within a row with unlike superscript letters were shown to be significantly different (P<0.05)

of Cr-NP (P <0.001). In the plasma of rats receiving Cr-Pic,
the insulin level was higher (P =0.034) and the noradrenalin
level was lower (P =0.009) than in the rats from the other
groups. The plasma of rats receiving added Cer, irrespective
of its form, had a higher level of serotonin (P =0.037) and a
lower level of histamine (P <0.001) (Table 3).

The rats receiving a diet with added Cr-Pic or Cr-NP had
a lower plasma Ca level than the rats receiving a diet with
Cr-Met (P=0.003) and a lower P level (P <0.001) than the
rats in the other groups. A higher Mg level (P=0.019) was
noted in the plasma of rats receiving Cr-Pic than in rats from
the groups receiving a diet without added Cr. In the rats
receiving Cr-NP, the Fe level was higher than in rats receiv-
ing Cr-Pic (P =0.044). A higher Zn level (P <0.001) was
noted in the plasma of rats receiving Cr-NP than in those
receiving Cr-Pic or Cr-Met (Table 4).

Discussion

The use of high-fat diet, especially for a long time, leads to
impairment of carbohydrate and lipid metabolism and to
obesity. Rats fed a HFD had higher body weight than rats fed
a standard diet despite lower feed intake [26]. Obesity in rats

fed a HFD may be due to the higher caloric value of the diet
as well as to increased concentrations of leptin and reduced
concentrations of ghrelin, as noted in our study. The decrease
of ghrelin level in the plasma observed in obesity is most
likely a physiological adaptation to the positive energy bal-
ance associated with obesity. Tschop et al. [32], in a human
study, found that the ghrelin level in the plasma is negatively
associated with the degree of obesity. Beck et al. [33] and
Beck and Richy [34], in a study in rats, also showed that
an increase in the fat content of the diet results in reduced
secretion of this hormone. Our study showed that the use
of a HFD also increases leptin levels in the plasma. Ghre-
lin, known as the ‘hunger hormone’, and leptin, the ‘satiety
hormone’, are negatively correlated. Low ghrelin levels are
accompanied by high leptin levels, which is consistent with
the results of the present study. Handjieva-Darlenska and
Boyadjieva [35] also noted higher leptin levels and lower
ghrelin levels in rats fed a high-fat diet than in the control
group. Ghrelin can interact with leptin in the CNS, mainly
at the level of the arcuate nucleus of the hypothalamus, in
which both leptin and ghrelin receptors are present [33, 34].
Leptin is crucial in maintaining glucose homeostasis and
is considered to be a factor inhibiting insulin secretion by
pancreatic f cells [4, 36]. In our study, the use of a high-fat
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diet reduced the insulin level in the plasma of rats. This may
be due to damage of pancreas. Our team's previous research
[26] showed presence of extensive foci of steatosis in the
pancreas of rats fed a high-fat diet. Tuzcu et al. [37] noted
an increased insulin level (40 vs 33 pmol/l) in rats fed a HFD
compared to rats receiving a standard diet. Sahin et al. [38]
also report that a HFD increased the plasma insulin level.

Insulin secretion is additionally influenced by another
hormone—serotonin. Paulmann et al. [39] noted that seroto-
nin regulates insulin secretion via serotonylation of GTPases
in pancreatic f cells. In our study, rats fed a HFD had higher
serotonin and lower noradrenaline levels. Studies by Kim
et al. [40] and Bertrand et al. [41] also showed higher seroto-
nin levels in mice fed a HFD. Elevated levels of 5-HIAA, the
main metabolite of serotonin, have also been observed in the
plasma [42] and urine [43] of humans with obesity. Those
two studies also showed a positive correlation between the
fasting glucose concentration in the blood and 5-HIAA level.
Rats fed a high-fat and high-cholesterol diet have higher
expression of Tphl, and thus increased secretion of sero-
tonin from the small intestine [44]. In turn, noradrenaline
inhibits gene expression and reduces the level of circulating
leptin in the body [4]. Carbohydrate metabolism is affected
by histamine as well [45, 46]. Our study showed a reduced
histamine level in rats receiving a high-fat diet compared
to rats receiving a standard diet. Ji et al. [47] found that
administration of the fat emulsion Liposyn II (20%) into the
duodenum of rats increased the release of histamine into the
intestinal lymph.

The use of a HFD in rats affected not only hormonal
metabolism, but also the level of mineral elements in the
blood plasma. The high-fat diet in the present study reduced
the plasma levels of Cr, Ca, P, Mg and Zn. The lower level
of these elements in the plasma may have been due to lower
feed intake by rats fed a HFD as well as to increased excre-
tion in the faeces. In addition, Ca, Mg and Zn ions combine
with fatty acids to form water-insoluble calcium, magnesium
or zinc soaps and are excreted in this form in the faeces [48].

One way to neutralise the negative effect of a HFD is to
add Cr to the diet [24]. In the present study, a diet with added
Cr, irrespective of its form, increased Cr intake from the diet
as well as excretion of this element in the urine and faeces.
Kottwitz et al. [49] noted that most of the Cr absorbed from
CrCl, is excreted in the urine within the first 2 days after it is
ingested. Actual intestinal absorption (retention in the entire
body and excretion in the faeces) of Cr from Cr-Pic is twice
as high as from CrCl;, but a large proportion of absorbed Cr-
Pic is found in the transport pool directed to excretion by the
kidneys. Only a small portion of absorbed Cr-Pic is metabo-
lised in the liver to the physiological form of Cr and stored
in the body with a half-life of more than 100 days. For this
reason, in the first 24 h after oral administration, most tissues
(muscle, fat, bone and brain) show higher concentrations
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of >!Cr from CrCl, than from Cr-Pic. In the present study,
the use of a diet with the addition of organic forms of Cr
resulted in greater Cr retention than in rats fed a diet with
Cr-NP. According to Lien et al. [24], both nanoparticles of
Cr-Pic (55-100 nm) and Cr-Pic administered to rat at dose of
300 pg kg~! show high % digestibility. The higher % reten-
tion of Cr from Cr-Pic or Cr-Met in our study suggests that
Cr in these forms is more easily digestible than in the form
of Cr-NP, and a larger pool of it is retained in the body.

The use of a diet with added organic forms of chro-
mium—Cr-Pic or Cr-Met—resulted in an increase in the
plasma level of leptin in rats. Orhan et al. [1], who admin-
istered Cr-Pic and biotin or Cr-Hist and biotin to rats fed a
HFD noted a reduction of the level of this hormone rela-
tive to rats fed a HFD without added Cr. Similarly, Inanc
et al. [20] reported a decrease in leptin level in obese women
who received chromium as Cr-Pic at 200 pg/day for 8 weeks.
They did not, however, demonstrate an influence of Cr on
the ghrelin or insulin level. Our study showed higher insulin
level in the plasma of rats receiving Cr-Pic in their diet. Sim-
ilarly, rats receiving a diet with Cr-acetate or Cr-glycinate
had increased level of insulin in the blood [38]. Accord-
ing to Tuzcu et al. [37], rats fed a HFD supplemented with
Cr-His had higher serum insulin level than rats fed a HFD
without added Cr, while administration of Cr-His in the con-
trol group did not affect the insulin level. The role of Cr
in insulin secretion is multi-faceted [50]. Most importantly,
Cr increases the activity of 5’AMP-activated protein kinase,
which plays a key role in the response to insulin, and insulin
receptor kinase, thus enhancing insulin signalling [51, 52].
Chromium also induces translocation of glucose transporter
4 (GluT4) to the cell membrane, thereby promoting glucose
metabolism [53].

The present study also showed that the addition of Cr to
the diet of rats, irrespective of its form, increased the level
of serotonin and reduced the level of histamine in the plasma
of the rats. Franklin and Odontiadis [22], in a study on rats
fed a diet supplemented with 100 mg/kg Cr in the form of
Cr-Pic, also reported an increase in the serotonin level in
the brain and increased sensitivity of central serotonin 2A
receptors (5-HT2A). This is most likely linked to increased
transport of the serotonin precursor tryptophan to the brain
through the blood-brain barrier. This process is influenced
by the level of tryptophan in the blood, its ratio to branched-
chain amino acids (BCAA), and the insulin level [54, 55].
By promoting insulin secretion, chromium may also cause
a decrease in the level of histidine, a histamine precursor.
Moreover, histamine influences carbohydrate metabolism in
the body by regulating the glucose level in the blood [45,
46]. In our study, only rats receiving Cr-Pic in their diet had
a reduced level of noradrenaline. Franklin and Odontiadis
[22] reported a higher level of noradrenaline in the brain of
rats receiving 100 mg/kg Cr-Pic. Noradrenaline is one of the
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hormones that regulates lipolysis. A reduced noradrenaline
level and increased insulin level in the plasma of rats receiv-
ing Cr-Pic may indicate inhibition of lipolysis. The addi-
tion of Cr to the diet of rats in the form of Cr-Pic or Cr-NP
resulted in a decrease in the level of P and an increase in the
concentration of Mg in the plasma of rats. This mechanism
is not fully explained and requires further research.

Conclusions

A high-fat diet was shown to negatively affect the level of
hormones regulating carbohydrate metabolism (increas-
ing leptin level and decreasing levels of ghrelin and insu-
lin). Cr in organic forms was found to be better retained
in the body of rats than Cr in nanoparticles form. How-
ever, Cr-Pic was the only form that increased the insulin
level, which indicates its beneficial effect on carbohydrate
metabolism. Rats fed a high-fat diet had an increased level
of serotonin and a reduced level of noradrenaline. The
addition of Cr to the diet, irrespective of its form, also
increased the serotonin level, which should be considered
a beneficial effect. Rats fed a high-fat diet had an unfa-
vourable reduction in the plasma concentrations of Ca, P,
Mg and Zn. The reduction in P in the plasma induced by
supplementation with Cr in the form of Cr-Pic or Cr-NP
may exacerbate the adverse effect of a high-fat diet on the
level of this element.
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The metabolism of chromium (Cr), calcium (Ca), phosphorus (P), iron (Fe), copper (Cu), and zinc (Zn) is interconnected, and their deficiency
or excessive accumulation may lead to various disturbances, including anemia and diabetes. The current research was undertaken to determine
whether low-fat or high-fat diets with the Cr(I1l) addition in the form of picolinate (CrPic) or nanoparticles (CrNPs) have an interactive effect on
the retention and accumulation of this element in organs and the content of P, Ca, Fe, Cu and Zn in the blood plasma of rats. The experiment was
performed using 48 outbred male Wistar rats fed a low-fat or high-fat semi-purified rat diet with dietary addition of chromium at a dose of 0.3 mg/kg
body weight. The obtained results point to the paramount importance of the dietary Cr form on the excretion pattern of this microelement. It has
been found that CrNPs were to a greater extent excreted from the rat’s body via urine and feces in comparison to CrPic, as indicated by the val-
ues of the Cr retention index (44.4 vs. 65.9%, respectively). The additional dietary Cr, irrespective of its form and diet type, was not accumulated
in the analyzed internal organs, i.e. brain, spleen, kidneys, liver, thigh bone, and thigh muscle. It should be stressed that dietary CrPic, unlike CrNPs,
added to the high-fat diet adversely reduced plasma concentration of vital minerals in comparison to the levels observed in rats fed the low-fat diet,
i.e. Zn (60.5vs. 69.9 uM), Cu (13.6 vs. 15.7 uM), and P (1.12 vs. 1.30 uM). In turn, the CrNPs, but not CrPic, added to the high-fat diet decreased

plasma Fe level (1.41 vs. 2.43 uM).

INTRODUCTION

The available literature provides ample evidence that
trivalent chromium (Cr(III)) is an important micromineral
actively involved in the metabolic fate of carbohydrates, lip-
ids, and proteins [Dworzanski ef al., 2020, 2021; Inang et al.,
2006; Ognik et al., 2021; Sahin et al., 2011; Suksomboon
etal., 2014; Tuzcu et al., 2011]. On the other hand, there are
many unanswered questions about Cr(III) supplementation
as there are also articles questioning its importance [Stearns,
2000]. Chromium’s advantage is that its safety was confirmed
by no detrimental health consequences of dietary inclusion
of trivalent Cr in animal experiments [Pechova & Pavlata,
2007]. In the released opinion of the European Food Safety
Authority (EFSA), Cr(II) should not be considered as an
essential nutrient [EFSA, 2014], but it is currently deemed
a stock supplementary ingredient.

* Corresponding Author:

E-mail: (J. Juskiewicz)

The intestinal tract is the main route of Cr(II) entering
the internal tissues. In rodents, its most active absorption
processes occur in the jejunum; while its absorption is less
effective in the ileum and duodenum [Pechova & Pavlata,
2007]. Chromium is absorbed from the intestine to a little
extent, with the absorption rate ranging from 0.4% to 2.0%.
The retention rate of Cr from inorganic and organic species
has been reported at less than 3% for the former and ten times
higher for the latter [Lyons, 1994]. It should be stressed that
the literature in vivo data describing the Cr accumulation
in internal tissues and organs is relatively scarce [Anderson
etal., 1996; Changet al., 1992; Lindemann ef al., 2008; Sahin
etal.,2001; Staniek et al., 2013].

High blood insulin level was shown as a diminishing fac-
tor in regard to Cr cycled in the body as chromium is incorpo-
rated to insulin-dependent cells via the low molecular weight
chromium-binding substance (LMWCr) [Davis, 1997].
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Krdl et al. [2014] found that the administration of a high-
-fat diet caused elevated insulin levels in rat serum, regard-
less of Cr dietary application (applied doses of 10 or 50 mg
Cr propionate per kg diet). It is worth noting that hepatic Cr
accumulation may be enhanced under conditions of insulin-
related disturbances. Studies on Cr distribution in rat tissues
have demonstrated its highest content in the kidneys [Prescha
etal.,2014]. Previous studies addressing the impact of dietary
Cr on tissue levels of other mineral components have shown
a significant interaction of Cr with Fe [Anderson et al., 1996;
Lindemann ef al., 2008; Yoshida et al., 2010]. Dietary Cr(III)
has been reported to affect the metabolism of other macro-
and micro-elements, for instance increased Zn level and di-
minished that of Cu [Vlizlo ef al., 2014]. The maintenance
of the right, balanced physiological status of trace minerals,
i.e. Fe, Zn, Cu, and Cr, seems to be of paramount importance.
Undoubtedly, the metabolic fate of Fe, Cr, Cu, and Zn is mu-
tually dependent and the body’s mineral status and may great-
ly affect the occurrence of several physiological and metabolic
disturbances, e.g. diabetes, anemia, or insulin-resistance.

The current research was undertaken to determine wheth-
er low-fat or high-fat diets with the addition of Cr in the form
of chromium picolinate or nanoparticles have an interac-
tive effect on the retention and accumulation of this element
in organs and the contents of other minerals (P, Ca, Fe, Cu
and Zn) in the blood plasma of rats.

MATERIAL AND METHODS

Chromium used in experiments

Chromium in the two forms was used as the additive to
rat diets: chromium nanoparticles (CrNPs) and chromium
picolinate (CrPic). CrNPs powder (with spherical morpholo-
gy) was characterized by high purity (999 g/kg), large surface
area (6-8 m?/g), bulk density of 0.15 g/mL, and true density
of 8.9 g/mL and was acquired in SkySpring Nanomaterials
Inc. (Houston, TX, USA). CrPic was purchased in Merck Co.
(Darmstadt, Germany). Its purity was also high, >980 g/kg.

Animals

The experiment was performed using 48 outbred male
Wistar rats (Cmdb:Wi CMDB) fed a low-fat or high-fat
semi-purified rat diet (LFD and HFD, respectively) with
dietary addition of chromium nanoparticles or chromium
picolinate. The study schema consisted of two periods, i.e.
initial and experimental, each of 9 weeks. During the ini-
tial 9-wk period, the rats aged 6-wk were fed a HFD. After
the initial period, the high-fat rats were randomly divided into
4 groups with n=12 per group and fed, for the subsequent
9-wk, the following dietary treatments: the LFD-CrPic group
was fed a standard low-fat diet supplemented with chromium
picolinate; the LFD-CrNPs group — a standard low-fat diet
supplemented with chromium nanoparticles; the HFD-CrPic
group — a high-fat diet supplemented with chromium pico-
linate; and the HFD-CrNPs group — a high-fat diet supple-
mented with nanoparticle chromium ( ). The rats were
administered chromium in a daily dose of 0.3 mg/kg of body
weight (BW proposed by the EFSA NDA Panel [2014] as
a highly safe dose without any harmful side-effects. In order

TABLE 1. Composition of low-fat diet (LFD) and high-fat diet (HFD)
with chromium picolinate (CrPic) and chromium nanoparticles (CrNPs)
used in the experiment (g/kg).

| LFD-CrPic |HFD—CrPic | LFD-CrNPs | HFD-CrNPs

Casein' 148 148 148 148
-Dlt/lethionine 2 2 2 2
Cellulose? 80 30 80 30
Chloride 2 2 2 2
Cholesterol 3 3 3 3
Vitamin mix® 10 10 10 10
Mineral mix* 35 35 35 35
Maize starch® 640 520 640 520
Rapeseed oil EéO (With 80 (With 80 (with 80 (with
r-Pic)® Cr-Pic)° Cr-NP)¢ Cr-NP)°
Lard 0 170 0 170

!Casein preparation: crude protein 89.7 g/100 g, crude fat 0.3 g/100 g, ash
2.0 g/100 g, and water 8.0 g/100 g.

%a-Cellulose (SIGMA, Poznan, Poland), main source of dietary fibre.
SAIN-93G-VM [Reeves, 1997], mix (g/kg): 3.0 nicotinic acid, 1.6 Ca pan-
tothenate, 0.7 pyridoxine-HCI, 0.6 thiamine-HCI, 0.6 riboflavin, 0.2 folic
acid, 0.02 biotin, 2.5 vitamin B, (cyanocobalamin, 0.1% in mannitol),
15.0 vitamin E (all-rac-a-tocopheryl acetate, 500 1U/g), 0.8 vitamin A
(all-trans-retinyl palmitate, 500,000 IU/g), 0.25 vitamin D, (cholecalcif-
erol, 400,000 IU/g), 0.075 vitamin K| (phylloquinone), 974.655 powdered
sucrose.

“Mineral mix, mix (g/kg): 357 calcium carbonate anhydrous, 196 di-
potassium phosphate, 70.78 potassium citrate, 74 sodium chloride,
46.6 potassium sulfate, 24 magnesium oxide, 18 microelement mixture,
213.62 starch (to 1 kg). Microelement mixture, mix (g/kg): 31 iron (IID
citrate (16.7% Fe), 4.5 zinc carbonate (56% Zn), 23.4 manganese (1D
carbonate (44.4% Mn), copper carbonate (55.5% Cu), 0.04 potassium
iodide, citric acid to 100 g.

SMaize starch preparation: crude protein 0.6 g/100 g, crude fat 0.9 g/100 g,
ash 0.2 g/100 g, total dietary fibre 0 g/100 g, and water 8.8 g/100 g.

5The dosage of CrPic or CrNPs: 0.3 mg/kg body weight.

to maintain a safe and comparable regimen while preparing
the diets, both sources of Cr were added along with rapeseed
oil and not in the mineral mix.

The in vivo protocol including all manipulations planned
to be performed on living rats was in compliance with
regulations and ordinances in force in Poland, and Direc-
tive 2010/63/EU for animal use in research and education.
The application for conducting in vivo experiment was accept-
ed by the National Ethics Committee for Animal Experiments
(Approval No. 73/2021).

Throughout the study, all animals were kept individually
in stainless steel cages in an animal laboratory room with prop-
er for the rodents inside temperature (22=1°C), relative hu-
midity 60+5%, a 12-h day-night regimen, and an air exchange
rate of 15 changes per 60 min. The rats were thoroughly scru-
tinized by the well-trained staff and the veterinarian towards
a proper behaviour and health status. All humane endpoints
in animal research mentioned in Directive 2010/63/EU
were tailored strictly in the present study. The superordinate
and the veterinarian were informed daily in the case of any
sign of rat distress or pain. For 18 weeks (9-wk of the initial
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and 9-wk of the experimental period), the animals were pro-
vided with free access to tap water and daily amount of semi-
purified diets in order to keep the experimental dosage
of additional dietary chromium. The diets constructed from
well-known ingredients were stored at 4°C in plastic tubes for
food and perishables during all the feeding period. The ex-
perimental dietary treatments for rats were constructed ac-
cording to the rules described by Reeves [1997] and ap-
proved by the American Institute of Nutrition. The diets were
based on casein as the main protein source, rapeseed oil as
a fat source (oil was coupled with lard in the high-fat diets),
and maize starch as a carbohydrate source. The experimental
calculations and analyses of biological animal material were
performed individually for each rat.

On day 28, the rats were relocated to the balance cages
in order to conduct the Cr balance trial which enabled calcu-
lations of the Cr digestibility and retention (utilization) coef-
ficients. The construction of the cages (TECNIPLAST S.p.A.,
Buguggiate, Italy) facilitates an exact collection of feces
and urine excreted by an animal. The balance test consisted
of a preliminary period lasting 10 days as well as a relevant bal-
ance 5-day period during which all excreted feces and urinated
liquid were collected to special tubes kept then in the fridge
environment. During the relevant balance days, the amounts
of ingested diets and drank water were also recorded for each
rat. All collected samples, i.e. fecal, urinal, dietary, and water
ones, were analyzed for Cr content as described below.

The Cr digestibility was expressed as a percentage
of the mineral ingested:

__ Crintake — Cr excreted in feces
- Crintake

Cr digestibility (%) x 100 (1

The Cr retention (utilization) was calculated as follows:

Crintake — Cr excreted in feces and urine
Cr intake

Cr retention (%) = x 100 2)

During the entire feeding experiment, the rats were indi-
vidually monitored for body weight and diet consumed. Be-
fore the termination of the rats, they were deprived of feed for
12 h but still had full access to tap water. On termination day,
the animals were anesthetized with the mixture of ketamine
(Ke) and xylazine (X) in 0.9% NaCl (Ke, 100 mg/kg BW; X,
10 mg/kg BW) according to the anaesthesia and euthanasia
guidelines for laboratory rodents. The unconscious (a pain-
less state) rats were then laparotomized, and their blood
was collected from caudal vena cava into heparinized tubes
in order to obtain blood plasma via centrifugation (350xg,
10 min, 4°C). Plasma samples were kept frozen at —70°C un-
til assayed. After blood collection, the rats were euthanized
by cervical dislocation in order to confirm the death. The se-
lected internal organs and tissues (liver, kidneys, brain, spleen,
thigh muscle, thigh bones) were cut off, weighed if needed,
frozen in liquid nitrogen (-196°C), and stored in the low-tem-
perature freezers at —70°C.

Mineral analysis

The concentration of minerals (Cr, P, Ca, Mg, Fe,
Cu, and Zn) in the blood plasma samples (0.25 mL) and
Cr content in feces, urine, water, diet, and tissue samples

(0.5g,0.25mL, 0.25 mL, 0.5 g and 0.5 g, respectively) were
determined by flame atomic absorption spectrometry (FAAS)
with the aid of a Perkin-Elmer M 5000 atomic absorption
spectrometer coupled with an HGA 500 graphite furnace
(PerkinElmer Life and Analytical Sciences Co., Shelton, CT,
USA). The furnace program was applied to Cr determination
in diets, feces, and tissues with a wavelength of 357.9 nm,
drying at 110°C, ashing at 1200°C, atomization and cleaning
at 2700°C. In the case of the remaining minerals, the micro-
wave oven (Milestone MLS 1200 MEGA, Milestone, Italy)
digestion with HNO, was applied at three subsequent periods
(5 min each) with the heating power of 210, 420, and 560 W,
respectively. The FAAS instrument setting and conditions fol-
lowed the manufacturers’ recommendations. The calibration
procedure was done with the aid of the Certipure multi-ele-
ment standard solution (Merck KGaA, Darmstadt, Germa-
ny). The air-acetylene oxidizing flame was used in the FAAS
procedure, whereas a D, lamp was used for background cor-
rections in the case of Cr, Ca, Fe and Zn determination.

Statistical analysis

In tables, the results are presented as means with standard
error of the mean (SEM), the latter calculated as standard
deviations (SD) divided by square root of the number of rats
(n=48). The two-way ANOVA was applied in order to assess
p-values for the two main effects, namely the dietary Cr form
(Cr; CrPic and CrNPs) and the diet type (D; LFD and HFD)
as well as for the occurrence of a significant interaction be-
tween the two main factors (CrxD). In the case of a signifi-
cant CrxD interaction (p<0.05), the post-hoc Duncan’s test
was applied to assess statistical differences among all four
experimental groups. The two-way ANOVA requires the nor-
mal distribution of samples, so the data were checked for
normality via the Shapiro-Wilk test. The STATISTICA ver.
12.0 software (StatSoft Corp., Krakow, Poland) was used
in the analysis.

RESULTS AND DISCUSSION

Long-term use of an ill-balanced diet leads to many meta-
bolic disorders, including obesity, caused by chronic con-
sumption of a diet rich in saturated fats [Nascimento ef al.,
2013; Orhan et al., 2019; Zary-Sikorska ef al., 2021]. An in-
creased level of dietary fat may additionally disturb the min-
eral homeostasis in the body [Meli et al., 2013; Qi et al., 2020;
Stepniowska ef al., 2022]. The present research showed that
the total level of Cr in the HFD was higher than in the LFD,
regardless of Cr form (p<0.001; ). In turn, the calcu-
lated intake of Cr during the balance test was higher in rats fed
the HFD supplemented with CrNPs than in those fed the LFD
(see the significant CrxD interaction). The aforementioned
results may be partly ascribed to the formation of adducts
composed of Cr nanoparticles and high levels of saturated
fatty acids in the HFD treatment [Muller et al., 2017]. Irre-
spective of diet type, higher urinary Cr excretion was noted
when dietary chromium was in the CrNPs form in comparison
to that added as CrPic (p=0.001). Two-way ANOVA showed
the CrxD interaction also for fecal Cr excretion (p<0.001),
total Cr excretion (p<0.001), Cr digestibility (p<0.001),
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TABLE 2. Chromium excretion patterns in the digestibility and retention test in rats fed experimental diets.

Cr content Crintake from | Excretion of Cr Excretion of Cr | Total Cr excretion | Cr digestibility | Cr retention
of diet (mg/kg) | diet (mg/5d) | infeces (mg/5d) | in urine (mg/5 d) (mg/5 d) (%) (%)
LFD-CrPic 5.55 0.475% 0.097 0.011 0.108° 79.6¢ 71.2¢
HFD-CrPic 6.60 0.513¢ 0.224¢ 0.009 0.233¢ 56.3° 54.50
LFD-CrNPs 5.30 0.442° 0.260° 0.015 0.276° 40.9¢ 37.5¢
HFD-CrNPs 6.90 0.498¢ 0.227¢ 0.012 0.239 53.6° 51.3°
SEM 0.22 0.017 0.012 0.001 0.012 2.6 2.2
Diet type (D)
LFD 4.16° 0.351 0.138 0.011 0.150 59.0 55.3
HFD 5.60° 0.422 0.174 0.008 0.182 60.9 59.0
Cr addition (Cr)
Cr-Pic 6.08 0.494 0.160 0.010° 0.170 67.9 65.9
Cr-NPs 6.10 0.470 0.244 0.014 0.257 473 44.4
p-Value

D effect <0.001 <0.001 0.008 0.078 0.016 0.542 0.254
Cr effect 0.101 <0.001 <0.001 0.001 <0.001 <0.001 <0.001
CrxD interaction 0.102 <0.001 <0.001 0.924 <0.001 <0.001 <0.001

The LED-CrPic group was fed a standard low-fat diet with supplementation of chromium picolinate; the HFD-CrPic group was subjected to a high-fat
diet with chromium picolinate supplementation; the LFD-CrNPs group was fed a standard low-fat diet with supplementation of chromium nanopar-
ticles; the HFD-CrNPs group was fed a high-fat diet with nanoparticle chromium supplementation. The amount of chromium administered to each rat
was 0.3 mg/kg body weight. SEM, standard error of the mean (n=48). **Mean values within a column with unlike superscript letters differ significantly
(p<0.05); differences among the groups (LFD-CrPic, HFD-CrPic, LED-CrNPs, HFD-CrNPs) are indicated with superscripts only in the case of a sta-
tistically significant interaction CrxD (p<0.05). The Cr intake from the diet was the same as total Cr intake (tap water provided to rats contained

no Cr).

and Cr retention (p<0.001). The nature of the CrxD interac-
tion for fecal and total Cr excretion was in significantly lower
amounts of Cr removed from the body, mainly via the fecal
route, in the rats administered LFD-CrPic as compared to
the remaining three dietary treatments (p<0.05 vs. HFD-
-CrPic, LFD-CrNPs, and HFD-CrNPs). The CrxD interac-
tion showed that the highest percentage of Cr digestibility
and retention indices followed the dietary treatments with
LFD-CrPic, while the lowest values of these indices were
noted in the rats fed LFD-CrNPs (in both cases p<0.05 vs.
all other groups). It has been reported that Cr nanoparticles
are better absorbed from the gastrointestinal tract than their
organic counterparts [Stepniowska er al., 2022]. Indeed,
in the present study, CrNPs were well absorbed in the intes-
tine but at the same time that Cr form was not efficiently
retained in the body’s tissues and organs, as indicated by con-
siderably diminished Cr retention (utilization) percentage.
That process was clearly depicted under the standard low-fat
dietary treatment by the highest and lowest retention values
for CrPic and CrNPs, respectively. The addition of chromium
in the form of CrPic to the high-fat diet resulted in decreased
digestibility and retention of Cr in the rats, which corrobo-
rates our previous findings on the effect of dietary high-fat en-
vironment on the mineral utilization in the body [Stgpniowska
et al., 2022]. Chromium picolinate has been shown to exhibit
hydrophobic properties and, therefore, to be easily absorbed
from the gastrointestinal tract in comparison to other forms

of Cr, nicotinate or chloride, available in popular mineral
supplements [DiSilvestro & Dy, 2007]. Moreover, it has
been found relatively stable in human gastric juice for over
three hours, requiring a high concentration of acid (0.1 M)
to break the bonds between Cr and picolinic acid [Lamson &
Plaza, 2002]. The relatively high stability of chromium pico-
linate may also partly explain the lesser excretion of dietary
CrPic from the rat’s body as compared to the novel dietary
form of chromium, i.e. CrNPs. In the present experiment, re-
gardless of diet type, a greater urinal Cr excretion followed
the dietary treatment with CrNPs vs. rats administered dietary
CrPic ( ). Wang et al. [2012], who administered Cr
in the form of CrPic or CrNPs at a dietary dose of 200 ug/kg
to pigs, did not observe different fecal and urinal excretion
pattern between those two forms of chromium. In turn,
Stepniowska er al. [2022] noted a similar amount of chro-
mium excreted with urine in rats fed diets supplemented with
different chromium forms, i.e. picolinate, chromium-methio-
nine, and as nanoparticles. At the same time, the rats fed diets
with Cr nanoparticles excreted considerably more Cr in com-
parison to the animals subjected to dietary treatments with
chromium picolinate or chromium-methionine.

The dietary treatments tested, ie. HFD or LFD with
the addition of Cr in the form of CrNPs or CrPic, did not
differ among each other with respect to the Cr accumulation
in the brain, spleen, kidney, liver, bones, and muscle of rats
( ). Jamal et al. [1991] observed that Cr was easily
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TABLE 3. Chromium content in selected tissues of rats fed experimental diets (ug/g).

Brain Spleen Kidney Liver Bones Muscle
LFD-CrPic 0.133 0.563 1.03 0.438 0.311 0.169
HFD-CrPic 0.131 0.560 1.03 0.448 0.310 0.166
LFD-CrNPs 0.133 0.564 1.03 0.439 0.313 0.168
HFD-CrNPs 0.130 0.562 1.04 0.439 0311 0.169
SEM 0.001 0.002 0.004 0.002 0.001 0.001
Diet type (D)
LFD 0.132 0.564 1.03 0.440 0.312 0.169
HFD 0.130 0.560 1.03 0.443 0.310 0.167
Cr addition (Cr)
Cr-Pic 0.132 0.561 1.03 0.443 0.310 0.167
Cr-NPs 0.131 0.563 1.03 0.439 0.312 0.169
p-Value
D effect 0.219 0.376 0.870 0.540 0.106 0.331
Cr effect 0.950 0.938 0.917 0.718 0.499 0.670
CrxD interaction 0.938 0.965 0.525 0.584 0.491 0.235

The LED-CrPic group was fed a standard low-fat diet with supplementation of chromium picolinate; the HFD-CrPic group was subjected to a high-fat
diet with chromium picolinate supplementation; the LFD-CrNPs group was fed a standard low-fat diet with supplementation of chromium nanopar-

ticles; the HFD-CrNPs group was fed a high-fat diet with nanoparticle chromium supplementation. The amount of chromium administered to each rat

was 0.3 mg/kg body weight. SEM, standard error of the mean (n=48).

accumulated in the kidneys of chickens fed diets containing
potassium chromate. In our previous study on Wistar rats
subjected to dietary treatments with nano-copper, those small
nanoparticles were accumulated in the brain tissue, while such
aneffect was notobserved in the case of CuCO, added to amin-
eral mixture [Ognik er al., 2020]. An interesting observation
was made by Staniek [2019] in female rats fed diets contain-
ing low (1 mg/kg), medium (50 mg/kg) and high (500 mg/kg)
contents of chromium(IIl) without (recommended level
45 mg/kg) or with dietary excess (180 mg/kg) of iron. The au-
thor scrutinized the effects of the aforementioned treatments
on Cu and Zn status in laboratory animals and found de-
creased Zn contents in the liver, spleen, and kidneys followed
Cr(II) addition, especially when Cr(III) was provided at
higher dosages. It was quite surprising that there was no in-
teraction between the dietary chromium and the excessive
supply of iron on the Cu and Zn status in the rat organism.
The two-way ANOVA showed that, irrespective of the dietary
additional Cr form, the HFD treatment resulted in a de-
crease in blood plasma Ca concentration (p<0.05 vs. LFD;

). A significant CrxD interaction was observed with
respect to the plasma levels of Zn (p=0.008), Cu (p=0.001),
P (p=0.024), and Fe (p=0.014). In the case of plasma Zn,
Cu, and P concentrations, the nature of the interaction was
that the LFD-CrPic group excelled significantly the HFD-
-CrPic one and such differences were not observed between
both dietary CrNPs counterparts. Apart from the afore-
mentioned differences between LFD-CrPic and HFD-CrPic
groups, the latter animals had additionally a significantly

lower plasma Cu level than both CrNPs groups and a lower
plasma P level than the LFD-CrNPs rats. The CrxD effect
showed the lowest plasma Fe concentration in the rats admin-
istered HFD-CrNPs in comparison to all other groups.

It has been reported that different dietary doses and forms
of additional chromium may further affect the retention
and tissue distribution of other macro- and microelements
[Changet al., 1992; Dogukan et al., 2009; Staniek et al., 2013].
It should be noted that those effects of dietary chromium might
be modulated by the ingested diet type. Indeed, in the present
study, the HFD considerably diminished the plasma Ca level
compared to LFD. It has been reported that long-term con-
sumption of diets dense in energy derived from fats resulted
in reduced gastrointestinal Ca absorption by creating hardly
soluble Ca soaps in the intestinal contents [Wang et al., 2016].
In addition, the ingestion of a high-fat diet may reduce the ex-
pression of genes related to calcium transport, i.e. calbindin-
-DIK, plasma membrane calcium ATPase (PMCAI1b), Na-Ca
exchanger [Xiao et al., 2010]. High-fat diets, which are typical-
ly high in saturated fatty acids, have been shown to negatively
affect bone mineral density in growing rats [Macriet al., 2012].
McCarty [1995] observed that depressed excretion of cal-
cium and hydroxyproline in older (postmenopausal) wom-
en followed the supplementary consumption of chromium
in the form of picolinate and that this effect might be the cause
for elevated bone resorption processes in those patients.
The body’s calcium management is closely related to the me-
tabolism of phosphorus. The present experiment showed that
blood plasma P concentration was substantially (p<0.05)
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TABLE 4. Concentration of selected minerals in blood plasma of rats fed experimental diets.

Zn (uM) Cu (uM) Mg (mM) Ca (mM) P (mM) Fe (uM)
LFD-CrPic 69.9 15.72 0.549 2.26 1.30 2.732
HFD-CrPic 60.5° 13.6° 0.558 231 1.12° 2.86*
LFD-CrNPs 65.1%® 16.0* 0.604 232 1.35 2432
HED-CrNPs 64.4® 16.22 0.561 2.17 117 1.41°
SEM 12 0.6 0.007 0.03 0.02 0.11

Diet type (D)
LFD 63.7 16.9 0.563 2330 1.26 2.83
HFD 63.1 18.6 0.550 2210 1.16 2.19
Cr addition (Cr)
Cr-Pic 65.2 14.7 0.554 2.29 1.21 2.80
Cr-NPs 64.8 16.1 0.583 2.25 1.26 1.92
p-Value

D effect 0.785 0.085 0.364 0.026 0.024 <0.001
Cr effect 0.136 <0.001 0.121 0.825 0.249 <0.001
CrxD interaction 0.008 0.001 0.298 0.064 0.024 0.014

The LED-CrPic group was fed a standard low-fat diet with supplementation of chromium picolinate; the HFD-CrPic group was subjected to a high-fat
diet with chromium picolinate supplementation; the LFD-CrNPs group was fed a standard low-fat diet with supplementation of chromium nanopar-
ticles; the HFD-CrNPs group was fed a high-fat diet with nanoparticle chromium supplementation. The amount of chromium administered to each rat
was 0.3 mg/kg body weight. SEM, standard error of the mean (n=48).**Mean values within a column with unlike superscript letters differ significantly
(p<0.05); differences among the groups (LFD-CrPic, HFD-CrPic, LED-CrNPs, HFD-CrNPs) are indicated with superscripts only in the case of a sta-

tistically significant interaction CrxD (p<0.05).

decreased in the rats fed the high-fat diet supplemented with
CrPic as compared not only to the rats fed the LFD-CrPic but
also to those administered LED-CrNPs. Our recent research
on growing rats revealed blood depletion of Ca, P, Mg, and Zn
under the treatment with a diet rich in saturated fats (lard)
[Stepniowska ef al., 2022]. Interestingly, among three sources
of additional chromium (chromium picolinate, chromium
methionine, chromium nanoparticles) analyzed in that study,
the greatest depletion effect of blood P concentration was
upon Cr picolinate and the lowest one (insignificant compared
to the control non-supplemented group) when the chromium-
methionine was applied. The aforementioned effect should
be ascribed to the lower consumption of a high-energy diet
and elevated P fecal excretion in rats fed HFD [Stgpniowska
etal., 2022]. Nevertheless, additional research is needed in or-
der to explain the exact mechanism of that phenomenon. Our
previous work on growing chickens revealed that Cr picolinate
added to a diet at 3 mg/kg, but not at 6 mg/kg dietary dose,
significantly reduced blood plasma P concentration as com-
pared to the control non-supplemented group [Stepniowska
etal., 2020].

It has been reported that, when ingested, minerals (Cr
and Fe) contest over transferrin as a transport protein
in the metabolic pathways [Quarles et al., 2010]. A study
by Sun et al. [1999] showed that the form of dietary Cr
seemed to be of paramount importance in its final effects
on Fe metabolism. In that study, the dietary addition of
[Cr,0(0,CCH,CH,) (H,0),]* had no effect on the hepatic

content of Fe in rats, while the dietary LMWCr did other-
wise and caused a drop in liver Fe content. The mutual ac-
tion of Cr and Fe in the body as well as their metabolism
might be affected by different agents, e.g. the physiological
state of tested animals as well as the physical and chemical
structure of Cr added to a diet. In our research, a consider-
able decrease in blood plasma Fe concentration followed
the dietary application of CrNPs to HFD, and that effect was
noted compared to all other three dietary treatments. It is well
known that the blood Fe concentration largely depends on its
absorption rate in the duodenum and that this element is ab-
sorbed into enterocytes mainly by divalent metal transporter |
(DMT1) [Szaboet al., 2021]. According to Jiang et al. [2018],
DMTT levels might be reduced significantly in the duodenum
of rats following the feeding regimen on diets rich in saturat-
ed fats, pointing at DMT1 as the factor reducing duodenal
iron absorption. In our very recent work, the rats receiving
dietary chromium nanoparticles had a higher iron blood con-
centration compared to the animals administered chromium
in the picolinate form, irrespective of low- or high-fat dietary
regimen [Ste¢pniowska et al., 2022]. The difference in Fe blood
concentration in relation to the present work was probably due
to the fact that the rats in the previous study were younger
and not subjected to the preliminary high-fat dietary feed-
ing period. In addition, in the present study, a higher dietary
intake of Cr was reported in the rats from the HFD-CrNPs
group than in those from the LFD-CrNPs group ( ).
Iron and chromium(II) share the transportation route to
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the tissues vig a similar vehicle, namely transferrin protein
consisting of two C and N lobes. The binding of Fe(IID) to
the former lobe is about 20 times higher than to the latter one.
Denget al. [2016] observed that Cr(I1I) distrained two Fe(III)
binding sites of apotransferrin. It may be speculated that
in the case of relatively high dietary supplementation of Cr, as
in the present experiment, the binding sites for Fe in transpor-
tation and gripping proteins might be taken by chromium. Such
possibilities of the diminishing effects of dietary chromium on
the potency of transferrin and apotransferrin to capture Fe(IIT)
have been proposed by other authors [Quarles et al., 2011;
Staniek & Krejpcio, 2017; Vincent & Love, 2012]. Considering
blood Ca concentration, its chronically low level is considered
as a potent detrimental factor leading to impeded muscle con-
tractility [Moe, 2005], while a decreased Fe pool in the body
may impair the redox status and erythropoiesis intensification
[Robach et al., 2007]. The available literature shows some dis-
crepancies with regard to mutual iron and chromium competi-
tion, like in the case of transporting proteins [Quarles et al.,
2010, 2011; Vincent & Love 2012] or possible synergistic effect
of those minerals against anemia [Angelova ef al., 2014]. But
there is no doubt that the level of iron in the internal tissues,
including blood, plays the main/important role in the meta-
bolic fate of other trace elements, e.g. Zn and Cu. Our research
showed that feeding rats with the HFD-CrPic compared to
LFD-CrPic resulted in decreased levels of Cu and Zn in their
blood plasma and that this effect was not dependent on the
Fe blood concentration ( ). According to de Luis ef al.
[2013], obese patients suffer serum zinc depletion in compari-
son to the consumers with normal BW mass. A recent study on
mild-diabetic rats showed that dietary addition of chromium
(0.75 mg/kg BW) as Cr(Il)-glycinate or Cr(III)-picolinate re-
dressed the Cu/Zn balance in blood and selected tissues, i.e.
kidneys and heart [Krol et al., 2020].

Experiments conducted on laboratory animals with undis-
turbed [Anderson et al., 1996; Chang et al., 1992; Zha et al.,
2007] and disturbed metabolism [Krol & Krejpcio, 2010] have
shown that kidneys are very sensitive organs to Cr dietary sup-
plementation. In the present study, there were no side-effects
in kidneys followed the dietary treatments with 0.3 mg/kg BW
of Cr in the form of picolinate or nanoparticles ( ).
It should be stressed that a simple comparison between dif-
ferent research could lead to invalid conclusions, and thus
a deep insight in the subject must be done before the final
claim would be drawn. It is not possible to determine the ac-
tual metabolic action of dietary chromium without consid-
ering differences in Cr administration time, dose, and form,
and health condition in consumers (animals and humans).
It should be noted that our study found no interactive effect
of feeding rats with a low-fat or high-fat diet with the addi-
tion of CrPic or CrNPs chromium at a dose of 0.3 mg/kg BW
on the accumulation of this element in internal organs.
The results achieved with other type of nanoparticles pre-
sented by our research team showed that, in comparison to
the commonly used CuCO,, dietary copper nanoparticles to
a greater extent were absorbed from the rat intestine, heavily
accumulated in the brain tissue, and at the higher dose (6.5 vs.
3.25 mg/kg) caused damages to the rat liver [Cholewinska
et al., 2018]. There is no doubt that more research is needed

regarding dietary nanoparticle use in humans and caution
is suggested when providing to public pros about a “new
promising” source of trace elements in our diet.

CONCLUSIONS

Irrespective of the diet type, i.e. high-fat or low-fat, an
enhanced excretion of chromium from the rat’s body fol-
lowed the dietary addition of CrNPs as compared to CrPic.
It is worth noting that both sources of additional dietary chro-
mium did not cause its accumulation in the analyzed inter-
nal organs, e.g. brain, spleen, liver, thigh bone, and kidneys.
It should be stressed that both CrPic and CrNPs negatively
modulated the mineral status of blood plasma when added
to the high-fat diet, namely: the dietary CrPic reduced Zn, Cu
and P concentrations while CrNPs diminished plasma Fe level.
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Abstract

The aim of the study was to determine whether the level and form of Cr in the diet of chick-
ens influences its accumulation in tissues as well as intestinal absorption of P and its deposi-
tion in tissues. The experiment was carried out on 405 one-day-old male Ross 308 chickens
that were randomly divided into five treatment groups. Control group was fed the diet without
supplemental chromium; experimental groups were fed the diet with 3 or 6 mg/kg chromium
picolinate (Cr-Pic) and with 3 or 6 mg/kg chromium nanoparticles (Cr-NP). Chromium was
found to accumulate in the tissues of the ileum, liver, breast muscle, bones skin and in feath-
ers of chickens. Chromium deposited in the ileum of chickens does not affect the ex vivo
estimated intestinal absorption of P. The use of Cr in the diet of chickens carries the risk of
lowering P levels in femur.

Introduction

Dietary chromium (Cr) affects birds physiology, improves carbohydrate and lipid metabolism,
reduces stress responses, stimulates the immune systems, and above all can improve produc-
tion results and reduce carcass fat [1-7]. Although Cr is not currently considered as essential
trace element for poultry, researchers are increasingly investigating its potential to relieve heat
stress. Moreover, commercial Cr-based preparations exhibiting this effect are already available
among feed additives. Toxicity of Cr depends on its valance state, Cr(VI) is more toxic than Cr
(IIT). However, according to Bagchi et al. [8] Cr(III) in high doses cause renal impairment,
anemia, hemolysis, tissue edema, liver dysfunction; neuronal cell injury, enhanced production
of hydroxyl radicals, chromosomal aberration, depletion of antioxidant enzymes, and DNA
damage. Maximum Residue Limits (MRL) are established for residues of feed additives or vet-
erinary medicines. Due to the lack of sufficient data for Cr(III), the MRL for tissues has not
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been determined for its administration by either the oral or inhalation route [9]. There are no
National Research Council (NRC) [10] recommendations for Cr in poultry, but this organiza-
tion recommends 300 pg/kg of Cr in the diets of laboratory animals. The European Food
Safety Authority (EFSA) [11] has not yet established maximum dosages for various forms of
Cr, including nanoparticles. However, according to this organization using supplementation
with Cr picolinate and yeast enriched with Cr in the amount of 0.8 mg Cr/kg of feed in poultry
diet showed no effect on growth performance in chickens and turkeys [11]. The authors of var-
ious studies have supplemented the diet of poultry with chromium picolinate (Cr-Pic) in
amounts from 200 to 4000 pug/kg and chromium nanoparticles (Cr-NP) in amounts from 200
to 1500 pg/kg, but as yet no toxic effect of these levels on the body has been confirmed [2, 6, 7].

Although numerous studies have established how Cr affects the metabolism, immunity,
and growth performance of birds [2-4, 6], little is known about its accumulation in the intes-
tines and other tissues, and especially about its effect on absorption of phosphorus in the enter-
ocytes and its deposition in the tissues of chickens. Absorption of elements, including metal
ions, in the small intestine depends on their chemical and physical form, but also on the pres-
ence of other substances in the diet, or on levels of certain hormones [12]. Chromium is proba-
bly absorbed in the enterocytes through channels transporting divalent metals such as iron, or
via passive transport [12, 13]. The exact mechanism, however, is not yet known [11]. Chro-
mium absorption has been shown to depend on its chemical form, i.e. Cr(VI) is better
absorbed than Cr(III) [14]. Moreover, Cr in the form of complexes with organic ligands such
as picolinate, propionate or amino acids (methionine, lysine, or histidine) is better absorbed in
the gastrointestinal tract than Cr in the form of inorganic compounds such as CrCl; [15, 16].
In recent years, scientific research has been focused on the use of Cr in the form of nanoparti-
cles in poultry feeding due to their small size and potential more effective absorption [7, 17,
18]. Due to the fact that Cr in an organic form is absorbed better than in an inorganic form, it
seems interesting to determine how Cr in the form of nanoparticles is absorbed and deposited
in the body compared to the organic form of this element. The form of phosphorus (P), on the
other hand, has a completely different effect on its absorption than in the case of Cr. Birds best
absorb P in inorganic forms such as monocalcium phosphate, while organic forms such as
phytates are not absorbed and require prior hydrolysis, e.g. by phytases [19-22]. Phosphorus is
an important component of nucleic acids and phospholipids, and is also a cofactor for many
enzymes [19]. Furthermore, it plays an important role in maintaining osmotic and acid-base
balance, in protein synthesis, and in bone mineralization. It is a key mediator of energy metab-
olism through ATP [15]. Therefore, P deficiency can disrupt numerous biochemical processes
in the cell and thus adversely affect growth performance.

Since Cr(III) is a cation, while P is an anion, these elements are presumed not to compete
for enterocyte transport proteins. Once absorbed, Cr, by promoting the secretion of certain
hormones, e.g. PTH, corticosterone, insulin, and dopamine [3, 5, 23], may indirectly influence
the absorption of phosphorus, and thus its content in the cell and tissues. PTH regulates cal-
cium and phosphate metabolism. This hormone mobilizes Ca from bone by activation of oste-
oclasts, resulting in the resorption of bone. When Ca level in blood is low, PTH also decreases
phosphate reabsorption at the proximal convoluted tubule. When Ca level in blood is high,
PTH increases phosphate reabsorption in kidney. According to McCarty [24] Cr probably
diminishes PTH’s ability to activate osteoclasts. Chromium increase insulin activity in bone,
which can inhibit bone resorption by blocking the effect of PTH on osteoblasts, and more par-
ticularly, by impeding the PTH-mediated activation of protein kinase C (PKC).

There are reports that Cr accumulates in some tissues [25-27] and modifies the Ca metabo-
lism in the body (including bones), so there is a supposition that it may also modify P metabo-
lism (such studies have not been conducted so far). Disruption of P metabolism may result in
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deterioration of growth results, as a result of impaired deposition of this element in the bones
as well as due to the dysfunction of some enzymes.

The aim of the study was to determine whether the form and level of Cr in the diet of chick-
ens influences Cr accumulation in tissues as well as intestinal absorption of P and P deposition
in tissues.

Materials and methods
Animals and diets

The experiment was carried out in a poultry house at the experimental facilities of the Depart-
ment of Poultry Science, University of Warmia and Mazury, in Olsztyn, Poland. A total of 405
one-day-old male Ross 308 chickens were randomly divided into five groups, with nine repli-
cates of nine birds each, and kept in cages. All birds had free access to feed and water. Each
cage was equipped with nipple drinkers and a feeder that was manually filled on a daily basis.
The heating and light program was in accordance with the Ross Broiler Management Manual
[28]. All procedures involved handling the birds were performed by qualified veterinarians.
No action involving pain or suffering was practiced, and all of the analyses were performed on
samples collected post-mortem. The protocol for this study and the number of chickens used
in this study were consistent with the regulations of the Local Committee for Experimentation
on Animals (Olsztyn, Poland) and were performed in accordance with the principles of the
European Union Directive 2010/63/EU for animal experiments and Polish Law on Animal
Protection. The experimental procedure was approved by the Local Animal Experimentation
Ethics Committee in Olsztyn (No. 30/2015).

The birds were fed a basal diet that was changed in two periods: starter (0-21 days) and
grower/finisher (22-35 days) (Table 1). A control (C) group was fed the basal diet but without
supplemental chromium. Experimental groups were fed basal diets supplemented with two
levels of Cr (3 and 6 mg/kg) and two different Cr sources (Cr-picolinate-Cr-Pic and Cr-nano-
particles—Cr-NP). Four experimental diets were obtained: 3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic, 3
mg/kg Cr-NP and 6 mg/kg Cr-NP. Chromium metal nanoparticles (Cr-NP, purity 99.9%,
60~80 nm, spherical, specific surface area 6-8 m*/g, bulk density 0.15 g/cm’, true density 8.9
g/cm?) was purchased from SkySpring Nanomaterials (USA). Chromium(III) picolinate
(purity > 98%) was purchased from Sigma-Aldrich Sp. z 0.0. (Poznan, Poland). The experi-
mental additives were added to the feed mixtures in the form of suspensions in rapeseed oil
(0.5%) on top of feed. Control group received 0.5% rapeseed oil without any additives on top
of feed. All diets were isocaloric and isonitrogenous, and contained similar amounts of major
amino acids (including lysine, methionine with cysteine, and threonine), minerals (including
calcium and available phosphorus), and vitamins.

The nutritional value of all experimental diets corresponded to the nutrient requirements
of broiler chickens [28].

Sample collection

At 35 days of age, nine birds representing the average body weight of each group were selected,
tagged, and fasted for 8 h. Blood samples were taken from the same nine birds from each
group (one bird for each replication). Immediately after collection, blood samples were ali-
quoted into test tubes containing heparin as an anticoagulant. The samples were centrifuged
for 15 min at 3000¢ and 4°C, and the obtained plasma was stored at —20°C until analysis.
Then, the same nine broilers per group (one bird representing the average body weight per
pen) were killed at a slaughterhouse. The birds (without being transported) were electrically
stunned (400 mA, 350 Hz), hung on a shackle line and exsanguinated by a unilateral neck cut
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severing the right carotid artery and jugular vein. After a 3-min bleeding period, the birds
were scalded at 61°C for 60 s, defeathered in a rotary drum picker for 25 s, and manually evis-
cerated. Following evisceration, whole carcasses were stored at 4°C and hand-deboned on a
cone 24 h post mortem. The carcasses were dissected, and samples of the ileum, liver, breast
muscle, femur, skin, and feathers were collected. Ileum samples were used for analysis of P
absorption.

Ex vivo phosphorus absorption

Phosphorus absorption was tested using the ex vivo gastrointestinal sac technique described by
Ognik et al. [29]. Immediately following removal of the small intestines, they were gently emp-
tied of their contents and rinsed with physiological saline solution to remove feed residue. The
anterior part of the intestine (about 20 cm of the ileum) was taken from nine birds in each
experimental group and divided into a control segment (C) and experimental segments (E1
and E2). The jejunum area is easy to determine, so the ileum was collected at the border of the
jejunum and ileum. Each of the 9 gut segments was divided into 3 smaller segments resulting
an equal number of 9 gut segments for C, E1 and E2. Control segment was used for determina-
tion of Cr and P in ileum walls. Segments E1 and E2 were used to gut sacs preparation. The
gut sacs were injected with 5 mL of a basal solution containing 4.8 g/L (E1) and 4.5 g/L of P
(E2), depending on the period, in the form of H,PO,* (absorption of P in phosphates is very
often differentiated from 65 to 90% [30]): the amount of P in the basal solution was chosen
based on available P content in the diet, i.e. 4.8 g/kg during the period of 1-21 d and 4.5 g/kg
during the period of 22-35 d (Table 1). The sacs prepared in this manner were incubated for 2
h in a 100 mL serosal bath (0.9% NaCl) in a CO, incubator at 37°C. Following incubation the
sacs were rinsed with physiological saline and then cut open and dried at 60°C. For chemical
analyzes, samples were taken in 3 replications from each segment (C, E1, E2).

Determination of P and Cr content

The dried tissue samples for P determination were weighed to determine their dry weight.
Then they were incinerated in a muffle furnace at 620°C for 5 h, and the ash was dissolved in 5
mL of 6 M HCl and diluted to 50 mL. Phosphorus contents in burnt tissue samples and in
serosal bath were determined by a colorimetric assay measuring the reaction of phosphate ions
with molybdate complexes in the presence of ascorbic acid solution [31]. Absorbance was
measured in a spectrophotometer Thermo Scientific Genesis 20 at 660 nm. The plasma con-
tent of P was measured using an automatic biochemical analyser (Plasma Diagnostic Instru-
ments Horiba, Kyoto, Japan).

For sample preparation for Cr determination, a 10 mL volume of concentrated HNO;
(Sigma Aldrich) was poured over weighed portions (usually 500+1 mg of each sample), which
were then subjected to wet ashing. Mineralization was carried out in a Microwave Digestion
System in Teflon vials (DAP 100), with optimal temperature and pressure applied to each indi-
vidual sample, monitored throughout the acid digestion procedure (Bergh of Speedwave).
Mineralization was performed according to the following scheme: 15 min with the tempera-
ture rising from room temperature up to 140°C, 5 min at a stable temperature of 140°C, 5 min
with the temperature rising from 140°C up to 170°C, 15 min at 170°C and finally cooling
down to room temperature (variable time). The pressure over the entire mineralisation process
did not exceed 12 bar (1.2 MPa). A clear solution was obtained when the mineralisation pro-
cess was completed. Next, the solution was cooled to room temperature and transferred to a 50
mL volumetric flask filled with demineralised water (ELGA Pure Lab Classic) to the 50 mL
mark. Total concentrations of Cr in feed mixtures, plasma, ileum, liver, breast muscle, skin,
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Table 1. Composition and nutrient density of diets.

Starter Grower/Finisher

days 1-21 days 22-35
Components, g/kg
Maize 200.0 200.0
Soybean meal 336.5 282.4
Wheat 383.4 421.4
Soybean oil 39.0 56.1
Salt 3.3 3.3
Limestone 11.9 11.6
Monocalcium phosphate 14.4 13.3
DL-Methionine 3.1 2.8
L-Lysine HCL 2.7 3.1
L-Threonine 0.7 1.0
Vitamins + trace minerals' 5.0 5.0
Calculated nutrient density, g/kg
Crude protein 220.0 200.0
Lysine 13.0 12.0
Methionine 6.2 5.7
Met. + Cys. 10.0 9.2
Threonine 8.5 8.0
Calcium 9.5 9.0
Available phosphorus 4.8 4.5
ME, kcal/kg 2950 3100
Amount of Cr added to feed Analysed content of Cr, mg/kg
0 0.86 0.83
3 mg/kg Cr-Pic® 3.90 3.36
6 mg/kg Cr-Pic 6.71 6.20
3 mg/kg Cr-NP 3.85 3.87
6 mg/kg Cr-NP 6.49 6.08

! Provided per kilogram of diet: days 1-21: vit. A, 15,000 IU; vit. D3, 5000 IU; vit. E, 112 IU; vit. K3, 4 mg; vit. By, 3
mg; vit. B,, 8 mg; vitamin B, 5 mg; vit. By, 16 mg; folic acid, 2 mg; biotin, 0.2 mg; nicotinic acid, 60 m:; calcium

pantothenate, 18 mg; choline, 1.8 g; Mn, 100 mg; Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se, 0.15 mg; days 22-35:
vit. A, 12,000 IU; vit. D3, 5000 IU; vit. E, 75 IU; vit. K3, 2 mg; vit. B, 2 mg; vit. B,, 6 mg; vit. Bg, 4 mg; vit. B, 16 mg;
folic acid, 1.75 mg; biotin, 0.05 mg; nicotinic acid, 60 mg; calcium pantothenate, 18 mg; choline, 1.6 g; Mn, 100 mg;

Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se, 0.15 mg

2Cr-Pic-chromium picolinate; Cr-NP-chromium nanoparticles

https://doi.org/10.1371/journal.pone.0242820.t001

thigh bones, and feathers were determined with an ICP-OES (Inductively Coupled Plasma
Optical Emission Spectrometer) from Varian Inc., Palo Alto, CA, USA.

Cr intake was calculated based on DFI, BW and Cr content in feed and the equation:

Cr intake =

DFI (1 — 14 d) * Cr content in feed n DFI (15 — 35 d) * Cr content in feed

BW (35d)
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Statistical analysis

The Statistica software package version 13.1 (Statsoft Inc., 2016) was used to determine whether
variables differed between treatment groups. Values below the limit of quantification (LOQ) in
the statistical analysis were set as “0”. The comparison of control group vs all other groups was
performed by planned contrast analysis. Two-way ANOV A was performed to assess the effects
of the chromium supplementation levels, the source of chromium, and the interaction between
the level and source (level x source). When the ANOVA indicated significant treatment effects,
means were separated using Tukey’s multiple range test. The results are presented in the tables
as means with pooled standard errors. The residuals were checked for normality using Shapiro-
Wilk test prior to the statistical analysis. Differences were considered significant at P < 0.05.

Results

Compared to the control group, both 3 and 6 mg/kg Cr added to the diet of chickens, irrespec-
tive of its form, led to higher intake of Cr (P < 0.001). An increase in Cr content in ileum was
noted in group receiving 6 mg/kg Cr-Pic and 3 mg/kg Cr-NP relative to control group

(P =0.025). Compared to the control group, in liver of chickens receiving 6 mg/kg Cr-Pic and
Cr-NP irrespective of its level, higher Cr content was noted (P = 0.013). An increase in Cr con-
tent in breast muscle was noted in group receiving 6 mg/kg Cr-NP (P = 0.048), while an
increase in Cr content in skin was determined in group receiving 6 mg/kg Cr-Pic (P = 0.038).
Compared to the control group, both 3 and 6 mg/kg Cr added to the diet of chickens, irrespec-
tive of its form resulted in increased content of this element in feathers (P < 0.001). An
increase in Cr content in femur was noted in group receiving Cr-Pic irrespective of its level rel-
ative to control group (P = 0.042) (Table 2).

Table 2. Cr content in selected tissues and feathers.

Treatment’ Cr intake Ileum Liver Breast muscle Femur Skin Feathers
mg/kg BW ug/g ug/g ug/s ug/g ug/g ug/g
Control 2.20 0.206 0.454 0.168 0.309 0.224 <1LOQ
3 mg/kg Cr-Pic 9.62* 0.247° 0.498 0.176™ 0.524" 0.219 0.635"*
6 mg/kg Cr-Pic 16.97* 0.389™ 0.511* 0.184" 0.959% 0.286* 1.350**
3 mg/kg Cr-NP 10.44* 0.356°% 0.579* 0.170° 0.316° 0.229 0.545*
6 mg/kg Cr-NP 16.46* 0.193° 0.590* 0.230° 0.315° 0.255 0.589°*
SEM 0.362 0.019 0.023 0.014 0.046 0.038 0.052
Level (L)
3 mg/kg 10.03 0.302 0.538 0.173 0.420 0.224 0.590
6 mg/kg 16.72 0.291 0.551 0.207 0.637 0.271 0.969
Source (S)
Cr-Pic 13.29 0.281 0.504 0.180 0.714 0.253 0.993
Cr-NP 13.45 0.252 0.585 0.200 0.316 0.242 0.567
P-value
Control vs. all others <0.001 0.025 0.013 0.048 0.042 0.038 <0.001
Level (L) <0.001 0.181 0.026 <0.001 <0.001 <0.001 <0.001
Source (S) 0.144 0.009 <0.001 <0.001 <0.001 0.024 <0.001
L x S interaction 0.245 <0.001 0.820 <0.001 <0.001 0.302 <0.001

b~ Means within the same column differ significantly (P < 0.05) according to Tukey mean comparison (only in the case of significant LxS interaction).
SEM = standard error of the mean (SD for all chickens divided by the square root of the number of chickens, n = 45).
'Cr-Pic-chromium picolinate; Cr-NP-chromium nanoparticles

LOQ- limit of quantification

https://doi.org/10.1371/journal.pone.0242820.t002
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Irrespective of source, an increase in Cr content in liver (P = 0.026) and skin (P < 0.001)
were noted in chickens receiving 6 mg Cr/kg compared to chickens receiving 3 mg Cr/kg. The
addition of Cr in the form of Cr-Pic increased the accumulation of this element more than the
addition of Cr-NP in the skin (P = 0.024). On the other hand, chickens from the Cr-NP treat-
ment had higher Cr content in the liver (P < 0.001) than chickens from the Cr-Pic treatment
(Table 2). Two-way ANOVA showed level x source interactions for Cr content in the ileum
(P < 0.001), breast muscle (P < 0.001), femur (P < 0.001) and feathers (P < 0.001). The inter-
action was due to the fact that the addition of 6 mg/kg of Cr-Pic to diet compared to addition
of 3 mg/kg of Cr-Pic increased Cr content in ileum of the chickens, while the corresponding
level of Cr-NP decreased it. On the other hand, the addition of 6 mg/kg of Cr-NP to diet com-
pared to addition of 3 mg/kg Cr-NP increased Cr content in the breast muscle, which was not
observed for Cr-Pic. The addition of 6 mg/kg of Cr-Pic compared to addition of 3 mg/kg of
Cr-Pic resulted in an increase in Cr content in the femur and feathers, while this effect was not
observed for Cr-NP (Table 2).

In our study, the ex vivo test showed no effect of deposited Cr in the ileum wall on P
absorption. Similarly, the use of Cr in the diet in the form of both Cr-Pic and Cr-NP had no
effect on estimated intestinal absorption of P (Table 3).

Compared to the control group, both 3 and 6 mg/kg Cr added to the diet of chickens, irre-
spective of its form, led to higher P content in ileum and skin (P = 0.041 and P = 0.026, respec-
tively). An increase in P content in blood plasma and feathers was noted in group receiving 6
mg/kg Cr-Pic and 3 mg/kg and 6 mg/kg Cr-NP relative to control group (P = 0.038; P = 0.037,
respectively). Compared to the control group, in groups 6 mg/kg Cr-Pic and 3 mg/kg and 6
mg/kg Cr-NP, in femur lower P content was noted (P = 0.012). An increase in P content in

Table 3. Concentration of P in the serosal bath at 4.5 and 4.8 g P/L in the gut sac.

Treatment' Concentration of P mg/L in serosal % P in serosal bath at Concentration of P mg/L in serosal % P in serosal bath at
bath at 4.5 g P/L in gut sac 4.5 g P/L in gut sac bath at 4.8 g P/L in gut sac 4.8 g P/L in gut sac

Control 4.138 91.95 4.159 86.64

3 mg/kg Cr-Pic 4.121 91.57 4.146 86.37

6 mg/kg Cr-Pic 4.140 92.00 4.146 86.38

3 mg/kg Cr-NP 4.140 91.99 4.175 86.97

6 mg/kg Cr-NP 4.152 92.26 4.153 86.51

SEM 0.123 0.118 0.144 0.203

Level (L)

3 mg/kg 4.130 91.78 4.160 86.67

6 mg/kg 4.146 92.13 4.149 86.44

Source (S)

Cr-Pic 4.130 91.78 4.146 86.37

Cr-NP 4.146 92.13 4.164 86.74

P-value

Control vs. all others 0.214 0.354 0.158 0.462

Level (L) 0.326 0.214 0.236 0.415

Source (S) 0.102 0.177 0.132 0.105

L xS interaction 0.141 0.423 0.126 0.107

b Means within the same column differ significantly (P < 0.05) according to Tukey mean comparison (only in the case of significant LxS interaction).
SEM = standard error of the mean (SD for all chickens divided by the square root of the number of chickens, n = 45).

'Cr-Pic—chromium picolinate; Cr-NP-chromium nanoparticles

https://doi.org/10.1371/journal.pone.0242820.t003
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Table 4. Content of phosphorus in selected tissues and feathers.

Treatment Blood plasma Ileum Breast muscle Liver Femur Skin Feathers
mmol/L g/kg g/kg g/kg g/kg g/kg g/kg
Control 1.826 1.882 1.092 2.321 80.63 0.324 <LOQ
3 mg/kg Cr-Pic 1.546% 2.020% 0.962 2.766™ 81.75 0.442* <LOQ?
6 mg/kg Cr-Pic 2.151% 2.580% 1.084 2.081° 51.51* 0.697* 0.062°
3 mg/kg Cr-NP 2.296™ 2.110% 1.134 2.260° 60.63* 0.599* 0.289%
6 mg/kg Cr-NP 2.254% 2.081% 1.186 2.279° 50.33* 0.763* 0.161"
SEM 0.078 0.015 0.023 0.075 0.590 0.055 0.031
Level (L)
3 mg/kg 1.921 2.065 1.048 2.513 71.17 0.520 0.289
6 mg/kg 2.202 2.330 1.135 2.180 50.90 0.730 0.111
Source (S)
Cr-Pic 1.848 2.300 1.023 2.423 66.63 0.509 0.062
Cr-NP 2.275 2.096 1.160 2.269 55.47 0.681 0.225
P-value
Control vs. all others 0.038 0.041 0.132 0.046 0.012 0.026 <0.001
Level (L) 0.009 0.009 0.037 <0.001 <0.001 <0.001 <0.001
Source (S) 0.035 0.035 0.009 0.018 <0.001 0.005 <0.001
L x S interaction 0.005 0.005 0.472 <0.001 0.529 0.266 <0.001

b Means within the same column differ significantly (P < 0.05) according to Tukey mean comparison (only in the case of significant Lx$ interaction).
SEM = standard error of the mean (SD for all chickens divided by the square root of the number of chickens, n = 45).
'Cr-Pic—chromium picolinate; Cr-NP-chromium nanoparticles

https://doi.org/10.1371/journal.pone.0242820.1004

liver was noted in group receiving Cr-Pic irrespective of its level (P = 0.046), while decrease in
P content in blood plasma was determined in group receiving 3 mg/kg Cr-Pic (P = 0.038) com-
pared to control group (Table 4).
Irrespective of source, an increase in P content in breast muscle (P = 0.037) and skin
(P < 0.001) and decrease in P content in femur (P < 0.001) were noted in chickens receiving 6
mg Cr/kg compared to chickens receiving 3 mg Cr/kg. The addition of Cr to the diet in the
form of Cr-NP increased phosphorus levels more than in the form of Cr-Pic in the breast mus-
cle (P =0.009), and skin (P = 0.005), while causing a greater decrease in the femur (P < 0.001).
The results of two-way ANOVA showed level x source interactions for P content in the
blood plasma (P = 0.005), ileum (P = 0.005), liver (P < 0.001) and feathers (P < 0.001;
Table 4). The analysis showed that the addition 6 mg/kg of Cr-Pic to diet compared to the
addition of 3 mg/kg of Cr-Pic increased P content in the blood plasma and ileum, which was
not observed for Cr-NP. The addition of 6 mg/kg of Cr-Pic to diet compared to 3 mg/kg Cr-
Pic decreased P content in the liver, which was not observed for Cr-NP. On the other hand,
the addition of 6 mg/kg of Cr-Pic compared to 3 mg/kg of Cr-Pic increased the content of P in
the feathers, while the addition of 6 mg/kg of Cr-NP to diet compared to 3 mg/kg of Cr-NP
decreased it (Table 4).

Discussion

Cr is absorbed in the small intestine together with other metal ions [11], but the exact mecha-
nism of this process is not yet fully understood. Cr(III) absorbed in the intestine binds to
plasma proteins, which transport it to the liver and other organs. The transport protein is usu-
ally transferrin [25]. Our study shows that the addition of Cr to the diet of chickens depending
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on the source increased its accumulation in ileum, liver, breast muscle, femur, and especially
in the feathers. However, increasing the dose of Cr from 3 to 6 mg/kg increased the accumula-
tion of this element in the selected tissues and feathers. Many researchers have found that Cr
accumulates mostly in the liver, kidneys, and spleen, and less in the heart, muscles, bones, and
brain [25-27]. Sirarat et al. [7] reported that Cr administered to broilers in the form of Cr-Pic
nanoparticles accumulates mainly in the liver of the birds. Some tissues, such as bone, testicu-
lar, and epididymal tissues, have been shown to accumulate Cr over a long period of time,
whereas accumulation of this element in the heart, pancreas, and brain is relatively short-lived
[32]. Cr is probably incorporated into the bone structure in the mineralization process. Due to
their similar ionic radius, Cr can probably replace Ca in bones, thereby affecting their struc-
ture. According to literature data [20-22], Ca content in chicken bones is about 20%. There-
fore, based on our research, it can be assumed that a very small amount of Cr which was
deposited in the femur (from about 0.0003% in the control group to about 0.0006% for the 6
mg/kg supplement) can potentially be integrated into the bone structure in place of Ca.
According to Bronner [33], the total Cr content in bones is about 2.5 times as high as in all
other tissues. Accumulation of Cr in the skeleton does not seem desirable, as it may change the
structure of hydroxyapatite and thus increase bone fragility. Our study shows that in addition
to the level of Cr used, its form also affects its accumulation in tissues. Chromium applied in
the form of Cr-Pic accumulates more in the femur, skin and feathers than Cr in the form of
Cr-NP, while in the form of Cr-NP it accumulates more in the liver and breast muscle than in
the form of Cr-Pic. In contrast, Sathyabama et al. [34], in research conducted on laying hens,
found that Cr accumulation in tissues was not affected by the form used (Cr-Pic or Cr-NP),
but only by the level applied. Cr(IIT) administered orally as either inorganic salt or an organic
complex was not acutely toxic to rats, with LD5, > 2000 mg/kg BW [9]. Rhodes et al. [35]
reported a no-observed-adverse-effect level (NOAEL) > 2015 mg/kg BW/day for chromium
picolinate monohydrate. Therefore, even in the case of the highest Cr intake by chickens, i.e.
about 17 mg/kg BW, neither LDs, nor NOAEL was exceeded. Excessive accumulation of Cr in
the liver may lead to disturbances in liver metabolism, intensify oxidative reactions and lead to
morphological changes in this organ [2, 8].

The available literature provides no data on the mechanism of Cr absorption in enterocytes,
whereas the mechanism of P absorption has been described quite thoroughly. Absorption of P
in the small intestine can be paracellular, taking place through passive diffusion or active trans-
port involving Na-dependent transport proteins [36]. The most common is transcellular
absorption, which involves three phosphate co-transporters: type IIb Na-dependent phosphate
co-transporter (NaPi-IIb), inorganic phosphate transporter 1 (PiT-1), and inorganic phos-
phate transporter 2 (PiT-2). NaPi-IIb in broilers is primarily expressed in the duodenum and
is considered the most important P transporter in the small intestine [36]. According to Hu
[37] PiT-1 and PiT-2 are expressed in the small intestine of broilers, and also regulate intestinal
P absorption.

Our ex vivo tests showed that the use of Cr in the diet of chickens in various forms and lev-
els would not affect intestinal absorption of P. The results can probably be explained by the
fact that Cr and P have different ion charges and can therefore be absorbed into enterocytes
through different channels and may have different affinities to transport proteins.

Nevertheless, Cr absorbed into the body can indirectly affect the P level in plasma and its
deposition in other tissues. However, it should be noted that the effect of dietary Cr on P
absorption can be dependent on age (young chickens have an immature intestinal epithelium
compared to 35 days old birds). P level in blood plasma is dependent on time of slaughtering,
and changes over the day with distance from last feeding. Literature data indicate that P con-
tent in chicken tissues is about 20 mg/L in plasma [37], from 0.116 g/kg [37] to 1.32 g/kg [7] in
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the liver, from 0.108 mg/kg [37] to 1.7 g/kg [38] in muscles, and from 0.292 g/kg [37] to 83 g/
kg [16-18, 39] in the bones. Sirirat et al. [7], in a study in chickens receiving supplements of
500 or 3000 ppb Cr in the form of nanoparticles, noted a higher content of P in the liver (by
67% compared to the control). In contrast, Sathyabama et al. [34] reported no effect of dietary
Cr supplementation on plasma or liver levels of P in laying hens. Our study showed that as the
Cr level in the diet of chickens increased, irrespective of the form used, P levels increased in
the ileum, blood plasma, breast muscle, skin, and feathers, but decreased in the liver and
femur. According to Sahin et al. [4], Cr levels and forms used in the diet of chickens may have
reduced the secretion of corticosterone, a hormone associated with stress. Sahin et al. [4]
noted reduced plasma corticosterone levels in chickens exposed to heat stress and at the same
time receiving Cr in the diet. Available literature data show that corticosterone reduces absorp-
tion of phosphates into the enterocytes and then into the bloodstream [23], but this effect was
not noted in our study. Intestinal absorption and accumulation of phosphates in tissues may
also be regulated by other hormones, including PTH, insulin, and dopamine, whose secretion
is influenced by Cr [23, 40]. Our previous research [5] has shown that the addition of Cr to the
diet of chickens in the form of both Cr-Pic and Cr-NP increases insulin secretion, while the
addition of Cr in the form of Cr-NP increases plasma dopamine levels.

According to Sankaramanivel et al. [41], phosphorus is unlikely to be released from bones;
if the level is reduced in cells, it is more likely that absorption from the intestine will increase
or that its elimination in the urine will decrease. Our research, however, indicates that resorp-
tion of P from bones was very high (at about 30%) after application of Cr-NP (3 and 6 mg/kg)
and Cr-Pic at 6 mg/kg compared to the control, which is an adverse effect of the use Cr in the
diet of chickens. This is an innovative result of our research, as it indicates the potential risk of
using Cr in the diet of chickens. Recent research has shown that bone mineralization is also
affected by oxidative stress [42]. According to Soudani et al. [42], Cr(VI) is a well-known oxi-
dizing agent in several tissues. Intracellular Cr(VI) is converted to more stable Cr(III) with the
production of reactive oxygen species (ROS). According to Yang et al. [43] and Sontakke and
Tare [44], ROS are involved in the resorption of Ca and P from bone. Our previous research
[5] showed that Cr may have a pro-oxidative effect, and therefore the reduction in P levels
noted in the bones may also be associated with oxidative stress generated by Cr. Stepniowska
et al. [5] noticed that the addition of 6 mg/kg Cr to the diet of chickens, increased lipid peroxi-
dation in both the liver and breast muscle, as evidenced by increased LOOH levels. Also the
changes in the activity of antioxidant enzymes noted in this study were the body’s response to
the intensification of oxidative processes due to the addition of Cr to the diet. Additionally the
addition of Cr to the diet of chickens in the form of both Cr-Pic and Cr-NP adversely affects
growth performance. Chickens receiving Cr supplements had lower final body weights and
higher daily feed intake [2]. Therefore, this research should be continued to enable a detailed
assessment of the absorption, digestibility, and deposition of P, Ca and Cr in chicken tissues.

Conclusions

Cr was found to accumulate in the tissues of the ileum, liver, breast muscle, and in feathers of
chickens. The amount of Cr deposited in the tissues increases with the addition of Cr to the
diet, irrespective of the form used. Chromium in the form of Cr-Pic is accumulated more in
bones, skin and feathers, while in the form of Cr-NP it is accumulated more in the liver and
breast muscle. Chromium deposited in the ileum of chickens does not affect the ex vivo esti-
mated intestinal absorption of P.

The addition of 6 mg Cr/kg to the chicken’s diet more than 3 mg Cr/kg increased the con-
tent of P in the ileum, blood plasma, breast muscle, and skin, while adversely decreasing it in
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the liver, femur, and feathers. Cr reduced the amount of P in the femur when used in the form
of Cr-NP at just 3 mg/kg, and in the form of Cr-Pic at 6 mg/kg.
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1. Introduction

In recent years research has been conducted to evaluate the response of animal organisms to chromium (Cr) used as a dietary
supplement. Since intake of Cr is usually low in feed and diets therefore attention of researchers is focused for exploring the possible
beneficial aspects of Cr supplementation on biological activities, body composition and health of animals (Khan et al., 2014).
Chromium is the main component of glucose tolerance factor (GTF). Its ability to regulate the level of glucose by activating insulin
secretion enables proper metabolic transformations of carbohydrates, proteins and lipids. In auto-amplification of insulin signaling
major role plays chromodulin. This protein binds strongly four chromic binding ion before this oligopeptide acquires a conformation
needed for binding to the insulin receptor via the tyrosine kinase active site (Vincent, 2000). Chromium is also thought to be essential
for the activation of certain enzymes and for stabilization of proteins and nucleic acids. Chromium deficiency can disrupt the me-
tabolism of carbohydrates, proteins and lipids (Sahin et al., 2010). Insulin metabolism is known to affect lipid peroxidation (Preuss
et al., 1997; Gallaher et al., 1993; Mikulski et al., 2009), and therefore Cr, as a cofactor of insulin, may exhibit antioxidant activity.
The available literature contains a few reports on the potential effect of Cr (through induction of the release of cytokines) on the
immune response in animals, including chickens (Wang et al., 1996; Granchi et al., 1998; Uyanik et al., 2002b). In heat-stressed
Japanese quail inhibition of lipid peroxidation — a decrease in serum malondialdehyde (MDA) — was observed when Cr was added to
the diet (Sahin et al., 2002b). Sahin et al. (2002a) found that increased Cr supplementation to chickens under heat stress caused a
reduction in corticosterone, an indicator of stress, and an increase in insulin levels in the blood.

Chromium is not currently considered an essential trace element for poultry, but it is thought that this micronutrient may play a
nutritional and physiological role. The review of Khan et al. (2014) showed that the addition of Cr to the diet of poultry can improve
the metabolism of carbohydrates and lipids, reduce stress reactions, stimulate the immune and antioxidant system, and above all, it
can improve weight gain and reduce fatness of the carcass. From the point of view of the producer of poultry meat and the consumer,
the reduction of abdominal fat is a desired effect. The research results presented so far, however, are often divergent in terms of the
possibility of reducing fat cover due to the use of Cr in poultry nutrition, and at the same time not very comprehensive. The use of Cr
additive to the poultry diet at doses of 200-3200 pg/kg resulted in both a reduction in abdominal fat (Lien et al., 1999; Sahin et al.,
2002b, 2003; Kheiri and Toghyani, 2009; Zha et al., 2009; Naghieh et al., 2010; Noori et al., 2012; Ebrahimzadeh et al., 2013) as well
as the lack of impact (Moeini et al., 2011; Ghanbari et al., 2012; Rajalekshmi et al., 2014).

The National Research Council (National Research Council (NRC, 1994) recommends 300 pg/kg Cr in the diets of laboratory
animals, but there are no NRC recommendations for Cr in poultry. According to the EFSA (2009), research conducted on poultry
using supplementation with Cr picolinate and yeast enriched with Cr in the amount of 0.8 mg Cr/kg of feed showed no effect on
growth performance in chickens and turkeys. According to research carried out on farm animals, Cr introduced into the body in the
form of Cr(III) has measurable effects on production, and its availability in the organism depends on the form used (Mirfendereski and
Jahanian, 2015; Sirirat et al., 2012; Uyanik et al., 2002b). The availability of organic forms is thought to be 10 times greater than that
of inorganic forms (Sirirat et al., 2012). Recently scientists have taken up new challenges involving intensive research to evaluate the
potential use of nanochromium as a prophylactic feed additive for animals (Amiri Andi and Shahamat, 2015; Sirirat et al., 2012;
Hung et al., 2015). The EFSA has not yet established maximum dosages for various forms of Cr, including nanoparticles. Apart from
the beneficial effect of Cr on the body, the potential toxic effects of an inappropriate dose should be taken into account.

The aim of this study was to investigate whether the abdominal fat can be reduced in chickens by supplementing the diet with Cr
without interfering with important metabolic functions, histology and without deteriorating performance, carcass yield, and whether
it may be useful to use Cr nanoparticles to achieve this aim.

2. Material and methods
2.1. Chromium source

Chromium nanopowder (Cr-nano, purity 999 g/kg, 60 ~ 80 nm, spherical, specific surface area 6-8 m?/g, bulk density 0.15 g/cm?,
true density 8.9 g/cm®) was purchased from SkySpring Nanomaterials (USA). Chromium picolinate (purity > 980 g/kg) was pur-
chased from Sigma-Aldrich Sp. z o0.0. (Poznan, Poland).

2.2. Animals and diets

The experiment was carried out in a poultry house at the experimental facilities of the Department of Poultry Science, University
of Warmia and Mazury in Olsztyn, Poland. A total of 405 day-old male Ross 308 chickens were randomly divided into five treatment
groups, with nine replicates of nine birds each, and kept in cages. All birds had free access to feed and water. Each cage was equipped
with nipple drinkers and a feeder that was manually filled on a daily basis. The heating and light program was in accordance with the
Ross Broiler Management Manual (Aviagen, 2018). The experimental procedure was approved by the Local Animal Experimentation
Ethics Committee in Olsztyn.

The chemical composition of the basal starter (1-21 days) and grower/finisher (22-35 days) diets is shown in Table 1. The basal
diets (control group) were supplemented with two levels of Cr (3 and 6 mg/kg) and two different Cr sources (Cr-picolinate and Cr-
nano) to obtain four experimental diets: 3.0 mg/kg of Cr-picolinate (3 mg/kg Cr-Pic), 6.0 mg/kg of Cr-picolinate (6 mg/kg Cr-Pic),
3.0 mg/kg of Cr-nano (3 mg/kg Cr-NP) and 6.0 mg/kg of Cr-nano (6 mg/kg Cr-NP) (Table 2). The experimental additives were added
to the feed mixtures in the form of suspensions in rapeseed oil (0.5 g oil to 100 g feed). A control group was fed the same diet but
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Table 1
Composition and nutrient density of diets.
1-21 days of age 22-35 days of age

Components, g/kg
Maize 200.0 200.0
Soybean meal 336.5 282.4
Wheat 383.4 421.4
Soybean oil 39.0 56.1
Salt 33 3.3
Limestone 11.9 11.6
MCP' 14.4 13.3
DL-Methionine, 990 g/kg 31 2.8
L-Lysine HCl, 780 g/kg 2.7 3.1
L-Threonine, 985 g/kg 0.7 1.0
Vitamins + trace minerals® 5.0 5.0
Calculated nutrient density, g/kg
Crude protein 220.0 200.0
Dry matter 878.7 880.4
Ash 59.2 55.3
Lysine 13.0 12.0
Methionine 6.2 5.7
Methionine + Cysteine 10.0 9.2
Threonine 8.5 8.0
Calcium 9.5 9.0
Available phosphorus 4.8 4.5
ME, kcal/kg 2950 3100

! MCP, monocalcium phosphate.

2 provided per kilogram of diet: 1-21 days of age: vit. A, 15,000 IU; vit. D3, 5000 IU; vit. E, 112 IU; vit. K3,
4 mg; vit. By, 3 mg; vit. Bo, 8 mg; vitamin Bg, 5 mg; vit. By, 16 mg; folic acid, 2 mg; biotin, 0.2 mg; nicotinic acid,
60 mg; calcium pantothenicum, 18 mg; choline, 1.8 g; Mn, 100 mg; Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se,
0.15mg; 22-35 days of age: vit. A, 12,000 IU; vit. D3, 5000 IU; vit. E, 75 IU; vit. K3, 2 mg; vit. By, 2 mg; vit. B,
6 mg; vit. B, 4mg; vit. B;,, 16 mg; folic acid, 1.75 mg; biotin, 0.05mg; nicotinic acid, 60 mg; calcium pan-
tothenicum, 18 mg; choline, 1.6 g; Mn, 100 mg; Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se, 0.15 mg.

Table 2
Content of Cr in the diets.
1-21 days of age 22-35 days of age
Amount of Cr added to feed Analysed content of Cr, mg/kg
0 0.86 0.83
3mg/kg Cr-Pic 3.90 3.36
6 mg/kg Cr-Pic 6.71 6.20
3mg/kg Cr-NP 3.85 3.87
6 mg/kg Cr-NP 6.49 6.08

without supplemental Cr. The nutritional value of all experimental diets corresponded to the nutrient requirements of broiler
chickens (Aviagen, 2018).

2.3. Growth trial and sample collection

During the experiment, body weight (BW), average daily gain (ADG) and feed consumption were recorded and calculated on a
pen basis. Average daily feed intake (ADFI) per bird was calculated based on total feed consumption for the pen for the entire
experimental period divided by the number of days in the period. The feed conversion ratio (FCR; gain-to-feed ratio) was calculated
on a pen basis from body weight gain and feed consumption.

At 35 day of age, nine broilers in one group was selected from each replicate, which is means the broilers with the closest weights
to the average weight were selected from each replicate, tagged, and fasted for 8 h. Blood samples were taken from the same nine
birds from each group (one bird for each replication). Then nine broilers per group (one bird representing the average body weight
per pen) were killed at a slaughterhouse. The birds (without being transported) were electrically stunned (400 mA, 350 Hz), hung on
a shackle line and exsanguinated by a unilateral neck cut severing the right carotid artery and jugular vein. After a 3-min bleeding
period, the birds were scalded at 61 °C for 60 s, defeathered in a rotary drum picker for 25s, and manually eviscerated. Following
evisceration, whole carcasses were stored at 4 °C and hand-deboned on a cone 24 h post mortem. The yields of whole carcass, breast
muscles, leg muscles (thigh and drumstick without skin), heart, liver, gizzard, and abdominal fat were determined relative to live
body weight (BW). Liver, pancreas, jejunum, and duodenum samples were collected for histological examination.
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2.4. Laboratory analysis

Cr content in the samples of feed mixtures was determined by inductively coupled plasma optical emission spectrometry (ICP-OES
720/730-ES, Varian Inc., Palo Alto, CA, USA).

The plasma content of total cholesterol (TC), urea (UREA), total protein (TP), albumin (ALB), glucose (GLU), creatinine (CREAT),
and C-reactive protein (CRP), as well as the activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and lactate dehydrogenase (LDH), were measured using an automatic biochemical analyser (Plasma Diagnostic
Instruments Horiba, Kyoto, Japan).

Markers of oxidative stress determined in the blood included lipid oxidation indicators, i.e. the concentration of lipid hydro-
peroxides (LOOH) and malondialdehyde (MDA), using kits produced by Cell Biolabs, Inc. (San Diego, USA). Activity of the enzymes
superoxide dismutase (SOD) and glutathione peroxidase (GPx) in the blood of the broilers was determined by spectrometry using
Ransel and Ransod diagnostic kits manufactured by Randox (Poland). A diagnostic kit manufactured by Oxis International, Inc.
(Portland, USA) was used to determine catalase activity (CAT). Total antioxidant status (TAS) was determined in the blood using a
diagnostic kit by Randox (Poland).

2.5. Histological examinations of the tissue samples

Samples of the liver, pancreas, jejunum and duodenum were cut in two lengthwise and fixed for 24 h in 5% formalin, pH = 7.2.
Within 24 h the fixed tissue fragments were passed through increasing concentrations of alcohol solutions, acetone and xylene into
paraffin blocks in a tissue processor (Leica TP-20). Paraffin-embedded microscope sections 5 pm thick were stained with hematoxylin
and eosin (HE staining). Morphometric evaluation of the tissues was carried out using a computer-assisted microscopic image analysis
system. The system includes a light microscope (Nikon Eclipse E600) with a digital camera (Nikon DS-Fil) and a PC with image-
analysis software (NIS-Elements BR-2.20, Laboratory Imaging).

2.6. Statistical analysis

For performance parameters, each replicate pen (n = 9) was considered as an experimental unit for the statistical analysis. For
analysis of other parameters, individual birds (n = 9) were considered as experimental units. The data were subjected to two-way
ANOVA to examine the following effects: a) main effect of Cr source (Cr-Pic and Cr- NP), b) main effect of Cr inclusion level (0, 3,
6 mg/kg), and c) interaction between Cr source and inclusion level. When a significant of the Cr inclusion level or source or inter-
action effect was noted (F test), treatment means were separated using the post-hoc Tukey’s test.

All calculations were performed using the GLM procedures of the STATISTICA software system ver. 13.1 (StatSoft Inc., 2016).
Data variability was expressed as mean values with a pooled standard error of the mean (SEM), and P < 0.05 was considered
statistically significant.

3. Results
3.1. Effect on performance and carcass characteristics

Compared with the control group (0 mg/kg), the addition of Cr in the level 3 and 6 mg/kg resulted in a decrease in BW (P =
0.002), ADG (P = 0.002), and ADFI (P = 0.001) (Table 3). The addition of Cr to the diet at the level 3 and 6 mg/kg resulted in a
decrease in abdominal fat (P = 0.003) and at the level 6 mg/kg (Cr-Pic) resulted in an increase in liver weight (P < 0.05) relative to
the control. Irrespective of the form of Cr, Cr supplement in level 6 mg/kg of feed caused a reduction in the weight of the thigh
muscles (P = 0.038) compared with group receiving 3 mg/kg. In broiler chickens receiving the Cr-NP supplement at the level 3 mg/

Table 3
Effect of different Cr forms and levels on growth performance of broiler chickens (35 days of age).
Parameters” Dietary treatment* SEM Significance level
0 Control 3 mg/kg Cr- 6 mg/kg Cr- 3 mg/kg Cr- 6 mg/kg Cr- Level effect Source effect L x S interaction
Pic Pic NP NP (L) )
Initial BW, kg 0.038 0.038 0.038 0.038 0.038 0.0001 0.903 0.691 0.960
Final BW, kg 2.088° 1.992° 1.971° 1.991%° 2.040°° 0.013  0.002 0.288 0.362
ADG, g/bird/day 58.56 55.82%" 55.23" 55.78%" 57.19% 0.383  0.002 0.288 0.360
ADFI, g/bird/day 86.71° 82.58" 81.93" 81.51° 83.74° 0.628  0.001 0.545 0.655
FCR 1.486 1.521 1.490 1.459 1.472 0.009 0.633 0.135 0.413

2~ °Means with different superscripts within the same line differ significantly (P < 0.05), according to Tukey's test.

1 Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic) or 6 and 3 mg/kg Cr in the form
of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP) and O - without Cr supplementation.

2 Data represent mean values of 9 replicate pens per treatment (9 chickens per pen).

3 BW, body weight, ADG, average daily gain, ADFI, average daily feed intake, FCR, feed conversion ratio.
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Table 4
Effect of different Cr forms and levels on slaughter analysis of broiler chickens (35 days of age) and relative weights of selective organs and carcass
cuts.

Parameters Dietary treatment* Significance level

0 Control 3mg/kg Cr- 6mg/kg Cr- 3mg/kg Cr- Cr-NP  SEM  Level effect  Source effect L x S interaction

Pic Pic NP (9] )
Body weight (BW) before 2.098 1.994 1.996 2.053 2.089  0.023 0.294 0.214 0.636
slaughter, g
Carcass yield, g/100 g BW 72.99 74.18 72.48 73.10 7353  0.379 0.676 0.987 0.444
Breast muscles, g/100 g BW 21.64 22.05 22.00 22.74 22.56  0.224 0.273 0.313 0.766
Thigh muscles, /100 g BW 9.17° 9.24° 8.74° 9.46° 8.00°  0.198 0.038 0.591 0.449
Drumstick muscles, g/100 g BW  6.38 6.46 6.25 6.37 5.97 0.068 0.116 0.335 0.673
Abdominal fat, g/100 g BW 0.489° 0.379" 0.382"¢ 0.448" 0.207°  0.026 0.003 0.423 0.076
Gizzard, g/100 g BW 1.024 1.096 1.072 1.008 1.057  0.022 0.728 0.422 0.667
Liver, g/100 g BW 1.989° 1.897° 2.333% 1.915° 2.061%° 0.041 0.002 0.188 0.125
Heart, g/100 g BW 0.464  0.484° 0.484° 0.421° 0.467® 0.008 0.353 0.044 0.127

4~ °Means with different superscripts within the same line differ significantly (P < 0.05), according to Tukey's test.

! Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic) or 6 and 3 mg/kg Cr in the form
of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP) and O - without Cr supplementation.

2 Data represent mean values of 9 replicate pens per treatment (1 chicken per pen).

kg, lower heart weights were recorded (P < 0.05) than in the chickens receiving Cr-Pic (Table 4).

3.2. Effect on biochemistry and redox parameters

Compared with the control group, the addition of Cr in the amount of 3 and 6 mg/kg both as Cr-Pic and Cr-NP caused an increase
in the plasma content of glucose (P = 0.007) in the broiler chickens. The addition of Cr to broiler chicken feed in the amount of 3 and
6 mg/kg caused a decrease in ALT and LDH activity (P < 0.001, both) relative to the control group. In the plasma of broiler chickens
receiving the Cr-Pic supplement, ALT and LDH activity were higher (P < 0.001, both) than in broiler chickens receiving Cr-NP.

The addition of Cr to the broiler chicken diet regardless of level caused an increase in AST and ALP activity (P < 0.001, both)
relative to the control group. In the plasma of broiler chickens receiving the Cr-Pic supplement, ALP activity were lower (P < 0.001,
respectively) than in broiler chickens receiving Cr-NP. Compared with the control group, the addition of Cr-Pic in the amount of 6
mg/kg and Cr-NP in the amount of 3 and 6 mg/kg caused an decrease in the plasma activity of AST (P < 0.05). Two-way ANOVA
showed level x source interactions for AST and ALP activity (P < 0.001, both) in the plasma. The significant level x source in-
teractions were due to the fact that the activity of these enzymes was influenced by both the level of the supplement and its source,
but their effect on the same indicator was often different. Analysis showed that increasing the Cr-Pic Cr supplement from 3 to 6 mg/
kg of feed resulted in an increase in AST and ALP activity, while a corresponding increase in Cr in the form of Cr-NP did not increase
the activity of these enzymes. Compared to the control group, the addition of Cr at the level 6 mg/kg to the broiler chicken feed

Table 5

Effect of different Cr forms and levels on biochemical parameters of broiler chicken blood.
Parameters® Dietary treatment’* SEM Significance level

0 Control 3 mg/kg Cr- 6 mg/kg Cr- 3mg/kg Cr- 6 mg/kg Cr- Level effect (L) Source effect L x S interaction
Pic Pic NP NP )

GLU, mmol/L 9.555° 10.895% 10.778* 10.593% 10.939% 0.215  0.007 0.894 0.864
TC, mmol/L 3.166 3.474 3.134 3.206 3.076 0.057 0.142 0.276 0.511
TP, g/L 45.767 45.564 45.128 45.911 45.112 0.511 0.811 0.905 0.984
ALB, g/L 30.801 30.763 30.235 30.529 30.921 0.388 0.972 0.848 0.884
UREA, mmol/L  2.361 2.475 2.452 2.542 2.415 0.073  0.701 0.943 0.955
CREAT, pmol/L  26.00% 23.66° 21.00° 23.61%° 21.77° 0.436 < 0.001 0.712 0.842
ALT, U/L 17.546*  9.782¢ 11.737° 7.287¢ 10.598 0.544 < 0.001 < 0.001 0.059
AST, U/L 245.92° 271.84° 325.97% 334.41°7 306.68" 5.973 < 0.001 0.027 < 0.001
ALP, U/L 1227.0¢ 2850.7¢ 5399.3" 6439.6% 6677.4* 322.26 < 0.001 < 0.001 < 0.001
LDH, U/L 1247.2% 653.3¢ 958.4° 464.34 647.7¢ 42.39 < 0.001 < 0.001 0.075
CRP, mg/dL 1.235 1.259 1.142 1.202 1.183 0.016  0.069 0.851 0.358

4~ °Means with different superscripts within the same line differ significantly (P < 0.05), according to Tukey's test.

1 Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic) or 6 and 3 mg/kg Cr in the form
of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP) and O - without Cr supplementation.

2 Data represent mean values of 9 replicate pens per treatment (1 chicken per pen).

3 GLU, glucose, TC, total cholesterol, TP, total protein, ALB, albumin CREAT, creatinine, ALT, alanine aminotransferase, AST, aspartate ami-
notransferase, ALP, alkaline phosphatase, LDH, lactate dehydrogenase, CRP, C-reactive protein.
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Table 6

Effect of different Cr forms and levels on redox indicators of broiler chicken blood.
Parameters® Dietary treatment* Significance level

0 Control 3 mg/kg Cr- 6 mg/kg Cr- 3mg/kg Cr- 6 mg/kg Cr- SEM  Level effect (L) Source effect (S) L x S interaction
Pic Pic NP NP

LOOH, pmol/L.  6.511% 5.112° 5.294° 4.560° 4.119° 0.131 < 0.001 < 0.001 < 0.001
MDA, pumol/L 1.960* 1.928* 1.824% 1.720° 1.681° 0.025 < 0.001 0.003 0.067
SOD, U/g Hb 2606.8 2523.6° 2387.7¢ 2094.4¢ 2279.7¢ 28.37 < 0.001 < 0.001 < 0.001
GPx, U/g Hb 86.05% 84.01% 76.38° 77.09° 73.46° 0.764 < 0.001 < 0.001 0.077
CAT,U/gHb  6153.1*  5823.1° 4710.6¢ 5660.6° 4622.4¢ 93.50 < 0.001 < 0.001 0.118
TAS, pmol/L  1.069° 1.116° 1.027¢ 1.169* 1.110° 0.008 < 0.001 < 0.001 0.066

2~ °Means with different superscripts within the same line differ significantly (P < 0.05), according to Tukey's test.

! Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic) or 6 and 3 mg/kg Cr in the form
of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP) and O - without Cr supplementation.

2 Data represent mean values of 9 replicate pens per treatment (1 chicken per pen).

3 LOOH, lipid peroxides, MDA, malondialdehyde, SOD, superoxide dismutase, GPx, glutathione peroxidase, CAT, catalase, TAS, total antioxidant
status.

reduced the plasma content of CREAT (P < 0.05) (Table 5).

The addition of Cr to the chicken feed regardless of level reduced the plasma content of LOOH and MDA (P < 0.001, both) and
activity of all antioxidant enzymes (SOD, GPx, CAT) (P < 0.001, both) relative to the control group. The addition of Cr in the form
of Cr-Pic, irrespective of the level, increased the plasma content of MDA (P = 0.003), LOOH (P < 0.001), and activity of SOD, GPx
and CAT (P < 0.001) compared to Cr-NP (Table 6).

In the case of plasma content of LOOH, there was a level x source interaction (P < 0.001) resulting from the fact that increasing
the addition of Cr from 3 to 6 mg/kg decreased the LOOH content in the case of the Cr-NP form, while a corresponding increase in Cr
in the form of Cr-Pic did not increase the content of these parameters.

In the case of SOD activity in the blood, a level x source interaction (P < 0.001) resulted from the fact that increasing the
addition of Cr from 3 to 6 mg/kg caused a decrease in SOD activity when the Cr-Pic form was used, but increased it in the case of Cr-
NP.

Irrespective of the form of Cr, the addition of Cr on the level 3 mg/kg of feed caused an increase in TAS content (P < 0.001). The
addition of Cr in the form of Cr-NP was found to increase the plasma TAS content (P < 0.001) more than Cr in the form of Cr-Pic.

3.3. Histology

The histological examination of the duodenum of the chickens from all experimental groups showed that the mucous membrane
and villi were properly formed, with no visible pathological changes. The histological image of the jejunum of the broiler chickens
from the control group revealed damage to the villi, but no visible pathological changes were observed in the mucous membrane. In
the jejunum of broiler chickens receiving 3 or 6 mg/kg Cr-Pic, no visible pathological changes were observed in the mucous mem-
brane, but there was greater (in the group receiving 3 mg/kg Cr-Pic) and substantial (in the group receiving 6 mg/kg Cr-Pic) damage
to the villi, combined with their fragmentation. Similarly, in the groups receiving 3 or 6 mg/kg Cr-NP, no visible pathological changes
were observed in the mucous membrane, but both groups showed a significant degree of damage to the villi, combined with their
fragmentation. The histological examination of the pancreas of the broiler chickens from all experimental groups showed severe
hyperaemia, combined with isolated foci of fatty degeneration and extensive fat necrosis. The histological examination of the livers
from the control group revealed isolated foci of fatty degeneration, with no visible pathological changes. The addition of 3 mg/kg Cr-
Pic to the diet of the broiler chickens caused local hyperaemia of the liver tissue and isolated foci of fatty degeneration. The addition
of 6 mg/kg caused more extensive tissue hyperaemia, combined with isolated foci of mononuclear cell infiltration and isolated foci of
fatty degeneration. In the groups receiving 3 or 6 mg/kg Cr-NP, a significant degree of tissue hyperaemia with numerous mono-
nuclear cell infiltrates and extensive foci of fatty degeneration was observed (Fig. 1).

4. Discussion

The results of numerous studies indicate that Cr in the form of Cr-Pic can promote growth in chickens when added to the diet in
amounts from 200 to 4000 pug/kg (Sahin et al., 2002b, 2003; Toghyani et al., 2006; Naela et al., 2008; Hajializadeh et al., 2017).
However, research conducted by Suksombat and Kanchanatawee (2005); Anandhi et al. (2006); Ghanbari et al. (2012), and Akbari
and Torki (2014) indicates that the addition of 200-2000 pg/kg Cr-Pic to the diet of chickens does not improve growth performance.
Similarly, in the case of CrCls, there are reports indicating that adding this form of Cr to the diet of in quantities of 4-20 mg/kg
improves growth performance (Eren and Baspinar, 2004; Naela et al., 2008), while amounts of 0.2-80 mg/kg do not affect perfor-
mance (Uyanik et al., 2002a; Suksombat and Kanchanatawee, 2005). The limited available literature data indicate that the addition
of Cr in the form of nanoparticles in quantities of 200-3000 pg/kg has no effect on growth performance (Sirirat et al., 2012; Berenjian
et al., 2018). However, according to Zha et al. (2009) and Hajializadeh et al. (2017), the addition of Cr nanoparticles in amounts of
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Liver

Fig. 1. Morphological effects of different Cr sources on broiler chicken tissues (magnification 10x). Treatments: A — control group, B- 3mg/kg Cr-
Pic, C- 6 mg/kg Cr-Pic, D-3 mg/kg Cr-NP, E- 6 mg/kg Cr-NP.

500-1500 pg/kg improves growth performance. However, our study has shown that the addition of Cr irrespective of source at 3 and
6 mg/kg level has a negative effect on the growth performance of broiler chickens. The available literature also indicates that the
addition of Cr-Pic in the amount of 120 mg/kg and of CrCl; in the amount of 200 mg/kg negatively affects the growth performance of
chickens (Raut et al., 2012). The conflicting results obtained from studies conducted on poultry may be due to the use of different
forms and quantities of Cr, as well as to differences in the means and time of supplementation, the species and age of the birds, and
above all induction of stress (Farag et al., 2017).

Our study found an increase in liver weight as a result of supplementation of the broiler chicken diet with Cr at 6 mg/kg. Many
authors have also reported increased liver weight during Cr supplementation, even at 200-3200 pg/kg (Lien et al., 1999; Sahin et al.,
2002b, 2003). In contrast, Berenjian et al. (2018), who administered Nano-Cr to Japanese quail at 200-1200 pg/kg under heat stress
conditions, noted a decrease in liver weight. In our research, 6 mg/kg of Cr (irrespectively of source) added to the diet of chickens
caused a reduction in abdominal fat. Similar results have been obtained by Lien et al. (1999); Sahin et al. (2002b, 2003); Toghyani
et al. (2012), and Ebrahimzadeh et al. (2013) following administration of organic forms of Cr to chickens at lower doses of
200-3200 pg/kg. The present study showed that increasing the Cr supplement from 3 to 6 mg/kg results in a decrease in thigh muscle
weight. However, many authors have found that Cr in similar doses of 300-3000 ug/kg had no effect on thigh and muscle drumstick
weight (Kroliczewska et al., 2005; Al-Mashhadani et al., 2010; Ghanbari et al., 2012; Sirirat et al., 2012).

In our study, the decreased body weight (including lower thigh muscle weight and reduced fat) in the broiler chickens fed a diet
with Cr is explained by the fact that Cr is an active component of glucose tolerance factor (GFT), a complex of molecules that consists
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of glycine, cysteine, glutamic acid, nicotinic acid and Cr. This complex synergistically enhances the action of insulin by increasing the
binding of this hormone to cells, regulating receptor function, and improving affinity. Some reports suggest that Cr may suppress
appetite and stimulate thermogenesis by sensitizing insulin-sensitive glucoreceptors in the brain. The breakdown of fat tissue is
associated with insulin sensitivity; peripheral fat is more sensitive to the action of this hormone than the central fat found in the chest
and abdominal cavity (Yazaki et al., 2010).

Glucose metabolism in birds differs significantly from that of mammals. Blood glucose levels are much higher in birds, while
insulin levels are lower. Birds are also considered less sensitive to insulin than mammals. Chromium is known to increase insulin
sensitivity in mammals, and Cr supplementation causes a reduction in the plasma glucose concentration (Brooks et al., 2016). In our
study, the addition of Cr to the chicken diet at level 3 and 6 mg/kg irrespectively of form increased GLU content in the blood of
chickens. Research carried out by other authors has shown that Cr in the form of Cr-Pic administered in a range of 200-3200 ug/kg
reduces the GLU level in the blood (Lien et al., 1999; Sahin et al., 2002b, 2003; Abdallah et al., 2013; Patil et al., 2008). A similar
reduction in GLU content in the blood has been observed by Raut et al. (2012) following the addition of Cr-Pic to the diet of chickens
in much larger amounts (40-120 mg/kg). Akbari and Torki (2014), who added 1 mg/kg Cr-Pic to the diet of chickens, noted a
decrease in GLU in the blood, while Samanta et al. (2008), using a Cr-Pic additive in the amounts of 0.5 and 1 mg/kg, observed no
effect on GLU content. A decrease in GLU content in the blood of chickens has also been observed in the case of administration of an
inorganic form of Cr (CrCl3) at 0.5 mg/kg (Mohammed et al., 2014) and in much higher doses of 20-80 mg/kg (Uyanik et al., 2002a).
Habibian et al. (2013) observed no effect of Cr on the GLU level following supplementation of chicken diets with CrCl; at doses of 600
and 1200 pg/kg. Other authors, using a Cr-yeast additive in the diet of chickens, have reported varied effects on GLU content, often
dose-dependent. At low doses of 300-500 pug/kg an increase in GLU in the blood was observed (Kroliczewska et al., 2004), while at
higher doses of 0.5-2 mg/kg, GLU was shown to decrease (Mohammed et al., 2014; Ibrahim et al., 2010). The results of our research
and findings by other authors indicate highly varied effects of the addition of Cr (even when the same forms and doses were used) on
the level of GLU in the blood of broiler chickens.

In our study the addition of Cr in the amount of 3 or 6 mg/kg, in the form of both Cr-Pic and Cr-NP, decreased the plasma activity
of ALT and LDH, but increased that of AST and ALP. Similarly, Abdallah et al. (2013), using a much smaller addition of Cr-Pic
(200-800 pg/kg) to the diet of chickens, reported a decrease in ALT activity. Mohammed et al. (2014), on the other hand, using other
forms of Cr (CrCl; and Cr-yeast) in the amount of 500 ug/kg, observed no effect of these additives on plasma activity of ALT and AST
in chickens. Ibrahim et al. (2010) administered Cr to chickens in the form of Cr-yeast at 0.5-2 mg/kg and noted no effect on the
plasma activity of ALT and AST. Research by other authors has shown increased plasma activity of AST in chickens receiving small
doses of 0.2-0.4 pg/kg CrCl; (Bakhiet and Elbadwi, 2007) as well as much higher doses of 20-200 mg/kg (Eren and Baspinar, 2004;
Raut et al., 2012). A similar tendency has been observed for ALP activity. Bakhiet and Elbadwi (2007), who administered Cr to
chickens in the form of CrCl; in small doses (0.2-0.4 pg/kg), and Uyanik et al. (2002b), using larger doses (20-80 mg/kg), noted
increased plasma activity of ALP. Damage to the cells of certain organs, such as the liver, leads to the release of tissue enzymes into
the bloodstream. A significant increase in the activity of transaminases (AST and ALT) may be due to enzyme leakage through
damaged cell membranes and/or increased enzyme synthesis by the liver. Although the activity of both aminotransferases is usually
increased during liver damage due to metal poisoning, a study by Vutukuru et al. (2007) showed that Cr may have different effects on
AST and ALT activity. The administration of Cr to carp Labeo rohita increased ALT activity, but did not affect AST activity.

The results of our study showed that supplementation of the broiler chicken diet with Cr, in the form of both Cr-Pic and Cr-NP,
caused a decrease in the plasma content of CREAT, and increasing the level of these additives reduced it more. Ibrahim et al. (2010),
adding Cr-yeast to the diet of chickens at 0.5-2 mg/kg, reported no effect on the plasma content of CREAT, whereas Raut et al.
(2012), who added Cr to the diet of chickens in much higher doses (80-200 mg/kg), noted an increase in CREAT content. The
decrease in the CREAT level observed in our study indicates that both Cr-Pic and Cr-NP added to the diet of broiler chickens in
amounts of 3 and 6 mg/kg have no detrimental effect on kidney function.

Our research has shown that supplementation of the diet of broiler chickens with Cr in the form of both Cr-Pic and Cr-NP at level 3
and 6 mg/kg resulted in a reduction in lipid peroxidation indicators (LOOH and MDA). However, it should be emphasized that Cr in
the form of Cr-NP was more effective in reducing the content of these indicators in the plasma of the broiler chickens. Similarly, Rao
et al. (2012) added amino acid chelate of elemental trivalent Cr to the diet of chickens in small doses of 100-400 pg/kg and found a
lower level of lipid peroxidation and increased GPx activity. Sahin et al. (2002b), who added Cr-Pic to the diet of layers at 400 pg/kg,
also noted a reduction in the lipid peroxidation product MDA. Other authors (Fan et al., 2015; Cheng et al., 2016) have reported an
increase in the content of MDA, with a simultaneous decrease in the activity of antioxidant enzymes, explaining the results as the
effect of oxidative stress. In our study, supplementation of the broiler chicken diet with Cr in the form of Cr-Pic and Cr-NP, at both 3
and 6 mg/kg of diet, reduced the activity of antioxidant enzymes. In addition, the antioxidant capacity of the broiler chicken plasma
was increased, especially in the groups receiving Cr at level 3 mg/kg. A reduction in antioxidant enzyme activity has been noted by
Fan et al. (2015) in the plasma of chickens receiving CrCl; for 42 days at doses from 626 to 2506 mg/kg body weight (12.5-50%
LDsq). According to Travacio et al. (2001), exposure to Cr may decrease the activity of antioxidant enzymes. Cr (III) may bind to
antioxidant enzymes, including CAT and SOD, thus reducing their activity (Cheng et al., 2016). In the context of the decrease
observed in the activity of antioxidant enzymes, in the absence of increased content of lipid peroxidation products, it is difficult to
state conclusively that the sources and levels of Cr used in our research induced oxidative stress.

Our results showed that supplementation of broiler chicken diets with Cr-NP caused a significant degree of hyperaemia of the
hepatic and pancreatic tissue, as well as extensive foci of fatty degeneration in these organs. Research carried out by Fan et al. (2015)
and Liu et al. (2015) has demonstrated that excessive consumption of Cr(III) in chickens leads directly to oxidative damage and
histopathological changes in organs. Cheng et al. (2016) observed histological changes in the brain of chickens receiving CrCl; for 42
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days at doses of 626-2506 mg/kg body weight (12.5-50% LDs), characterized by cytoplasmic vacuolization. The reactive oxygen
species generated can attack cell membranes and increase their permeability, leading to vacuolization (Hassan et al., 2014).

5. Conclusion

The addition of Cr in both doses of 3 and 6 mg/kg of diet (irrespective of the form used — chromium picolinate or chromium
nanoparticles) reduced abdominal fat, stimulated the antioxidant defense system, increased glucose content. However, it affected
negatively growth performance and liver function, and caused histopathological changes in the pancreas and liver. Therefore, future
attempts to establish a beneficial effect of chromium on chickens should use smaller amounts of this element than 3 mg/kg of diet in
the case of both organic forms and nanoparticles.
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Simple Summary: We have postulated that supplementation with Cr can increase serotonin levels
and improve the antioxidant status of chickens, with no adverse effect on the secretion of other
hormones. Obtaining such results may be beneficial in high-density rearing of poultry exposed to
many stressors. The studies compared the effects of two forms of Cr (Cr-Pic and Cr-NP) found at
two doses 3 and 6 mg/kg. It was found that at the dose of 3 mg/kg, the expected beneficial results
can be obtained (increase in serotonin and decrease in norepinephrine level), however, due to the
deterioration of the antioxidative system, these studies should be continued to verify these results.
Due to the adverse effect of Cr at 3 mg/kg on the antioxidant status of chickens, this level of Cr should
not be considered in both forms Cr-Pic and Cr-NP as a feed additive for broiler chickens. In the future,

studies on the potential beneficial effects of Cr on the organism should take into account doses lower
than 3 mg/kg.

Abstract: We have postulated that supplementation with Cr can increase serotonin levels and improve
the antioxidant status of chickens, with no adverse effect on the secretion of other hormones. The
study aimed to determine what form and dose of Cr more favorably affect the level of selected
hormones (insulin, glucagon, serotonin, dopamine, noradrenaline, histamine, T3 and T4) and the
antioxidant status (level of malondialdehyde and lipid peroxides, activity of superoxide dismutase
and catalase) of chicken tissues. The experiment was carried out on chickens randomly divided
into five treatment groups. The basal diets (control group) were supplemented with two levels of
Cr (3 and 6 mg/kg) and two Cr sources: Cr-picolinate (Cr-Pic) and Cr-nano (Cr-NP) to obtain four
experimental diets: 3 mg/kg Cr-Pic, 6.0 mg/kg Cr-Pic, 3.0 mg/kg Cr-NP. and 6.0 mg/kg Cr-NP. The
addition of Cr in both forms increased the level of serotonin at a dose of 3 mg/kg and, at the same
time, reduced the level of noradrenaline. The addition of Cr at 3 mg/kg, irrespective of the form
used, regulated the level of hormones of carbohydrate metabolism (increasing insulin levels and
reducing glucagon levels) and had an adverse effect on the antioxidant status of the liver and breast
muscle. Due to the adverse effect of Cr at 3 mg/kg on the antioxidant status of chickens, this level of
Cr should not be considered in both forms Cr-Pic and Cr-NP as a feed additive for broiler chickens.
In the future, studies on the potential beneficial effects of Cr on the organism should take into account
doses lower than 3 mg/kg.
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1. Introduction

Studies conducted on laboratory animals [1,2] and a few on farm animals [3,4] show that chromium
(Cr) may affect the secretion of certain hormones, mainly insulin, glucagon, and serotonin. Chromium
in the form of picolinate (Cr-Pic) has been shown to reduce blood glucose in laboratory animals and in
diabetes patients by increasing insulin secretion [5,6]; alleviate symptoms of depression [7], and reduce
cortisol levels in laboratory animals [8]. Research in rats [8] has shown that Cr increases the peripheral
availability of tryptophan, an amino acid essential for serotonin synthesis in the brain (5-HT). Sahin
et al. [9] reported reduced corticosterone levels in broiler chickens kept under heat stress conditions
and, at the same time, receiving a Cr-Pic supplement. Both increased serotonin levels and reduced
corticosterone levels suggest that Cr may have a stress-relieving effect. According to Sahin et al. [9],
chromium may also increase secretion of thyroid hormones triiodothyronine (T3) and thyroxine (T4) in
heat-stressed chickens. Thyroid hormones are considered to be growth stimulants in poultry [9-12].
According to Sahin et al. [9], the addition of Cr to the diet of chickens increases the levels of hormones
T3 and T4 and, at the same time, improves the growth performance of broiler chickens kept under
stress. There have been many studies [9,13] suggesting that Cr can be used during heat stress, but
they do not explain the mechanism whereby Cr alleviates stress responses and improves the growth of
chickens under stress. In addition, there is some concern that the wrong forms and doses of Cr may
interfere with the functions of other hormones, such as histamine, insulin, or glucagon. Chromium (III)
is a component of glucose tolerance factor (GTF), which takes part in glucose metabolism by enhancing
the effect of insulin. Cr improves the effectiveness of insulin by increasing its binding to receptors and
thereby increasing the sensitivity of target cells [14,15].

Cr is believed to be necessary for the activation of certain enzymes and for the stabilization of
proteins and nucleic acids, and for this reason, it is considered to display antioxidant activity [16]. A
study by Tezuka et al. [17] found that Cr protects rats against oxidative damage associated with carbon
tetrachloride, while Preuss et al. [18] noted reduced lipid peroxidation in isolated hepatocytes of rats
receiving supplementation with chromium picolinate and nicotinate. In hypertensive rats receiving Cr
as picolinate, TBARS in the liver and kidneys decreased as well [18]. The mechanism of the antioxidant
effect of Cr is still not fully understood and requires further research.

Increasingly, the sale of poultry feed additives includes preparations containing various forms
and doses of Cr. Literature data suggest that Cr can have both positive and negative effects, and no
safe dose and form have been established so far. Cr-based feed additives currently available for sale
are recommended as stress-relieving supplements, e.g., heat or transport stress. We believe that our
research will deepen our knowledge and allow us to determine whether preparations with Cr can be
used in the range of 3—6 mg/kg as follows from the literature data or, for example, you cannot exceed
the level of 3 mg/kg as shown in our previous studies [19]. A detailed assessment of the impact of Cr
on hormonal balance and tissue redox status has not been presented in the literature so far and can
certainly help determine whether Cr is safe for the organism and whether it should be used in poultry
at all. We have postulated that supplementation with Cr can increase serotonin levels and improve the
antioxidant status of chickens, with no adverse effect on the secretion of other hormones, including
neurotransmitters. The study aimed to determine what form (Cr-Pic or Cr-nano (Cr-NP)) and dose of
Cr (3 or 6 mg/kg) more favorably affect the level of selected hormones (insulin, glucagon, serotonin,
dopamine, noradrenaline, histamine, T3 and T4) and the antioxidant status of chicken tissues.
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2. Material and Methods

2.1. Nanomaterial

Chromium nanopowder (Cr-NP) with purity 99.9%, size 60~80 nm, spherical shape, specific
surface area 6-8 m?/g, bulk density 0.15 g/cm?, and true density 8.9 g/cm® was purchased from
SkySpring Nanomaterials (Houston, TX, USA).

2.2. Animals and Diets

The experiment was carried out in a poultry house at the experimental facilities of the Department
of Poultry Science, University of Warmia and Mazury in Olsztyn, Poland. Day-old male Ross 308
chickens (405 male birds) were randomly divided into 5 treatment groups, with nine replicates of 9 birds
each. The control group received a basal diet without any additives. Group 3 mg/kg Cr-Pic received
3.0 mg/kg of Cr-picolinate, group 6 mg/kg Cr-Pic—6.0 mg/kg of Cr-picolinate, while group 3 mg/kg
Cr-NP—3.0 mg/kg of Cr-nano and group 6 mg/kg Cr-NP—6.0 mg/kg of Cr-nano. The experimental
additives were added to the feed mixtures in the form of suspensions in rapeseed oil (0.5%). The
nutritional value of all experimental diets corresponded to the nutrient requirements of broiler chickens
(Aviagen, 2014). Birds were kept in cages, and each cage was equipped with nipple drinkers and a
feeder that was manually filled daily. All chickens had free access to feed and water. The heating and
light program was in accordance with the Ross Broiler Management Manual (Aviagen, 2014). The
experimental procedure was approved by the Local Animal Experimentation Ethics Committee in
Olsztyn (Mo. 30/2015).

The chemical composition of the basal starter (0-21 days) and grower/finisher (22-35 days) diets
is shown in Table 1.

2.3. Growth Trial and Sample Collection

During the experiment, body weight gain (BWG) and feed consumption were recorded and
calculated on a pen basis. Daily feed intake (ADFI) per bird was calculated based on total feed
consumption for the pen for the entire experimental period divided by the number of days in the
period. The feed conversion ratio (FCR; kg of feed/kg of body weight gain) was calculated on a pen
basis from body weight gain and feed consumption [19].

At 35 days of age, 9 birds representing the average body weight of each group were selected,
tagged, and fasted for 8 h. Blood samples were taken from 9 birds from each group (one bird for
each replication). Then 9 broilers per group (one bird representing the average body weight per pen)
were killed at a slaughterhouse. The birds (without being transported) were electrically stunned
(400 mA, 350 Hz), hung on a shackle line, and exsanguinated by a unilateral neck cut severing the right
carotid artery and jugular vein. After a 3-min bleeding period, the birds were scalded at 61°C for 60 s,
defeathered in a rotary drum picker for 25 s, and manually eviscerated. The breast muscles and liver
were collected for further analysis.
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Table 1. Composition and nutrient density of the diets.

Days 1-21 Days 22-35
Components, g/kg
Maize 200.0 200.0
Soybean meal 336.5 282.4
Wheat 383.4 421.4
Soybean oil 39.0 56.1
Salt 3.3 3.3
Limestone 11.9 11.6
MCP 14.4 13.3
DL-Methionine 3.1 2.8
L-Lysine HCL 2.7 3.1
L-Threonine 0.7 1.0
Vitamins + trace minerals ! 5.0 5.0
Calculated nutrient density, g/kg
Crude protein 220.0 200.0
Lysine 13.0 12.0
Methionine 6.2 5.7
Met. + Cys. 10.0 9.2
Threonine 8.5 8.0
Calcium 9.5 9.0
Available phosphorus 4.8 4.5
ME, kcal/kg 2950 3100
Amount of Cr added to feed Analyzed content of Cr, mg/kg
0 0.86 0.83
3 mg/kg Cr-Pic 3.90 3.36
6 mg/kg Cr-Pic 6.71 6.20
3 mg/kg Cr-NP 3.85 3.87
6 mg/kg Cr-NP 6.49 6.08

1 Provided per kilogram of diet: days 1 to 21: vit. A, 15,000 IU; vit. D3, 5000 IU; vit. E, 112 IU; vit. K3, 4 mg; vit. By,
3 mg; vit. By, 8 mg; vitamin Bg, 5 mg; vit. By, 16 mg; folic acid, 2 mg; biotin, 0.2 mg; nicotinic acid, 60 mg; calcium
pantothenicum, 18 mg; choline, 1.8 g; Mn, 100 mg; Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se, 0.15 mg; days 22 to 35:
vit. A, 12,000 IU; vit. D3, 5000 IU; vit. E, 75 IU; vit. K3, 2 mg; vit. By, 2 mg; vit. By, 6 mg; vit. B¢, 4 mg; vit. Byp, 16
mg; folic acid, 1.75 mg; biotin, 0.05 mg; nicotinic acid, 60 mg; calcium pantothenicum, 18 mg; choline, 1.6 g; Mn,
100 mg; Zn, 80 mg; Fe, 80 mg; Cu, 8 mg; I, 1 mg; Se, 0.15 mg. ME — metabolic energy.

2.4. Laboratory Analysis

Mineral (Ca, Mg, Fe, Cu, and Zn) content in the blood samples and Cr content in feed, liver,
and breast muscle samples was determined by flame atomic absorption spectrometry (F AAS). Kits
produced by Cell Biolabs, Inc. (San Diego, CA, USA) were used to determine the level of the following
hormones: insulin, glucagon, serotonin, dopamine, noradrenaline, histamine, T3 and T4.

In the liver and breast muscle of the chickens, the activity of superoxide dismutase (SOD) and
catalase (CAT), and the concentration of lipid peroxides (LOOH) and malondialdehyde (MDA) were
determined. The adrenaline assay by Greenwald [20], for determination of superoxide dismutase, was
modified at 320 nm to increase the selectivity of transient reaction products at this wavelength [21],
whereas catalase was assayed according to the method of Bartosz [21]. Lipid peroxides were determined
according to the method of Buege and Aust [22] and malondialdehyde according to the method of
Salih et al. [23].

2.5. Statistical Analysis

For performance parameters, each replicate pen (n = 9) was considered as an experimental unit
for the statistical analysis. For analysis of other parameters, individual birds (n = 9) were considered as
experimental units. The Statistica software package version 13.1 (Statsoft Inc., Krakow, Poland, 2016)
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was used to determine whether variables differed between treatment groups. The comparison of the
control group vs. all other groups was performed by planned contrast analysis. Two-way ANOVA was
performed to assess the effects of the supplementation levels of chromium, the source of chromium,
and the interaction between the level and source of chromium (dose x source). When the ANOVA
indicated significant treatment effects, means were separated using Tukey’s multiple range test. The
results are presented in the tables as mean values with pooled standard errors. Data were checked for
normal distribution before the statistical analysis was performed. Differences were considered to be
significant at p < 0.05.

3. Results

In the whole rearing period, the control group consumed 2.246 mg Cr/kg BW. In the liver of birds,
0.454 ug Cr/g was noted, whereas in the breast muscle, 0.168 ug Cr/g. In the groups receiving Cr at
3 mg/kg, hepatic accumulation of Cr was 18.5% more than in the control group and 2.9% more in
the breast muscle than in the control group. In groups receiving Cr at a dose of 6 mg/kg in the liver
accumulated by 21.4% more Cr, and in the breast muscle by 3.9% more Cr than in the control group.
According to the USEPA, the maximum permissible limit of Cr in chicken meat is 1 mg/kg and has not
been exceeded [24].

Compared to the control group, the addition of Cr to the chicken diet in the amount of both 3
and 6 mg/kg, irrespective of the form, resulted in a lower final body weight (2.08 vs. 1.99 vs. 2.00 kg,
p = 0.033), lower ADFI (86.7 vs. 82.5 vs. 82.8 g/bird/day, P = 0.046), and lower livability (98.77 vs. 98.77
vs. 97.53 %, p = 0.042). The Cr source was found to have no effect on growth performance [19].

An increase in insulin content was noted in the group receiving 6 mg/kg Cr-NP relative to the
control group (p < 0.001). Compared to the control group, the addition of Cr at 3 and 6 mg/kg,
irrespective of the form used, increased the content of serotonin (p < 0.001), while reducing the content
of noradrenaline (p = 0.001). Two-way ANOVA showed dose x source interactions for serotonin
and insulin levels, because increasing Cr-NP from 3 to 6 mg/kg of feed resulted in an increase in
serotonin and insulin while increasing Cr-Pic did not. A decrease in glucagon (p = 0.016) and histamine
(p < 0.001) content was noted in the groups receiving Cr-Pic at 3 and 6 mg/kg and Cr-NP at 3 mg/kg
relative to the control group. Compared to the control group, the addition of Cr-NP irrespectively of
the dose used, increased the content of dopamine (p < 0.001), while the addiction of Cr-Pic at dose
6 mg/kg increased the content of T4 (p = 0.029). The addition of Cr in the form of Cr-NP increased the
content of dopamine more than in the form of Cr-Pic (p < 0.001) (Table 2).

Compared to the control group, the addition of 3 and 6 mg/kg Cr to the diet of chickens,
irrespectively of form used, caused an increase in the plasma content of Ca and Fe (p < 0.001, both),
while reducing the content of Mg (p = 0.001) and Zn (p < 0.001). A decrease in Cu content (p < 0.001)
was noted in the group receiving 6 mg/kg Cr-Pic and 3 and 6 mg/kg Cr-NP relative to the control
group. Increasing the Cr dose to chickens’ diet from 3 to 6 mg/kg contributed to an increase in Fe
content (p < 0.001) and a decrease in Cu content (p <0.001) in blood plasma. The addition of Cr as
Cr-NP was found to increase the plasma content of Fe (p < 0.001) and to reduce the content of Cu and
Zn (p < 0.001, both) more than Cr-Pic (Table 3).



Animals 2020, 10, 45 6 of 12

Table 2. Content of hormones in the blood plasma of chickens.

Treatment 12 Insulin Glucagon  Serotonin Dopamine Noradrenaline Histamine T3 T4
eatme ng/mL pg/mL ng/mL pg/mL ng/mL ng/mL ng/mL ng/mL
Control 0.487 51.682 118.503 479.449 2.586 18.892 3.391 48.463
3 mg/kg Cr-Pic 0.568 P 45.797 * 142.982 *¢ 479.682 2.233* 14.967 * 3.676 52.562
6 mg/kg Cr-Pic 0.576° 45.303 * 147.089 *¢ 450.686 2.207 * 16.937 * 3.769 53.952 *
3 mg/kg Cr-NP 0.581b 45.465* 166.645 *P 538.004 * 2.180* 11.517* 3.332 53.260
6 mg/kg Cr-NP 0.945 *2 48.037 212.522*2 537.471 % 2.195* 19.842 3.461 53.596
SEM 0.033 0.723 5.067 7.019 0.039 0.517 0.078 0.844
Dose effect (D)
3 mg/kg 0.575 45.631 154.813 508.843 2.207 13.242 3.504 52911
6 mg/kg 0.761 46.670 179.806 494.078 2.201 18.389 3.615 53.774
Source effect (S)
Cr-Pic 0.572 45.550 145.036 465.184 2.220 15.952 3.722 53.257
Cr-NP 0.763 46.751 189.583 537.737 2.187 15.679 3.397 53.428
p-value
Control vs. all
others <0.001 0.016 <0.001 <0.001 0.001 <0.001 0.341 0.029
D effect <0.001 0.421 <0.001 0.157 0.935 <0.001 0.534 0.637
S effect <0.001 0.354 <0.001 <0.001 0.658 0.570 0.076 0.925
D x S interaction 0.001 0.238 <0.001 0.172 0.778 0.101 0.920 0.773

! Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic)
or 6 and 3 mg/kg Cr in the form of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP) and 0, without Cr
supplementation. 2 Data represent mean values of nine replicate pens per treatment (1 chicken per pen). * Means
within the same column differ significantly from the control at p < 0.05. * Means within the same column
differ significantly (p < 0.05) according to Newman-Keuls mean comparison (only in the case of significant D x
S interaction).

Table 3. Content of minerals in the blood plasma of chickens.

Treatment 12 Ca Mg Fe Cu Zn
mmol/L mmol/L umol/L umol/L umol/L
Control 1.662 0.827 6.140 6.252 24.136
3 mg/kg Cr-Pic 2.604 * 0.637 * 9.024 * 6.155 20.428 *
6 mg/kg Cr-Pic 2.676 * 0.589 * 10.445 * 4.803 * 20.752 *
3 mg/kg Cr-NP 2.852 * 0.680 * 10.588 * 5.351 * 19.359 *
6 mg/kg Cr-NP 2.298 * 0.653 * 11.668 * 4.388 * 19.930 *
SEM 0.092 0.020 0.307 0.129 0.281
Dose effect (D)
3 mg/kg 2.728 0.658 9.806 5.753 19.894
6 mg/kg 2.487 0.621 11.057 4.595 20.342
Source effect (S)
Cr-Pic 2.640 0.613 9.735 5.479 20.591
Cr-NP 2.575 0.667 11.128 4.869 19.645
p-value
Control vs. all <0.001 0.001 <0.001 <0.001 <0.001
others
D effect 0.136 0.283 <0.001 <0.001 0.061
S effect 0.683 0.125 <0.001 <0.001 <0.001
D X S interaction 0.055 0.757 0.462 0.248 0.596

! Diet supplemented with 6 and 3mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic) or 6
and 3mg/kg Cr in the form of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP). 2 Data represent mean
values of nine replicate pens per treatment (1 chicken per pen). * Means within the same column differ significantly
from the control at p < 0.05.

Compared to the control group, the addition of Cr-Pic at 3 mg/kg caused a decrease in LOOH
content (p = 0.023) in chickens’ livers, while the addition of 6 mg/kg Cr-Pic and 3 and 6 mg/kg Cr-NP
caused an increase in LOOH content (p = 0.008) in breast muscle. An increase in MDA content was
noted in groups receiving 6 mg/kg Cr-Pic (in liver) and 3 and 6 mg/kg Cr-NP (in liver and breast
muscle) (p = 0.004, p = 0.043, respectively) relative to control group. Irrespective of the form of Cr used,
increasing the addition of this element from 3 to 6 mg/kg of feed caused an increase in LOOH content
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(p = 0.031) and in MDA content (p = 0.012) in the liver. Indicators of lipid peroxidation were higher
in the liver and breast muscle of chickens from the Cr-NP treatments, i.e. LOOH (p = 0.002 and p =
0.006) and MDA (p = 0.003 and p = 0.033). Compared to the control group, the addition of Cr-Pic at
3 and 6 mg/kg caused a decrease in SOD activity (p < 0.001) in the liver, while at 3 mg/kg Cr-Pic it
caused increased activity of this enzyme in breast muscle (p = 0.003). Lower CAT activity (p < 0.001) in
chickens’ livers was noted in groups receiving 3 and 6 mg/kg Cr-NP and 3 mg/kg Cr-Pic, while higher
activity in the group receiving 6 mg/kg Cr-Pic compared to the control group. Compared to the control
group, the addition of Cr-Pic at 3 mg/kg caused a decrease in CAT activity (p = 0.038) in breast muscle,
while at 6 mg/kg, it caused an increase in activity of this enzyme. In the liver of chickens receiving Cr
at 3 mg/kg, SOD activity (p = 0.042) was higher than in the liver of chickens receiving Cr at 6 mg/kg.
Increasing the addition of Cr from 3 to 6 mg/kg of feed caused an increase in CAT activity in liver and
breast muscle (p < 0.001, both). In the liver of chickens from the Cr-NP treatment, higher SOD activity
and lower CAT activity were observed than in the chickens from the Cr-Pic treatment (p < 0.001, both).
In the breast muscle of chickens from the Cr-NP treatment, SOD activity was lower (p = 0.042), while
CAT activity was higher (p = 0.023) (Table 4).

Table 4. Content of redox indicators in the liver and breast muscle of the chickens receiving different
sources of Cr.

LOOH, Mmol/Kg MDA, Mmol/Kg SOD, U/G Protein CAT, U/G Protein
Treatment ' Liver Breast Liver Breast Liver Breast Liver Breast
Muscle Muscle Muscle Muscle
Control 6.243 2.194 0.805 0.906 1037.8 285.0 708.2 154.8
3 mg/kg Cr-Pic 4.859 * 2.062 0.781 0.825 920.6 * 308.7 * 621.6 * 136.5 *
6 mg/kg Cr-Pic 6.614 2.345 * 1.147 * 0.963 871.6* 256.6 954.4 * 185.5*
3 mg/kg Cr-NP 6.153 2.337* 1.256 * 1.121* 1009.2 234.9 5432 % 158.7
6 mg/kg Cr-NP 6.467 2.365 * 1.330 * 1177 * 976.6 246.8 663.6 * 199.7 *
SEM 0.035 0.016 0.017 0.009 0.307 0.235 0.121 0.082
Dose effect (D)
3 mg/kg 5.506 2.199 1.018 0.973 964.9 271.8 582.4 147.6
6 mg/kg 6.540 2.355 1.238 1.070 924.1 251.7 809.0 192.6
Source effect (S)
Cr-Pic 5.736 2.203 0.964 0.894 896.1 282.6 788.0 161.0
Cr-NP 6.310 2.351 1.293 1.149 992.9 240.8 603.4 179.2
p-value
Control vs. all 0.023 0.008 0.004 0.043 <0.001 0.003 <0.001 0.038
D effect 0.031 0.092 0.012 0.083 0.042 0.103 <0.001 <0.001
S effect 0.002 0.006 0.003 0.033 <0.001 0.042 <0.001 0.023
D X S interaction 0.233 0.342 0.865 0.435 0.338 0.132 0.114 0.226

! Diet supplemented with 6 and 3 mg/kg Cr in the form of chromium picolinate (3 mg/kg Cr-Pic, 6 mg/kg Cr-Pic)
or 6 and 3 mg/kg Cr in the form of chromium nanoparticles (3 mg/kg Cr-NP, 6 mg/kg Cr-NP). 2 Data represent
mean values of nine replicate pens per treatment (1 chicken per pen) * Means within the same column differ
significantly from the control at p < 0.05. LOOH—Ilipid peroxides, MDA —malondialdehyde, SOD—superoxide
dismutase, CAT—catalase.

4. Discussions

Our earlier research found that Cr supplementations both as Cr-Pic and Cr_NP resulted in lower
BW, ADFI, and livability, and reduced antioxidant enzyme activity. Our previous research suggested
that the lowest dose of Cr, 3 mg/kg, was toxic for broiler chickens [19]. However, many authors have
found a beneficial effect of using various forms of Cr in chickens’ diets on production results even when
using higher doses of Cr than 3 mg/kg [25,26]. The authors of many studies report that the addition of
Cr to the diet of poultry at dose 200-1200 ug/kg increases the activity of cellular insulin [8,27-29]. In our
study, the addition of Cr to the diet of chickens, irrespective of its form, resulted in an increase in insulin
levels and a decrease in glucagon levels in the blood plasma. Moreover, increasing the dose was found
to increase these changes in hormone levels. The changes in the level of both hormones were probably
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a response to the increased blood glucose observed in chickens receiving Cr as a diet supplement. The
results of our research on blood glucose content in chickens have been published in a paper by Ognik
et al. [19]. According to Yildiz et al. [30], Cr is a cofactor for insulin activity. This element is part of the
oligopeptide chromodulin, which, by binding to the active site of the insulin receptor tyrosine kinase,
plays a role in the auto-amplification of signaling of this hormone. Insulin regulates carbohydrate,
fat, and protein metabolism, stimulating amino acid uptake and protein synthesis, as well as glucose
utilization in tissues [4].

The increased plasma serotonin levels noted in our study in chickens receiving Cr in the diet, in
the form of both Cr-Pic and Cr-NP, were likely the result of increased insulin levels. Insulin supports
transport of the serotonin precursor tryptophan across the blood-brain barrier, owing to its ability to
increase the uptake of branched chain amino acids (BCAAs) by muscles. Chromium, in the form of
picolinate, indirectly affects this process by reducing branched chain amino acids in the blood serum
and thus increasing the ratio of tryptophan to BCAAs [8,31,32]. Franklin and Odontiadis [27] reported
increased sensitivity of central serotonin 2A (5-HT;4) receptors in rats fed a diet supplemented with
chromium picolinate at dose 100 mg/kg. Our research also showed an increase in plasma dopamine
levels in chickens receiving a diet with Cr in the amount of 3 mg/kg. Due to the interaction of serotonin
and dopamine through direct synaptic connections [33,34] and through physical heterocomplexes of
5-HT,4 and DA2 receptors [35,36], it is possible that chromium may also indirectly affect dopamine
synthesis via the 5-HT system. Literature data indicate that the addition of Cr to the diet of rats at dose
100 mg/kg increased both serotonin and noradrenaline levels [27]. Our study found with an increase in
plasma serotonin levels in chickens receiving Cr in their diet, but in contrast with the results reported
by Franklin [27], noradrenaline levels decreased.

The blood glucose level is regulated not only by insulin but also by the histamine system [37,38].
Our study showed a decrease in the plasma histamine level of chickens receiving Cr at 3 mg/kg,
irrespective of the form used. It is likely that Cr, by increasing the plasma insulin level, causes a
decrease in the concentration of histidine, which is a precursor of histamine. In addition to the direct
involvement of histamine receptors in the regulation of blood glucose, several studies have shown
that the activation or deactivation of histamine receptors appears to have a modulating role in the
regulation of the blood glucose level [38].

Our study showed an increase in the T4 level in the plasma of chickens receiving Cr in the
amount of 6 mg/kg Cr-Pic. Sahin et al. [13] noted an increase in the concentration of T3 and T4 in
heat-stressed chickens fed a diet with 0.4 mg/kg g Cr in the form of Cr picolinate. Taha et al. [39]
reported that the addition of Cr to water (30 mg/L) for chickens did not cause an increase in serum T3
or T4. These results are consistent with those obtained by Al-Mashhadani et al. [40], who found that
dietary supplementation with chromium yeast (0.5-2 mg/kg) had no significant effect on T3 and T4
levels. According to Sahin et al. [9], the addition of Cr to the diet of chickens (220-1200 pg/kg) reared
under stress improves growth performance by regulating thyroid hormone metabolism (increased
secretion of T3 and T4).

In our study, the addition of Cr to the diet of chickens increased the concentration of Ca and Fe
and decreased the concentration of Cu and Zn in their blood plasma. Similarly, Gubajdullina et al. [41]
found that supplementation of a chicken’s diet with chromium (III) oxide nanoparticles at 50-400 pg/kg
caused an increase in Fe and Ca content, while a decrease in Zn and Cu content in the body of birds.
Iron is a cofactor for tyrosine hydroxylase and tryptophan hydroxylase, enzymes that are responsible
for dopamine and serotonin synthesis, respectively [42], while magnesium affects norepinephrine
level [43]. Uyanik et al. [44] found that the addition of CrCl; to the diet of Japanese quail at 100 mg/kg
did not affect the level of Ca, but increased the plasma Mg concentration. Similarly, Ebrahimzadeh
et al. [15], after giving chickens chromium methionine chelate at 200, 400, and 800 ppb, noted no effect
on the level of Ca and P in the blood plasma. Amatya et al. [45] found no effect of Cr supplementation
in the form of potassium chromate, chromium chloride, or chromium-yeast complex on Zn and Fe
levels in chicken blood plasma, but noted an increase in Cu levels. Research by Onderci et al. [16]
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indicates that the addition of Cr to the diet of laying hens increases the level of Fe in the blood, but also
increases the level of Zn.

There is high individual variation among birds, which means that results of enzyme activity
analyses fall within broad ranges. This poses significant difficulties in establishing physiological norms
for enzyme activity in this group of animals. Their activity can increase both in the case of oxidative
stress and under the influence of beneficial stimulation of the antioxidant system. To properly interpret
the direction of changes, special attention should be paid to the level of other indicators, including
MDA [46]. Our research shows that the addition of Cr to the diet of chickens at both 3 and 6 mg/kg,
irrespective of the form used, increased MDA levels in the liver. The higher dose of Cr, i.e., 6 mg/kg,
increased lipid peroxidation in both the liver and breast muscle, as evidenced by increased LOOH
levels. The changes in the activity of antioxidant enzymes noted in our study (reduced SOD activity
and higher CAT activity in the liver and breast muscle in the case of the higher dose of Cr) were the
body’s response to the intensification of oxidative processes due to the addition of Cr to the diet. The
increase in oxidative processes in both the liver and breast muscle was greater when Cr was used in
the form of nanoparticles. According to Onderci et al. [16], Cr exhibits antioxidant capacity, which
the authors demonstrated in a study on laying hens exposed to heat stress. The authors noted lower
MDA levels in the blood of stressed laying hens receiving a Cr supplement. Our research has shown
that the effect of a Cr supplement on redox status varied in different tissues: It was found to have an
antioxidant effect in the blood [24], but a pro-oxidative effect in the liver and breast muscle. There are
reports confirming the pro-oxidative effect of Cr. According to Fan et al. [47], the addition of Cr to
the diet of chickens causes an increase in MDA levels and a decrease in antioxidant enzyme activity.
The varied impact of Cr on redox status may depend on the length of exposure and the possibility of
accumulation of this element in a given tissue. Changes noted in the activity of antioxidant enzymes
may also be linked to the level of microelements, such as Fe, Cu, and Zn. Copper and zinc are SOD
cofactors, while Fe is a CAT cofactor [46]. Reducing the level of micronutrients may be the result of
increased use of these enzymes in antioxidant reactions.

5. Conclusions

The addition of Cr in the form of both Cr-Pic and Cr-NP was found to increase the level of serotonin
at a dose of just 3 mg/kg and, at the same time, reduce the level of noradrenaline. The addition of Cr at
3 mg/kg, irrespective of the form used, regulated the level of hormones of carbohydrate metabolism
(increasing insulin levels and reducing glucagon levels) and had an adverse effect on the antioxidant
status of the liver and breast muscle. Due to the adverse effect of Cr at 3 mg/kg on the antioxidant
status of chickens, this level of Cr should not be considered in both forms Cr-Pic and Cr-NP as a feed
additive for broiler chickens. In the future, studies on the potential beneficial effects of Cr on the
organism should take into account doses lower than 3 mg/kg.
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