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Streszczenie

Melisa lekarska (Melissa officinalis L.) od stuleci znajduje zastosowanie w medycynie
tradycyjnej oraz praktyce weterynaryjnej. Jej szerokie spektrum aktywnoS$ci
farmakologicznych wynika przede wszystkim z obecno$ci kwaséw fenolowych, w tym
kwasu rozmarynowego, chlorogenowego 1 litospermowego, a takze olejkow eterycznych
1 flawonoidow. Zwiagzki te wykazuja potwierdzone dziatanie przeciwzapalne,
przeciwbakteryjne,  przeciwwirusowe, uspokajajace, przeciwdepresyjne  oraz
spazmolityczne. W ostatnich latach ro$lina ta zyskata réwniez znaczenie w zywieniu
zwierzat gospodarskich jako dodatek paszowy, petnigc funkcje zaréwno substancji

poprawiajacej smakowito$¢ paszy, jak i komponentu o potencjale prozdrowotnym.

Celem przeprowadzonych badan byta ocena wptywu standaryzowanego wyciagu z lisci
melisy lekarskiej oraz jej gtdéwnych sktadnikéw aktywnych z grupy kwaséw fenolowych,
tj. kwasu rozmarynowego, kwasu chlorogenowego 1 kwasu litospermowego, na motoryke
przewodu pokarmowego wybranych gatunkéw zwierzat gospodarskich: brojlerow
kurzych, §win i owiec. Dodatkowym zadaniem byla proba identyfikacji mechanizmu

dzialania kwasu rozmarynowego na migsniowke jelita czczego brojlera.

Eksperymenty przeprowadzono w warunkach ex vivo z wykorzystaniem izolowanych
fragmentow jelita czczego 1 okreznicy, rejestrujgc zmiany napigcia miesniowki gtadkiej
okreznej 1 podtuznej. Analizowano wptyw badanych substancji zar6wno na aktywnos¢
spontaniczng, jak 1 na odpowiedz wywotang farmakologicznie przy uzyciu

acetylocholiny.

Uzyskane wyniki wykazaty, ze zarowno ekstrakt z melisy, jak 1 badane kwasy fenolowe
istotnie modulujg kurczliwo$¢ miesniowki przewodu pokarmowego. Charakter dziatania
byl jednak zréznicowany (zarowno prokinetyczny jak i miorelaksacyjny) w zalezno$ci od
gatunku zwierzecia, badanego odcinka jelita oraz warstwy mig$niowej. Badania
mechanizmu dziatania kwasu rozmarynowego ujawnity, ze jego efekt skurczowy w
jelicie czczym brojlera zalezy od aktywacji receptoréw muskarynowych. Zastosowanie
atropiny catkowicie znosito odpowiedz, natomiast pirenzepina i 4-DAMP istotnie ja
redukowaty, co wskazuje na udzial przewodnictwa cholinergicznego w reakcji
indukowanej przez ten zwigzek. Ponadto do$wiadczenia w $rodowisku pozbawionym

jondw  wapnia potwierdzily konieczno$§¢ obecnosci Ca** w  przestrzeni



zewnatrzkomoérkowej dla wywotania skurczu, co wskazuje na jego kluczowa role w

inicjacji mechanizmu odpowiedzi.

Otrzymane wyniki sugeruja, ze melisa lekarska i jej sktadniki fenolowe moga stanowic
warto$ciowe dodatki paszowe modulujace motoryke przewodu pokarmowego zwierzat
gospodarskich. Efekty dziatania wykazuja jednak wysoka zmienno$¢ migdzygatunkowa,
co odzwierciedla odmiennosci fizjologii przewodu pokarmowego u poszczegolnych
gatunkow zwierzat. Kwas rozmarynowy charakteryzuje si¢ wyraznym dziataniem
prokinetycznym u ptakoéw, podczas gdy u $win i przezuwaczy efekt ten jest bardziej
ztozony. Konieczne sg dalsze badania w celu petniejszego wyjasnienia mechanizmu
dzialania tego zwigzku, ze szczegdlnym uwzglednieniem roli poszczegolnych podtypow
receptorow  muskarynowych, kanatow jonowych oraz szlakow sygnalizacji

wewnatrzkomorkowe;.

Stowa kluczowe: Melisa lekarska, motoryka, drob, trzoda chlewna, owce

10



Summary

Lemon balm (Melissa officinalis L.) has been employed in traditional human and
veterinary medicine for centuries. Its broad spectrum of pharmacological activities is
attributed primarily to the presence of phenolic acids, including rosmarinic, chlorogenic,
and lithospermic acids, as well as essential oils and flavonoids. These bioactive
constituents exhibit documented anti-inflammatory, antibacterial, antiviral, sedative,
antidepressant, and spasmolytic properties. In recent years, M. officinalis has also
attracted attention in livestock nutrition as a functional feed additive, contributing both to

enhanced feed palatability and to potential health-promoting effects.

The present study aimed to evaluate the influence of a standardized lemon balm leaf
extract and its principal phenolic acids, i.e., rosmarinic, chlorogenic, and lithospermic
acids, on gastrointestinal motility in selected livestock species, namely broiler chickens,
pigs, and sheep. An additional objective was to characterize the mechanism underlying

the action of rosmarinic acid on the smooth muscle of the broiler jejunum.

Experiments were performed ex vivo using isolated jejunal and colonic specimens of
circular and longitudinal smooth muscles, with continuous recording of smooth muscle
tension. Both spontaneous contractile activity and pharmacologically induced responses

to acetylcholine were assessed.

The findings demonstrated that both the lemon balm extract and the tested phenolic acids
exert significant modulatory effects on gastrointestinal contractility. The character and
intensity of these effects (prokinetic or myorelaxant), however, were dependent on animal
species, intestinal region, and muscle layer. Mechanistic studies revealed that the
contractile action of rosmarinic acid in the broiler jejunum is mediated by muscarinic
receptor activation. Atropine completely abolished the response, while pirenzepine and
4-DAMP markedly reduced contractility, supporting the involvement of cholinergic
pathways. Moreover, experiments conducted in a calcium-free buffer demonstrated that
extracellular Ca** is indispensable for the contraction, indicating its central role in the

initiation of this response.

Overall, the results indicate that M. officinalis and its phenolic constituents represent
promising candidates for feed additives capable of modulating gastrointestinal motility in

farm animals. Nevertheless, the effects are characterized by marked interspecies

11



variability, reflecting species-specific gastrointestinal physiology. Rosmarinic acid
displays a distinct prokinetic action in poultry, whereas in pigs and ruminants, the effects
are more complex. Further investigations are warranted to elucidate the precise
mechanisms of action, with particular attention to the role of muscarinic receptor

subtypes, ion channels, and intracellular signaling pathways.

Keywords: Lemon balm, motility, poultry, swine, sheep
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1. Wstep

1.1 Melisa lekarska — charakterystyka botaniczna i wystepowanie

Melissa officinalis L. (melisa lekarska) jest wieloletnig rosling zielna, ktoéra nalezy do
rodziny jasnotowatych (Lamiaceae) (Awad i in., 2009). Rosnie do wysokosci 30-125 cm
w zaleznos$ci od warunkow, posiada migkkie, krotkie wloski otaczajace todyge i liscie.
Lodyga jest pionowa, rozgaleziona, o czworokatnym przekroju poprzecznym natomiast
liScie sg ogonkowe, lekko jajowate, o wymiarach do 6x3cm, gorne liScie sg bardziej
klinowate, a dolne sercowate, zabkowane u nasady (Komarov, 1977) (Ryc. 1). Kwiaty
melisy lekarskiej sg biate lub blador6ézowe, sktadajace si¢ z drobnych skupisk od 4 do 12
kwiatow. Nasiona sa bardzo mate, majg ok. 1 do 1,5 mm dtugosci, o jajowatym,
ciemnobrgzowym lub czarnym kolorze. Melisa lekarska ma system korzeniowy z
wieloma korzeniami bocznymi, co sprawia, ze roslina jest przystosowana do réznych
warunkow Srodowiskowych. Gorne czesci rosliny obumieraja na poczatku zimy, a nowe
pedy wyrastajg z zimujacych korzeni juz na poczatku wiosny. Melisa lekarska jest roslina,
ktoéra moze szybko rosng¢ w zakresie temperatur od 15 do 35°C i wymaga opadéw od
500 do 600 mm réwnomiernie rozlozonych w calym sezonie wegetacyjnym (Saeb i
Gholamrezaee, 2012), sa to warunki ktére moga by¢ tatwo spetnione w wielu
szeroko$ciach geograficznych dzigki czemu jest to do$¢ popularna roslina i mozna ja

spotka¢ prawie na calym $wiecie.

Rycina 1 Melisa lekarska (zdjecie wtasne)
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1.2 Sklad fitochemiczny wyciagu z liSci melisy lekarskiej

Charakterystyka fitochemiczna wyciagu z lisci melisy lekarskiej uzytego do produkcji
preparatu Nor-Balm® firmy Norfeed®, wykorzystanego w opisanych badaniach zostata
okreslona ilosciowo za pomoca analizy HPLC-UV (wysokosprawna chromatografia
cieczowa z detekcja w ultrafiolecie), ktéra ujawnita obecnosé¢ 6 sktadnikow z grupy
kwasow fenolowych (Tab. 1). Uzupeliajaca analiza za pomoca HPLC-MSn
(wysokosprawna chromatografia cieczowa sprz¢zona ze spektrometrig mas) potwierdzita
obecno$¢ jeszcze jednego kwasu hydroksycynamonowego, tj. kwasu litospermowego
(Tab. 1). Jako gtowny zwigzek ekstraktu z lici melisy lekarskiej zostal zidentyfikowany
kwas rozmarynowy (54 mg/g), a nastgpnie kwas litospermowy (2,1 mg/g), kwas
chlorogenowy (0,79 mg/g) 1 kwas kawowy (0,68 mg/g). Ok. 60% frakcji fenolowe;j
pozostala niezidentyfikowana, jedynym zidentyfikowanym flawonoidem w tym
ekstrakcie jest luteina-3’-glukuronidu, a jej ilo$¢ (1,43mg/kg) zostata uznana za nieistotng
z punktu widzenia bezpieczenstwa. Obecnos¢ innych substancji aktywnych, takich jak
olejki eteryczne czy inne flawonoidy, nie zostala potwierdzona w tym konkretnym
produkcie. (Bampidis i in., 2020). Zgodnie ze specyfikacja, oceniany dodatek zawiera >
10% pochodnych kwasu hydroksycynamonowego (spektrofotometria UV), w tym > 3%

kwasu rozmarynowego oznaczonego metodg HPLC (Bampidis i in., 2020).

Tabela 1. Sktad preparatu Nor-Balm® wg analizy HPLC-UV i HPLC-MSn (zréodto:
Bampidis i in., 2020)

Nazwa kwasu Ilo$¢ w (mg/g) % w ekstrakcie z

lisci melisy

lekarskiej

Kwas chlorogenowy | 0,79 0,08
Kwas kawowy 0,68 0,07
Kwas p-kumarowy | <0,1 <0,01
Kwas ferulowy <0,1 <0,01
Kwas m-kumarowy | <0,1 <0,01
Kwas rozmarynowy | 54 5,4

Kwas litospermowy | 2,1 0,21
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Ponadto fitochemiczne analizy wyciaggéw z melisy lekarskiej wykazaly obecnosé

szerokiego spektrum zwigzkoéw bioaktywnych, obejmujacych terpeny, zwiazki fenolowe,

flawonoidy oraz garbniki (Mencherini 1 in., 2007, Shakeri 1 in., 2016). Sposrdd substancji

czynnych szczegolng uwage zwracajg sktadniki lotne, takie jak geranial, neral, cytronellal

1 geraniol, a takze triterpeny: kwas ursolowy i kwas oleanolowy, oraz polifenole — w tym

kwas rozmarynowy, pochodne kwasu kawowego, atakze luteolina, naryngina i

hesperydyna (Argyropoulos 1 Miiller, 2014, Shakeri 1 in., 2016). Uwaza si¢, ze dzialania

terapeutyczne melisy lekarskiej wynikaja gtdéwnie z obecnosci olejkéw eterycznych oraz

zwigzkow fenolowych, ktore razem odpowiadaja za jej wlasciwosci farmakologiczne

(Shakeri i in., 2016).

Tabela 2. Gléwne substancje czynne ziela melisy lekarskiej oraz ich dzialanie

farmakologiczne

pochodne kwasu
Polifenole hydroksycynamonowego,
kwas kawowy, kwas m-
kumarowy, eriodiktiol-7-
O-glukozyd, kwas
rozmarynowy,
naringenina, hesperetyna
apigenina, luteolina,

kwercetyna, rutozyd

Citrale, Cytronelal,
Limonen, Geraniol, 3-
kariofilen, Tlenek B-

kariofilenu Germakren D

Przeciwutleniajace
Przeciwzapalne
Poprawa stosunku
przyrostu masy
ciata do
spozywanej paszy
Poprawa sktadu
mikrobiologicznego
jelit
Przeciwbakteryjne,
przeciwirusowe,
Sciaggajace
Antybakteryjne
antyoksydacyjne

Przeciwwirusowe

Grupa Przykladowe Dzialanie Zrodia
zwigzkow substancje farmakologiczne

Dastmalchi et al.,
2008; Carnat i in.,
1998; Fiesel, 2014;
Kucera i Herrmann,
1967,

Lobach i in., 2024;
Sentkowska, 2016;
Tian, 2021

Mimica-Duki¢ et al.,
2010
Schnitzler et al.,

2008
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1.3 Wlasciwosci biologiczne wyciagu z melisy lekarskiej oraz jej skladnikow

Biorac pod uwage liczne dziatania biologiczne Melissa officinalis, podobnie jak wiele
innych roslin leczniczych, oferuje interesujacg alternatywe dla klasycznych lekow
(syntetycznych), zwlaszcza $rodkdw przeciwdrobnoustrojowych (Abdel-Naime 1 in.,
2019; Sharifi-Rad i in., 2021). Najwazniejsze dziatania farmakologiczne wyciagu z

melisy lekarskiej przedstawiono w Tabeli 3.

Melissa officinalis ma dlugg histori¢ stosowania w medycynie tradycyjnej w leczeniu
zaburzen przewodu pokarmowego dzigki swoim wilasciwosciom spazmolitycznym
(Aubert 1 in., 2019; Sharifi-Rad i in., 2021)_i tagodzacym stres (Pineau i in., 2016;
Rafieian-Kopaei 1 Nasri, 2013). Udokumentowano, ze Melissa officinalis ma dziatanie
uspokajajace, przeciwgoraczkowe, przeciwskurczowe, przeciw hypertensyjne,
przeciwdziatajace rozwojowi choroby Alzheimera i antyseptyczne (Carvalho i in., 2023;
Miraj i in., 2017; Shakeri i in., 2016; Sharifi-Rad i in., 2021; Swiader i in., 2019; Zarei i
in., 2015). Istotne wlasciwosci przeciwdrobnoustrojowe Melissa officinalis sa
potwierdzone przede wszystkim przeciwko bakteriom Gram-dodatnim i drozdzakom
(Abdel-Naime i in., 2019). Wykazano réwniez, ze melisa jest bardzo silnym $rodkiem
przeciwdepresyjnym. Araj-Khodaei i in. (2020) udowodnili, ze ros§lina ma takie samo
dzialanie jak fluoksetyna, ktora jest popularnym lekiem przeciwdepresyjnym z grupy

selektywnych inhibitoréw wychwytu zwrotnego serotoniny.

Tabela 3. Zestawienie najwazniejszych dziatan farmakologicznych preparatow

zawierajacych wyciag z melisy lekarskiej

ZakKres Badany gatunek

Dzialanie melisy dawek lub | Formula | zwierzat (model

stezen badawczy)
-25150 hydroetan Aubert i in.,
mg/mL. olowy odzwiernik 2019
- 25150 ekstrakt z - Mysz — jelito

- Mysz —

Spazmolityczne o
mg/mL lisci czcze
- 50 mg/mL - mysz — jelito

krete
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Zmniejszenie stresu i @ILEIEGE] olejek Ludzie, badanie
leku, dwoch kropli  eteryczny kliniczne Veiskaramia
zmniejszenie przez 10 min niin., 2021
czestosci akcji serca,
znaczne obnizenie
sredniego ciSnienia
tetniczego
D Betnviselias 30, 100, 300 ekstrakt szczury Ferreira i
lekowe mg/kg in., 2012
751150 mg  ekstrakt z myszy Ghazizadeh
Przeciwdepresyjne 1 . ..
kg lisci 11n., 2020
MIC 0,3- ekstrakt ~ model in vitro Abdel-
Przeciwdrobnoustroj ) -
28,8 ug/mL. etanolow oceny aktywnos$ci Naimei in.,
owe, szczegOlnie w ) )
w zalezno$ci  y przeciwdrobnoust 2019
stosunku do bakterii -
od rojowej metoda
Gram-dodatnich i y )
bakterii/grzy oznaczania MIC
drozdzy;
ba
Aplikacjana olejek Osoby z Ballard i in.,
oaeenifvitadiss skore Twarzy  eteryczny  demencja 2002
na demencje¢ 1 ramion
2xdziennie
100-500 hydroetan komorki Safaeian 1
Dzialanie pg/ml olowego  $rodbtonka zyly  in., 2016
cytoprotekcyjne ekstraktu  pgpowinowego
czlowieka
Dzialanie 200 oraz olejek szczury Bounihi i
przeciwzapalne 400 mg/kg eteryczny in., 2013
600 mg ekstrakt z Czlowiek Kennedy 1
Poprawa o ;
ekstraktu z lisci in., 2003
koncentracji o
lisci
Poprawa zdolnosSci SIS0 ekstrakt  pacjenci z Akhondzad
poznawczych z lisci choroba eh, 2003
Alzheimera
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W kontekscie potencjalnego zastosowania u zwierzat, warto podkresli¢, ze jako bardzo
smaczne zioto dla wielu gatunkéw zwierzat, melisa lekarska moze prowadzi¢ do
zwigkszonego spozycia paszy i tym samym sktadnikéw odzywczych (Windisch i in.,
2008). Bezpieczenstwo komercyjnego suszonego wodnego ekstraktu etanolowego z lisci
Melissa officinalis L. (Nor-Balm®) jako dodatku do paszy zostato potwierdzone dla
wszystkich gatunkow zwierzat (Bampidis, 2020).

1.4 Charakterystyka kwasow fenolowych zawartych w wyciagu z liSci melisy
lekarskiej

Kwasy fenolowe to grupa organicznych zwigzkéw chemicznych, do ktorej naleza zwigzki
zawierajace pierscien fenolowy i reszt¢ kwasu karboksylowego (H. Al Mamari, H., 2022)
(Ryc. 2-4). Zaliczane s3 do grupy polifenoli. Sa zwigzkami pochodzenia
naturalnego, pozyskuje si¢ je w wigkszo$ci z owocoOw oraz z niektorych innych czesci
ro$lin. Czgsto s3 odpowiedzialne za kwasny 1 gorzki smak produktéw ro$linnych. Sa
wtornymi metabolitami syntetyzowanymi gldwnie w szlaku szikimowym z fenyloalaniny
lub tyrozyny. W ro§linach petlnig kluczowe funkcje ochronne — dziatajg
przeciwutleniajaco, przeciwdrobnoustrojowo, chronig przed promieniowaniem UV oraz
uczestniczg w tworzeniu ligniny i odpowiedzi ro$lin na stres (Kumar i in., 2020, Chalker-
Scott 1 Fuchigami; 2018). Dzigki tym wilasciwosciom sg istotne zarowno dla fizjologii

roslin, jak 1 w konteks$cie ich zastosowan farmakologicznych (Kumar i Goel, 2019).

HO COOH

OH
OH

OH

Rycina 2 Wzo6r chemiczny kwasu chlorogenowego

OH
OH

Rycina 3 Wz6r chemiczny kwasu rozmarynowego
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Rycina 4 Wzér chemiczny kwasu litospermowego

Kwasy rozmarynowy, litospermowy i chlorogenowy to przyklady kwasow fenolowych
wystepujace w réznych roslinach, w tym w melisie lekarskiej (Hajimehdipoor, 2012; Yoo
1 in., 2014). Wszystkie z nich moga wychwytywa¢ wolne rodniki 1 redukowac stres
oksydacyjny, co moze pomdc chroni¢ komorki i tkanki przed uszkodzeniem (Cobellis
iin., 2015, Naveed i in., 2018). Kwas chlorogenowy wykazuje dziatanie
przeciwdrobnoustrojowe przeciwko réoznym patogenom. Moze by¢ np. wykorzystany do
zapobiegania lub kontrolowania zakazen Staphylococcus aureus (Li 1 in, 2013). Wedlug
badan prowadzonych przez Xie i in. (2023), kwas chlorogenowy ma korzystny wplyw na
parametry jakosci tuszy, poprawia warto$¢ odzywcza 1 smak wieprzowiny. Inne badania
sugeruja, ze suplementacja diety kwasem chlorogenowym ma potencjal poprawy
wydajnosci wzrostu 1 zmniejszenia czgstosci wystgpowania biegunki u odsadzonych
prosiat, prawdopodobnie poprzez poprawe zdolnosci antyoksydacyjnych i poprawe
funkcji trawienia 1 wchlaniania jelitowego (Chen i in., 2018). Stwierdzono, ze kwas
litospermowy ma dziatanie przeciwzapalne 1 przeciwutleniajace. Badano go roéwniez pod
katem dziatania hepatoprotekcyjnego (Chan i Ho, 2015). Zaréwno w badaniach in vitro,
jak 1 in vivo wykazano, ze kwas litospermowy znaczaco zmniejsza zakres uszkodzenia
watroby wywotlanego przez CCls poprzez usuwanie wolnych rodnikow i zwigkszanie
ilosci endogennych przeciwutleniaczy w sposob zalezny od dawki (Chan 1 Ho, 2015).
Ponadto kwas litospermowy znaczaco ostabil poziom martwiczego uszkodzenia watroby
dzigki hamowaniu aktywnosci apoptotycznej. (Chan i Ho, 2015). Ekstrakt z rozmarynu
jako dodatek dietetyczny u owiec mlecznych poprawiat wydajnos¢ mleka, jakos¢ 1
wlasciwosci podpuszczkowe (Chiofalo 11n., 2010). U $win kwas rozmarynowy zwigkszat

bogactwo 1 r6znorodnos$¢ biofilmu w okreznicy oraz zwigkszat odktadanie si¢ ttuszczu w

23



mig$niach poprzez regulacje metabolizmu lipidéw (Zhang 1 in., 2023). U szczuréow z
rakiem jelita grubego kwas rozmarynowy w stezeniu 5 mg/kg masy ciata zaburzat
powstawanie 1 rozwdj guzow nowotworowych, a takze zmniejszat ekspresj¢ biatek
proapoptycznych (Venkatachalam 1 in., 2016). Podobnie u ludzi wykazano
przeciwnowotworowe dzialanie kwasu rozmarynowego poprzez zwickszenie
chemiowrazliwos$ci komorek raka zotagdka SGC7901 (Yu i in., 2019). Podawanie kwasu
rozmarynowego (10 mg/kg, dziennie) szczurom w przewleklym stresie zmniejszyto
zachowania depresyjne u szczurow (Jin, 2013). Wszystkie wskazane wyniki wskazuja, ze
kwasy fenolowe maja pozytywny wplyw na organizmy zwierzat i powinny by¢ dalej

badane, aby mozna bylo optymalizowac ich stosowanie i efektywnos¢.

1.5 Zastosowanie etnofarmakologiczne i etnoweterynaryjne melisy lekarskiej oraz
uregulowania prawne dotyczgce zastosowan melisy lekarskiej

Europejska Agencja ds. Lekéw (EMA) uznaje melis¢ lekarska za tradycyjny produkt
leczniczy stosowany w celu znoszenia tagodnych objawoéw stresu, ulatwiajacy
zasypianie, a takze do objawowego leczenia tagodnych dolegliwosci zotadkowo-
jelitowych, w tym wzde¢. Wedlug EMA preparaty z melisy moga by¢ wykorzystywana
w formie: rozdrobnionej rosliny, sproszkowanej roslinny, plynnego wyciagu, nalewki lub
suchego ekstraktu wodnego/etanolowego (EMA, 2013).

Pierwsze doniesienia dotyczace leczniczego zastosowania M. officinalis pochodza sprzed
ponad 2000 lat i znajdujg si¢ w ,,Historii Plantarum” (ok. 300 r. p.n.e.) 1 ,,Materia Medica”
(ok. 50-80 r. p.n.e.) (Sharifi-Rad, 2021). Roslina jest znana od czaséw starozytnej Grecji
1 byta stosowana w medycynie ludowej r6znych krajow, w tym Portugalii, Niemczech, a
takze Kubie. (Brendler i in., 2005). Aromatyczne ziola bogate w olejki eteryczne takie
jak melisa lekarska (Melissa officinalis L., Lamiaceae), a takze rumianek (Matricaria
chamomilla L., Asteraceae), bazylia stodka (Ocimum basilicum L., Lamiaceae) 1
krwawnik pospolity (Achillea millefolium L., Asteraceae) maja dzialanie
przeciwdrobnoustrojowe, dlatego w medycynie etnoweterynaryjnej sa stosowane jako
naturalne $rodki dezynfekujace 1 antyseptyczne (Davidovi¢ i in., 2011). Na terenie
Stowenii melisa lekarska wraz z innymi ziotami byta tradycyjnie wykorzystywana do
produkcji likieru uzywanego w celach odzywczych oraz w leczeniu problemow
trawiennych 1 bolow brzucha u ludzi (Lumpert i Kreft, 2017).

Podobnie jak w medycynie, istniejg rowniez silne dowody na etnoweterynaryjne

zastosowanie melisy lekarskiej (Lans i in., 2007). Liscie z melisy byly stosowane
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w Kolumbii Brytyjskiej u koni, koz, krow, owiec i psow z problemami gastrycznymi
takimi jak zapalenie zotadka i jelit lub niestrawno$¢. W przypadku pséw stosowano
28,35g ziela melisy zagotowanego w szklanym garnku z 250ml wody, a nastepnie
zaparzonego przez 10—15 min (stosowana dawka to 59,15ml/9-11kg masy ciata, doustnie
przez 2 dni) (Lans i in., 2007). W Maroku Rifenowie (ludno$¢ zamieszkujaca gory Rif)
wykorzystywali melis¢ lekarska podajac ja owcom w celu zwalczenia inwazji endo- i

ektopasozytniczych (Chaachouay i in., 2022).

1.6 Choroby zwierzat przebiegajace z zaburzeniami czynnosciowymi przewodu
pokarmowego

Zaburzenia zotadkowo-jelitowe moga stanowi¢ powazne zagrozenie zaréwno dla
dobrostanu zwierzat, jak i powodowac straty ekonomiczne w hodowli zwierzat. Ponadto
zaburzenia wplywajace na motoryke sa wazne dla skuteczno$ci i wydajno$ci trawienia
i wchianiania sktadnikéw odzywcezych, a takze dla homeostazy mikrobiomu jelitowego
(Ferket, 2011; Lee i in., 2013; Sensoy, 2021). Nasilenie aktywnos$ci spontanicznej mig$ni
gladkich przewodu pokarmowe powoduje przyspieszenie perystaltyki jelit, co jest
przyczyna oslabienia wchtaniania substancji odzywczych oraz nierzadko biegunek, co w
dtuzszej perspektywie powadzi do spadkéw przyrostow, wyniszczenia, a nawet $mierci.
Z drugiej strony, obnizenie aktywnos$ci spontanicznej migsni gladkich przewodu
pokarmowego powadzi do zaparé, ktore powoduja spadek apetytu i ogdlnego
samopoczucia, a to z kolei moze prowadzi¢ do dalszych, powaznych konsekwencji
zdrowotnych 1 produkcyjnych. U drobiu wiele czynnikéw zakaznych, gtownie
Salmonella enterica (Ding 1 in., 2021), ale takze pasozytow: kokcydia, nicienie lub glisty
bezposrednio wpltywaja na pasaz jelitowy (Bindari i Gerber, 2022; Hoerr 1 in., 1986; Jeni
1 in., 2021; McDougald Larry, 1998). Jedng z najczgstszych chorob przewodu
pokarmowego owiec jest zakazenie wywolane przez bakterie Clostridium perfringens,
ktére moze pojawi¢ si¢ wtornie do ostabionej perystaltyki jelit. U osobnikéw chorujacych
dominujacymi objawami sg przede wszystkim biegunka, ktéra zwigzana jest m. in. z
nadmierng perystaltyka jelit (Mohammadabadi, 2017; Schefer 1 in., 2021). W przypadku
intensywnej hodowli trzody chlewnej jednym z najpowazniejszych zagrozen jest
biegunka poodsadzeniowa. Jest ona zwigzana z nadmiernym rozwojem enterotoksycznej
Escherichia coli w jelicie §win. Mlode zwierzgta w okresie poodsadzeniowym sa duzo
wrazliwsze na odwodnienie, przez co nawet krotki okres lub mate nasilenie biegunek

moze mie¢ dla nich $miertelne skutki (Fairbrother 1 in., 2005). Spozywanie siary, a
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nastepnie mleka po urodzeniu, dostarcza prosietom sktadnikow odzywczych i zwigzkow
chemicznych, ktore s3a niezwykle wazne jako bodzce i substraty dla przewodu
pokarmowego. Jednak podczas odsadzania potaczony wplyw roéznych czynnikow
stresogennych powoduje przerwe we wzroscie 1 rozwoju przewodu pokarmowego, przez
co nowo odsadzone prosi¢ doswiadcza zahamowania wzrostu, narazajac si¢ jednoczesnie
na wigksze ryzyko rozwoju wtornych chordb. Gtéwnym skutkiem procesu odsadzania
jest niskie 1 zmienne spozycie paszy, niemniej jednak istnieje wiele interwencji
zywieniowych 1 zarzadczych (Pluske, 2016), ktére moga tagodzi¢ negatywne
konsekwencje tego okresu. Nalezag do nich m.in. stosowanie wysoko strawnych i
smakowitych sktadnikow paszowych oraz dodatkéw funkcjonalnych. Zaburzenia
motoryki migs$ni gladkich sa czesto przewlekle 1 wymagaja dlugotrwalego leczenia
przyczynowego 1 objawowego. Sa one jednoczesnie przyczyng i skutkiem rdéznego
rodzaju choréb. Dlatego tez substancje o wysokiej skuteczno$ci i bezpieczenstwie, a
takze bez okresu karencji sa przedmiotem zainteresowania wielu badaczy roslin jako
potencjalnych zrodet lekow 1 dodatkéw paszowych modulujacych kurczliwo$¢ migsni

gladkich 1 perystaltyke.

Tab. 4. Gloéwne patogeny 1 pasozyty wywotujace infekcje/inwazje przewodu

pokarmowego u kur, owiec i $win

Ascaridia  galli Askaridioza — zaburzenia trawienia, Ruhnke i in.,

(nicienie) spadek masy ciata, biegunki 2017
Eimeria spp. Kokcydioza — biegunki, Mufioz 1 in.,
(kokcydia) krwawienia jelitowe, $§miertelnos¢ 2024
Salmonella Salmonelloza — biegunki, spadek Eigaard i in.,
enterica produkcji jaj, zakazenia 2006
ogolnoustrojowe
Histomonas Nastroszone pidra, opadajace Hess 1 in.
meleagridis skrzydta, senno$¢, utrata masy 2015

(Czarna Gtowka) ciata,
pienista biegunka o barwie siarki,

czesto tez choruja bezobjawowo
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Clostridium

perfringens typ C

1D
Hemonchoza
(nicien
Haemonchus

contortus)

Strongyloides spp.

Eimeria spp.
(kokcydioza)

Escherichia coli

Dyzenteria swin
(czerwonka)
Brachyspira

hyodysenteriae

Strongyloides spp

Mikrosporydioza

(Enterocytozoon
bieneusi)
Cystoisospora

SUIS,

Enterotoksemia — krwotoczne
zapalenie jelit, wysoka
$miertelnos$¢ u mlodych jagniat
Twardy ciemny kat wzgledu na krew
utajong, anemia, eozynofilia,
hipoproteinemia, blado$¢ bton
$luzowych, obrzek podzuchwowy
Biegunka, niedozywienie,
zwlaszcza u mlodych zwierzat
Kokcydioza — biegunki,
krwawienia jelitowe

Biegunka poodsadzeniowa —
biegunki, odwodnienie, spadek
przyrostow masy ciata
Sluzowo-krwotoczna biegunka,

zmniejszone tempo wzrostu

Gtéwnie w okresie noworodkowym
do 2. tygodnia zycia, anoreksja,
anemia, biegunka, zahamowanie
wzrostu, utrate masy ciata, a w
niektorych przypadkach nagta
$mier¢

Biegunka

Bezkrwawa biegunka, stabe

przyrosty masy ciata

Uzal 1 in.,

2008

Adduci 1 in.,
2022

Thamsborg 1

in., 2016
Sodi 1 in,
2023

Rhouma i in.,

2017

Mahu 1 in.,

2016

Pinilla i in.,
2020;
Thamsborg i
in., 2016;

Jeong 1 in.,

2007

Pinilla 1 in.,
2020;
Shrestha i in.,
2015

27


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwifxNCR3MSOAxVQIBAIHUsPIKMQFnoECGMQAQ&url=https%3A%2F%2Fmagwet.pl%2F32663%2Chemonchoza-czesta-przyczyna-niedokrwistosci-u-koz-opis-przypadku%3Fsrsltid%3DAfmBOoqTRVcTB_lFHdsR-cCcNULoizUrFtcIHcsHOu-8ZIpMSes6OzJF&usg=AOvVaw1BuTRfJ0ici7Ncn0U2Mwrw&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwifxNCR3MSOAxVQIBAIHUsPIKMQFnoECGMQAQ&url=https%3A%2F%2Fmagwet.pl%2F32663%2Chemonchoza-czesta-przyczyna-niedokrwistosci-u-koz-opis-przypadku%3Fsrsltid%3DAfmBOoqTRVcTB_lFHdsR-cCcNULoizUrFtcIHcsHOu-8ZIpMSes6OzJF&usg=AOvVaw1BuTRfJ0ici7Ncn0U2Mwrw&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnt_aE6sSOAxV9SFUIHQuPHe4QFnoECEcQAQ&url=https%3A%2F%2Fwww.mp.pl%2Fpacjent%2Fchoroby-zakazne%2Fchoroby%2Fzarazenia-pasozytnicze%2F165351%2Cmikrosporydioza&usg=AOvVaw3rU-qKFoULQM6tvIj8u5Tf&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnt_aE6sSOAxV9SFUIHQuPHe4QFnoECEcQAQ&url=https%3A%2F%2Fwww.mp.pl%2Fpacjent%2Fchoroby-zakazne%2Fchoroby%2Fzarazenia-pasozytnicze%2F165351%2Cmikrosporydioza&usg=AOvVaw3rU-qKFoULQM6tvIj8u5Tf&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnt_aE6sSOAxV9SFUIHQuPHe4QFnoECEcQAQ&url=https%3A%2F%2Fwww.mp.pl%2Fpacjent%2Fchoroby-zakazne%2Fchoroby%2Fzarazenia-pasozytnicze%2F165351%2Cmikrosporydioza&usg=AOvVaw3rU-qKFoULQM6tvIj8u5Tf&opi=89978449

1.7 Potencjalne wykorzystanie melisy w zapobieganiu i leczeniu chorob zwierzat
Pomimo wprowadzania nowych rozwigzan w rolnictwie i produkcji zwierzgcej, wcigz
nierozwigzane pozostaja liczne problemy hodowlane oraz pojawiajg si¢ nowe wyzwania,
takie jak zmiany klimatyczne, opornos¢ na antybiotyki, pozostatosci antybiotykow w
zywnosci oraz choroby, w tym biegunki u mtodych zwierzat (Luppi iin., 2023). W
intensywnym systemie produkcji wigkszos¢ probleméw zdrowotnych jest zlozona i
zalezy od wielu czynnikow, mi.in. duzego zagg¢szczenia zwierzat na matym obszarze,
stresu cieplnego, zanieczyszczenia pasz mykotoksynami, obecnos$ci bakterii
chorobotworczych i/lub pasozytow oraz inne sytuacje prowadzace do zwigckszonego
poziomu stresu u zwierzat. Dodatkowo, obecnie obserwowane sa nowe trendy, a
wymagania zywieniowe ewoluuja. Zrownowazona produkcja biatka zwierzecego staje
si¢ kluczowa kwestia zapewnienia zdrowej diety oraz zaspokojenia rosngcego
zapotrzebowania na wysokiej jakosci produkty. Przewiduje si¢, ze globalne
zapotrzebowanie na migso wzrosnie o 35% do 2050 roku (Godfray i in., 2018). Wybor
gatunkow zwierzat hodowlanych przeznaczonych na migso jest uzalezniony od
warunkow  $rodowiskowych, klimatu oraz preferencji kulturowych gleboko
zakorzenionych w spoteczenstwach (Newton i Blaustein-Rejto, 2021).

Produkcja trzody chlewnej jest jednym z najwazniejszych sektorow hodowlanych na
Swiecie. Wieprzowina stanowi ponad jedna czwarta catkowitego spozycia biatka na
swiecie oraz ok. 35% catkowitej produkcji migsa (Govoni 1 in, 2022). Hodowla owiec
jest rosngcym sektorem produkeji nie tylko ze wzgledu na wetne, ale rowniez na migso
(Theodoridis 1 in., 2021). Jest to tradycyjna gataz hodowli zwierzat o istotnym znaczeniu
ekonomicznym, spotecznym, kulturowym 1 $rodowiskowym, szczegdlnie dla
ekonomicznie wrazliwych regionow Europy. Hodowla owiec zapewnia dochody
1 miejsca pracy na obszarach gorskich i marginalnych, gdzie gospodarka wiejska jest
stabo zr6znicowana (Pulina 1 in., 2018).

Spozycie migsa drobiowego 1 jaj wzrosto w ciggu ostatnich kilku dekad 1 oczekuje sig, ze
bedzie nadal rosng¢. Wedtlug analiz rynkowych z 2023 roku Polskiego Ministerstwa
Rolnictwa i Rozwoju Wsi Polska od 2014 r. jest najwickszym producentem migsa
drobiowego w Unii Europejskiej, gdzie migso kurczat stanowi 81,6%, indykow 15,3%, a
drobiu wodnego 3,2%. Szacuje si¢, ze w 2023 r. produkcja migsa drobiowego w Polsce
wyniosta ponad 3,1 mln ton, co stanowi wzrost o 2,0% w pordwnaniu z rokiem 2022.
Wysokie zageszczenie obsady oznacza wyzsze ryzyko infekcji, co wtdrnie przyczynia si¢

do problemow zdrowotnych brojleréw, a poszukiwanie nowych rozwigzan i protokotow
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terapeutycznych dla chorob istotnych ekonomicznie wzbudza coraz wigksze
zainteresowanie. Problemy zywieniowe i trawienne odgrywaja gtéwng role w hodowli
drobiu, powodujac zwickszong zachorowalno$¢, $miertelno$¢ 1zmniejszong
produktywnos¢ (Nighot 1 Nighot, 2018).

W kontekscie zdrowia jelit prowadzi to do blednego kota, ktore jest kombinacja obnizone;j
odpornosci 1 zwigkszonej przepuszczalnosci bariery jelitowej (Martel i in., 2022).
Skutkuje to wyciekiem sktadnikéw odzywczych oraz sprzyja rozwojowi patogendéw i ich
przenikaniu przez barierg jelitowa. Zlozono$¢ problemu sprawia, ze nie istnieje jedno
rozwigzanie mogace przerwac to bledne koto.

Zgodnie z rozporzadzeniem (WE) nr 1831/2003 Parlamentu Europejskiego i Rady z dnia
22 wrzesnia 2003 r. dodatek paszowy to substancja, mikroorganizm lub preparat, ktory
dodaje si¢ do paszy lub wody w celu wptywania korzystnie na wlasciwos$ci paszy, wyniki
produkcyjne zwierzat, barwienie produktow pochodzenia zwierzecego itp. Dodatki
paszowe zaszeregowane s3 do nastepujacych kategorii (wg Rozporzadzenia
1831/2003/WE):

Dodatki technologiczne — np. konserwanty, przeciwutleniacze, emulgatory

Dodatki sensoryczne — np. aromaty, barwniki

Dodatki odzywcze — np. witaminy, mineraty, aminokwasy

Dodatki zootechniczne — np. probiotyki, enzymy poprawiajace strawnos¢

Kokcydiostaty i histomonostaty

Ziota 1 ekstrakty ro$linne zaliczane do dodatkdéw sensorycznych lub zootechnicznych
(w zaleznos$ci od funkcji), aby mogly by¢ legalnie stosowane jako dodatki paszowe,
musza byé zgtoszone do Europejskiego Urzedu ds. Bezpieczenstwa Zywnosci (EFSA)
oraz zatwierdzone 1 wpisane do unijnego rejestru dodatkow paszowych.

Melisa lekarska (Melissa officinalis) zostala zgloszona do Europejskiego Urzedu
ds. Bezpieczenstwa Zywnoéci w kontekscie jej stosowania jako dodatku paszowego.
EFSA wydata kilka opinii naukowych na temat bezpieczenstwa i skutecznos$ci ekstraktow
z melisy lekarskiej stosowanych jako dodatki sensoryczne w paszach dla zwierzat. Urzad
ocenit bezpieczenstwo i skuteczno$¢ suchego ekstraktu wodno-etanolowego z lisci
melisy lekarskiej, zawierajagcego >10% pochodnych kwasu hydroksycynamonowego, w
tym >3% kwasu rozmarynowego 1 stwierdzil, ze dodatek ten jest bezpieczny dla
wszystkich gatunkéw zwierzat przy maksymalnym proponowanym poziomie 100 mg/kg
pelnoporcjowej paszy (Bampidis i in., 2020).
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Dzigki swoim wielokierunkowym wilasciwosciom, produkty roslinne jako dodatki
paszowe stanowig obiecujaca alternatywe¢ w poprawie zdrowia zwierzat. Ulepszenie
technik hodowlanych i procedur zarzadzania jest konieczne z wielu powodow,
obejmujgcych zrownowazony rozw¢j Srodowiskowy, efektywnos¢ ekonomiczna,
dobrostan zwierzat oraz ogolne bezpieczenstwo zywnosciowe (Govoni i in., 2022;
De Paula Vieira i Anthony, 2020). Aby sprosta¢ wymaganiom rynku, hodowla zwierzat
musi by¢ wydajna, stosunkowo tania i1 optacalna, ale jednoczes$nie dostarczac¢ produkty
bezpieczne, ekologiczne (obecnie jest to czesta preferencja konsumentdw) 1 wysokiej
jako$ci. Wraz z zakazem stosowania antybiotykowych stymulatorow wzrostu w Unii
Europejskiej pojawity si¢ problemy, ktore wczesniej byty eliminowane dzigki stosowaniu
tych chemioterapeutykéw. Dodatkowo zgodnie z decyzja Komisji Europejskiej z maja
2020 r., stosowanie antybiotykow w Unii Europejskiej ma zosta¢ znacznie ograniczone
do 2030 roku (Amicarelli, 2020; Penker, 2024). Jednak wzrost wskaznikow zakazen moze
prowadzi¢ do zwickszenia terapeutycznego stosowania antybiotykow, co jest sprzeczne
z wysitkami na rzecz redukcji stosowania $rodkdéw przeciwdrobnoustrojowych u
zwierzat. Analiza biezacej sytuacji wskazuje, ze istnieje pilna potrzeba znalezienia
alternatywnych metod poprawy zdrowia zwierzat, a tym samym ograniczenia stosowania
antybiotykow. Niniejsze badania sg badaniami wstepnymi, ktére w przysztosci moga
przyczynic¢ si¢ do opracowania naturalnych lekow i suplementéw wspierajacych zdrowie
zwierzat oraz kontrolujacych objawy kliniczne w przypadku chorob przebiegajacych z

zaburzeniami motoryki przewodu pokarmowego.

1.8 Mozliwosci wykorzystania badan in vitro i ex vivo w celu identyfikacji nowych
lekow i dodatkow paszowych

Opracowanie nowego produktu leczniczego to dtugi 1 kosztowny proces, w szczegolnosci
ze wzgledu na wymogi regulacyjne dotyczace jakosci, bezpieczenstwa 1 skutecznosci.
Istnieje wspdlny interes w zwigkszeniu efektywno$ci opracowywania lekow i
dostarczaniu spoteczenstwu nowych, lepszej jakosci produktow leczniczych znacznie
szybciej. Jednym z mozliwych sposobow na redukcje czasu i1 kosztéow, a takze
uwzglednienie kwestii ochrony zwierzat, jest wprowadzenie nowych alternatywnych
metod do pozaklinicznych, gtownie przedklinicznych badan (Ukelis 1 in., 2008). Badania
motoryki jelit zwierzat in vivo sg trudne technicznie do przeprowadzenia szczegdlnie w
przypadku matych zwierzat, cigzkie do interpretacji ze wzgledu na wptyw ruchdéw migsni

szkieletowych, poziomu stresu i1 innych czynnikow zewnetrznych, a takze napotykaja
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wiele probleméw etycznych. Przyjmuje sig, Ze testy na zwierz¢tach powinny by¢
ograniczone, udoskonalone lub zastgpione, o ile jest to mozliwe. Modele in vitro oraz ex
vivo stanowig cenng alternatywe do klasycznych badan na zwierzetach i moga by¢
wykorzystywane w badaniach przesiewowych (Anadén 1 in., 2014), réwniez dla
testowania wplywu réznych substancji na motoryke przewodu pokarmowego (Mendel i
in., 2016a). Izolowane od zwierzat laboratoryjnych wycinki przewodu pokarmowego od
dekad sg uzywane do oceny wptywu ksenobiotykow na motoryke ze wzgledu na dobrze
poznany model, tatwo$§¢ w hodowli, stosunkowo niskie koszty oraz krotkie cykle
reprodukcyjne (Daniel, i in., 2001, Low, 2012). Mate ssaki czgsto wymagaja wigkszych
dawek lekoéw, podawanych czesciej niz w przypadku duzych ssakow. Mozliwa jest
rowniez sytuacja odwrotna, dlatego niektore mate ssaki laboratoryjne (takie jak myszy i
szczury) moga okaza¢ si¢ niewlasciwym modelem w niektérych badaniach
toksykologicznych czy farmakologicznych (Mordenti, 1986).

Zastosowanie modeli opartych na tkankach roznych gatunkéw zwierzat, o zréznicowane;j
anatomii 1 fizjologii, pozwala zminimalizowa¢ ryzyko btedu ekstrapolacji wynikow do
gatunkow docelowych. Modele duzych zwierzat oferuja szereg korzysci translacyjnych.
W szczeg6lnosci $winia jest prawdopodobnie jednym z najprzydatniejszych modeli
uktadoéw i narzadéw cztowieka, w tym przewodu pokarmowego (Patterson i in., 2008;
Ziegler i in., 2016). Cieleta stanowia uznany model eksperymentalny w badaniach nad
zakaznymi chorobami przewodu pokarmowego czlowieka, ze szczegdlnym
uwzglednieniem salmonellozy. Sa one szeroko wykorzystywane w eksperymentach
dotyczacych zakazen wywotlanych przez bakterie z rodzaju Salmonella oraz w analizach
mechanizmow interakcji zywiciel-patogen. Wyniki uzyskiwane w tych modelach maja
istotne znaczenie translacyjne, umozliwiajac przeniesienie wnioskoOw zaré6wno na grunt
medycyny czlowieka, jak i medycyny weterynaryjnej oraz praktyk hodowlanych w
rolnictwie. (Elfenbein 1 in. 2013). Pomimo licznych zalet modeli duzych zwierzat, kilka
kluczowych ograniczen utrudnia ich powszechne wykorzystanie. Najpowazniejszym
ograniczeniem tych modeli sg wysokie koszty utrzymania i hodowli zwierzat. Gatunki
duzych zwierzat, takich jak owce, $winie, bydto czy konie wymagaja wigkszych, bardziej
wyspecjalizowanych pomieszczen 1 sprzetu, co wigze si¢ z wyzszymi wydatkami na
pasze, opieke weterynaryjng i zabiegi chirurgiczne. Ponadto, dtuzsze cykle reprodukcyjne
1 wolniejsze tempo wzrostu sprawiaja, ze praca na duzych zwierzetach jest wolniejsza i
drozsza (Ziegler i in., 2016). Nowszym pomystem jest wykorzystanie tkanek zwierzat

poddawanych rutynowemu ubojowi, np. kréw (Mendel 1 in., 2015), §win (Postuszny 1 in.,
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2025a, Szadkowska 1 in., 2023), broileréw kurzych (Postuszny i in., 2023) czy owiec
(Postuszny 1 in., 2025b). Powoduje to, ze badania nie generuja dodatkowych kosztéw
zwigzanych z hodowlg zwierzat, a takze jest to zgodne z zasadg 3R (zastgpienie
(Replacement), ograniczenie (Reduction) 1 doskonalenie (Refinement) metod
badawczych z uzyciem zwierzat w celu minimalizacji ich cierpienia i ograniczenia liczby
wykorzystywanych zwierzat (Tornqvist i in., 2014)) — Zzadne zwierz¢ nie jest usSmiercane
wytacznie do celow badawczych. W przypadku wycinkow z przewodu pokarmowego

wykorzystywane sg tkanki, ktore w rzezniach w wigkszos$ci sg utylizowane.
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2.

Cele i hipotezy badawcze

2.1 Cele

1.

Okreslenie charakteru oddziatywania standaryzowanego wyciagu z lici melisy
lekarskiej (Melissa officinalis) oraz gtdéwnych substancji czynnych tej rosliny na
kurczliwo$¢ miesniowki gtadkiej roznych wycinkéw przewodu pokarmowego
wybranych gatunkow zwierzat (§winia, kura, owca)

Proba okreslenia mechanizmu dziatania kwasu rozmarynowego na jelito czcze
brojlera kurzego (cz¢$¢ dystalna i proksymalna).

Potwierdzenie przydatno$ci alternatywnego modelu ex vivo opartego na
wykorzystaniu tkanek zwierzat rzeznych do badan oceniajacych wplyw

ksenobiotykéw na motoryke przewodu pokarmowego

2.2 Hipotezy badawcze

1.

Melisa lekarska i kwasy fenolowe moga by¢ stosowane u zwierzat, u ktorych
wystapi biegunka w celu wyeliminowania bolesnych skurczow jelit, a takze
spowolnienia perystaltyki (hamowania biegunki) w przypadku potwierdzenia
dzialania antyspazmotycznego i miorelaksacyjnego badanych zwiazkow.

Melisa lekarska 1 kwasy fenolowe mogg by¢ stosowane do zwalczania atonii jelit
u $win, owiec 1 brojlerow kurzych w przypadku potwierdzenia dziatania

prokinetycznego badanych zwigzkow.

. Kwas rozmarynowy zmienia aktywno$¢ motoryczng miesniowki gladkiej jelit

brojlerow kurzych poprzez oddzialywanie na receptory muskarynowe i/lub
mobilizacj¢ wapnia pozakomorkowego.

Badania ex vivo przeprowadzane z poszanowaniem zasad 3R stanowig
wiarygodng alternatywe do badan na zwierzetach, pozwalajg ograniczy¢ testy na
zywych zwierzgtach oraz dostarczaja wiarygodnych danych odnos$nie
oddziatywania ksenobiotykdéw na tkanki zwierzat, w tym przypadku kurczliwo$¢
tkanek przewodu pokarmowego.

Otrzymane wyniki mogg postuzy¢ ostroznej 1 wstgpnej ekstrapolacji do innych
gatunkoéw zwierzat, odpowiednio wyniki uzyskane na modelu owcy do innych
przezuwaczy, $wini do gatunkow wszystkozernych, a broilery kurze do innych

ptakow.
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3. Materialy i metody
3.1 Materialy

3.1.1 Medium inkubacyjne i odczynniki

Jako medium inkubacyjne zastosowano modyfikowany roztwor Krebsa-Henseleita
(M K-HS) o sktadzie 123.76 mM NaCl, 5 mM KCI, 2.5 mM CaCly, 1.156 mM MgSOs,
14.5 mM NaHCO3, 2.75 mM KH>PO4 oraz 12.5 mM glukozy. pH M K-HS utrzymywano
na poziomie 7,35 do 7,45, przez caty eksperyment dodawany byt karbogen (95% 02/5%

CO2). Temperature utrzymywano na poziomie 38°C.

W doswiadczeniach oceniajacych mechanizm dzialania kwasu rozmarynowego
dodatkowo wykorzystano bufor bez jonow wapnia (M K-HS bez wapnia) o sktadzie:
123.76 mM NaCl, 5 mM KCI, 1.156 mM MgSOs, 14.5 mM NaHCOs3, 2.75 mM KH;PO4
oraz 12.5 mM glukozy.

3.1.2 Substancje badane

Wyciag z lisci melisy lekarskiej (Melissa officinalis L.) (Nor-balm®) zostat
wyprodukowany i standaryzowany na zawarto$¢ kwasu rozmarynowego (EFSA i in.,
2020) przez firme Nor-Feed. Szczegdty dotyczace produkeji ekstraktu zostaly opisane w
zalaczonym artykule ,,Modulation of chicken gut contractility by Melissa officinalis —

ex vivo study” autorstwa Posluszny i in., 2023.

Gléwnymi substancjami czynnymi melisy lekarskiej z grupy kwasow fenolowych sa
kwas rozmarynowy (RA) (Sigma-Aldrich, Bratystawa, Stowacja), kwas chlorogenowy
(ChA) (Sigma-Aldrich, Chengdu, Chiny) 1 kwas litospermowy (LA) (PhytoLab,
Vestenbergsgreuth, Niemcy) (Carocho 1 in., 2015; EFSA 1 in., 2020). Ekstrakt testowano
w zakresie stgzen: od 0,1 pg/ml do 0,1 mg/ml, natomiast sktadniki aktywne oceniano
w zakresie stgzen od 0,001 do 100 uM. Jako substancje referencyjne o dziataniu
skurczowym 1 rozkurczowym uzyto odpowiednio acetylocholing (ACh, 10 uM)

1 izoproterenol (Isop, 1uM) (Sigma-Aldrich, Taufkirchen, Niemcy).

Do badania mechanizmu dzialania RA zostaly uzyte nast¢pujace blokery: atropina jako
nieselektywny antagonista receptorOw muskarynowych w stezeniu 1 uM; pirenzepina
jako selektywny bloker receptorow muskarynowych M; (30 nM) oraz 4-DAMP jako

selektywny antagonista receptoréw muskarynowych M3 (10 nM).
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3.1.3 Material zwierzecy

Wycinki jelit pobierano od rutynowo poddawanych ubojowi zwierzat w rzezniach
(Rzeznia miejska GS Samopomoc Chtopska, Mszczonow ($winie); Super drob, Karczew
(broiler kurzy), Meat-farm, Stefanowo (Owce). Wszystkie osobniki przeszty pozytywnie
badanie przed- i poubojowe prowadzone przez urzgdowego lekarza weterynarii. W
doswiadczeniu wykorzystano tkanki brojlerow rasy Ross (Gallus domesticus), wieku od
35 do 45 dni w momencie uboju, owiec rasy Uhruskiej w wieku 5 miesiecy oraz §win o

zrdznicowanym wieku 1 rasie.

3.2. Metody

3.2.1 Pobieranie i przygotowanie izolowanych wycinkow jelit

Probki pobierano od zwierzat rzeznych, w czasie mozliwie najkrotszym od skrwawienia
1 otwarcia jamy brzusznej lub otrzewnowe;.

W przypadku brojleréw kurzych pobierano ok 5 cm wycinek jelita czczego w czegsci
proksymalnej 1 takiej samej dlugosci odcinek w czesci dystalnej. Za punkt graniczny
pomiegdzy obiema czg$ciami jelita czczego uznano uchytek Meckela (Ryc. 5) (Postuszny
11in., 2023) W przypadku owiec pobierano ok 10 cm wycinek z poczatkowej czesci jelita
czczego oraz takiej samej dhugosci odcinek proksymalnej czgsci okrgznicy spiralne;j.
(Ryc. 6) (Postuszny i in. 2025b). Natomiast w przypadku trzody chlewnej pobierano ok
10 cm wycinek jelita czczego za dwunastnica, tak aby nie miaty kontaktu z trzustka i
takiej samej dtugosci odcinek jelita grubego za jelitem slepym (Ryc. 7) (Postuszny 1 in.
2025a).

Bezposrednio po pobraniu, jelita przeptukiwano zimnym roztworem fizjologicznym (0-
4°C) w celu usunigcia zawartosci przewodu pokarmowego 1 umieszczano w zimnym M
K-HS (0-4°C). Tkanki przechowywano w warunkach chlodniczych do czasu preparacji
wycinkéw w laboratorium, maksymalnie godzing od uboju (czas transportu).
W laboratorium kazdy kawalek jelita byl rozcinany wzdluz osi dlugiej, nastepnie
segmenty o dlugosci ok. 5 X 20 mm wycinano réwnolegle do podtuznych lub okreznych
wiokien miesni gladkich (w zaleznosci od tego ktéra warstwa jelit byla badana). Do
eksperymentéw uzyto wytacznie tkanki bez widocznych zmian patologicznych na btonie

Sluzowej 1 surowicze;j.
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L w( | . —— Czes¢ proksymalna
WY)  —— Czeéé dystalna

Rycina 5 Pogladowy schemat uktadu pokarmowego broilera kurzego z zaznaczonymi
odcinkami jelit z ktorych byty pobierane wycinki do badan. Schemat wykonano przy

pomocy programu https://BioRender.com

QO

Rycina 6 Pogladowy schemat uktadu pokarmowego owcy z zaznaczonymi odcinkami

Jelito cienkie
Jelito grube

jelit z ktérych byly pobierane wycinki do badan. Schemat wykonano przy pomocy

programu https://BioRender.com
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Jelito grube
Jelito cienkie

Rycina 7 Pogladowy schemat uktadu pokarmowego $wini z zaznaczonymi odcinkami
jelit z ktérych byly pobierane wycinki do badan. Schemat wykonano przy pomocy

programu https://BioRender.com

3.2.2 Schemat doswiadczen

W celu umozliwienia tkankom adaptacji warunkdéw in vitro we wszystkich
doswiadczeniach wycinki jelit byly poddawane preinkubacji przez 45 min w M K-HS z
dodatkiem karbogenu, w temperaturze 38 °C. Dodatkowo, aby zapewni¢ tkankom
wystarczajacg ilos¢ sktadnikow odzywczych, medium w komorach inkubacyjnych byto
wymieniane na §wiezy M K-HS co 10-15 min. Po 45 min preinkubacji tkanki poddawano
dodatkowemu napigciu (0.01 N, w dwdch etapach) odpowiadajagcemu rozmiarowi tkanki.
Po zakonczeniu wstepnej inkubacji aktywnos¢ miegsni byla weryfikowana poprzez
dodanie acetylocholiny (ACh) (1 1 10 pM). We wlasciwej czgsci eksperymentu
wykorzystywano tylko te wycinki, ktore prawidlowo i1 powtarzalnie reagowaty na ACh,
a takze wykazywaty aktywno$¢ spontaniczng. Dodatkowo przed rozpoczgciem wlasciwej
czesci eksperymentu podawany byl rozpuszczalnik substancji badanej, tj. M K-HS dla
ekstraktu z melisy 1 DMSO (0,5%) dla wszystkich trzech kwasow (kontrola negatywna).
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3.2.2.1 Doswiadczenia oceniajace wplyw wyciagu z lisSci melisy lekarskiej oraz
wybranych kwasow fenolowych na aktywnoS$¢ spontaniczng i indukowang
farmakologicznie mieSniowki gladkiej jelit

Po wymianie buforu i ustabilizowaniu aktywnosci spontanicznej do komory podawano
wyciag z lisci melisy lub jeden z kwasow fenolowych, odpowiednio w zakresie stezen
0,0001-0,1mg/dl i 0,001-100uM (Ryc. 8). Reakcja byta rejestrowana przez 5 min,
a nastgpnie dodawano do komory ACh (10uM). Po 5 min bufor byl wymieniany
i schemat powtarzano z substancja badang w wyzszym stezeniu. Wpltyw wyciagu
1 kwasow fenolowych byt oceniany w sposob niekumulatywny. Pod koniec eksperymentu

podawane byty ACh 1 Isop w celu sprawdzenia reaktywnosci 1 Zywotnosci jelit.

Melisa * Melisa* :
ACh Bufor 0.000 1\ mg/ml A[h 0,1mg/ml ACh ACh izoproterenol
I e @ @
plukanie plukanie phikanie plukanie phukanie

*Kwas litospermowy, chlorogenowy, rozmarynowy

Rycina 8. Schemat przebiegu doswiadczen oceniajagcych wpltyw wyciggu z melisy
lekarskiej 1 kwasow fenolowych na aktywno$¢ motoryczng miesniowki gtadkiej jelit

wybranych gatunkow zwierzat

3.2.2.2 Schemat doswiadczen majacych na celu ustalenie mechanizmu dzialania

kwasu rozmarynowego na mi¢sniowke jelita czczego brojlera kurzego
3.2.23

Badanie udzialu receptorow muskarynowych w reakcji wywolywanej przez RA

Po wymianie buforu i ustabilizowaniu aktywnosci spontanicznej do komory podawano
jeden z blokeréw receptoréw muskarynowych, tj. atroping (1 uM), pirenzepina (30 nM),
lub 4-DAMP (10 nM) i przez kolejnych 5 min rejestrowano aktywno$¢ migsniowki,
Nastepnie podawano ACh (10uM). Po wymianie buforu i stabilizacji aktywnosci
motorycznej podawano ten sam bloker 1 5 min p6zniej RA (100 uM), po osiagnieciu

stabilnej odpowiedzi wycinkéw wymieniano bufor (Ryc. 9).
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Rycina 9. Schemat przebiegu doswiadczen oceniajacych wudzial receptorow

muskarynowych w reakcji mig$niowki jelit brojlerow kurzych wywotywanej przez RA

Badanie udzialu wapnia zewnatrzkomorkowego w reakcji wywolywanej przez RA

We wiasciwej czgsci eksperymentu bufor M K-HS byt wymieniany na modyfikowany
roztwdr Krebsa-Henseleita bez jonow Ca?’. Inkubacja trwata tak dhugo, az spontaniczna
aktywno$¢ motoryczna zostata zahamowana (ptukanie wolnym od Ca?" m K-HS co 15-
20 min). Po calkowitym zahamowaniu aktywno$ci spontanicznej podawana byla
acetylocholina, reakcj¢ obserwowana przez 5 min, po czym wymieniano w komorach
bufor na nowg porcje M K-HS bez Ca. Po kilku min od wyptukania podawany byt kwas

rozmarynowy i reakcja byta takze rejestrowana przez ok 5 min. (Ryc. 10)
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Bufor z Ca?* Bufor bez Ca?*

Rycina 10. Schemat przebiegu doswiadczenia oceniajacego udzial wapnia

zewnatrzkomoérkowego w reakcji wywotywanej przez RA

3.2.3 Rejestracja i analiza danych

Kazdy wycinek jelita zawieszono oddzielnie w indywidualnej komorze zestawu do
inkubacji izolowanych tkanek (Schuler Organ Bath, Hugo Sachs Electronik, March,
Niemcy). Podczas eksperymentu aktywnos$¢ jelit mierzono jako zmiany napigcia.
Aktywno$¢ motoryczna byta rejestrowana (PowerLab, ADInstruments, Sydney,
Australia) 1 wizualizowana za pomocg programu Chart v7.0 (ADInstruments, Sydney,
Australia). Analiz¢ danych przeprowadzono za pomocg programu Chart v8.1. 1 Microsoft
Office Excel. Dzialanie wszystkich badanych substancji i ekstraktu opieralo si¢ na
zmianach napigcia pasm migéni gladkich mierzonych 5 min przed i 5 min po
zastosowaniu danej substancji i obliczanych jako AUC (pole pod krzywa). Wszystkie
wyniki wyrazono jako procent reakcji kontrolnej, czyli odpowiedzi jelit na podanie M K-
HS lub DMSO (0,5%) w przypadku analizy aktywnoS$ci spontanicznej oraz skurczu
migséni gtadkich spowodowanego przez ACh (10 uM) lub KCI (80 mM) dodanego na
poczatku eksperymentu w przypadku analizy wplywu substancji na skurcz indukowany
odpowiednio ACh lub KCI. Reakcje wywotang przez M K-HS, DMSO (0,5%) lub ACh
(10 uM) definiowano jako 100% (kontrola). Wyniki przedstawiono jako wartosci $rednie
z 5 do 6 niezaleznych eksperymentéw. W celu przeprowadzenia analizy statystycznej

wykonano jednokierunkowa analize wariancji przy uzyciu oprogramowania TIBCO
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StatSoft, Inc. (2019), STATISTICA (wersja 13.3 www.statsoft.com). Do pordéwnania
parami zastosowano test Dunnetta, wykorzystujac jako odniesienie efekt M K-HS,
DMSO (0,5%) lub ACh (10 uM) rozpuszczonego w DMSO (0,5%). Wartos¢ p <0,05
uznano za istotng. Szczegdtowy opis materiatlow oraz metod znajduje si¢ w publikacji nr

1, 2 oraz 3 w sekcji ,,Materials and methods”.
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4. Wyniki

4.1 Wplyw standaryzowanego wyciagu i wybranych substancji czynnych z
melisy lekarskiej (Melissa officinalisy na aktywno$¢ motoryczna
izolowanych wycinkow przewodu pokarmowego brojlerow kurzych, swini

oraz owcy

Charakter oddziatywania standaryzowanego wyciagu z lisci melisy lekarskiej oraz
wybranych kwasow fenolowych na spontaniczng 1 indukowang acetylocholina
kurczliwo$¢ miesniowki gladniej byl zmienny i1 zalezal od: (i) gatunku zwierzecia,
ktorego tkanki stanowily przedmiot badania, (ii) fragmentu przewodu pokarmowego,
z ktorego pochodzity badane wycinki (jelito czcze, okreznica), (iii) utozenia wiokien
migsni gladkiej (wycinki miesnidowki podtuznej, wycinki migsnidwki okreznej).
Uzyskane wyniki zostaly szczegdtowo opisane w publikacjach:

1. (Modulation of chicken gut contractility by Melissa officinalis—ex vivo study),

2. (Verification of the Utility of the Standardized Melissa officinalis Extract to Control
Gut Contractility in Sheep—FEXx Vivo Study)

3. (Exploring the impact of standardized Melissa officinalis extract and key phenolic acids

on isolated jejunum and colon segments in pigs).

Podsumowanie wptywu wyciagu i substancji czynnych przedstawiono w Tabeli 5.
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Tabela 5. Porownanie dzialania wyciagu z melisy lekarskiej i kwasow fenolowych na
spontaniczng i indukowang aktywno$¢ motoryczng réznych odcinkéw jelita brojlera

kurzego (A), $wini (B) i owcy (C)

A.
AKtywnos$¢ spontaniczna Aktywno$¢ indukowana ACh
BROJLER Czesé Czesé Czesc Czesé
proksymalna dystalna proksymalna dystalna
Wyciag
z melisy W " " "
lekarskiej
Kwas
mom ! !
Kwas
chlorogeno H H H H
Kwas
- " H I

litospermo

B.

Jelito czcze OKkreznica

SWINIA Migéniowka  Migéniowka  Migéniowka  Migsniowka
okre¢zna podhuzna okrezna podtuzna
Wyciag z
melisy W 111 - 1
o 2 lekarskiej
e 3 Kwas
= omm _
é § O " " T
< 5 Kwas
- lorogenowy " " m T
Kwas
oo H " m T
Wyciag
= z melisy W ) W W
3 % lekarskiej
S s Kwas
g £ %*
W comarynowy 1 1 1 1
z S Kwas
= S
SR Chiorogenowy " " m "
= Kwas
litospermowy W ) mr W
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Jelito czcze Okreznica

Migsniowka ~ Migsniowka ~ Migsniowka ~ Migsnidwka
okrezna podtuzna okrezna podtuzna
Wyciag z
melisy 1M W 1 W
o S lekarskiej
e 3 Kwas
=
% § roZmarynowy ! I I H
~ 5 Kwas
< 2| el " " " H
Kwas
litospermowy l l H l
Wycigg z
S melisy 1 Ly 1 W
o < lekarskiej
Bz Kwas
g =
] omarynowy U U U W
=z S Kwas i
<-§ chlorogenowy H H H
= Kwas
litospermowy l ) H l

- oznacza brak istotnego wptywu

* oznacza aktywno$¢ dwufazowa

1  oznacza wynik >150% reakcji kontrolnej

™" oznacza wynik 126-150% reakcji kontrolnej

) oznacza wynik 101-125% reakcji kontrolnej

LIl  oznacza wynik <50% reakcji kontrolnej

1 oznacza wynik 50-74% reakcji kontrolne;j

l oznacza wynik 75-100% reakcji kontrolne,

gdzie 100% oznacza wielko§¢ odpowiedzi na podanie substancji kontrolnej,
tj. rozpuszczalnika lub ACh, odpowiednio dla wynikow dotyczacych spontanicznej

1 indukowanej aktywno$ci motoryczne;.
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4.2 OkreSlenia mechanizmu dzialania kwasu rozmarynowego na jelito czcze

brojlera kurzego (cze¢s¢ dystalna i proksymalna)

4.2.1. Ocena udzialu receptorow muskarynowych w reakcji jelita czczego brojlera

kurzego kwasu rozmarynowego

Podanie nieselektywnego blokera receptorow muskarynowych, tj. atropiny (1 uM) do
komory inkubacyjnej znaczaco hamowato reakcje obu odcinkow jelita czczego broilera
kurzego (czgéci dystalnej i czgsci proksymalnej) na acetylocholing oraz na kwas
rozmarynowy (Ryc. 11). W obecnosci atropiny (1 uM) w komorze inkubacyjnej reakcja
jelita na acetylocholing zostala zmniejszona do 6,47+2,08% w przypadku czesci
proksymalnej oraz 2,85+0,7% w przypadku czgéci dystalnej w stosunku do wstepne;j
(kontrolnej) reakcji na acetylocholing (ktére zostato przyjete jako 100%). Reakcja
prowokowana podaniem kwasu rozmarynowego (100 uM) w obecnosci atropiny
wynosita 4,68+2,20% 1 2,74+1,44% reakcji kontrolnej powodowanej acetylocholing,
odpowiednio dla czes$ci proksymalnej 1 dystalnej jelita czczego. Sita skurczu migsni
gladkich powodowanego przez kwas rozmarynowy (100 uM), tj. 87,28+11,10% oraz
92,36+16,52% reakcji kontrolnej odpowiednio dla czesci proksymalnej i dystalnej byta

znaczgco rozna od reakcji w obecnosci atropiny (Ryc. 11).

Zastosowanie pirenzepiny (30 nM), selektywnego blokera receptoréw muskarynowych
M;, istotnie zmniejszato odpowiedz jelita czczego broilera kurzego zard6wno w czesci
proksymalnej jak 1 dystalnej na podanie acetylocholiny oraz kwasu rozmarynowego (Ryc.
12.). Po podaniu pirenzepiny reakcja jelita na acetylocholing zostata zmniejszona do
62,76+31,01% w przypadku cze¢$ci proksymalnej oraz 49,39+9,03% w przypadku czgsci
dystalnej, w stosunku do reakcji kontrolnej. Natomiast reakcja wywolywana przez kwas
rozmarynowy (100 uM) w obecnosci pirenzepiny wynosita 16,42+9,36% 1 11,31+9,11%
reakcji kontrolnej, odpowiednio w przypadku cze$ci proksymalnej i dystalnej jelita
czczego, co bylo statystycznie stabsza reakcja niz skurcz wywotany podaniem RA.

4-DAMP (10 nM), ktory jest selektywnym brokerem receptoréw muskarynowych Ms,
podany do komory inkubacyjnej silnie hamowat reakcje migsni gtadkich jelita czczego
broilera kurzego (czgsci dystalnej 1 czgsci proksymalnej) na acetylocholing oraz na kwas
rozmarynowy. Po podaniu 4-DAMP w stezeniu 10 nM reakcja jelita na acetylocholing w

czgsci proksymalnej zostala zmniejszona do 9,66+24,9%, a w czgsci dystalnej do
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6,534+4,08% w stosunku do wstepnej reakcji na acetylocholing, wyrazonej jako 100%.
Reakcja wywotana przez kwas rozmarynowy (100 uM) w obecno$ci 4-DAMP i wynosita
7,03%1,39% oraz 14,57+5,64% reakcji kontrolnej, odpowiednio dla czgsci proksymalne;j
1 dystalnej jelita czczego, co byto znaczaco slabsza reakcjag w stosunku do reakcji

wywotanej przez RA bez preinkubacji z 4-DAMP (Ryc. 13).

11. 120
S *
(]
g 100 cze$¢ proksymalna I
o i
o g0 B czeS¢ dystalna
E
<
‘é% 60
2
g 40
: #
=
420 * H # g
=
=N TO% 1‘ *
0 —= <=
Atropine + ACh  Atropine + RA RA 100 uM

Rycina 11. Wplyw atropiny (1 uM) na dzialanie kwasu rozmarynowego (100 uM) na
wycinki jelita czczego kury. Wyniki wyrazono jako % reakcji wywotanej przez ACh,
aodpowiedz na podanie ACh (10uM) uznano za 100%. Wyniki s3 S$rednig
z 6 niezaleznych eksperymentow (+ S.D.); *p < 0,05 vs ACh, # p < 0,05 vs RA
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Rycina 12. Wplyw pirenzepiny (30 nM) na dziatanie kwasu rozmarynowego (100 uM)
na wycinki jelita czczego kury. Wyniki wyrazono jako % reakcji wywotanej przez ACh,
a odpowiedz na podanie ACh (10uM) uznano za 100%. Wyniki s3 S$rednig
z 6 niezaleznych eksperymentow (+ S.D.); *p < 0,05 vs ACh, # p < 0,05 vs RA
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Rycina 13. Wptyw 4-DAMP (10 nM) na dziatanie kwasu rozmarynowego (100 uM) na
wycinki jelita czczego kury. Wyniki wyrazono jako % reakcji wywotanej przez ACh,
aodpowiedz na podanie ACh (10uM) uznano za 100%. Wyniki sg $rednig
z 6 niezaleznych eksperymentow (£ S.D.); *p < 0,05 vs ACh, # p < 0,05 vs RA
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4.2.2. Ocena udzialu wapnia zewnatrzkomorkowego w reakcji jelita czczego

brojlera kurzego kwasu rozmarynowego

Wymiana medium inkubacyjnego na bufor M K-HS pozbawiony jonéw Ca" nie zmienila
istotnie sity skurczu wywotanego przez acetylocholing zastosowang w dawce
referencyjnej (10 uM). Reakcja na acetylocholing po wstepnej inkubacji mi¢$ni gtadkich
jelita czczego brojlera kurzego w M K-HS bez Ca’*" wyniosta 86,34% + 20,83% w
przypadku czes$ci proksymalnej oraz 86,56% =+ 13,43% skurczu wywotanego przez
acetylocholing w tej samej dawce podanej podczas inkubacji jelit w klasycznym M K-HS
(Ryc. 14).

Reakcja wywotywana przez kwas rozmarynowy zastosowany podczas inkubacji
wycinkéw w M K-HS bez Ca*" byta znaczaco roézna od reakcji wywolywanej podczas
inkubacji w klasycznym M K-HS. Inkubacja czgsci proksymalnej jelita czczego brojlera
kurzego w M KHS bez Ca®" powodowata, ze reakcja na RA (100 uM) wynosita tylko
10,48 % £ 19,34% skurczu wywotanego przez acetylocholing zastosowang w M K-HS, a
w przypadku czesci dystalnej byto to 2,90% + 1,56% reakcji kontrolne;.

14,
120 .,
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E
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Rycina 14. Wplyw buforu pozbawionego jonéw wapnia na dzialanie kwasu
rozmarynowego (100 pM) na wycinki jelita czczego kury. Wyniki wyrazono jako
% reakcji wywotanej przez ACh w M K-HS, a odpowiedz na podanie ACh (1uM) uznano
za 100%. Wyniki sg $rednig z 6 niezaleznych eksperymentow (£S.D.); *p < 0,05 vs ACh,
#p<0,05vs RA
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5. Dyskusja

Europejskie oczekiwania spoleczne, w tym instytucji rzadowych, dotyczace poprawy
dobrostanu zwierzat przy zachowaniu wydajnosci produkcji i ograniczeniu stosowania
srodkow  przeciwdrobnoustrojowych 1 przeciwpasozytniczych, doprowadzity do
wprowadzenia przez Uni¢ Europejska zakazu stosowania antybiotykéw w paszach dla
zwierzat jako stymulatorow wzrostu (European Parliament, 2003; Anaddn, 2006;
Collignon i1 McEwen, 2019). Podobnie konsumenci coraz wigkszg uwage zwracajg na
pochodzenie, sposob produkcji lub pozyskiwania 1 jako$¢ zywnosci. Ros$nie
zapotrzebowanie na produkty ekologiczne i wytwarzane w sposob tradycyjny, co
zazwyczaj oznacza produkcje z bardzo mocno ograniczonym lub bez wykorzystania
syntetycznych chemioterapeutykéw w hodowli i produkcji zwierzecej. Swiatowa
Organizacja Zdrowia (WHO) szacuje, ze ponad 80% ludnosci krajow rozwijajacych sie
polega w codziennym leczeniu na tradycyjnych srodkach leczniczych, takich jak ziota
(WHO, 2019). Czynniki te dodatkowo zwickszaja zainteresowanie oraz potrzebe
wdrazania alternatywnych stymulatorow wzrostu oraz stosowania ro$lin leczniczych
w zapobieganiu 1 leczeniu chordb zwierzat (Radkowska, 2013). Oprdocz leczenia
przyczynowego, w tym opartego na terapii przeciwbakteryjnej i przeciwpasozytniczej,
istnieje takze potrzeba wdrazania leczenia objawowego, ktore zmniejsza lub tagodzi
objawy kliniczne chordb zaréwno zakaznych, jak i niezakaznych.

W konteks$cie hodowli zwierzat, rosnace znaczenie zyskuje stosowanie suszonych
z10t, wyciggow roslinnych 1 olejkow eterycznych zarowno w celach profilaktycznych, jak
1 terapeutycznych (Bullitta, 2018; Kuralkar, 2021). Melisa lekarska stanowi przyktad
ros$liny o obiecujacych wlasciwosciach sprzyjajacych utrzymaniu i poprawie stanu
zdrowia zwierzat. Badania na owcach rasy Arabi wykazaly poprawe przyrostow masy
ciata, spozycia paszy 1 wspotczynnika konwersji przy wysokim udziale melisy w diecie
(Wedah, 2020). Jest ona chetnie zjadana przez swinie, krowy 1 kury (Grela 1 in., 2013),
co daje mozliwos¢ zwigkszenia pobrania paszy 1uzasadnia jej wykorzystania jako
dodatku paszowego.

Rodliny bogate w zwiazki fenolowe takie jak kwas rozmarynowy czy
chlorogenowy (np. rozmaryn, bylica, gtog, ale rowniez melisa), wywoluja rozkurczowe
dziatanie na migsnie gladkie, co sugeruje mozliwo$¢ ich zastosowania jako naturalnych
regulatorow motoryki jelit (Agel, 1992; Ekiert i in., 2021; Jalilzadeh-Amin 1 in. 2011;
Hernédndez-Pérez i in., 2014). Przytoczone obserwacje wspieraja rozwoj ziotowych

preparatow poprawiajacych zdrowie przewodu pokarmowego 1 ograniczajacych potrzebe
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stosowania antybiotykow w zamian za wprowadzenie leczenia objawowego czy
wspierajacego. Ze wzgledu na niepelne dane dotyczace wptywu roslin leczniczych i ich
sktadnikow na tkanki réznych gatunkéw zwierzat, konieczne sa dalsze badania
farmakologiczne ich wpltywu na motoryke przewodu pokarmowego. Nowo zdobyta
wiedza pomoglaby rozszerza¢ zastosowanie preparatow ziotowych w weterynarii. Nalezy
tu podkresli¢, ze zmiany w kurczliwo$ci przewodu pokarmowego prowadza do ré6znych
skutkow zdrowotnych. Zwigkszona motoryka, czyli hipermotoryka migsni gladkich jelita
czczego 1 okreznicy, moze powodowac oslabienie trawienia i wchianiania sktadnikow
odzywczych. Z kolei hipomotoryka, czyli zmniejszona lub niewystarczajaca kurczliwo$¢
przewodu pokarmowego, negatywnie wpltywa na prawidlowy tranzyt pokarmu i
sktadnikow odzywczych. Taki stan moze wydluzy¢ czas zalegania pokarmu, zaburzaé
sktad mikrobiomu, sprzyja¢ nadmiernemu namnazaniu bakterii patogennych, zaburza¢
fermentacje 1 ostatecznie ostabia¢ zdrowie jelit (Deane, 2018).

Melissa officinalis jest znana z dziatania uspokajajacego, przeciwgoraczkowego,
spazmolitycznego i przeciw nadci$nieniowego (Sharifi-Rad, 2021). Wedtug Europejskiej
Agencji Lekow (EMA), Melissa officinalis L. jest klasyfikowana jako tradycyjny produkt
ziotlowy stosowany w tagodzeniu objawdw stresu psychicznego, wspomagajaco przy
zasypianiu 1 objawowo przy tagodnych dolegliwosciach ze strony przewodu
pokarmowego, takich jak wzdecia (EMA, 2013). Bezpieczenstwo komercyjnego
ekstraktu z lisci melisy (Nor-Balm®), uzytego w niniejszym badaniu, zostato
potwierdzone przez EFSA jako dodatek sensoryczny do pasz dla wszystkich gatunkow
zwierzat (Bampidis, 2020). W Stanach Zjednoczonych melisa zostata zaliczona do roslin
ogolnie uznawanych za bezpieczne (GRAS), jednak nie figuruje oficjalnie na liscie
zatwierdzonych dodatkéw paszowych przez Stowarzyszenie Amerykanskich
Urzednikow Kontroli Pasz (AAFCO).

Celem przeprowadzonych badan byla ocena wptywu ekstraktu z lisci Melissa
officinalis oraz jego gtownych sktadnikéw fenolowych (kwasu rozmarynowego, kwasu
chlorogenowego i kwasu litospermowego) na motoryke przewodu pokarmowego trzech
réznych gatunkow zwierzat gospodarskich — $win (Sus scrofa domesticus), owiec (Ovis
aries) 1 kur (Gallus gallus domesticus). Uzyskane wyniki pozwalaja na sformutowanie
wnioskow dotyczacych potencjalnych wilasciwosci przeciwskurczowych ekstraktu
z melisy oraz jego wplywu na motoryke jelit, zarobwno w ujgciu fizjologicznym, jak

1 terapeutycznym.
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U wszystkich trzech badanych gatunkow zwierzat zaobserwowano, ze wyciag z Melissa
officinalis oraz jego sktadniki wykazuja aktywno$¢ biologiczng wplywajaca na
kurczliwo$¢ migsni gltadkich przewodu pokarmowego. U §win 1 owiec dominowat efekt
przeciwskurczowy, szczegolnie widoczny w odpowiedzi na stymulacje acetylocholing,
co wskazuje na potencjalne oddziatywanie tych zwigzkow na uktad cholinergiczny jelit.
Kwas rozmarynowy i kwas litospermowy istotnie zmniejszaly odpowiedz skurczowa
wywotang przez ACh, co sugeruje ich potencjal jako naturalnych §rodkéw
spazmolitycznych. U swin efekt ten byt szczeg6lnie widoczny w migsniowce okreznej
jelita czczego i okrgznicy, co moze mie¢ zastosowanie w leczeniu biegunek o podtozu
motorycznym, np. w przebiegu enteropatii proliferacyjnej czy zakazen Clostridium
perfringens (Luppi, 2023). W przypadku owiec, ekstrakt z melisy oraz jego sktadniki
rowniez wykazaty aktywno$¢ przeciwskurczowa, w prawie wszystkich przypadkach.
Obserwowane efekty byty zalezne od dawki i wykazywaly zr6znicowang site dzialania
pomigdzy poszczegdlnymi zwigzkami. Co interesujace, w przypadku obu gatunkow
zaobserwowano roznice w reakcji mie§niowki podtuznej i okreznej, co moze wskazywac
na zlozony mechanizm dziatania melisy, zalezny od lokalizacji receptorow
cholinergicznych, ich gestosci oraz roznic w unerwieniu warstw mi¢$niowych. Odmienne
wyniki moga sugerowa¢ réwniez odmienny profil interakcji migdzy badanymi
metabolitami ro$liny, a jelitowym ukladem nerwowym u poszczegdlnych gatunkow
zwierzat. Analizujac réznice mig¢dzygatunkowe, nalezy zwroci¢ uwage na odmienno$é
anatomiczng 1 fizjologiczng przewodu pokarmowego swin, owiec 1 kur. Réznice w
szybkosci pasazu 1 strukturze jelita wptywaja na to, czy zwigzki aktywne (np. fenolowe)
szybciej, wolniej czy w glebszych warstwach oddziatuja na migsnie gtadkie przewodu
pokarmowego. U ptakéw z unikalng anatomig przewodu pokarmowego (Zotadek
gruczolowy oraz migsniowy, krotki przewodd pokarmowy), wptyw zwiazkéw roslinnych
moze mie¢ inne implikacje zar6wno w kontekscie trawienia, jak 1 absorpcji sktadnikow
odzywczych. Kury majg bardzo krotki czas pasazu, tzn. cala tres¢ pokarmowa przechodzi
przez przewdd pokarmowy w ciagu zaledwie 3—5 godzin, przez co zwiazki aktywne maja
bardzo ograniczony zakres dziatania na mig$nie gtadkie (Moran i in., 2022). Tymczasem
u $win jako zwierzat monogastrycznych i wszystkozernych, trawienie w duzym stopniu
opiera si¢ na precyzyjnej regulacji perystaltyki, a pasaz tresci trwa ok. 30—40 godzin
(Moran 1 in., 2022; Rayner i Wenham, 1986). W przypadku drobiu proces trawienia
obejmuje przede wszystkim fermentacje w jelitach slepych, w ktorej uczestnicza drobne

1 rozpuszczalne frakcje pokarmowe. Czastki o wigkszej Srednicy sg szybko wydalane
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przez kloake, co skutkuje relatywnie krétkim czasem retencji treSci pokarmowej w
przewodzie pokarmowym. Taka organizacja trawienia sprzyja przewadze mechanizmow
pobudzajacych perystaltyke jelit nad dlugotrwalg fermentacja mikrobiologiczng. U $win
niestrawione resztki pokarmowe, po krotkim pasazu przez jelito S$lepe, ulegaja
dhugotrwatej ekspozycji na mikroflor¢ w obrebie calej okrgznicy (Moran, 1982). Tak
znaczna roznica w jakosci i1 czasie trwania fermentacji moze przektadac si¢ na odmienne
reakcje migsni gladkich na badane kwasy fenolowe 1 wyciag z melisy lekarskiej. U owiec,
bedacych przedstawicielami przezuwaczy, aktywno$¢ motoryczna przewodu
pokarmowego jest bardziej ztozona. W zwaczu i czepcu zachodzi trawienie bakteryjne
tresci pokarmowej, zawarto$¢ moze zosta¢ zwrocona do jamy ustnej i ponownie przezuta.
Po przezuciu i ponownym potknigciu pokarm omija poprzednie komory i trafia do ksiag,
gdzie jest rozdrabniany przez skurcze migs$ni. Ostatecznie trafia do trawienca, ktory jest
podobny do zotadka innych zwierzat. Tak skomplikowania motoryka poczatkowej czgsci
przewodu pokarmowego moze sugerowaé rowniez odmiennie odbierane bodzce w
dalszych czesciej przewodu pokarmowego w stosunku do zwierzat monogastrycznych,
mimo ze jelito cienkie i grube tych gatunkoéw sa zbudowane anatomicznie podobnie
(McAnally i in., 1944).

W literaturze naukowej opisano liczne przyktady roslin wykazujacych odmienne
dziatanie farmakologiczne lub toksykologiczne w zalezno$ci od gatunku zwierzecia, co
przynajmniej czg¢sciowo wynika z rozni¢ anatomicznych 1 fizjologii przewodu
pokarmowego (Butterweck, 2003; Fornal, 2001; Moritz 1 Aboling; 2024; Rabee, i in.,
2025; Salgado 1 in., 2011Yamato 1 in., 2005).

Rozw¢j 1 organizacja przewodu pokarmowego oraz unerwienia §rod§ciennego rdznig si¢
istotnie pomigdzy gatunkami gospodarskimi, co ma znaczenie dla funkcji trawiennych
1 indukowanej farmakologicznie reaktywno$ci mie$niowki gladkiej. U owiec jako
przezuwaczy, w okresie noworodkowym przewod pokarmowy funkcjonuje w sposob
zblizony do ukladu monogastrycznego, a mleko kierowane jest bezposrednio do
trawienca przez rynienke przetykowa (Wardrop 1 Coombe, 1961). Wraz
z wprowadzeniem paszy stalej nastepuje intensywny rozwdj brodawek zwacza,
kolonizacja mikrobiologiczna oraz przebudowa neuronéw jelitowego uktadu
nerwowego (ENS), ktorej neurochemiczna organizacja charakteryzuje si¢ przewaga
neurondw cholinergicznych kontrolujacych motoryke i1 VIP-ergicznych (ktérych
glownym  neuroprzekaznikiem jest wazoaktywny peptyd jelitowy (VIP))
odpowiedzialnych za relaksacj¢ miesni (Baldwin i Connor, 2017, Weyns, 1988). U $win,
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rozw0j jelita po urodzeniu obejmuje wysoka aktywno$¢ enzymow trawigcych laktoze,
dynamiczng przebudowe kosmkow i reorganizacje ENS w okresie odsadzania (Pluske,
2016). Neuroprzekaznictwo w jelicie cienkim $§win opiera si¢ gldwnie na neuronach VIP-
ergicznych 1 serotoninergicznych, modulujacych sekrecj¢ i1 perystaltyke, natomiast w
jelicie grubym dominujg neurony, gdzie neuroprzekaznikiem jest tlenek azotu, hamujace
skurcze segmentalne (Barbiers i in., 1993; Kovsca Janjatovic i in., 2012). Testy
czynnosciowe potwierdzily, ze blokada syntazy NO w mig$niach okreznicy $wini
prowadzi do znacznego ograniczenia relaksacji migsniowej, co wskazuje na udzial NO w
hamowaniu motoryki (Stebbing i in., 2012). U kur, ktérych przewod pokarmowy rozwija
si¢ intensywnie juz w stadium embrionalnym, ENS jest w petni skolonizowany przez
komorki pochodzenia grzebienia nerwowego przed wykluciem (Maruccio, i in., 2008).
Od momentu wyklucia tempo rozwoju przewodu pokarmowego pisklat przewyzsza
tempo przyrostu masy ciala, zarowno fizycznie (masa wzgledna), jak i morfologicznie
(wysokos$¢ 1 obwod kosmkow jelitowych oraz ich objetosé) (Jin, i in., 2008). Po wykluciu
obserwuje si¢ gwaltowny wzrost aktywno$ci enzymow trawiennych oraz rozwoj
mikroflory jelit §lepych (Jin, iin., 2008). Neuroprzekaznictwo u ptakow opiera si¢ w
duzej mierze na serotoninie i histaminie, ktore odgrywaja kluczowa rol¢ w kontroli
motoryki zotadka migsniowego i jelit (Lyte i in., 2022). Tlenek azotu uczestniczy w
kontroli motoryki przewodu pokarmowego ptakéw i1 prawdopodobnie jest rowniez
produkowany w  polaczeniach neuronowo-neuronaczyniowych 1 nerwowo-
naczyniowych. (Li 1 in., 1994, Martinez 1 in., 1993). Roznice te, zarowno w zakresie
rozwoju morfologicznego, jak 1w neurochemii ENS, moga powodowa¢ odmienng
odpowiedzZ farmakologiczng i fizjologiczna na bodZce trawienne oraz srodki modulujace
motoryke przewodu pokarmowego, w tym tu badane substancje, tj. wyciag z liSci melisy
oraz wybranych kwasoéw fenolowych.

Istnieje wiele dowodow na to, ze motylina (MLN) moze by¢ silnym mediatorem dziatania
lekéw ziotowych na motoryke przewodu pokarmowego (Cho i in, 2023; Jia 1 in., 2022,
Tang i in., 2022; Zhu i in., 2020). Pozwala to domniemywac, ze rowniez wyciag z melisy
lekarskiej oraz badane kwasy fenolowe wptywaja na aktywno$¢ motoryczna jelit poprzez
modulacje poziomu MLN. Jednak weryfikacja tego mechanizmu nie byta przedmiotem
niniejszej pracy ze wzgledu na ograniczony udzial komponentu hormonalnego w
wykorzystanym modelu eksperymentalnym. Motylina jest hormonem Zotadkowo-

jelitowym, wytwarzanym w gornym odcinku jelita cienkiego. Jej najlepiej poznang

53



funkcjg jest udziat w regulacji ruchow perystaltycznych, a zmiany poziomu MLN sa
zwigzane z chorobami przewodu pokarmowego (Cho i in, 20203).

Najbardziej réznorodne efekty oddziatywania wyciggu z melisy 1 jej skiadnikow
odnotowano u brojlerow kurzych. Ekstrakt z melisy, wykazywal dziatanie
przeciwskurczowe wobec spontanicznej aktywnos$ci motorycznej jelita czczego, ale
jednoczesnie dziatanie prokinetyczne wobec aktywnos$ci wywotanej ACh natomiast kwas
rozmarynowy 1 litospermowy nasilaty skurcze spontaniczne i hamowaly aktywnos$¢
indukowang ACh. Migsnie gltadkie wykazujg zmienng reakcje na rdzne substancje, w
zaleznos$ci od regionu jelita, na przyklad przestawiony w tej pracy wyciag z melisy
lekarskiej w przypadku owcy czy $wini, kwas rozmarynowy w przypadku broilera
kurzego, a takze serotonina w przypadku szczura (zotadek jest bardzo wrazliwy na
serotoning, podczas gdy jelito cienkie jest niewrazliwe na dzialanie tej bioaminy) (Weyns,
1988). Podobnie odmienne wyniki oddziatywania kwasu medikagenowego (co do sily i
czgsciowo charakteru) zaobserwowano w badaniach saponin (Mendel et al., 2016¢) i
wybranych flawonoidéw (Mendel et al., 2016b) na wycinkach trawiefica i dwunastnicy
krowy. W przypadku wptywu kwasu rozmarynowego na skurcze indukowane ACh na
okrezng migsniowke jelita czczego $wini efekt byt dwufazowy, w nizszych dawkach
zaobserwowano obnizenie sity skurczu, a w wyzszych nasilenie, odwrotng sytuacj¢
zaobserwowano we wptywie wyciagu z melisy lekarskiej w mig$nidowce podtuznej jelita
czczego owcy, gdzie w nizszych dawkach podanie wyciagu spowodowato nasilenie sity
skurczu wywotanego ACh, a w wyzszych dawkach jego ostabienie. Podobnie dwufazowe
dzialanie zaobserwowano w przypadku chinskiej herbaty MJT (produkowanej z rosliny
zielnej Dracocephalum rupestre Hance (pszczelnik skalny)) na oprdznianie Zoladka i
ruchy jelita cienkiego u szczuréw (in vivo). Niskie i1 $rednie stezenia promowaty
motoryke przewodu pokarmowego, podczas gdy wysokie stgzenie wykazalo efekt
przeciwny (Wu i in., 2023).

Réznice w charakterze i sile oddzialywania wyciagu z melisy 1 jej wybranych sktadnikow
w zaleznosci od badanego gatunku zwierzat potwierdzaja, ze bledem jest bezposrednia
ekstrapolacja migdzygatunkowa, zar6wno w odniesieniu do oczekiwanych efektow, jak i
dawek je wywotujacych. Obserwacje z przeprowadzonych doswiadczen potwierdzaja
koniecznos¢ prowadzenia badan farmakokinetycznych w zakresie skutecznosci i
bezpieczenstwa preparatéw ziotowych w odniesieniu do gatunkéw docelowych. Jest to
zgodne z obserwacjami dotyczacymi lekow syntetycznych, np. w przypadku lekow

przeciwpasozytniczych (lewamizolu, albendazolu, fenbendazolu, moksydektyny,
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doramektyny i iwermektyny) nawet w obrgbie grupy przezuwaczy (owce, kozy, bydto)
zauwazalna jest duza roéznica w farmakokinetyce i farmakodynamice tych substancji
(Myers, 2020). Przyktady réznej wrazliwosci 1 konieczno$ci stosowania zréznicowanego

rezimu dawkowania roslin leczniczych u zwierzat przedstawiono w Tabeli 6.

Tabela 6. Przyktady ré6znego dawkowania ziot u zwierzat domowych (Brendieck-Worm i
in., 2015; Brendieck-Worm, 2021; Brendieck-Worm 1 Melzig, 2021; Heinrich 1 in. 2018;
Katerere 1 Luseba, 2010; Samuelsson i Bohlin, 2009; Rotblatt, 2000; Schulz 1 in. 2012;
Wynn i in., 2007):

. Gatunek . Powdd zréznicowanego
Ziolo . . Dawkowanie .
zwierzecia dawkowania

bydto 20 g/dzien/zwierz¢ = Fermentacja Zwaczowa zapobiega

Allium

sativum L. @iy

1-3% w paszy

dziataniu toksycznemu zwigzkow

disiarczkowych
10-30 Fermentacja Zwaczowa nasila
bydto . : : . :
g/dzien/zwierze degradacj¢ substancji czynnych i
Curcuma _ ‘
kury 0,5-1% w paszy powoduje konieczno$¢ wyzszego
longa L. .
15-20 mg/kg m.c./  dawkowania
psy .,
dzien
- 500-1000 mg 2 x Zrdznicowana biodostepnosé
onie
dzien substancji czynnych oraz
50-100 wrazliwos¢ uktadu
Echinacea . )
mg/kg/dzien (w odpornosciowego
Spp. psy .
podzielonych
dawkach)
$winie, drob  0,5-2% w paszy
bydto 5-15 g/dzien Nizsza dawka stosowana u

Silybum o
. Swinie
marianum

L.)

200-500 mg/kg
paszy

monogastrycznych ~ wynika  z
wyzszej biodostepnosci substancji

czynnych i wrazliwosci komoérek

S ok. 20 mg/kg m.c.
psy g/kg ity
drob 0,1-0,5% w paszy Wyzsza  toksyczno$¢  olejkow
Thymus
eterycznych dla

vulgaris L.

przezuwacze

1-2% w paszy

monogastrycznych, w tym ptakow

55



Z punktu widzenia praktyki hodowlanej, szczegolne znaczenie moze mie¢ zastosowanie
melisy lekarskiej jako surowca roslinnego o potwierdzonej smakowitosci. Jej obecnos¢
w dawce pokarmowej moze przyczyniaé si¢ do zwickszenia dobrowolnego pobierania
paszy przez zwierze¢ta gospodarskie, co, w potaczeniu z wykazang aktywnos$cia
spazmolityczng, moze pozytywnie wptywac na efektywnos$¢ wykorzystania sktadnikow
odzywczych. W $wietle uzyskanych wynikow eksperymentalnych, efekt ten wydaje si¢
szczegolnie istotny w odniesieniu do przezuwaczy, takich jak owce. Nalezy jednak
podkresli¢ konieczno$¢ zachowania ostrozno$ci przy stosowaniu wyzszych dawek
ekstraktow zawierajagcych kwas rozmarynowy, kwas chlorogenowy oraz kwas
litospermowy, gdyz wykazano, ze w zwickszonych stezeniach zwigzki te moga
indukowac¢ odpowiedz proskurczowa migsnidwki gladkiej jelita czczego i okreznicy, co
zostato udokumentowane w badaniach przeprowadzonych in vitro na modelu swinskim
(Tab. 5).

Interpretujac wyniki badan in vitro, nalezy uwzgledni¢ ograniczenia zwigzane z brakiem
integracji takich uktadoéw regulacyjnych jak o$ podwzgoérze—przysadka—nadnercza,
autonomiczny uktad nerwowy czy mikrobiom jelitowy. Uktady te, w warunkach in vivo,
w sposéb istotny moduluja funkcjonowanie przewodu pokarmowego, w tym rowniez
aktywnos$¢ motoryczna jelit.

Dotychczasowe badania wykazatly, ze migsnie gltadkie przewodu pokarmowego
ssakow 1 ptakéw wykazujg ekspresje wszystkich pigciu podtypow receptoréw
muskarynowych (So i in., 2003; Suguro i in., 2010). Sposrod nich, szczegodlne znaczenie
funkcjonalne przypisuje si¢ podtypom M1, M2 i M3. Dane eksperymentalne uzyskane w
doswiadczeniach z wykorzystaniem gryzoni oraz psow wskazuja, ze pomimo przewagi
liczebnej receptorow M2, to receptory M3 odgrywaja kluczowa role w regulacji motoryki
przewodu pokarmowego (Michel 1 Whiting, 1988; Abrams 1 in., 2006; Eglen i1 Harris,
1993; Uchiyama i Chess-Williams, 2004). Podtyp M3 stanowi jedyny receptor
muskarynowy jednoznacznie zaangazowany w inicjacje¢ odpowiedzi skurczowej migsni
gtadkich pod wplywem agonistow muskarynowych w warunkach in vitro (Preiksaitis 1
Laurier, 1998; Lin i in., 1997; Honda i in., 1993; Shi i Sarna, 1997; Ehlert i in., 1999).
Receptory M1, obecne gléwnie w neuronach splotow $rodsciennych oraz komodrkach
gruczotowych, odpowiadajg za modulacj¢ wydzielania §liny 1 soku zotagdkowego oraz

wzmacnianie transmisji cholinergicznej w obrebie jelit, co moze posrednio wplywac na
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nasilanie perystaltyki (Stadelmann i in., 1998; Tobin i in., 2009). W $wietle powyzszego,
w pierwszym etapie badan wlasnych przeprowadzono ocen¢ ogoélnego udziatu
receptorow muskarynowych w odpowiedzi skurczowej jelita czczego brojlera kurzego
wywotanej przez kwas rozmarynowy. Zastosowanie nieselektywnego antagonisty
receptoréw muskarynowych, tj. atropiny, pozwolito wykazaé, ze blokada tych
receptoréw istotnie redukuje amplitude skurczéw, co wskazuje, iz kwas rozmarynowy
wywiera swoje dziatanie kurczliwe wlasnie poprzez aktywacje receptorow
muskarynowych (Ryc. 11). W kolejnym etapie zastosowano selektywnego antagoniste
receptora M1 (pirenzeping). Zahamowanie kurczliwo$ci mig$ni po podaniu tej substancji
bylo bardziej wyrazne w przypadku kwasu rozmarynowego niz acetylocholiny (Ryc. 12),
co sugeruje, ze receptor M1, cho¢ tradycyjnie kojarzony z funkcja wydzielniczg, moze
rowniez wspotuczestniczy¢ w odpowiedzi skurczowej wywolanej przez badany zwigzek.
Nastepnie przeprowadzono testy z uzyciem selektywnego antagonisty receptora M3, t;.
4-DAMP. Obserwowano wyrazne zahamowanie skurczéw, zblizone do efektu dziatania
atropiny (Ryc. 13), co jednoznacznie potwierdza, ze receptory M3 odgrywaja kluczowa
role w transmisji sygnatu skurczowego w migsnidwcee jelita czczego brojlera kurzego

indukowanej przez kwas rozmarynowy.

W dalszej czesci eksperymentu skoncentrowano si¢ na okresleniu roli jondw wapnia
(Ca*") jako gldwnego czynnika inicjujacego mechanizm skurczu w migéniach. Zgodnie z
obowigzujagcym paradygmatem fizjologii miesni  gladkich, wzrost stezenia
cytoplazmatycznego jonow Ca?" jest warunkiem koniecznym do wystgpienia odpowiedzi
skurczowej (Bitar 1 in., 1986; McFadzean 1 Gibson, 2002). W celu identyfikacji Zrodet
wapnia, zastosowano roztwor M K-HS pozbawiony jonow Ca*'. Uzyskane wyniki
wykazaly istotne roznice w odpowiedzi skurczowej pomiedzy preparatami
inkubowanymi w $rodowisku z obecno$cig wapnia a probkami pozbawionymi tego
sktadnika (Ryc. 14), co sugeruje udziat pozakomérkowego naptywu Ca** w odpowiedzi
skurczowej indukowanej przez kwas rozmarynowy. Dla pordwnania rozmarynian etylu
(estrowa pochodna kwasu rozmarynowego) indukuje przeciwny efekt - relaksacje
pierScieni aorty szczura miedzy innymi poprzez blokade zaréwno uwalniania Ca’" z
magazynéw wewnatrzkomorkowych, jak i naptywu Ca®" pozakomorkowo (Wicha i in.,
2015), co dowodzi wykorzystywania tego samego szlaku wptywu na kurczliwo$¢, ale w

przeciwny sposob.
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Dostgpne dane wskazuja, ze kwas rozmarynowy oraz ekstrakty z rozmarynu moga
hamowa¢ aktywno$¢ acetylocholinoesterazy (AChE) w os$rodkowym ukladzie
nerwowym gryzoni i ryb (Capatina i in., 2020, Rahbardar 1 Hosseinzadeh, 2020). Enzym
ten odpowiada za rozkladanie acetylocholiny, dlatego jego zahamowanie prowadzi do
wzrostu st¢zenia ACh i nasilenia sygnalizacji cholinergicznej. Cho¢ te dane pochodza
gléwnie z badan mozgu, mozna wykorzystac je probujac interpretowacé wyniki uzyskane
z doswiadczen na wycinkach jelit, w ktorych jednym z dominujgcych elementow
regulujacych motoryke jest jelitowy uktad nerwowy. Podazajac za koncepcja Capatina 1
in. (2020) mozna przyjaé, ze RA zwicksza lokalnie stezenie ACh w jelicie i dziala
presynaptycznie, tzn. nie tylko bezposrednio na receptory migsniowki, ale takze poprzez
zwigkszanie uwalniania lub dostepnosci neuroprzekaznika w zakonczeniach nerwowych
ENS. Pomimo uzyskanych wynikéw, mechanizm dziatania kwasu rozmarynowego
pozostaje nie w pelni wyjasniony. W szczegdlnosci wymaga dalszych badan rola
poszczegolnych podtypdéw kanatéw jonowych oraz potencjalne interakcje RA z innymi
szlakami sygnalizacyjnymi w migéniach gladkich. Przyszie eksperymenty powinny
obejmowac zarowno analizy farmakologiczne z selektywnymi blokerami, jak 1 podejsécia

molekularne umozliwiajace petniejsze zrozumienie tego ztozonego mechanizmu.

Podsumowujac, ziota, w tym Melissa officinalis, sa obecnie stosowane w przemysle
paszowym gléwnie jako dodatki sensoryczne i1 $§rodki poprawiajace stan zdrowia.
Uzyskane wyniki wskazuja, ze wszystkie badane substancje (kwas chlorogenowy, kwas
rozmarynowy, kwas litospermowy), a takze caly wyciag z melisy lekarskiej wykazuja
silny wptyw na wycinki jelita czczego oraz okreznicy owiec, $win i brojleréw kurzych w
warunkach in vitro, co potencjalnie otwiera mozliwosci ich wykorzystania jako
naturalnych modulatoréw motoryki przewodu pokarmowego. Otrzymane dane sugeruja,
ze zwigzki te moga przyczynia¢ si¢ do poprawy funkcji trawiennych zwierzat
gospodarskich, jednak wymagaja dalszych badan w warunkach in vivo w celu pelnego

okreslenia ich dziatania oraz bezpieczefistwa stosowania.
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. Podsumowanie i wnioski

. Ekstrakt z melisy lekarskiej oraz jego gltowne kwasy fenolowe wywieraja
znaczacy, ale zroznicowany wptyw na aktywno$¢ motoryczng jelit brojlerow
kurzych, swin 1 owiec, zalezny od gatunku, odcinka jelita oraz rodzaju
migsniowki.

. Mechanizm dziatania kwasu rozmarynowego obejmuje udzial receptorow
muskarynowych M1 1 M3, co potwierdzono poprzez zastosowanie selektywnych
blokerow oraz warunkowany jest obecnos$cig wapnia zewnatrzkomorkowego, co
wskazuje na kluczowa role naptywu Ca** w inicjowaniu skurczow jelitowych
wywolywanych przez t¢ substancje.

. Doktadny mechanizm dziatania kwasu rozmarynowego nie zostal w pelni
wyjasniony; konieczne sa dalsze badania nad udzialem innych receptoréw
i kanatéw jonowych w regulacji motoryki jelit.

. Wyniki badan potwierdzaja, ze ekstrakt z melisy lekarskiej oraz jego glowne
kwasy fenolowe moga modulowa¢ perystaltyke przewodu pokarmowego, co
sugeruje mozliwo$¢ ich praktycznego zastosowania w zywieniu zwierzat w celu
poprawy zdrowia i efektywnos$ci trawienia.

. Ziota 1 ich aktywne skladniki moga stanowi¢ potencjalne dodatki paszowe
wspierajace funkcjonowanie przewodu pokarmowego, jednak ich efekt nie jest
uniwersalny 1 wymaga weryfikacji w odniesieniu do poszczegdlnych gatunkéw
zwierzat.

. Zastosowanie alternatywnego modelu 1zolowanych wycinkéw przewodu
pokarmowego pozyskanych od zwierzat poddawanych ubojowi, stwarza szans¢
na prowadzenie wiarygodnych, szybkich i stosunkowo nisko kosztochtonnych
badan przedklinicznych pozwalajacych oceni¢ potencjatl badanych substancji do

modyfikowania kurczliwos$ci r6znych odcinkéw przewodu pokarmowego.
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ABSTRACT Melissa officinalis (lemon balm) has a
long history of being used in traditional medicine for the
treatment of gastrointestinal tract disorders in human
thanks to its spasmolytic and stress reducing effects.
These pharmacological properties have been confirmed
in laboratory animals. Unfortunately, in the case of vet-
erinary medicine, the effect of lemon balm on gut con-
tractility has been never subjected to a detailed
investigation. On the other hand, there is urgent need of
new drugs that could be safely used in animals for both,
causative and symptomatic treatment. In broiler
chicken, one of the major health concerns includes gas-
trointestinal disorders with gut hypermotility. Thus, it
is crucial to verify the potential utility of Melissa offici-
nalis extract in gastrointestinal dysmotilities. The aim
of the study was to analyze the effect of lemon balm
extract and some of its active ingredients on chicken
intestine motility. The study was performed on isolated
proximal and distal jejunum preparations collected from
broiler chicken which underwent routine slaughter pro-
cedure. The effect of lemon balm and 3 phenolic acids

(rosmarinic, chlorogenic, and lithospermic) was verified
under isometric conditions, toward spontaneous and
acetylcholine (ACh)-induced smooth muscle activity.
Surprisingly, M. officinalis turned out to be rather a
myocontractile agent as it increased ACh-provoked con-
tractility of proximal and distal jejunum strips and also
intensified the spontaneous activity of distal jejunum.
Only in the case of proximal intestine lemon balm
extract diminished the force of spontaneous motoric
activity up to approx. Sixty-seven percent of the control
conditions. None of the tested phenolic acids displayed
analog effect with the whole plant extract. In fact in the
case of ACh-induced contractility, the acids had the
opposite, that is, myorelaxant, effect than the extract,
with a small exception of lithospermic acid in distal jeju-
num. Thus, it is impossible to assign one or more indi-
vidual constituents to the effect of the whole Melissa
officinalis extract. The obtained results do not support
the use of lemon balm extract in broiler diseases which
are accompanied by gut motility disturbances, including
diarrhea.

Key words: broiler, intestine, contractility, Melissa officinalis, rosmarinic acid

INTRODUCTION

Melissa officinalis (lemon balm) has a long history of
being used in traditional medicine for the treatment of
gastrointestinal (GI) tract disorders in human thanks to
its spasmolytic (Aubert et al., 2019; Sharifi-Rad et al.,
2021) and stress reducing effects (Nasri and Rafieian-
Kopaei, 2013; Pineau et al., 2016; Frag et al., 2023).
Additionally, in the combination with valerian, lemon
balm is effective in the treatment of restlessness and
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dyssomnia in children (Miiller and Klement, 2006). It is
documented that Melissa officinalis has sedative,
antipyretic, antispasmodic, antihypertensive, anti-Alz-
heimer, and antiseptic effects (Zarei et al., 2015; Shakeri
et al., 2016; Miraj et al., 2017; Swiader et al., 2019; Shar-
ifi-Rad et al., 2021; Carvalho et al., 2023). Significant
antimicrobial properties of the aerial parts of M. offici-
nalis are confirmed primarily against gram-positive bac-
teria and yeasts (Abdel-Naime et al., 2019). It has been
also proven that lemon balm can be useful in the fight
against COVID-19 (Prasanth et al., 2021). Vasorelaxant
effects of Melissa officinalis extract with rosmarinic acid
as the most abundant constituent was confirmed toward
isolated thoracic aortic rings (Ersoy et al., 2008). In clin-
ical trials with infants, lemon balm, as a component of a
herbal medicine containing standardized extracts of
Matricariae recutita, Foeniculum wvulgare, and Melissa
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officinalis, has proven to be effective as a medicine that
relieves colic-related symptoms (Savino et al., 2005).
Melissa was also shown to be a very potent antidepres-
sant agent. A study of Araj-Khodaei et al. (2020) dem-
onstrated that the plant had an equal effect as
fluoxetine which is a popular anti-depressant from the
group of selective serotonin reuptake inhibitors (SSRIs)
According to Emamghoreishi and Talebianpour (2015),
the antidepressant-like activity of lemon balm was com-
pared to imipramine (a tertiary amine tricyclic antide-
pressant) and may have a potential clinical value for the
treatment of depression. The observation of the effect of
Melissa officinalis essential oil on trauma revealed its
ability to reduce edema proving its potential anti-
inflammatory activities. This assumption is in compli-
ance with the traditional application of the plant in vari-
ous diseases associated with inflammation and pain
(Bounihi et al., 2013). Similarly to human medicine,
there is also strong evidence for ethnoveterinary use of
Melissa officinalis (Lans et al., 2007). Herbs, including
Melissa officinalis, show prebiotic effects and supports
the immunity of the whole body (Radkowska, 2013;
Shakeri et al., 2016). Mind these pharmacological activi-
ties, Melissa officinalis, as in the case of many other
medicinal plants (MPs), offer an interesting alternative
to standard medicines, especially antimicrobials (Abdel-
latif et al., 2014; Abdel-Naime et al., 2019; Sharifi-Rad
et al., 2021). Besides, as a highly palatable herb for ani-
mals, lemon balm may lead to increased nutrient intake
(Windisch et al., 2008). The safety of a commercial dried
aqueous ethanol extract of Melissa officinalis L. leaves
(Nor-Balm) as a feed additive was confirmed for all ani-
mal species (EFSA et al., 2020). The introduction of
phytogenic feed additives is also in line with the popular-
ity of the organic farming system which is increasing
with consumers’ awareness (Poultry, 2023).
Noteworthy, gastrointestinal disorders might pose a
serious threat both to the welfare of the animal and eco-
nomic losses for the farmer. Furthermore, GI disorders
affecting motility are important for digestion and nutri-
ent uptake, as well as for gut microbiome homeostasis
(Ferket, 2011; Lee et al., 2013; Sensoy, 2021). In poultry,
many infectious agents, mainly Salmonella enterica
(Ding et al., 2021) and parasites: coccidia, nematodes, or
roundworms but also diseases like bursal disease,
directly affect intestinal transit (Hoerr et al., 1980;
McDougald Larry, 1998; El Jeni et al., 2021; Bindari
and Gerber, 2022). Motility disorders are often chronic
and require causative and symptomatic medication over
a long period of time. Thus, substances of high efficacy
and safety, as well as no withdrawal period are of inter-
est. Consequently, there is a constant need to search for
new, effective, and inexpensive tools to react on or pre-
vent gastrointestinal disturbances. Of note, herbal reme-
dies and feed additives are very welcomed by modern
societies (Radkowska, 2013). Plant extracts are promis-
ing candidates for products bringing relief to patients
with functional GI diseases both as a symptomatic medi-
cation and as a feed additive for long-term consumption.
To address the expectations of consumers and farmers, a

study aimed at the verification of the utility of standard-
ized Melissa officinalis extract (Nor-balm) and its main
active substances from the group of phenolic acids, that
is, rosmarinic acid, chlorogenic acid, and lithospermic
acid (EFSA et al., 2020) to control GI contractility was
carried out on an alternative model of isolated chicken
intestine.

MATERIALS AND METHODS
Chemicals

Modified Krebs-Henseleit solution (M K-HS) was
used as an incubation medium. This solution contained
123.76 mM NaCl, 5 mM KCI, 2.5 mM CaCl,, 1.156 mM
MgSO,, 14.5 mM NaHCOs;, 2.75 mM KH,PO,, and
12.5 mM glucose, all purchased from Avantor Perfor-
mance Materials, Gliwice, Poland. The pH of M K-HS
was maintained at 7.35 to 7.45 through the whole experi-
ment, with addition of carbogen (95% O,/5% COy).
Temperature conditions were set to 38°C. Acetylcholine
chloride (ACh) and isoproterenol hemisulfate salt
(Isop) (Sigma-Aldrich, Taufkirchen, Germany) were
used as a myocontractile and myorelaxant reference
agents, respectively.

Lemon balm (Melissa officinalis 1.) leaf extract
(Nor-balm) was produced and standardized on the
content of rosmarinic acid (EFSA et al., 2020) by the
company Nor-Feed. The main active substances of
lemon balm from the group of phenolic acids are ros-
marinic acid (RA) (Sigma-Aldrich, Bratislava, Slova-
kia),  lithospermic  acid  (LA) (PhytoLab,
Vestenbergsgreuth, Germany), and chlorogenic acid
(ChA) (Sigma-Aldrich, Chengdu, China) (Carocho
et al., 2015; EFSA et al., 2020). The extract was
tested over a range of concentrations: 0.1 ug/mL to
0.1 mg/mL, whereas the active ingredients were eval-
uated in the concentration range of 0.001 to 100 M.
In case of rosmarinic the range of tested concentra-
tions reflects the concentrations of Nor-balm of 1 ug/
ml and higher. The other acids were examined at
the concentrations higher than those found in the
extract. However, all active ingredients were evalu-
ated at the same range of doses to compare the effect
between each other. The stock solutions and serial
dilutions of the extract were prepared in the incuba-
tion medium, RA, ChA and LA were first dissolved
in dimethyl sulfoxide—DMSO (Sigma Aldrich, Tauf-
kirchen, Germany). Further dilutions were made in
distilled water. The final concentration of DMSO in
the tissue incubation chambers never exceeded 0.5%.

All solvents used in high-performance liquid chro-
matography (HPLC) were of HPLC grade. Methanol
and acetonitrile were purchased from Sigma-Aldrich.
Deionized water from a Millipore Milli-Q water sys-
tem was used to prepare mobile chromatographic
phases. Analytical standards which were used to con-
firm MEO active compounds identification (chloro-
genic acid, caffeic acid, p-coumaric acid, and ferulic



MELISSA OFFICINALIS EFFECT ON BROILER GUT MOTILITY 3

acid) were purchased from Extrasynthese (Genay,
France).

Lemon Balm Leaf Extract Characterization

Sample Preparation Lemon balm leaf extract was
weighed (50 mg) and solubilized in 1 mL of methanol.
After 5 min of sonication bath (S30H, Elmasonic, Sin-
gen, Germany), the mixture was centrifuged for 10 min
at 13,000 x ¢ and the supernatant has been recovered
for HPLC-MSn analysis and HPLC-UV analysis.
High-Performances Liquid Chromatography Analy-
sis HPLC-UV analysis (Waters Separations Module
2695 equipped with a Waters dual-wavelength UV /Visi-
ble Detector 2489) were performed following the meth-
odology employed by Dastmalchi et al. (2008) and using
a Zorbax SB-C18 analytical column (250 mm x 4.6 mm,
5 um). Each analysis has been performed on 5 different
batches of lemon balm leaf extract. The injection volume
was 10 L. The mobile phase was composed of 0.1%
(v/v) of formic acid in deionized water (A) and 0.1%
(v/v) of formic acid in acetonitrile (B) at a flow rate of
1 mL/min. The initial condition was 10% (B), and 90%
(A). A gradient program was performed as follows: 10 to
35% B in 20 min, constant 3% B for 3 min, 35 to 100% B
in 3 min, and constant 100% B for 1 min before return-
ing to initial condition for 1 min. The objective here was
to determine the HPLC-UV profile of lemon balm leaf
extract hydroxycinnamic acids and confirm the identifi-
cation of its active compounds via the comparison of
their retention times to those of authentic standards
under identical analysis conditions and by comparison
of their UV spectra with the profile of each lemon balm
leaf extract peak. As all authentic standards of hydroxy-
cinnamic acids were not available, HPLC-MS" analysis
was performed in parallel to complete the identification
of lemon balm leaf extract hydroxycinnamic acids. Anal-
yses was performed on a 2695 HPLC module coupled to
a 2489 UV /Visible Detector (Waters, Saint-Quentin en
Yveline, France) and an Esquire 3000 plus mass spec-
trometer (Bruker, Wissembourg, France), following the
same HPLC conditions as described in HPLC-UV part.
Metabolites were identified using both positive and neg-
ative ionization modes. The ion source temperature was
maintained at 340°C. A full scan was carried out within
the m/z range of 50 to 1,500 using a collision energy of
1 V. Spectral data were analyzed using DataAnalysis
software (Bruker). Identification of lemon balm leaf
extract compounds was carried out by comparing
HPLC-MSn analysis data of each compound detected
with those reported in literature data, especially via the
SciFinder database (American Chemical Society—Sci-
Finder. Available online: http//sciFinder-n.cas.org/).
Quantification of Lemon Balm Leaf Extract Hydrox-
ycinnamic Acids Different concentrations of rosmar-
inic acid (0.5, 0.25, 0.12, 0.06, 0.03, and 0.0125 mg/mL)
were prepared and analyzed following the same method-
ology as described in HPLC-UV part. The area under
the curve has been monitored for each concentration

and the calibration curve has been done by plotting the
absorbance (A280 nm) as a function of the area under
the curve. Then, a 60 mg of lemon balm leaf extract
were prepared and analyzed following the same method-
ology as described in HPLC-UV part. The area under
the curve has been monitored for each active compound
identified in lemon balm leaf extract. Then, the com-
pounds were quantified using the calibration curve pre-
pared just before. The concentration of each compound
was determined following the formula below:

area under curve — b

C:

a

With:

B = intercept of the calibration curve.

A = slope of the calibration curve.

Results are expressed in rosmarinic acid equivalent.

Isolation and Preparation of Isolated
Intestines Strips

The intestine specimens were collected from routinely
slaughtered Ross breed chickens (Gallus gallus domesti-
cus) which had undergone ante- and postmortem inspec-
tion by the official veterinarian. The chickens were 35- to
45-days old at the time of slaughtering. The specimens
were collected from at least 5 different chickens, both
proximally and distally to Meckel’s diverticulum. Imme-
diately after collection, intestines were flushed to evacu-
ate the gut content and placed in ice-cold M K-HS. The
tissues were kept on ice until the time of dissection,
which occurred maximally 1 h after slaughter (transpor-
tation time). In the laboratory, each intestine piece was
opened and sections of about 5 x 20 mm in size were cut
parallel to the longitudinal smooth muscle fibers. Only
intestine samples with no visible pathological changes
on the mucosa and serosa were used for the experiments.

Data Registration, Expression, and
Statistical Analysis

Each intestine strip was suspended separately in the
individual chamber of a set for isolated tissue incubation
(Schuler Organ Bath, Hugo Sachs Electronik, March,
Germany) The slices were proximally connected to an
isometric force transducer (F30, type 372, Hugo Sachs
Elektronik, March-Hugstetten, Germany) and distally
to a hook fixed on a tissue holder. During the experiment
the reactivity of the specimens was measured as changes
in tension. The registered signal was converted by
a bridge amplifier (DBA, type 660, Hugh Sachs
Elektronik, March-Hugstetten, Germany), and then by
an analogue-digital registration set (PowerLab, ADIn-
struments, Sydney, Australia). The motor activity of
the samples was recorded and visualized by Chart v7.0
program (ADInstruments, Sydney, Australia). Data
analysis was performed by using Chart v8.1. program
and Microsoft Office Excel.
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The effect of all the examined substances and the
extract was based on changes in the smooth muscle
strips’ tension measured 5 min before and 5 min after
the application of any substance and calculated as AUC
(area under the curve). All results are expressed as per-
centage of the control reaction, that is, intestine
response to M K-HS or DMSO (0.5%) treatment in case
of spontaneous activity analysis and smooth muscle con-
traction caused by ACh (10 uM) added at the beginning
of the experiment in case of reactivity analysis. The reac-
tion induced by M K-HS, DMSO (0.5%) and acetylcho-
line in the reference dose were defined as 100% (control).
The results are presented as the mean values of 5 to 6
independent experiments. One-way ANOVA was con-
ducted using TIBCO StatSoft, Inc. (2019), STATIS-
TICA (data analysis software system), version 13.3
www.statsoft.com. Dunnett test was used for pairwise
comparison using the effect of M K-HS, DMSO (0.5%)
or ACh (10 uM) dissolved in DMSO (0.5%) as a refer-
ence. P value of <0.05 was considered significant.

The Course of Experiments

To allow the tissue to adapt to the in vitro conditions,
the strips were preincubated before each experiment for
45 min in M K-HS at 38°C with no added tension. In order
to provide the tissues with a sufficient amount of nutrients
the chambers were flushed with fresh, warm M K-HS
every 10 to 15 min. The stabilization of pH and oxygen
supply for the tissue was ensured by continuous gassing
with carbogen. After the initial incubation, a slight load
corresponding to tissue size (0.01 N tension) was applied
twice, 15 min apart. Upon the end of the preincubation,
the activity of intestinal muscle was checked by adding
ACh (1 uM) at least twice. Only the strips that reacted to
ACh properly and repeatedly, as well as exhibited clear
spontaneous contractility were included in the subsequent
experiment. Before the beginning of the experiment, the
solvent of the test substance was administered, that is, M
K-HS for the lemon balm extract and DMSO (0.5%) for
all 3 acids (negative control). After buffer exchange the
strips were challenged with ACh (10 uM) and motor
activity was recorded for 3 to 5 min. After the medium
was flushed and the spontaneous work stabilized either
the extract or one of the active ingredients was added, the
response was observed for 5 min and next ACh (10 uM)
was applied. Five minutes later the buffer was exchanged
and the treatment with the tested substance at the higher
concentration was proceeded. Consequently, the effect of
the extract and 3 acids toward spontaneous and ACh-pro-
voked contractility was assessed in a noncumulative man-
ner. At the end of the experiment, ACh and Isop were
administered to verify intestine reactivity and vitality.

RESULTS
Lemon Balm Leaf Extract Characterization

Lemon balm leaf extract hydroxycinnamic content
has been quantified by HPLC-UV analysis which

Table 1. The results of HPLC-UV analysis.

Hydroxycinnamic Quantity % in lemon balm

Peak acid derivatives Rt (min) (mg/g) leaf extract

1 Chlorogenic acid 7.9 0.79 0.08

2 Caffeic acid 10.4 0.68 0.07

3 p-Coumaric acid 13.9 <0.1 <0.01

4 Ferulic acid 14.8 <0.1 <0.01

5 m-Coumaric acid 15.8 <0.1 <0.01

6 Rosmarinic acid 17.6 54 5.4

identified 6 components (Table 1; Figures 1 and 2). The
complementary analysis by HPLC-MS" confirmed the
presence of one more hydroxycinnamic acid (Table 2;
Figure 1B). Rosmarinic acid has been identified as the
major extract compound of lemon balm leaf (54 mg/g),
followed by lithospermic acid (2.1 mg/g), chlorogenic
acid (0.79 mg/g), and caffeic acid (0.68 mg/g).

The Effect of Melissa Officinalis, Chlorogenic
Acid, Rosmarinic Acid, and Lithospermic
Acid on the Spontaneous Motor Activity of
Chicken Isolated Jejunum Strips

Control treatment with the solvent, that is, M K-
HS and DMSO (0.5%) in case of the lemon balm and
active ingredients, respectively, generated no signifi-
cant change of the spontaneous contractility of both
proximal and distal jejunum segment (Figures 3 and
4). The extract of Melissa officinalis provoked signifi-
cant disturbances of the spontaneous motor activity
of chicken jejunum. In case of the proximal segment,
remarkable changes were observed when the extract
was  administered at the concentration of
0.001 mg/mL or higher. The effect was always myore-
laxant in character and the size of the reaction
ranged from 86.67 £ 4.72 (for 0.001 mg/mL) to 67.44
+ 3.50 (for 0.1 mg/mL) % the control treatment
(Figure 3A). In the case of distal jejunum prepara-
tion, the changes in contractility were noted at the
same range of doses but the effect was opposite to
that noted in the proximal segment, that is, myocon-
tractile. When wused at the concentration of
0.001 mg/mL the extract caused a reaction amount-
ing to 121.24 + 4.63% of the control treatment. The
most pronounced contraction was noticed when the
extract was added at the highest concentration (0.1
mg/mL) and reached then 146.96 + 3.88% of the
control reaction (Figure 3B).

Rosmarinic acid affected significantly the spontaneous
motoric activity of both proximal and distal chicken
jejunum segments. Regardless of the origin of the strips,
the evoked reaction was always myocontractile and at
the range of concentrations 0.01 up to 100 wM. The size
of induced contractions of proximal jejunum prepara-
tions was dose-dependent and ranged from 115.49 +
7.58 to 157.33 & 1.83% of the control treatment for RA
in a dose of 0.01 and 100 M, respectively (Figure 4A).
In the case of distal jejunum specimens, the magnitude
of provoked contractions was comparable and amounted
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t0 114.03 £ 7.02 and 164.75 £ 3.91% of the control reac-
tion for RA used in the concentration of 0.01 and 100
uM, respectively (Figure 4B). Chlorogenic acid turned
out to be a potent myorelaxant agent in both jejunum
strips. In the case of proximal intestine segments signifi-
cant change of spontaneous contractility was observed
when ChA was added in the concentration of 0.1 uM
or higher. The size of the induced reaction amounted
to 85.62 + 4.04 and 65.13 £ 9.36% of the control
treatment for ChA in a dose of 0.1 and 100 uM,
respectively (Figure 4A). In case of distal jejunum
preparations, the first notable change in spontaneous
motoric activity was recorded when ChA was used in
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the concentration of 0.01 uM and amounted then to
87.04 + 6.60% of the control reaction. The strongest
inhibition of the contractility was measured when
ChA was applied in the highest tested concentration
(100 M) and reached then 64.60 + 5.98% of the
control treatment (Figure 4B). The least marked
effect was observed for lithospermic acid. LA did not
provoke any significant change of the spontaneous
motoric activity of proximal jejunum segments
(Figure 3B). However, it did modify the contractility
of distal jejunum specimens when applied in a dose of
1, 10 or 100 uM. The provoked reactions were always
myocontractile and their size ranged from 124.41 +
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Figure 2. The calibration curve of rosmarinic acid.



6 POSLUSZNY ET AL.

Table 2. The results of the complementary HPLC-MS" analysis.

Peak Hydroxycinnamic acid derivatives

Rt (min)

Quantity (mg/g) % in lemon balm leaf extract

7 Lithospermic acid

20.19 2.1 0.21

5.26 (1 uM) to 140.37 £+ 10.46 (100 uM) of the con-
trol treatment (Figure 4B).

The Effect of Melissa Officinalis, Chlorogenic
Acid, Rosmarinic Acid, and Lithospermic
Acid on Acetylcholine-Induced Contraction
of Chicken Isolated Jejunum Strips

Control treatment with the solvent, that is, M K-HS
and DMSO (0.5%) in case of the lemon balm and active
ingredients, respectively, produced no significant change
of the ACh-induced contractility of both proximal and
distal jejunum segments (Figures 5 and 6). The extract
of Melissa officinalis provoked a significant increase of

>
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the ACh-induced contraction of chicken jejunum. In
case of the proximal segment, the remarkable amplifica-
tion of the reaction was observed when the extract was
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of chicken jejunum—distal part. The results are expressed as % of spon-
taneous activity after applied of the control—solvent. Results shown
are the mean of 5 experiments, £ standard deviation. *P < 0.05 vs.
M K-HS/DMSO (0.5%).

concentration (0.1 mg/mL) and reached then 150.98
+ 6.95% of the control reaction (Figure 6A).
Rosmarinic acid significantly affected the ACh-
induced contractility of both proximal and distal
chicken jejunum segments (Figures 5 and 6). Regardless
of the origin of the strips, the evoked reaction was
always antispasmodic and remarkable in the range of
concentrations 0.1 up to 100 uM in the proximal part
and 0.001 to 100 M in the distal part of chicken jeju-
num. The degree of reduction of ACh-evoked contrac-
tions of proximal jejunum preparations was dose-
dependent and ranged from 79.49 £ 8.25 to 59.42 +
6.59% of the control treatment for RA in a dose of 0.1
and 100 uM, respectively (Figure 5B). In case of distal
jejunum specimens, the magnitude of decreased contrac-
tions was comparable and amounted to 88.30 £+ 7.11
and 59.70 =+ 3.30% of the control reaction for RA used in
the concentration of 0.01 and 100 wuM, respectively
(Figure 6B). Chlorogenic acid also decreased the force of
ACh-induced contractions in both jejunum strips (Fig-
ures 5 and 6). In the case of proximal intestine segments,
a significant change of ACh-induced contraction was
observed when ChA was added in the concentration of
0.001 uM or higher. Whereas, in the distal part, the

reduction of contraction size was evident only at the
concentration of 0.01 uM or higher. The provoked reac-
tions were always myorelaxant and their size ranged
from 80.57 £ 6.88 (0.001 uM) to 53.44 £ 10.46 (100
uM) of the control treatment in the case of proximal
jejunum specimens (Figure 5B) and 79.30 + 9.80 (0.1
uM) to 61.94 £ 7.69 (100 uM) of the control treatment
in case of distal jejunum specimens (Figure 6B). The
most interesting effect was observed for lithospermic
acid. LA provokes a significant decrease in the ACh-
induced contraction of proximal jejunum segments and
remarkable increase of distal jejunum segments (Figures
5 and 6). In the proximal segment significant change of
ACh-induced contraction was observed when LA was
added in the concentration or 0.001 uM or higher and
ranged from 80.57 £ 6.88 (0.001 ©M) to 53.44 + 10.46
(100 uM) of the control treatment Figure 5B). The
opposite, that is, myocontractile effect, in distal seg-
ments was remarkable when LA was administered in the
concentration of 0.01 uM or higher. The magnitude of
the contraction reached then 79.30 £ 9.80 to 61.94 +
7.69 of the control treatment, for LA in a dose of 0.01
and 100 M, respectively (Figure 6B).

DISCUSSION

Interest in animal welfare is growing, both among con-
sumers and government bodies. The challenge for mod-
ern poultry producers is to take this interest into
account while maintaining the productivity of their
flocks. Noteworthy, consumers are also increasingly pay-
ing attention to the origin and quality of food. The
demand for organic and traditionally produced products
is growing. Some measures haves been already taken in
some part of the world like the ban of antibiotic usage as
growth promoters (European Parliament, 2003;
Anadén, 2006; Collignon and McEwen, 2019). Consum-
ers are also increasingly paying attention to the origin
and quality of food. The demand for organic and tradi-
tionally produced products is growing. Moreover, the
World Health Organization estimated that over 80% of
the people in developing countries rely on traditional
remedies such as herbs for their daily needs (World
Health Organization, 2019). These factors additionally
enhance the interest and need of the implementation of
alternative growth stimulants and the use of botanicals
in the prevention and control of animals’ diseases (Rad-
kowska, 2013). In addition to treatment, most fre-
quently antimicrobial therapy, there is also a need to
implement symptomatic treatment that would reduce or
relieve clinical signs of both infectious and noninfectious
diseases. In the case of poultry production, this need is
often recognized in regard to gastrointestinal disorders
whose clinical course has significant implications toward
intestine motility. Current therapy for some poultry gas-
trointestinal disorders is directed toward the moderation
of smooth muscle contractions. The search of natural
feed additives with this property is an important field of
a research. Thus, the study presented here was focused
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Figure 5. The effect of Melissa officinalis extract (A), chlorogenic, rosmarinic, and lithospermic acids (B) on the ACh-evoked reaction of
chicken jejunum—proximal part. The results are expressed as % of ACh-induced contraction which is considered as a control reaction and defined as
100%. Results shown are the mean of 5 experiments, & standard deviation. * P < 0.05 vs. ACh.

on the verification of the effect of lemon balm leaf
extract (Nor Balm) and some of its constituents on
broiler chicken jejunum contractility. The outcomes of
the in vitro trials revealed that all tested preparations
are potent modifiers of chicken intestine motor activity.
Of note, the character and magnitude of the effect of
Melissa officinalis extract and 3 phenolic acids differed
remarkably between jejunum segments and the type of
contractility, that is, spontaneous vs. ACh-induced. Sur-
prisingly, lemon balm leaf extract turned out to be a
myocontractile agent as it increased ACh-provoked con-
tractility of both proximal and distal jejunum strips and
also intensified the spontaneous activity of distal jeju-
num segments. Only in the case of the proximal intestine
the preparations lemon balm extract diminished the
force of spontaneous motoric activity (Figure 3A). None
of the tested phenolic acids displayed an analogous effect
with the whole plant extract. Indeed in the case of ACh-
induced contractility, the acids had the opposite effect
to the extract (Figures 5B and 6B) with a small excep-
tion of LA in distal jejunum. Thus, it is impossible to
assign one or more individual constituents to the effect
of the whole Melissa officinalis extract. The results

presented herein are in contrast to previously reported
data. In an in vitro study on isolated ileum of rats, it
was showed that the essential oil of Melissa officinalis
has the effect of relieving intestinal spasms caused by
potassium chloride, serotonin, and acetylcholine
(Sadraei et al., 2003). Also, in mice M. officinalis
decreased the frequency of spontaneous phasic contrac-
tions of jejunum smooth muscles (Aubert et al., 2016).
A study in humans showed a significantly lower inci-
dence of crying in infants with infantile colic when they
were administered a solution consisting of chamomile,
lemon balm, and lactic bacteria (Martinelli et al., 2017).
On the other hand, there is also evidence of the inhibi-
tory activity of M. officinalis extract on acetylcholines-
terase activity (Pereira et al., 2014). This observation
could explain the ability of lemon balm leaf extract to
increase the magnitude of ACh-induced contraction in
the proximal and distal jejunum of chicken broilers (Fig-
ures 5A and 6A). Notably, data supporting the antispas-
modic activity of lemon balm preparation refer to
human and laboratory animal tissues which might
explain the discrepancies between the observations of
others and our own. Another possible explanation of the
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contrary findings is the use of various preparation and
fractions of Melissa officinalis. Different compositions of
plant material subjected to experiments (e.g., standard-
ized vs. nonstandardized extract vs. essential oils) are
another potential cause of contradictory outcomes of
preclinical and clinical trial.

As with the standardized extract of Melissa officina-
lis, all tested acids had a strong impact on chicken jeju-
num smooth muscle contractility. In the case of
spontaneous activity of proximal part of chicken jeju-
num rosmarinic acid had a slight contractile effect,
chlorogenic acid caused a very strong but opposite reac-
tion, that is, myorelaxation from dose of 0.001 uM,
whereas lithospermic acid displayed no significant effect.
In case of distal intestine preparations RA and LA
showed remarkable myocontractile effect on the sponta-
neous contractility which is coherent with the effect of
Melissa officinalis extract and suggests their contribu-
tion to the final impact of the plant. Uniquely, ChA
caused the opposite—myorelaxant effect on distal jeju-
num parts. Different effects of the same substance on dif-
ferent parts of the gastrointestinal tract is a frequent

Moreover,

RA

Figure 6. The effect of Melissa officinalis extract (A), chlorogenic, rosmarinic, and lithospermic acids (B) on the ACh-evoked reaction of
chicken jejunum—distal part. The results are expressed as % of ACh-induced contraction which is considered as a control reaction and defined as
100%. Results shown are the mean of 5 experiments, & standard deviation. * P < 0.05 vs. ACh.

phenomenon, which is often used in medicine (Ebeid
and Al-Homidan, 2022). In a similar experiment on rab-
bit ileum, rosmarinic acid demonstrated significant spas-
molytic activity without changing the frequency of
smooth muscle contractions (Bazylko et al., 2009).
contained in
decreased the amplitude of contractions of isolated rat
aorta (Bazylko et al., 2009). In the case of chlorogenic
acids there is some evidence that the basal tone of rat
ileal smooth muscle increases without any effect on the
peak contractile tension and myosin light chain phos-
phorylation, what suggest that ChA displays no clear
effect on smooth muscle contractility (Berman et al.,
2019). When the results of phenolic acids are compared
to the impact of the whole lemon balm extract which
caused a significant myorelaxant effect it might be con-
cluded that the mechanism of Melissa officinalis extract
is more complicated and it contains other significant
substances that model smooth muscles of the chicken
jejunum.

To understand the effect of lemon balm on strong con-
tractions that are not peristaltic movements, the impact

thyme significantly
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of lemon balm on acetylcholine-induced activity of the
smooth muscle of the chicken’s jejunum was studied.
These types of smooth muscle contractions of the gastro-
intestinal tract can be painful and occur, for example,
with diarrhea. Quite unexpectedly, lemon balm extract
increased the strength of ACh-induced contractions of
chicken jejunum smooth muscle in both the proximal
and distal parts. Therefore, lemon balm is probably not
a suitable preparation for the use in the presence of
harmful contractions. This information contradicts com-
mon knowledge about lemon balm, which was consid-
ered as a plant with a calming effect and reducing the
force of contractions (Miraj et al., 2017). However, in
the experiment of Forster et al. (1980) on ileum of pigs
where the alcoholic extract of lemon balm was tested,
Melissa officinalis had no effect on the strength of ace-
tylcholine-induced contraction, which is supportive for
the data presented herein. In contrast, in a study on rat
isolated ileum, Melissa officinalis had an inhibitory
effect on the contraction induced by carbachol and KCl
(Khalaja and Khanib, 2018). Acids also had a similar
impact on proximal and distal part of chicken jejunum.
Chlorogenic and rosmarinic acids caused remarkable
decrease in the force of contraction induced by ACh of
mouse urinary bladder, consisting also of smooth
muscles. In our experiment, rosmarinic acid in high
doses always caused a reaction, while in the study on rat
trachea, rosmarinic acid as the main component of
thyme extract did not affect contractility (Engelbertz
et al., 2012). Of note, in case of rat uterus KCl-induced
tension of smooth muscle was antagonized by tree leaves
extracts of Lepechinia caulescens of which one of the
main active substances is rosmarinic acid. Lithospermic
acid strongly increased the force of carbachol-induced
contraction in both parts of the chicken jejunum with
the exception of ACh-evoked contractility of proximal
part of jejunum (Figure 3B). The myorelaxant activity
of LA in this case remains in line with the finding of
Kamata et al. (1994) and Nagal et al. (1996) who
observed vasodilatory effect of lithospermic acid and its
derivative, that is, 8-epiblechnic acid, respectively. This
effect is similar to the effect caused by the lemon balm
extract. However, bearing in mind very low concentra-
tion of LA in Melissa officinalis extract, its activity
toward smooth muscle should not determine the effect
of lemon balm leaf extract.

CONSLUSIONS

To sum up, herbs, including Melissa officinalis, are
currently used in the feed industry mainly as sensory
additives and health enhancers. There is also a growing
desire for alternatives to antibiotics to prevent and treat
diseases. The obtained results show that all tested sub-
stances (chlorogenic acid, rosmarinic acid, lithospermic
acid) as well as the whole dry extract of Melissa officina-
lis exhibited a strong effect on chicken jejunum strips
under in vitro conditions. The analysis of present data
suggests that the mechanism of action of lemon balm is

complicated, it cannot be unequivocally explained by
the action of the tested acids, some of which represent
the active substances from the group of phenolic acids.
The observations of the effects lead to the conclusion
that the action is different for the proximal and distal
parts of the jejunum of the chicken. In view of the
obtained results, further studies involving other constit-
uents of M. officinalis extract, including its essential oil,
are crucial to understand the overall impact of the plant
on GI contractility of broiler chicken.
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Simple Summary: Sheep farming plays a vital role in wool production and rural culture
but faces challenges, such as environmental impacts, antibiotic use, and animal welfare
concerns. This study investigates the potential of Melissa officinalis extract and its main phe-
nolic acids (rosmarinic, chlorogenic, and lithospermic) as health-promoting feed additives
by evaluating their effects on sheep intestinal motility. Using isolated jejunum and colon
preparations from sheep, this study assessed the impact of the extract and phenolic acids
on spontaneous and acetylcholine-induced contractions of smooth muscle under isometric
conditions. Results showed that Melissa officinalis extract, rosmarinic, and lithospermic
acids significantly reduced spontaneous contractility, while chlorogenic acid had mixed
effects, including myocontractile activity in some cases. All tested compounds decreased
acetylcholine-induced contractions. The findings suggest that Melissa officinalis extract
and its phenolic acids have a myorelaxant effect, highlighting their potential to modulate
intestinal motility and serve as a symptomatic treatment for diarrhea-related conditions
in sheep.

Abstract: Background: Modern societies and policymakers increasingly emphasize the
advancement of organic farming practices and the preservation of rural culture. Sheep farm-
ing faces several challenges, including environmental impacts, antibiotic usage, and public
concerns regarding animal welfare. The purpose of this study was to investigate the effects
of Melissa officinalis extract and its principal phenolic acids on the motility of the sheep
jejunum and colon, with the goal of assessing their potential as health-promoting feed ad-
ditives, particularly in animals with dysmotilities. Methods: The trials were performed on
isolated jejunum and colon preparations collected from sheep undergoing routine slaughter.
The effect of extracts from Melissa Officinalis and three major phenolic acids (rosmarinic,
chlorogenic, and lithospermic) was evaluated to identify their ability to modify the sponta-
neous and pharmacologically-induced contractility of circular and longitudinal smooth
muscle. Results: Regarding spontaneous contractions: Melissa officinalis extract, rosmarinic
acid, and lithospermic acid caused a significant decrease in spontaneous contractility in
the jejunum and colon, while chlorogenic acid exhibited myocontractile effects except for
colon circular preparations where the effect was myorelaxant as in the other acids. In
the case of ACh-induced contractions, all acids and the Melissa officinalis extract caused
mostly a significant decrease in the magnitude of acetylcholine-induced contractions in
both longitudinal and circular smooth muscle strips of the colon and jejunum. Conclusions:
The findings suggest a predominantly myorelaxant effect of the Melissa officinalis extract
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and its major phenolic acids on the smooth muscle of the sheep jejunum and colon. These
results underscore the potential application of the Melissa officinalis extract as a feed additive
to modulate intestinal motility and address challenges in livestock production.

Keywords: sheep; Melissa officinalis; lemon balm; rosmarinic acid; chlorogenic acid; lithospermic
acid; jejunum; colon; contractility

1. Introduction

Sheep farming is a vital production sector not only for wool but for meat [1]. Currently,
organic farming has become more important; it ensures healthy farming and healthy food
for today and tomorrow by protecting soil, water, and climate, promoting biodiversity,
and not contaminating the environment with chemical inputs or genetic engineering [2].
Antimicrobials are essential in animal health programs, but their use has been scrutinized
because of the rise of antimicrobial resistance globally [3]. Ensuring the safety, health, and
overall well-being of animals raised for food is both an ethical obligation and a critical
component of providing safe food products; as such, the number of animals raised without
antibiotics is growing worldwide [4]. To meet the market’s needs, sheep farming has to be
efficient, relatively cheap, and cost-effective, but also provide safe, ecologically friendly,
and good quality meat and wool. With the European Union ban on antibiotic growth
promoters, previously eliminated problems have started to reappear [5]. However, the
rise of infection rates may lead to the increased therapeutical use of antibiotics, which is
opposite to the efforts to reduce antimicrobials in animals. It demonstrates an urgent need
to find alternative ways to improve animal health and thus decrease the application of
antimicrobials. This is reflected in the main focus of current research, which has shifted
from developing new therapeutic agents to working together to improve animal health,
welfare, and sustainable food production. Herbs may play a crucial role in sheep nutri-
tion, offering benefits such as enhanced feed efficiency, immune support, and improved
growth. Pimpinella anisum has been shown to serve as an effective natural feed additive,
improving feed utilization efficiency [6]. Rich in antioxidants, vitamins, and minerals,
herbs strengthen immunity and enhance disease resistance. Phytobiotic additives from
Leuzea carthamoides and Echinacea purpurea have been linked to increased body weight and
improved livestock health [7]. Additionally, certain herbs enhance feed palatability, as seen
with Ilex paraguariensis, which improves feed intake and wool growth [8]. Moreover, herbal
preparations, plant extracts, and isolated phytoconstituents offer the possibility to modify
numerous intestine functions under physiological and pathological conditions. The utility
of medicinal plants to control gut functionality is also demonstrated by animal behavior.
Ruminants, both wild and domestic, exhibit self-medicating behaviors, selectively foraging
on plants with bioactive compounds to mitigate health challenges. Empirical evidence
suggests that ruminants adaptively increase the intake of plant secondary metabolites with
antiparasitic properties in response to gastrointestinal infections, thereby enhancing their
overall health and fitness. Notable examples of medicinal foraging include the consump-
tion of Pistacia lentiscus, Lysiloma latisiliguum, Phillyrea latifolia, and various Poaceae species,
which are known for their bioactive potential in alleviating gastrointestinal distress [9-11].
In the case of gut dysmotilities, which often accompany infectious and invasive diseases,
controlling contractility is an essential element of symptomatic therapy [12]. Therefore,
it seems crucial to understand the impact of herbal products that have beneficial effects
on animals towards intestine motility. Consequently, the aim of this study is to verify the
impact of a standardized Melissa officinalis extract and some of its main constituents on
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the spontaneous and pharmacologically-induced contractility of sheep jejunum and colon.
Furthermore, this study aims to identify specific health conditions in which the herb would
be most effective as a symptomatic therapeutic agent.

2. Materials and Methods
2.1. Chemicals

A modified Krebs-Henseleit solution (MK-HS) was used for the transportation and as
an incubation medium for the segments of sheep intestines. This solution was prepared
by dissolving 123.76 mM NaCl, 5 mM KCl, 2.5 mM CaCl,, 1.156 mM MgSO;, 14.5 mM
NaHCO3, 2.75 mM KH,POy, and 12.5 mM glucose (Avantor Performance Materials, Gli-
wice, Poland) in distilled water. The pH of the buffer was kept at 7.35-7.45 thanks to the
continuous delivery of carbogen (95% O, /5% CO;). The MK-HS temperature was main-
tained at 38 °C to simulate the physiological body temperature of the animal. Acetylcholine
chloride (ACh) was used as a myocontractile agent, and isoproterenol hemisulfate salt
(Isop) (both from Sigma-Aldrich, Darmstadt, Germany) as a relaxant control substance.
The primary solution and subsequent dilutions of ACh and Isop were dissolved in the
incubation buffer.

Lemon balm (Melissa officinalis L.) leaf extract (Nor-balm®) was manufactured by the
company Nor-Feed® (Beaucouzé, France), as described previously in [13], and standardized
for the content of rosmarinic acid [14]. It was evaluated in the set of concentrations from
0.1 pg/mL to 0.1 mg/mL. The primary solutions and progressive dilutions of the extract
were made using the MK-HS. Given that the main phenolic acids in lemon balm are
rosmarinic acid (RA), chlorogenic acid (ChA) (Sigma-Aldrich, Darmstadt, Germany), and
lithospermic acid (LA) (PhytoLab, Vestenbergsgreuth, Germany) [13], their effect was
studied additionally to the trials on the extract. Each phenolic acid was tested in the range
of 0.001 to 100 uM, with each acid in a separate set of experiments. The stock solutions of
RA, ChA, and LA were prepared in dimethyl sulfoxide (DMSO, Sigma-Aldrich, Darmstadt,
Germany) and subsequently diluted with distilled water, ensuring that the final DMSO
concentration in the tissue incubation chambers did not exceed 0.5%.

2.2. Animals, Isolation, and Preparation of Smooth Muscle Segments

Intestinal segments were obtained from 5-month-old Uhruska sheep of both sexes
(approx. 35 kg b.w.), routinely slaughtered, and subjected to ante-mortem and post-mortem
examinations conducted by an official veterinarian. The experiments were performed
between January and May, and the animals were slaughtered always on the day of the
trial. The absence of exclusion criteria in animal selection aimed to ensure a representative
population and evaluate the effects of the test substances independently of specific group
selection parameters. The specimens were collected each time from at least five different
sheep, both the small intestine (proximal part of the jejunum) and the colon (proximal part
of the spiral colon) regions. Immediately following collection, the intestines were flushed
to remove gut contents, immersed in ice-cold (0—4 °C) MK-HS, and transported to the
laboratory (max. 45 min). There, the intestinal specimens were cut open longitudinally
and pinned on the dish to be dissected by a scalpel blade into smaller, thin, flat, and
rectangle-shaped strips (5 x 20 mm) parallel to the orientation of the longitudinal and
circular smooth muscle fibers, depending on the experimental requirements.

2.3. The Course of Experiments

To enable the tissues” adaptation to in vitro conditions, the samples were preincubated
before every experiment for 45 min in the MK-HS at 38 °C without applying any tension.
Flushing the chambers with fresh, warm MK-HS was conducted every 15 min to ensure
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sufficient tissue nutrients. During the preincubation period, spontaneous contractility of
the smooth muscle was monitored. After 45 min of preincubation, tension (0.01 N) was
carefully applied to all tested muscle strips for 15 min, after which the tension (0.01 N) was
increased another time. Strips reacting properly to ACh (1 uM) twice and exhibiting distinct
and rhythmic spontaneous contractility were employed for the trial. The solvent of the test
substance was administered before the actual experiment, i.e., MK-HS for the lemon balm
extract and DMSO (0.5%) for all three acids (negative control). Following buffer exchange,
the tissue strips were exposed to ACh (10 uM), and motor activity was recorded for 5 min.
The medium was then flushed and, after stabilization of spontaneous contractility, either
the extract or one of the active compounds was introduced. The response was monitored for
5 min, after which another dose of ACh (10 uM) was applied. Five minutes later, the buffer
was replaced, and treatment with a higher concentration of the test substance was initiated.
This procedure allowed for the non-cumulative assessment of the extract and three acids
on both spontaneous and ACh-induced contractility. The experiment concluded with the
administration of ACh and isoproterenol to confirm intestinal reactivity and vitality.

2.4. Data Registration and Expression

Specimens were placed in the incubation chambers of 5 mL each, filled with the MK-
HS, and saturated with carbogen (95% O, and 5% CO5,). Five to six strips from five to six
different animals were suspended separately in individual chambers. The preparations
were placed parallel to the orientation of the longitudinal or circular smooth muscle fibers,
depending on the experimental requirements, and fixed with one end (distal) attached
to a steel hook on a tissue holder and the other (proximal) to a silk thread connected to
an isotonic force transducer (F30, type 372, Hugo Sachs Elektronik, March-Hugstetten,
Germany). During the experiment, the specimens’ reactivity was measured for tension
changes by using a bridge amplifier (DBA, type 660, Hugh Sachs Elektronik, March-
Hugstetten, Germany). The transducer apparatus was connected to an analog—digital
registration set (PowerLab, ADInstruments, Sydney, Australia). The motor activity of the
samples was recorded by the Chart v7.0 program (ADInstruments, Sydney, Australia). Data
analysis was performed using Chart v8.1 programs (ADInstruments, Sydney, Australia)
and Microsoft Office Excel. All generated data went through critical statistical analysis.

2.5. Statistical Analysis

The impact of all tested substances was determined by measuring alterations in the
tension of the smooth muscle preparations 5 min before and after applying any substance,
quantified as the area under the curve (AUC). All results are presented as a percentage of the
control reaction, defined by the intestine’s response to MK-HS or DMSO (0.5%) in the case
of spontaneous activity analysis, and smooth muscle contraction induced by ACh (10 uM)
at the start of the reactivity analysis, respectively. Reactions to MK-HS, DMSO (0.5%),
and acetylcholine at control doses were stated at 100% (control). Results are expressed
as mean values from a minimum of five replicates of experiments. Statistical analysis
was performed using one-way ANOVA through TIBCO StatSoft, Inc. (Tulsa, OK, USA,
2019), STATISTICA (data analysis software system), version 13.3 (https:/ /www.statsoft.pl/
statistica-i-tibco-software/, accessed on 10 January 2025). The Dunnett test was used for
pairwise comparisons, with the effects of MK-HS, DMSO (0.5%), and ACh (10 uM) in DMSO
(0.5%) serving as references. A p-value of <0.05 was considered statistically significant.
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3. Results

3.1. The Effect of the Standardized Melissa officinalis Extract on the Spontaneous Motoric Activity
of Ovine Jejunum and Colon Specimens

The effects of the standardized extract of Melissa officinalis were dose-dependent
(Figure 1A,B). A fascinating biphasic response was observed for the jejunum circular
smooth muscle, where the reaction was myocontractile in the concentration from 0.001 to
0.01 mg/mL, ranging from 126.11 & 21.10 to 124.11 + 14.40% of the control reaction.
However, when administered in higher concentrations (0.05 and 0.1 mg/mL), the effect
was myorelaxant, ranging from 81.97 £ 6.48 to 55.16 £ 10.31% of the control response
(Figure 1A). In the case of the jejunum longitudinal smooth muscle and both types of colon
segments, the reaction provoked by lemon balm was myorelaxant. The size of the response
observed in the longitudinal smooth muscle of the jejunum came to 84.17 & 2.16 and
55.02 £ 6.03% of the control reaction for the application of the extract in the concentration of
0.001 and 0.1 mg/mL, respectively (Figure 1A). In the case of the colon, the effect was similar
in circular and longitudinal smooth muscle (Figure 1B). The use of the extract resulted in
the reduction of spontaneous contractility. The myorelaxant effect was significant when
lemon balm was applied in the concentration of 0.005 mg/mL or higher. and reached from
92.10 £ 3.05% (0.005 mg/mL) up to 48.88 + 8.60% (0.1 mg/mL) of the control reaction
for circular muscle. A notable decrease in the intensity of the spontaneous activity in
colon longitudinal smooth muscle preparations was measured if lemon balm was used
at the concentration of 0.001 mg/mL or higher, and then reached from 86.72 £ 7.76%
(0.001 mg/mL) up to 56.34 £ 3.53% (0.1 mg/mL) of the control reaction (Figure 1B).

3.2. The Effect of RA, ChA, and LA on the Spontaneous Motoric Activity of Ovine Jejunum and
Colon Specimens

Control treatment with the solvent, DMSO (0.5%), generated no significant change in
the spontaneous contractility of the sheep’s longitudinal and circular jejunum and colon
segments (Figure 2A-D).
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Figure 1. Cont.
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Figure 1. The effect of the Melissa officinalis extract on the spontaneous contractility of ovine jejunum
(A) and colon (B)—circular and longitudinal smooth muscle. The results are presented as a percentage
of spontaneous activity relative to the control (solvent). Data represent the mean + standard deviation
from six independent experiments. * p < 0.05 vs. MK-HS.

In the case of rosmarinic acid, a remarkable modification of the spontaneous contrac-
tility was noticed in the jejunum circular smooth muscle and the colon segments of both
origins; the reaction was always myorelaxant. The decrease of spontaneous contractility in
the jejunum circular specimens was significant only when RA was used in the highest tested
concentration (100 uM) and came to 77.86 =+ 8.38% of the control reaction. By contrast, in
the case of longitudinal smooth muscle preparations, the change ranged from 84.00 + 8.80%
(1 uM) to 62.85 £ 8.11% (100 uM) of the control reaction (Figure 2A,B). The analysis of the
motoric patterns of the colon smooth muscle showed a decrease in spontaneous contrac-
tility, which ranged from 92.50 £ 7.44% (0.001 pM) to 66.74 £ 5.23% (100 M) and from
78.87 + 10.28% (10 uM) to 67.44 + 7.06% (100 uM) of the control reaction for the circular
and longitudinal smooth muscle preparations, respectively (Figure 2C,D).
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Figure 2. The effect of rosmarinic, chlorogenic, and lithospermic acids, on the spontaneous contractil-

ity of ovine jejunum (A,B) and colon (C,D)—circular (A,C) and longitudinal (B,D) smooth muscle.

The results are presented as a percentage of spontaneous activity relative to the control (solvent).

Data represent the mean =+ standard deviation from five independent experiments. * p < 0.05 vs.

DMSO (0.5%).
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In the case of chlorogenic acid, the effect was myocontractile, except for the colon’s cir-
cular smooth muscle. Remarkable changes were observed when the ChA was administered
at 0.1 uM or higher concentration in the jejunum circular smooth muscle. The size of the
response induced by ChA ranged from 117.07 £ 8.13% (0.1 uM) to 154.76 £ 3.75% (100 uM)
of the control reaction in the jejunum longitudinal smooth muscle and from 114.55 &+ 3.96%
(0.01 uM) to 150.73 = 8.10% (100 uM) of the control treatment in the jejunum circular smooth
muscle (Figure 2A,B). A similar effect was observed in colon preparations consisting of
longitudinally oriented fibers. ChA induced myocontractile reaction, which force ranged
from 110.87 + 1.52% (0.01 uM) to 142.06 + 6.26% (100 uM) of the control treatment with
DMSO (0.5%) (Figure 2D). In the case of the colon circular smooth muscle specimens, the
effect was opposite, i.e., myorelaxant. The magnitude of changes in spontaneous contractil-
ity varied from 85.74 =+ 8.32% (0.1 uM) to 65.17 £ 10.46% (100 uM) of the control reaction
(Figure 2C).

Lithospermic acid provoked a significant decrease in the spontaneous motor activity of
both the jejunum and the colon smooth muscle. In the case of the jejunum smooth muscle,
the effect was observed only when LA was used in the highest concentration i.e., 100 uM.
It amounted then to 76.89 & 5.51% and 84.49 £ 9.41% of the response to DMSO (0.5%) for
circular longitudinal smooth muscle strips, respectively (Figure 2A,B). In the case of the
colon segments consisting of circularly oriented fibers, the size of inhibited contractility
ranged from 85.81 £ 9.65% to 71.52 £ 5.02% of the control treatment for LA applied in
a dose of 0.1 and 100 uM, respectively (Figure 2C). The reduction of motility patterns in
the colon longitudinal strips was significant if LA was used at the concentration of 0.1 uM
and greater, and dropped at the maximum dose (100 uM) to 75.29 % 5.13% of the control
reaction (Figure 2D).

3.3. The Effect of the Standardized Melissa officinalis Extract on Acetylcholine-Induced
Contractility of Ovine Jejunum and Colon Specimens

The standardized Melissa officinalis extract had clear antispasmodic effects towards
the ovine jejunum and colon segments (Figure 3A,B). The only exception was when it was
applied in a specific concentration of 0.005mg/mL in the jejunum longitudinal smooth mus-
cle. In this situation, using lemon balm significantly increased ACh-induced contractions.
The measured reaction came to 121.39 & 15.69% of the control response to Ach (Figure 3A).
However, even in the case of the jejunum longitudinal segments, the application of the
Melissa officinalis extract at higher concentrations resulted in a clear myorelaxant effect. The
extract reduced the response to ACh to 89.14 4 3.85% and 73.84 £ 10.56% of the control
treatment when used in a dose of 0.05 and 0.1mg/mL, respectively (Figure 3A).

In the jejunum preparations consisting of circular smooth muscle fibers, a notable
reduction of ACh-induced contraction was provoked by the Melissa extract used in the
concentration range of 0.0005-0.1 mg/mL, reaching the maximum decrease to the level of
49.35 £ 6.69% of the control reaction to ACh (Figure 3A). In the case of the colon circular
smooth muscle, remarkable alteration of ACh-induced contraction was registered when the
extract was used in a concentration of 0.001 mg/mL or higher, amounting to 87.20 & 3.70%
and a maximum of 52.53 £ 8.18% of the control reaction, for the extract used in the
concentration of 0.00lmg/mL and 0.1mg/mL, respectively (Figure 3B). Noteworthy, the
colon specimens containing longitudinal smooth muscle turned out to be less susceptible
to the Melissa extract than the circular oriented fibers. The range of effective concentrations
of the lemon balm extract for the colon longitudinal smooth muscle was between 0.05
and 0.1 mg/mL, and the size of the myorelaxant amounted then to 81.66 £ 2.11% and
67.56 £ 8.34% of the control reaction, respectively (Figure 3B).
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Figure 3. The effect of the Melissa officinalis extract on the ACh-evoked reaction of ovine jejunum (A)
and colon (B)—circular and longitudinal smooth muscle. The data are expressed as a percentage of
ACh-induced contraction, which is defined as 100%. The control reaction (Control) represents the
response of the strips to ACh dissolved in MK-HS. Data represent the mean =+ standard deviation
from 6 independent experiments. * p < 0.05 vs. ACh.

3.4. The Effect of Phenolic Acids on Acetylcholine-Induced Contractility of Ovine Jejunum and
Colon Specimens

Noteworthy, the control treatment with the solvent (DMSO 0.5%) produced a signifi-
cant change in the size of ACh-induced contractility neither in the jejunum nor in the colon
preparation (Figure 4A-D) of both longitudinal and circular segments.

Rosmarinic acid notably influenced the ACh-induced contractility in both segment
types and muscle layers (Figure 4A-D). Regardless of the strip origin, the observed ef-
fect was antispasmodic and statistically significant across a broad concentration range.
For the jejunum specimens, the reduction in contractile activity reached a magnitude of
81.06 £ 5.91% and 51.97 £ 5.33% for the circular smooth muscle and 90.12 £ 6.85% and
63.41 £ 7.74% for the longitudinal smooth muscle of the control reaction for RA used in the
concentration of 0.01 and 100 uM, respectively (Figure 4A,B). In the case of the colon speci-
mens, the antispasmodic reaction was noteworthy in the range of concentration from 0.01 to
100 uM in the circular smooth muscle and from 1 to 100 uM in the longitudinal smooth
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muscle. The maximum inhibition of ACh-induced concentration was recorded when RA
was applied in the highest dose and amounted then to 55.79 + 7.95% and 67.12 &+ 4.20%
of the control ACh treatment in the colon circular and longitudinal smooth muscle strips,
respectively (Figure 4C,D).

For chlorogenic acid only in the jejunum longitudinal strips, no significant changes
in ACh-induced contractions were observed (Figure 4B). However, in all other cases (the
jejunum circular smooth muscle and both types of the colon specimens), ChA provoked
a notable decrease in ACh-induced contractions. In the circular smooth muscle of the
jejunum, a pronounced reduction in the response was observed when ChA was applied
at concentrations of 0.01 uM or greater. The magnitude of the resulting reaction varied
from 88.00 £ 4.90% (0.01 uM) to 61.01 £ 4.99% (100 uM) the control treatment (Figure 4A).
While in the colon circular strips, the effective doses started with 0.01 uM. The magnitude
of ACh-induced contraction was decreased up to 83.62 & 7.63% and even 57.82 £ 4.20% of
the control reaction for ChA applied in the concentration of 0.01 and 100 uM, respectively
(Figure 4C). Finally, in the case of the colon longitudinal smooth muscle, the reaction
induced by ChA was significant in the concentration range of 0.001 to 100 pM and amounted
to 81.17 = 7.54% and even 73.26 +21.03% of the control reaction, respectively (Figure 4D).
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Figure 4. The effect of rosmarinic, chlorogenic, and lithospermic acids on the spontaneous contractility
of ovine jejunum (A,B) and colon (C,D)—circular (A,C) and longitudinal (B,D) smooth muscle. The
data are expressed as a percentage of ACh-induced contraction, which is defined as 100%. The control
reaction (Control) represents the response of the strips to ACh dissolved in DMSO. Data represent
the mean + standard deviation from five independent experiments. * p < 0.05 vs. ACh.

Eventually, lithospermic acid provoked a similar change in contractility to chlorogenic
acid, i.e., only the jejunum longitudinal strips did not respond to LA. By contrast, in all other
types of muscle strips, LA provoked a remarkable decrease in ACh-induced contractions.
For the jejunum circular smooth muscle preparations, a significant decrease of ACh-evoked
contraction was measured in the presence of LA in the concentration range of 1-100 pM and
ranged respectively from 89.89 £ 7.55% to 81.21 % 6.04% of the control reaction (Figure 4A).
In the case of the colon preparation, in circular smooth muscle LA provoked a decreased
reaction to ACh, which came to 84.41 & 11.15% and 74.20 & 6.03% of the control contraction
for the acid utilized in the concentration of 0.001 and 100 uM, respectively (Figure 4C). In
the case of the colon longitudinal smooth muscle, a significant decrease in ACh-induced
contraction was observed in the presence of LA in the concentration of 0.01 uM and higher.
The maximum inhibition of ACh-provoked reaction was detected for LA used in the highest
dose (100 M) and amounted to 82.21 & 8.63% of the control ACh treatment (Figure 4D).
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4. Discussion

As a feed additive, Melissa officinalis offers various benefits for animal welfare. The
experiment on Arabi sheep indicated that the high levels of added melissa leaves to feed
significantly benefited productive traits (body weight, weight gain, feed consumption,
and conversion factor) [15]. When selecting herbs to add to the feed, not only the plants’
properties but the animals’ preferences should be taken into account. It has been noticed
that lemon balm is tasty for pigs, cows, and chickens [16]; it suggests that Melissa officinalis
might also be palatable to sheep and, as a highly palatable herb, may increase feed and
nutrient intake.

The safety of a commercially available dried aqueous ethanol extract of Melissa offic-
inalis L. leaves (Nor-Balm®, Beaucouzé, France) was validated as a feed additive for all
animal species. The maximum proposed use level is 100 mg/kg of complete feed. No
safety concern arises for the consumer from animal feed [13]. Polish research has confirmed
the positive effect of the moderate administration of mixtures of herbs, including lemon
balm, on the flavor of meat lamb [17]. Since the extract is always applied orally, it has
the chance to modulate the functioning of the digestive tract. Therefore, it is important to
investigate and understand its potential to affect gut motility. Gastrointestinal disorders
might seriously threaten the animal’s welfare and cause financial losses for the farmer.
Moreover, gastrointestinal disorders impacting motility play a critical role in digestion,
nutrient absorption, and the maintenance of gut microbiome balance [18,19]. One of the
most common diseases of the digestive tract in sheep is infection caused by Clostridium
perfringens, which can occur mainly in the case of a weakened intestinal peristalsis. Clostrid-
ium perfringens is a regular component of the intestinal microbiota of sheep, which occurs
in more significant quantities in the ileum [20,21]. In the case of a weakened peristalsis and
an inappropriate diet, a pathological, excessive multiplication of this bacterium is likely to
happen. Considering the results of our experiments (and assuming positive verification
in in vivo trials), administering a feed additive with lemon balm to a healthy animal may
reduce intestinal peristalsis, which increases the risk of infection with Clostridium perfrin-
gens. Therefore, lemon balm should not be a permanent feed additive, especially if added
in large quantities. Still, in the case of illness, if one of the main symptoms is diarrhea,
lemon balm should have a therapeutic effect, limiting intestinal hypercontractility. It can
also improve the palatability of feed when appetite is reduced during illness.

The comprehensive understanding of the effects of lemon balm on critical tissues
and their functionality in various animal species remains insufficiently explored. The
trials” outcomes prove to undouble the significant and potent effect of lemon balm and
its phenolic acids on modifying sheep GIT motility (Table 1). Regarding spontaneous
contractions, the Melissa officinalis extract, rosmarinic acid, and lithospermic acid induced
a significant decrease in spontaneous contractility in the sheep jejunum and colon. By
contrast, chlorogenic acid exhibited myocontractile effects except for the colon circular
smooth muscle preparations, where the effect was myorelaxant, as with the other acids.
The results show a decrease in spontaneous activity after administration of the tested
substances, so the Melissa officinalis extract should not be used for hypomotility or even
atony of GIT in sheep. In the case of ACh-induced contractions, the Melissa officinalis extract
and all tested phenolic acids decreased significantly acetylcholine-induced contractions
in the sheep longitudinal and circular smooth muscle strips of the colon and jejunum
(except for chlorogenic and lithospermic acid in the longitudinal strips of the jejunum,
which did not cause significant impact). The observation of the antispasmodic effect could
potentially benefit symptomatic therapy of sheep experiencing hypermotility disorders,
demonstrated mainly as diarrhea, and it might help eliminate painful intestinal cramps and
slow down peristalsis. Given the convergent effects of the whole lemon balm extract and
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its phenolic acids, investigating their concurrent administration could provide insight into
potential synergistic or hyperadditive interactions, enhancing their applicability in clinical
settings. However, it is crucial to acknowledge that the findings presented were derived
from ex vivo conditions. Alternative research methods help minimize the use of animals
in in vivo studies, reducing research costs, duration, and supporting animal welfare. Due
to the complexity and variability of rumen fermentation in vivo, these results should be
interpreted cautiously. Furthermore, there is currently no experimental evidence on the
metabolic fate of the lemon balm extract in the ruminant gastrointestinal tract, nor assurance
that phenolic acids reach sufficient intestinal concentrations to elicit the observed effects.
An additional factor influencing the bioavailability and activity of the phenolic acids is
their potential interaction with other feed components, particularly proteins [22], and their
impact on methanogenesis [23].Given the interspecies variations in the anatomical structure
of the digestive tract, dietary composition, housing conditions, and the intended use of
animals, research should be very carefully extrapolated to other species. Nevertheless,
there are examples of using sheep as a large animal model for investigating and treating
human disorders [24], or as a representative for other ruminants [25,26]. Nevertheless, it is
beneficial to conduct specific research across different animal species whenever possible
to avoid misinterpretation [27,28]. The records of trials with Melissa officinalis and its
ingredients demonstrate that the effects may indeed vary qualitatively and quantitatively
between animal species. When comparing the results presented herein, it was found that
Melissa officinalis also decreased the frequency of spontaneous contractions on the jejunum
of the mice [29], the ileum of rats [30], and the jejunum of chicken [14]. However, in
the case of swine, the effect is the opposite. Lemon balm extract caused a progressive
increase in the spontaneous contractility of the jejunum and colon longitudinal smooth
muscle, and rosmarinic and lithospermic acids provoked dose-dependently increased colon
motility [31]. The contradictory results obtained in swine tissue might result from a more
dominant role of phenolic acids other than active constituents, e.g., essential oil ingredients.
On the other hand, the third of the phenolic acid tests, i.e., chlorogenic acid, was found to
cause myorelaxation in the thoracic aorta smooth muscle of rats [32].

Interestingly, the effects are similar when comparing the research on the effects of
Melissa officinalis to other plants of similar phytochemical profiles. For example, in an exper-
iment involving a volatile oil of Rosmarinus officinalis leaves (rich in rosmarinic acid) on the
vascular smooth muscle of a rabbit, the effect was also myorelaxant [33]. In an experiment
involving sheep abomasal preparations [34], essential oil from Artemisia dracunculus (rich in
chlorogenic acid) provoked complete relaxation of the spontaneous activity and reduction
of the force of ACh-induced contractions [35]. Moreover, Crataegus gracilior, a plant rich
in chlorogenic acid, was also observed to relax the smooth muscle in rat-isolated aorta
rings [36].

The influence of lemon balm and phenolic acids on the motor activity of the jejunum
and colon may significantly impact the functioning of the sheep gut. A strong influence
on intestinal motility could lead to alterations in digestion time, peristalsis, nutrients and
antigens absorption, and microbiota homeostasis through the gastrointestinal tract. This
study indicates that the effect of Melissa officinalis and some of its significant constituents
may play an essential role in controlling the contractility of the sheep jejunum and colon.
By offering an herbal-based approach to gut health and motility regulation, this research
contributes to reducing antibiotic and synthetic drug use in sheep farming, aligning with
global efforts to combat antimicrobial resistance. These findings provide a foundation for
further research into the development of herbal supplements or medications targeting gut
motility disorders in sheep.
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Table 1. A summary of the effects of the Melissa officinalis extract and three phenolic acids on ovine
intestine motoric activity: (A)—spontaneous contractility; (B)—ACh-induced contractility.

(A)
GIT Section
) Jejunum Colon
Muscle Fiber Circular Longitudinal Circular Longitudinal
Lemon Balm extract R R R R
Rosmarinic Acid R R R R
Chlorogenic Acid C C R C
Lithospermic Acid R R R R
(B)
GIT Section
Jejunum Colon
Muscle Fiber Circular Longitudinal Circular Longitudinal
Lemon Balm extract R R R R
Rosmarinic Acid R R R R
Chlorogenic Acid R X R R
Lithospermic Acid R X R R

C—contraction of the smooth muscle, R—relaxation of the smooth muscle, X—no significant effect.

5. Conclusions

The results unequivocally demonstrate that both the Melissa officinalis extract and
its primary phenolic constituents exert a myorelaxant effect on the smooth muscle of the
sheep jejunum and colon under ex vivo conditions. This study underscores the significant
potential of the Melissa officinalis extract as a feed additive to modulate intestinal motility in
sheep, addressing various challenges in livestock production. Further in vivo investigations
are necessary to validate these preliminary findings and elucidate the specific mechanisms
through which Melissa officinalis influences these critical gastrointestinal functions.
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Abstract: The rising global demand for animal protein necessitates sustainable and efficient livestock
production. This study explored the effects of Melissa officinalis extract and its main phenolic acids on
the motility of the swine jejunum and colon, with the aim of verifying its usefulness as a health-promoting
feed additive. The trials were performed on isolated jejunum and colon preparations and verified the effects
of Melissa officinalis extract and three phenolic acids (rosmarinic, chlorogenic, and lithospermic) on
spontaneous and acetylcholine (ACh)-induced smooth muscle activity under isometric conditions. The study
revealed the antispasmodic effect of Melissa extract. The preparation reduced the control contraction by
approximately 50% when used at the highest tested dose (0.1 mg/mL). These results suggest that rosmarinic
acid contributes the most to the eventual effects on the plant. In contrast, chlorogenic acid was a potent
myocontractile agent under all the studied conditions and models. The major outcome of this study was the
confirmation of the utility of a standardized extract of lemon balm as an antispasmodic agent in jejunum
and colon specimens challenged with ACh, which is the most important stimulatory neurotransmitter in
the enteric nervous system. Owing to the lack of data revealing the effects of lemon balm extract and
individual phenolic acids on spontaneous contractility, it is impossible to indisputably conclude their
contributions to the final effects on the plant. Nevertheless, this study highlights the potential of Melissa
officinalis to modulate intestinal motility in pigs with hypermotility disorders, mainly microbial infections.

Keywords: swine, Melissa officinalis, lemon balm, jejunum, colon, contractility.

Abbreviations: AAFCO: Association of American Feed Control Officials; Ach: acetylcholine chloride,
APVMA: Australian Pesticides and Veterinary Medicines Authority; ChA: chlorogenic acid; DMSO:
dimethyl sulfoxide; EMA: European Medicines Agency; EU: European Union; GHG: greenhouse gas;
GI: gastrointestinal; GIT: gastrointestinal tract; GRAS: Generally Recognized as Safe; Isop; isoproterenol;
LA: lithospermic acid; M K-HS: Modified Krebs-Henseleit solution; RA: rosmarinic acid

Improvements in farming techniques and hus-
bandry procedures are needed for several reasons:
environmental sustainability, economic efficiency,
animal welfare, and overall food security [1, 2].
There is public perception that intensive pig produc-
tion systems raise concerns about animal welfare,
naturalness, and the use of antimicrobials [3]. To
meet the market’s needs, pig farming must be effi-
cient, relatively cheap, and cost-effective, but also
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offer safe, ecologically friendly, and high-quality
meat. With the European Union ban on antibiotic
growth promoters, problems that were previously
eliminated began to reappear.

According to the European Commission’s Farm
to Fork Strategy adopted in May 2020, the use of anti-
biotics in the EU is expected to be reduced by 50% by
the year 2030 [4, 5]. However, an increase in infection
rates may lead to an increase in the therapeutic use of
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antibiotics, which contrasts with efforts to reduce the
use of antimicrobials in animals. Numerous enteric
pathogens have been identified as the primary targets
of the swine gastrointestinal tract. Infections of the
jejunum are commonly associated with agents such
as enterotoxigenic Escherichia coli (ETEC), Porcine
Epidemic Diarrhea Virus (PEDV), and Transmissible
Gastroenteritis Virus (TGEV) [6—8]. Notably, viral
infections of the gastrointestinal tract are frequently
followed by secondary bacterial infections, which
may exacerbate the severity of clinical symptoms
and complicate disease management. Conversely,
infections of the colon are predominantly linked to
pathogens such as Brachyspira hyodysenteriae and
Salmonella typhimurium [9, 10].

There is an urgent need to find alternative ways
to improve animal health and decrease the applica-
tion of antimicrobials. This is reflected in the main
focus of research, which has shifted from develop-
ing new therapeutic agents and management tools
to working together to improve animal health, wel-
fare, and sustainable food production. Despite the
advances that have been made, there are still some
problems that remain unresolved and new challeng-
es, such as climate change, antibiotic resistance,
antibiotic residues in food, and diseases, especially
diarrhea at a young age [11]. The latter can be con-
trolled using various approaches, including the in-
troduction of feed additives to improve the gut and
general health conditions. Herbal preparations, plant
extracts, and isolated phytoconstituents offer the
possibility of modifying numerous intestinal func-
tions under physiological and pathological condi-
tions [12]. In the case of gut dysmotility, which of-
ten accompanies infectious and invasive diseases,
the control of contractility is an important element
of symptomatic therapy [13].

Therefore, understanding the impact of herbal
products, which are known to have beneficial ef-
fects on intestinal motility, is crucial. Accordingly,
the objective of this study was to evaluate the ef-
fects of a standardized extract of Melissa officinalis
and selected major constituents on both spontane-
ous and pharmacologically induced contractility of
porcine jejunal and colonic tissues, which represent
common sites of pathogen-induced gastrointestinal
dysfunction.

MATERIALS AND METHODS

Chemicals

Modified Krebs—Henseleit solution (M K-HS)
was used as an incubation medium. The solution con-
tained 123.76 mM NaCl, 5 mM KCI, 2.5 mM CaCl,,

1.156 mM MgSO,, 14.5 mM NaHCO,, 2.75 mM
KH,PO,, and 12.5 mM glucose, all of which were
acquired from Avantor Performance Materials,
Gliwice, Poland. The pH of M K-HS was consis-
tently maintained at 7.35-7.45 with the addition of
carbogen (95% O,/5% CO,). The temperature was
set to 38°C. Acetylcholine chloride (ACh) and iso-
proterenol hemisulfate salt (Isop) (both from Sigma—
Aldrich, Germany) were used as myocontractile and
myorelaxant reference agents, respectively.

Lemon balm (Melissa officinalis L.) leaf ex-
tract (Nor-balm®) was produced and standard-
ized based on rosmarinic acid content [14] by the
company Nor-Feed® as described previously [15].
The main phenolic acids in lemon balm are ros-
marinic acid (RA) (Sigma—Aldrich), lithosper-
mic acid (LA) (PhytoLab), and chlorogenic acid
(ChA) (Sigma—Aldrich) [14]. The extract was test-
ed at concentrations ranging from 0.1 pg/mL to
0.1 mg/mL, whereas the active ingredients were
evaluated at concentrations ranging from 0.001 to
100 pM. The stock solutions and serial dilutions
of the extract were prepared using incubation me-
dium, whereas RA, ChA, and LA were first dis-
solved in dimethyl sulfoxide (DMSO, Sigma
Aldrich). Further dilutions were carried out in dis-
tilled water to maintain the final concentration of
DMSO in the tissue incubation chambers at no more
than 0.5%.

Isolation and Preparation of Isolated Intestine
Segments

The intestine samples were harvested from
pigs that were routinely slaughtered and inspected
both before and after death by an official veterinar-
ian. The specimens were collected from the jeju-
num (proximal part, behind duodenum, specimens
had no connection with pancreas) and colon (proxi-
mal part, behind cecum) of five to six different an-
imals (the weight and age of the animals were not
standardized due to the diverse origins of the ani-
mals). Immediately following collection, the intes-
tines were flushed to remove the gut contents and
immersed in ice-cold M K-HS. The tissues were kept
on ice until dissection, which was completed within
one hour of slaughter to account for transportation
time. In the laboratory, each intestinal section was
opened, and segments approximately 5 x 20 mm in
size were excised parallel to the orientation of the
longitudinal and circular smooth muscle fibers, de-
pending on the experimental requirements. Only in-
testine samples that displayed no visible pathologi-
cal changes in the mucosa or serosa were used for
the experiments.
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Data Registration, Expression, and Statistical
Analysis

Each intestinal strip was individually sus-
pended in a Schuler Organ Bath (Hugo Sachs
Elektronik, March, Germany). The slices were
proximally connected to an isometric force trans-
ducer (F30, type 372, Hugo Sachs Elektronik,
March-Hugstetten, Germany) and distally at-
tached to a hook on a tissue holder. Throughout
the experiment, changes in tension were mea-
sured to assess the reactivity of the samples. These
signals were converted using a bridge amplifier
(DBA, type 660, Hugo Sachs Elektronik, March-
Hugstetten, Germany) and processed using an an-
alog-digital converter (PowerLab, ADInstruments,
Sydney, Australia). The motor activity of the sam-
ples was recorded and analyzed using the Chart
v7.0 and Chart v8.1 programs (ADInstruments,
Sydney, Australia), along with Microsoft
Office Excel.

The impact of the tested substances and ex-
tract was determined by measuring changes in the
tension of the smooth muscle strips five minutes
before and after the application of any substance,
which was quantified as the area under the curve
(AUC). All results are presented as a percentage
of the control reaction, defined by the intestinal re-
sponse to M K-HS or DMSO (0.5%) in the case of
spontaneous activity analysis and smooth muscle
contraction induced by ACh (10 uM) at the start of
reactivity analysis. Reactions to M K-HS, DMSO
(0.5%), and acetylcholine at reference doses were
set at 100% (control). The results are expressed
as the mean values from five to six independent
experiments. Statistical analysis was performed
by one-way ANOVA using TIBCO StatSoft, Inc.
(13.3.143), STATISTICA (data analysis software
system), version 13.3 www.StatSoft.com. Dunnett’s
test was used for pairwise comparisons, with
the effects of M K-HS, DMSO (0.5%), and ACh
(10 uM) in DMSO (0.5%) serving as references.
A p value of < 0.05 was considered statistically
significant.

Course of Experiments

The strips were preincubated in M K-HS at
38°C for 45 minutes before each experiment. The
chambers were flushed with fresh M K-HS every
10—15 min to provide nutrients to the tissues to al-
low them to adapt to in vitro conditions. The pH
and oxygen supply were maintained by continuous
gassing with carbogen. Maintenance of these pa-
rameters was intended to ensure laboratory condi-
tions similar to those used for those retained in the

body. After preincubation, a slight load was add-
ed twice (0.01 N tension), 15 minutes apart. Strips
that reacted properly to ACh (1 uM) (two times)
and exhibited clear spontaneous contractility were
included in the experiment. The solvent of the test
substance was administered before the actual ex-
periment, that is, M K-HS for the lemon balm ex-
tract and DMSO (0.5%) for all three acids (nega-
tive control). After buffer exchange, the strips were
challenged with ACh (10 pM), and motor activity
was recorded for 3—5 minutes. After the medium
was flushed and the spontaneous work stabilized,
either the extract or one of the active ingredients
was added, the response was observed for five
minutes, and the next ACh (10 uM) was applied.
Five minutes later, the buffer was exchanged and
the mixture was treated with the test substance at
a relatively high concentration. Consequently, the
effects of the extract and three acids on spontane-
ous and ACh-induced contractility were assessed in
a noncumulative manner. The experiment involved
the administration of ACh and Isop to verify intes-
tinal reactivity and viability.

RESULTS

Effects of Standardized Melissa officinalis
Extract on Spontaneous Motor Activity
of Swine Jejunum and Colon Specimens

The type and magnitude of the effects of the
standardized M. officinalis extract were very com-
plex (Fig. 1A, B, Table 1). In the case of the jeju-
num segments, the reaction provoked by lemon
balm was variable and dependent on the orienta-
tion of the muscle fibers. A myocontractile response
was observed in the longitudinal smooth muscle,
where the reaction ranged from 113.20% + 4.30%
to 150.55% =+ 8.85% of the control reaction for
the application of the extract at concentrations of
0.0005 and 0.1 mg/mL, respectively. On the other
hand, in the case of circular muscle, the use of the
extract resulted in a reduction in the contraction
force, which was significant if lemon balm was ap-
plied at a concentration of 0.0005 mg/mL or high-
er and reached 88.2% + 4.74% (0.0005 mg/mL) to
58.01% =+ 9.29% (0.1 mg/mL) in the control reac-
tion (Figure 1A, Table 1). The situation was dif-
ferent for the different colon preparations. In the
case of longitudinal smooth muscle, a significant
change in spontaneous contractility was observed
only when the extract was used at the two highest
concentrations. The magnitude of increased motil-
ity was 134.14% + 14.10% and 138.89% + 21.25%
greater than that of the control reaction for lemon
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Table 1. Comparison of the effects of lemon balm extract and phenolic acids on spontaneous and induced motor activity of the jejunum

and colon in pigs.

Jejunum Colon
Circular smooth Longitudinal Circular smooth Longitudinal
muscle smooth muscle muscle smooth muscle
§ 2 |Lemon balm extract i "M - "
3 RA 1 - 1 1M
ZE ChA t tt 1t 11t
% 3 LA m 11 11 11
b5 z Lemon balm extract i i 1 1
23 RA 11 1 1 I
o= ChA 1" 1 mr m
23 LA 1 1 1t W

where:

- indicates no significant effect

* indicates biphasic activity

111 indicates a result > 150% of the control reaction

11 indicates a result of 126—150% of the control reaction

1 indicates a result of 101-125% of the control reaction
11l indicates a result < 50% of the control reaction

1l indicates a result of 50—74% of the control response
| indicates a result of 75-100% of the control response,

100% indicates the magnitude of the response to the administration of the control substance, i.e., solvent or ACh,

for the results relating to spontaneous and induced motor activity, respectively.

balm at doses of 0.05 and 0.1 mg/mL, respectively.
Conversely, in the case of circular smooth muscle,
there was only a tendency toward decreased sponta-
neous motor activity, but the observed changes were
not statistically significant (Figure 1B).

Effects of Phenolic Acids on Spontaneous
Motor Activity of Swine Jejunum and Colon
Specimens

The control treatment with the solvent, DMSO
(0.5%), did not significantly affect the spontaneous
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Figure 1. Effects of Melissa officinalis extract on the spontaneous contractility of swine jejunum (A) and colon (B) smooth muscle.
The results are expressed as a percentage of spontaneous activity after the application of the control—solvent. The results shown are
the means + standard deviations of 5-6 experiments. *P < 0.05 vs. M K-HS.
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contractility of either the longitudinal or circular
jejunum or colon segments of swine (Figure 2 A-D,
Table 1). In the case of rosmarinic acid, a significant
change in spontaneous contractility was observed
in the jejunum circular smooth muscle and colon of
both origins, when the substance was added at a con-
centration of 0.01 pM or higher. The reaction was
of contractile character at all times. The size of the
induced contraction amounted to 115.84% + 7.63%
and 147.33% + 10.4% of the control reaction for
RA used at doses of 0.1 and 100 uM, respective-
ly. The increase in spontaneous contractility in the
colon samples ranged from 122.15% + 10.13”%
(0.1 uM) to 149.83% + 9.37% (100 uM) and from
122.94% + 9.73% (0.01 uM) to 185.13% + 19.71%
(100 uM) of the control for the circular and longi-
tudinal smooth muscle preparations, respectively
(Figure 2 C, D). Furthermore, analysis of the longi-
tudinal smooth muscle strips isolated from the jeju-
num revealed no significant change in spontaneous
contractility (Fig. 2B).

Chlorogenic acid induced a significant in-
crease in the spontaneous motor activity of both
the jejunum and colon strips. In the case of jeju-
nal smooth muscle, marked changes were observed
when the acid was administered at a concentra-
tion of 0.1 pM or higher, whereas for colon prepa-
ration, significant myocontractile reactions were
registered at lower doses. The size of the response
induced by ChA ranged from 113.54% =+ 1.91%
(0.1 uM) to 138.27% + 6.16% (100 uM) and from
116.39% + 3.50% (0.1 uM) to 146.01% + 8.52%
(100 uM) for the longitudinal and circular jeju-
nal smooth muscle strips, respectively (Fig. 2A,
B). In the case of colon samples, the magnitude of
changes in spontaneous contractility varied from
125.88% + 8.99% (0.01 uM) to 163.89% + 10.86%
(100 uM) and from 116.02% = 9.58% (0.001 uM)
to 165.84% =+ 3.59% (100 pM) of the control treat-
ment with DMSO (0.5%) for the circular and lon-
gitudinal smooth muscle strips, respectively
(Figure 2 C, D).

Lithospermic acid (LA) provokes significant
disturbances in the spontaneous motor activity
of both the jejunum and colon smooth muscles.
LA caused a remarkable decrease in spontane-
ous activity in a dose-dependent manner only
in the jejunum circular strips, starting at a dose
of 0.01 uM. The extent of inhibited contractility
ranged from 84.31% =+ 3.44% to 55.86% + 7.33%
of that of the control treatment for LA applied at
doses of 0.01 and 100 uM, respectively (Figure 2A).
In the case of jejunum longitudinal smooth mus-
cle, as well as circular and longitudinal colon

smooth muscle, the opposite effect was observed,
that is, myocontractile. The reaction in jeju-
nal longitudinal strips was significant when LA
was used at a concentration of 0.01 pM or high-
er and ranged between 112.89 £ 8.83 (0.01 uM)
and 153.18 + 7.50% (100 pM) of the control re-
action (Figure 2B). In the case of the colon sam-
ples, the size of the reaction induced by LA ap-
plied at a concentration of 0.01 uM reached
122.62 + 4.31 (circular fibers) and 115.88 + 8.15%
(longitudinal fibers) of the control response, and
for the LA used at the highest tested concentration,
the contractions amounted to 150.85 + 5.51 and
154.25 £+ 5.65% of the reaction to the vehicle for
the circular and longitudinal smooth muscle,
respectively (Figure 2C, D).

Effects of Standardized Melissa officinalis
Extract on Acetylcholine-Induced Contractility
in Swine Jejunum and Colon Specimens

The standardized extract of M. officinalis
had clear antispasmodic effects on the swine je-
junum and colon segments (Figure 3 A, B, Table
1). In the jejunum, preparations consisting of cir-
cular smooth muscle fibers reacted sooner (at low-
er doses) to the lemon balm than did those in the
jejunum, and preparations consisting of circu-
lar smooth muscle fibers reacted sooner (at lower
doses) to the lemon balm than did the longitudi-
nal smooth muscle. In the first case, a notable re-
duction in ACh-induced contraction was provoked
by Melissa extract in the concentration range of
0.0005-0.1 mg/mL, with the maximum decrease
in the level of 59.64% + 5.92% of the control reac-
tion to ACh dissolved in M K-HS (Additional file
1). In the case of jejunum longitudinal smooth mus-
cle, a significant change in ACh-induced contrac-
tion was observed at a concentration of 0.001 mg/
mL or higher, amounting to 81.73% =+ 4.54% and
53.73% + 9.29% of the control reaction for the ex-
tracts used at concentrations of 0.001 mg/mL and
0.1 mg/mL, respectively (Figure 3A). In contrast,
in the colon samples, circular smooth muscle was
less susceptible to Melissa extract than longitudi-
nally oriented fibers. The range of effective con-
centrations for the latter was between 0.0005 and
0.1 mg/mL, and the concentrations used in the
myorelaxant reaction were 85.96% + 5.19% and
53.84% + 16.45% greater than those used in the
control reaction, respectively. In the case of colon
circular smooth muscle, notable relaxation was ob-
served in the dose range of 0.01 (71.75% + 8.94%)
to 0.1 mg/mL (63.26% + 13.82% of the control ACh
treatment) (Figure 3 B).
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Figure 2 A-B. Effects of rosmarinic acid, chlorogenic acid, and lithospermic acid on the spontaneous contractility of swine jejunum
smooth muscle. The results are expressed as a percentage of spontaneous activity after the application of the control solvent. The results
shown are the means + standard deviations of 5-6 experiments. *P < 0.05 vs. DMSO (0.5%).
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Figure 3. Effects of Melissa officinalis extract on the ACh-evoked reactions of swine jejunum (A) and colon (B) smooth muscle.
The results are expressed as a percentage of ACh-induced contraction, which is considered a control reaction and is defined as 100%.
The results shown are the means + standard deviations of 5-6 experiments.*P < 0.05 vs. ACh.

Effects of Phenolic Acids
on Acetylcholine-Induced Contractility
in Swine Jejunum and Colon Specimens
Notably, the control treatment with the sol-
vent (0.5% DMSO) produced no significant change
in the size of ACh-induced contractility in the je-
junum or colon preparation (Figure 4 A-D) of both
longitudinal and circular segments. Rosmarinic acid
significantly affected the ACh-induced contractil-
ity of both segments and muscle types (Figure 4A-
D, Table 1). Regardless of the origin of the strips,
the evoked reaction was antispasmodic and signif-
icant over a wide range of concentrations. In the
longitudinal jejunum samples, the magnitude of
decrease in contraction was 87.51% + 3.97% and
68.58% =+ 5.89% of the control for RA at concentra-
tions of 0.1 and 100 uM, respectively (Figure 4B).
Interestingly, RA induced a biphasic effect on je-
junum circular smooth muscle. When RA was ad-
ministered at concentrations ranging from 0.1 to
10 uM, it diminished the degree of ACh-induced
contraction (up to 54.87% + 9.27% of the control
reaction for RA at a dose of 10 uM). However, at
the highest tested concentration (100 pM), RA in-
creased contraction, which was 131.31% =+ 18.26%

greater than that of the control (Figure 4A). In
the case of the colon samples, the antispasmod-
ic effect was notable at concentrations ranging
from 1 to 100 pM in the circular smooth muscle
(Additional file 2) and from 0.1 to 100 uM in the
longitudinal smooth muscle. The maximum inhibi-
tion of the ACh-induced concentration was record-
ed when RA was applied at the highest dose and
was 61.17% + 13.86% and 62.63% + 8.27% greater
than that of the control ACh in the colon circular
and longitudinal smooth muscle strips, respective-
ly (Figure 4 C, D). Chlorogenic acid, the only acid
studied, provoked a significant increase in ACh-
induced contraction in all the jejunum and colon
smooth muscle strips. In the jejunum, remarkable
amplification of the reaction was observed when
ChA was administered at concentrations of 0.01 pM
or higher and 0.1 uM or higher in the case of lon-
gitudinal and circular smooth muscle, respective-
ly. The size of the produced reaction ranged from
126.99% + 10.34% (0.01 uM) to 153.60% + 9.82%
(100 uM) in the control treatment for the longitu-
dinal strips and from 112.81% =+ 7.29% (0.1 uM)
to 144.98% + 6.01% (100 uM) in the control treat-
ment for the circular strips. In the longitudinal colon
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Figure 4 A-B. Effects of rosmarinic acid, chlorogenic acid, and lithospermic acid on the ACh-evoked reactions of swine jejunum smooth
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100%. The results shown are the means =+ standard deviations of 5-6 experiments. *P < 0.05 vs. ACh.
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strips (Additional file 3), the effective dose started
at 0.01 uM, and the magnitude of ACh-induced con-
traction increased to 125.69% + 10.37% and even
157.56% + 16.40% of the control for ChA at con-
centrations of 0.01 and 100 uM, respectively (Fig.
4D). Finally, in the case of colon circular smooth
muscle, the reaction induced by ChA was significant
at concentrations ranging from 0.1 to 100 uM, and
amounted to 136.14% + 25.15% and even 189.38%
+19.80% of the control reaction (Figure 4C).

Eventually, lithospermic acid provoked an an-
tispasmodic effect in both the jejunum and colon
strips, which consisted of longitudinal smooth mus-
cle fibers. For the jejunum circular smooth muscle
preparations, a significant decrease in ACh-evoked
contraction was measured in the presence of LA
in the concentration range of 0.001-100 uM, rang-
ing from 84.19% + 8.00% to 55.43% =+ 2.62% of the
control reaction (Figure 4A). Furthermore, the an-
tispasmodic effect of LA on jejunal longitudinal
smooth muscle was remarkable when LA was used
at a concentration of 0.1 uM or higher. The size of
the reduced contraction was 78.47% + 8.40% and
59.01% =+ 14.00% that of the control reaction for
LA added at concentrations of 0.1 pM and 100 uM,
respectively (Figure 4B). In the case of the colon
preparation, the character and amplitude of the
evoked reactions were dependent on the orientation
of the smooth muscle fibers. Surprisingly, in circu-
lar smooth muscle, LA provoked an increased reac-
tion to ACh, which reached 123.15% + 7.93% and
173.03% + 7.99% of the control contraction for the
acids utilized at concentrations of 0.01 and 100 uM,
respectively (Figure 4C). Finally, LA is a potent an-
tispasmodic agent for colon longitudinal smooth
muscle. A significant decrease in ACh-induced con-
tractions was observed in the presence of LA at con-
centrations of 0.001 uM or higher. The maximum in-
hibition of the ACh-provoked reaction was detected
for the LA used at the highest dose (100 uM), which
amounted to only 47.89% + 3.64% of the control ACh
treatment (Figure 4D).

DISCUSSION

Alterations in the contractility of the gastro-
intestinal tract lead to diverse health outcomes.
Enhanced motility or hypermotility of the smooth
muscle in the jejunum and colon may precipitate
nutrient leakage, fostering pathogenic growth and
facilitating their translocation across the gut bar-
rier. Nutrient absorption, a pivotal process within
the digestive system, predominantly occurs in the
small intestine and is significantly influenced by its

motility. The physiological benefits of alternating
changes in the threshold conditions of the circular
and longitudinal muscle layers are evident in the un-
dulating movements of the intestinal contents. These
coordinated muscle contractions enhance the contact
of the intestinal contents with the mucosal surface,
thereby optimizing nutrient absorption. Disruptions
in intestinal motility can result in malabsorption,
whereby animals fail to effectively assimilate nu-
trients from their diet, potentially leading to weight
loss, stunted growth, and other health complications.

Conversely, hypomotility, which is charac-
terized by reduced or insufficient gastrointestinal
movement, adversely affects the normal transit of
food and nutrients. Such conditions may prolong the
retention of food within the digestive system, fur-
ther impairing nutrient absorption. Diminished peri-
staltic movements are likely to cause stasis, creating
conditions conducive to bacterial overgrowth and
fermentation within the gastrointestinal tract [16].
The complex interplay between malabsorption and
hypomotility highlights the critical need for com-
prehensive veterinary interventions. Accurate di-
agnosis and targeted management of the underlying
etiologies, such as gastrointestinal disorders or in-
fections, are imperative for devising effective treat-
ment strategies. These may include dietary modi-
fications, supportive care, and the potential use of
medications to increase motility or correct specific
nutrient deficiencies, thereby addressing the multi-
faceted challenges presented by malabsorption and
hypomotility in animals [17, 18]

In the context of animal husbandry, the use of
plant extracts for both prophylactic and therapeutic
purposes in swine is gaining prominence [19, 20].
Although numerous phytochemicals derived from
these extracts exhibit potential health-enhancing
properties, their effects on gastrointestinal motility
in animals have not been well documented. Lemon
balm (M. officinalis) is a pertinent example of a bo-
tanical with promising attributes conducive to sus-
taining and enhancing the health status of animals.
Further investigation into the pharmacological im-
pacts of such plant-derived compounds on digestive
motility is essential for expanding their application
in veterinary medicine. The plant is recognized for
its sedative, antipyretic, antispasmodic, and antihy-
pertensive activities [21]. According to the European
Medicines Agency (EMA), M. officinalis L. is clas-
sified as a traditional herbal medicinal product in-
dicated for the relief of mild symptoms of mental
stress, support in falling asleep, and symptomatic
treatment of mild gastrointestinal complaints such
as flatulence [22].



300 MARTYNA A. POSLUSZNY et al.

The safety of a commercial dried aqueous etha-
nol extract from M. officinalis leaves (Nor-Balm®)
used in the present study has been confirmed by the
European Food Safety Authority for use as a sensory
feed additive across all animal species [14]. In the
United States, lemon balm is classified as Generally
Recognized as Safe (GRAS); however, it is not for-
mally listed as an approved animal feed ingredi-
ent by the Association of American Feed Control
Officials (AAFCO). In Australia, M. officinalis may
be incorporated into animal feed or supplements,
although any therapeutic claims or inclusion in vet-
erinary pharmaceuticals is subject to regulation by
the Australian Pesticides and Veterinary Medicines
Authority (APVMA). For most animals, including
pigs, as a highly palatable herb, Melissa may lead
to increased feed and nutrient intake. The safety of
a commercial dried aqueous ethanol extract of M.
officinalis L. leaves (Nor-Balm®) as a feed additive
was confirmed for all animal species [14]. However,
the effects of lemon balm on critical tissues and
their functionality in various animal species re-
main insufficiently explored. The study presented
herein was designed to address this knowledge gap
to a certain extent.

The outcomes of these trials prove the signifi-
cant and potent effects of lemon balm and its phe-
nolic acids in modifying pig intestine motility. The
complexity and variability of these effects might be
due to differences in jejunum and colon anatomy
and physiology. The response we observed was al-
ways dose dependent. The extracts of M. officina-
lis, as well as RA and LA, were found to decrease
contractility mostly in the case of acetylcholine-
induced contractility. The effects of lemon balm
and its ingredients on spontaneous motor activity
are more complicated. The observation of an anti-
spasmodic effect could benefit symptomatic therapy
aimed at reducing painful contractions in patients
with diarrhea.

The greater importance of the results obtained
for ACh-induced contractility over spontaneous
muscle activity is explained by the role of ACh as
a major stimulatory neurotransmitter in the enteric
nervous system [23]. The findings of our study and
those of previous studies on the effects of M. offi-
cinalis on other species indicate similar outcomes.
For example, in an experiment involving the jeju-
num of mice, lemon balm was found to decrease
the frequency of spontaneous contractions start-
ing at a concentration of 10 mg/mL [24]. A signifi-
cant inhibitory effect on contractions was also ob-
served in the ileum of rats [25]. In the case of the
chicken jejunum, the effect was myorelaxant toward

spontaneous motor activity (in the range of concen-
trations: 0.001-0.1 mg/mL) and opposite, i.e., proki-
netic toward ACh-induced activity (0.005—0.1 mg/
mL) [15], but it might be explained by the different
distributions of cholinergic receptors in avian and
mammalian species [26].

Given that the primary secondary metabolites
of M. officinalis, particularly volatile compounds
(essential oils) and flavonoids, have frequently been
the focus of prior experimental studies, we aimed to
investigate whether the phenolic acids in the plant
contribute to the overall efficacy of the extract. For
this study, we used lemon balm (M. officinalis L.)
leaf extract (Nor-balm®), which was produced and
standardized for rosmarinic acid content [16] via
Nor-Feed®. As previously reported [15], rosmarinic
acid is the predominant compound in lemon balm
leaf extract (54 mg/g), followed by lithospermic
acid (2.1 mg/g) and chlorogenic acid (0.79 mg/g).
Therefore, we explored these three phenolic acids
to assess their contributions to the overall effect
of Melissa extract on porcine intestinal contractil-
ity. In the case of rosmarinic acid, the range of the
tested concentrations reflected Nor-balm® concen-
trations of 1 pg/mL or higher. The other acids were
examined at concentrations higher than those found
in the extract. However, all the active ingredients
were evaluated at the same dose range to compare
their effects.

With respect to acetylcholine-induced contrac-
tility, both rosmarinic acid (RA) and lithospermic
acid (LA) clearly contributed to the antispasmodic
effect of the extract (Figure 3 A-D). The applica-
tion of RA resulted in a significant reduction in the
response to acetylcholine (ACh), with an average
decrease of 60%. While LA exhibited greater an-
tispasmodic efficacy at approximately 50%, its low
concentration in the extract limits the impact of this
finding. Importantly, caution is necessary when the
extract is used at high doses, as both RA and LA can
exhibit myocontractile effects at their highest con-
centrations. This effect was observed in the circular
smooth muscle of the jejunum for RA (Figure 4A)
and generally in the circular smooth muscle of the
colon for LA. (Fig. 4C). The only clear exception
was ChA, which was the most potent myocontrac-
tile agent among all the tested preparations and in
all the tested scenarios. Owing to the lack of data
revealing the effects of lemon balm extract and in-
dividual phenolic acids on spontaneous contractility,
it is impossible to indisputably conclude their con-
tributions to the final effects on the plant.

To understand the diversity of results between
longitudinal and circular muscles, it is also important
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to consider the complexity of intestinal motor con-
trol. Intestinal motility is generally regulated by
a combination of myogenic and hormonal factors.
The myogenic factor is crucial because both local-
ized and propagated contractions are similar to those
recorded in situ [27]. In our study, only the influence
of intestinal motility modified by the local nervous
system was explored. Although the responses of lon-
gitudinal and circular smooth muscle strips docu-
mented in this study sometimes displayed inconsis-
tencies (e.g., the impact of lemon balm or LA on the
spontaneous contractility of the swine jejunum, as
shown in Figures 1 and 2A and B), the data are in-
adequate for determining the greater susceptibility
of either the longitudinal or circular smooth muscle
of the jejunum. in vitro studies such as this one ex-
clude the influence of the central nervous system and
hormonal modulation. Consequently, the reactions
of the smooth muscles of the jejunum within a liv-
ing organism may differ, resulting in a more com-
plex interaction profile. This discrepancy highlights
the limitations of extrapolating in vitro findings to
in vivo contexts without considering these physio-
logical regulatory mechanisms.

Muscarinic and nicotinic receptors, both of
which are stimulated by acetylcholine (ACh), are
integral to gastrointestinal (GI) motility and play
pivotal roles in a range of physiological processes
within the body. These receptors are crucial for the
regulation of the autonomic nervous system, which
orchestrates a myriad of involuntary functions, in-
cluding digestion, heart rate, and glandular secre-
tion. Their involvement underscores the complex-
ity of the neurochemical interactions that govern GI
tract functionality and overall systemic health [28,
29]. In the gastrointestinal tract, muscarinic recep-
tors are distributed throughout the gastrointestinal
tract, influencing smooth muscle contraction and
the secretion of digestive enzymes and fluids [30].
Based on the current findings, it can be hypothe-
sized that lemon balm, along with some of its con-
stituent phenolic acids, may interfere with cholin-
ergic neurotransmission within the gastrointestinal
tract (GIT). Future studies should focus on a more
detailed analysis of these interactions to elucidate
the mechanisms by which lemon balm influences
gastrointestinal motility and cholinergic pathways.
This research could provide valuable insights into
the therapeutic potential of lemon balm for manag-
ing GIT disorders.

The influence of lemon balm on the motor ac-
tivity of the jejunum and colon may have a signifi-
cant effect on the function of the animal. A strong in-
fluence on intestinal motility could lead to alterations

in digestion time, peristalsis, and the movement of
food through the gastrointestinal tract. Regulation
of intestinal motility may affect the absorption of
nutrients, and excessive movement of food may lim-
it the time available for the absorption of essential
nutrients [31]. This study indicates that the effects
of M. officinalis and some of its major constituents
may play important roles in controlling the contrac-
tility of swine intestines. The frequency of micro-
bial infections affecting pigs and primarily target-
ing the gut is highly important. Porcine proliferative
enteropathy, caused by Lawsonia intracellularis,
Clostridium perfringens infections (severe necrotiz-
ing enteritis and milder enteric disease), and trans-
missible gastroenteritis virus (TGEV) are only a few
examples of pathogens and diseases that cause sig-
nificant perturbance in gut motility, which is primar-
ily demonstrated by severe or mild diarrhea, therapy
of which might benefit from the supplemental use of
lemon balm extract.

CONSLUSION

In conclusion, this study demonstrated that M.
officinalis extract and its phenolic constituents ex-
ert notable modulatory effects on the contractility
of porcine intestinal smooth muscle, particularly in
response to acetylcholine stimulation. These find-
ings underscore the potential of lemon balm as a sup-
portive agent in managing gastrointestinal disorders
associated with dysmotility in pigs, warranting fur-
ther investigation into its mechanisms of action and
therapeutic applicability in veterinary medicine.
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