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DOSE-DEPENDENT CHANGES IN BIOMARKERS OF OXIDATIVE STRESS
IN HUMAN ERYTHROCYTES FOLLOWING IN VITRO TREATMENT WITH
EXTRACTS FROM BERRIES OF EUROPEAN MISTLETOE (VISCUM ALBUM L.)
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Radical scavenging activity and protective effects against oxidative stress caused by free radicals,
nitric oxide and superoxide anion have been demonstrated for a number of mistletoe extracts
and isolated lectins. The aim of the present study was to determine the antioxidant activity of extracts
from the berries of mistletoe (Viscum album L.). For this purpose, biomarkers of oxidative stress
[2-thiobarbituric acid reactive substances (TBARS) as a biomarker of lipid peroxidation, carbonyl
derivatives of oxidative modification of proteins, total antioxidant capacity (TAC)] were used in human
blood after in vitro incubation with extracts derived from mistletoe berries at two final concentrations (5
and 2.5 mg/mlL). The results of our study showed that treatment with mistletoe berry extracts resulted
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in a significant increase in TBARS levels in human erythrocytes after in vitro treatment with extracts
at final concentrations of 5 mg/mL compared to untreated samples. On the other hand, a statistically
non-significant decrease in TBARS levels was observed for the extract at a final concentration of 2.5 mg/
mL. The levels of aldehydic derivatives of oxidatively modified proteins were statistically significantly
increased in samples treated in vitro with mistletoe berry extracts at a final concentration of 5 mg/mL
compared to untreated samples, and this increase was statistically significant. Treatment of human
erythrocytes with mistletoe berry extracts at a final concentration of 2.5 mg/mL resulted in a statistically
significant decrease in the levels of aldehydic derivatives of oxidatively modified proteins. The reduction
was 24.1% (p < 0.05). When human erythrocytes were incubated with mistletoe berry extracts, the levels
of ketonic derivatives of OMP were at the same level as in untreated samples. Treatment of human
erythrocytes with mistletoe berry extracts at a final concentration of 2.5 mg/ml resulted in a statistically
non-significant decrease in the levels of ketonic derivatives of oxidatively modified proteins. TAC levels
in human erythrocytes were increased after in vitro incubation with mistletoe berry extracts (final
concentration of 5 mg/mL) compared to untreated samples. This represented a 29% (p < 0.05) increase
in TAC levels compared to untreated samples. TAC levels in human erythrocytes after in vitro incubation
with mistletoe berry extracts (final concentration 2.5 mg/mL) were at the same level as in untreated
samples. Future studies can add to the current findings to better understand the antioxidant properties
of mistletoe berry extracts, with the potential to develop treatments and products using these extracts.

Key words: European mistletoe (Viscum album L.), human blood, extracts, 2-thiobarbituric acid reactive
substances (TBARS), carbonyl derivatives of oxidative modification of proteins, total antioxidant capacity (TAC)

JO303AAEIXHI SMIHH BIOMAPKEPIB OKHCHIOBAABHOI'O CTPECY
B CYCIHEH3Ii EPUTPOILIUTIB AIOAHUHH ITICASI IHKYBAIIIL IN VITRO
3 EKCTPAKATAMM SI'll OMEAH 3BUYAUHOI (VISCUM ALBUML.)

I'. M. TkaueHko, O. B. TBepaoxai6, B. I. T'onuapenko, H. M. Kypraaroxk

AxmusHicmsb NO2AUHAHHS PAOUKANIS | 3AXUCHI eheKxmu Npomu OKUCTI08ATLHO20 CMpecy, CNPUUUHEHO020
BLIbHUMU pAOUKANAMU, OKCUOOM A30MY MaA CYNepoKCUOHUM AHIOHOM, 6YSU NPOOeMOHCMPOBAHT 05t
Ppady ekcmpaKmie omenu ma okpemux it nekmunis. Memotro uiei pobomu 6ys10 BUSHAUEHHS AHMUOKCU-
danmmoi axmugHocmi ekcmparxmis si2io omenu 3guuaiinoi (Viscum album L.). [[ns yvoeo iHKybysaniu Kpoes
JOOUHU N Vitro 3 eKcmpaKmom si2i0 omenu Yy 080x KoHueHmpauisx (5 ma 2,5 me/mn). Pesynemamu
HAUL020 00CTONEHHSL NOKA3ANU, U0 THKYOAUIS CYCNEeH3Il epumpoyumie 3 ekecmpaKmamu si2io omeau npu-
38e/10 00 3HAUH020 NIOBUWLEHHSL PIBHSL PeUOBUH, SKi peazytomb 3 2-miobapbimyposoi kucromu (TBARS) sk
blomapKepis NepeKucHO20 OKUCHEHHSL JInidie 8 epumpoyumax JII0OUHU nicsst 06pobku in vitro ekcmpak-
mamu 8 KiHYesux KOHYeHmpayisx 5 me/ Man nopieHsHo 3 HeobpobreHumu spaskamu. 3 iHUL020 60KY,
cmamucmuuHo HeicmomHe 3HUXKeHHs. pieHst TBARS 8 cycneHsii epumpoyumis cnocmepizaiocs nicas
BUKOPUCMAHHS eKcmpakmy npu KiHyesiti KoHueHmpauii 2,5 me/mu. PigHi anb0e2i0HUX NOXIOHUX OKUCHIO-
801bHO MOOUPDIKOBAHUX OLIKI8 6YAU CMAMUCMUUHO ICMOMHO NIOBUULEHT Y 3paA3Kax, 00pobieHUX in Vitro
eKcmpaKkmamu 51210 omeNu 38UUATIHOL 8 KIHYeslll KOHUeHMpayii 5 M2/ M NOPIBHSIHO 3 He0bpobieHUMU
3paskamu. Obpobra epumpoyumis TOOUHU EKCMPAKMAMU 51210 OMeNU 8 KIHYesll KoHyeHmpauil 2,5 mz/ mn
npusgesia 00 CMAamMuCmMu4HO iICMOmMHO020 3HUIKEHHSL PIBHI8 Aib0e2IOHUX NOXIOHUX OKUCHI08ALHO MOOUPDI-
KosaHux 6ikig. SHuxeHHst cmarosuno 24,1% (p < 0,05). ITicns iHkybayii epumpoyumis 3 ekcmpaKmamu
S210 oMenU, Pi8HI KEMOHOBUX NOXIOHUX OYIU HA MOMY 2K Pi8HI, W0 i 8 HeobpobneHux 3paskax. Obpobra
epumpoyumie 10OUHU eKcmpaKkmamu s2i0 omenu 6inoi 8 KiHyesiii KoHueHmpauii 2,5 me/ ma npuzeena 0o
CMAamuCmuyuHO HeICMOmMHO20 3HUIKEHHSL PIBHI8 KemMOHO8UX NOXIOHUX OKUCHI8AIbHO MOOUPIKO8AHUX O
Kie. PigHi 3aeanbHoil anmuokcudanmHoi axmusHocmi (TAC) 8 epumpoyumax 6yau niosuuieHi (Ha 29%,
< 0,05) nicas inkybayii in vitro 3 ekempaxkmamu s12i0 omMenu (KiHyesa KOHueHmpaum 5 mz/ mn) nopigHsiHO
3 HeobpobneHumu 3paskamu. PigHi TAC e epumpoyumax n00uHU nicas iHKybauii in vitro 3 excmpai-
mamu s12i0 omenu (KiHuesa KoHueHmpauis 2,5 mz/ mn) 6yau Ha momy »< pieHi, wo i y HeobpobeHux
3paskax. MalibymHi 00Cai0IKeHHS MOXKYMb 00NO8HUMU NOMOUHIL pe3ysbmamu, uiob Kpawe 3posymimu
AHMUOKCUOQHMHI 81ACTMUBOCMI EKCMPAKMIE 210 OMEeNU, 3 NOMEHUIAN0M 05t po3pobKu 3acobi8 NiKY-
B8AHHSL MA NPOOYKMIB 3 BUKOPUCMAHHAM UUX eKCmpaKmis.

Knrouoei cnoea: omena sguuatiHa (Viscum album L.), kpog 00UHU, eKcmpaKmu, peaKmugHi peuo8uHU,
AKi 83aemodiroms 3 2-miobapbimyposoro kucaomoro (TBARS), kapboHiLNbHI NOXIOHI OKUCHIO8ATLHO
Mo0ugpiKosaHux 6inKie, 3a2aabHA aHmuokcuoaHmua akmusHicms (TAC).
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Introduction
Oxidative stress, or the uncontrolled
increase in free radical reactions, is a

pressing problem in medicine and biology.
Its development is the main pathogenetic
mechanism in the development of many
human diseases (Luo et al., 2020; Hajam et al.,
2022; Teleanu et al., 2022). As a result of the
activation of free radical processes, oxidative
modification of biomolecules (proteins, lipids,
nucleic acids) occurs, ultimately leading
to cell and organ damage and death (Liu et
al., 2022). From birth, the human body has
an antioxidant defence system that protects
cell membranes from potentially dangerous
reactions that cause them to oxidise. However,
this protection weakens over time and needs
to be constantly replenished and supported
(Benzie, 2000; Tiberi et al., 2023).

The problems of chemical regulation of
oxidative stress and the search for biologically
active substances with antioxidant activity
are the focus of many researchers. At present,
there is a constant search for new drugs that
are alternatives to synthetic substances, with
high biological activity, low toxicity and no side
effects (Valko et al., 2007; Demirci-Cekic et al.,
2022). Antioxidants of plant origin and natural
composition have a number of advantages over
synthetic antioxidants; they provide a fairly
wide range of beneficial physiological effects
on the body. The chemically similar structure
of plant biologically active substances (BAS)
to the structure of metabolites in the human
body increases the availability of drugs of
natural origin for the effective influence of
human enzyme systems, which influences the
efficacy of such drugs and makes them quite
safe (Amarowicz & Pegg, 2019; Lourenco et al.,
2019). Plant antioxidants bind free radicals,
suppress free radical oxidation reactions and
thus create normal conditions for metabolism
(Liu, 2013). A number of biologically active
plant compounds (polyphenols: flavonoids,
tannins, ascorbic acid, etc.) have pronounced
antioxidant properties (Carlsen et al., 2010;
Koztowska & Szostak-Wegierek, 2014).
Currently, the introduction of natural
antioxidants into products of the food,
pharmacological and especially cosmetic
industries of natural components is actively
used, with special attention being paid to
local plant raw materials due to their easy
availability and renewability (Halvorsen et al.,
2002; Tapsell et al., 2006).

Radical scavenging activity and protective
effects against oxidative stress caused by free

radicals, nitric oxide and superoxide anion
have been demonstrated for a number of
mistletoe extracts and isolated lectins (Kim et
al., 2010; Patil et al., 2011). As a medicinal
plant, mistletoe (Viscum album L.) has a long
history of use in both formal and folk medicine,
and has become an indispensable ingredient in
many remedies (Nazaruk & Orlikowski, 2016).
Tea made from mistletoe leaves is used to treat
high blood pressure, menopausal symptoms,
heavy menstrual periods, uterine bleeding,
gastrointestinalbleeding,haemorrhoids,chronic
joint problems and bronchial asthma (Kim et
al., 2015). Mistletoe has excellent hypotensive,
nervous system calming, analgesic, astringent,
antitumour and haemostatic properties (Sunjic
et al.,, 2015; Nazaruk & Orlikowski, 2016;
Thronicke et al., 2022). By increasing the tone
of the blood vessels, mistletoe tea also helps
with poor health, loss of strength and dizziness
(especially in old age) (Nazaruk & Orlikowski,
2016; Nicoletti, 2023). Mistletoe also stimulates
the appetite, increases the secretion of gastric
juices, improves metabolism and helps to
remove cholesterol from the body. It has a
detoxifying, choleretic and tonic effect (Kienle
& Kiene, 2010).

Mistletoe is an evergreen parasitic plant that
has leaves and the ability to photosynthesise,
but no root system of its own, so it cannot feed
on soil substrates (Mistletoe, 1988). Mistletoe
is fed by donor plants to whose branches it
is attached. It parasitises almost 40 species
of trees, including maple, pine, willow, birch,
false acacia, rowan, lime, chestnut, pine and
fir. The most susceptible species are poplar,
birch, lime and some fruit trees such as
apple and pear. The most common trees on
which mistletoe is found are poplar, apple and
pear. After settling on the top of a tree or its
branches, it grows into a dense green shrub
(Kienle et al., 2011).

Mistletoe contains a number of biologically
active substances. Among the best described
and most active phytochemicals identified in V.
album are lectins and viscotoxins, which play
an important role in cancer treatment due to
their apoptotic and cytotoxic effects (Nazaruk
and Orlikowski, 2016). Preclinical studies have
demonstrated cytotoxic, apoptosis-inducing
and immunomodulatory effects of V. album
lectins and viscotoxins (Melzer et al., 2009;
Rostock, 2020). Another group of compounds
found in mistletoe are phenolic acids,
phenylpropanoids and flavonoids, which have
antioxidant and anti-inflammatory activities
and reduce blood pressure (Radenkovic et al.,
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2009; Nazaruk & Orlikowski, 2016; Nicoletti,
2023). Other mistletoe constituents include
triterpenes with cytotoxic and apoptotic
properties, phytosterols, oligo- and
polysaccharides (Khwaja et al., 2008; Nazaruk
& Orlikowski, 2016; Beztsinna et al., 2018).
The aim of the present study was to
determine the antioxidant activity of extracts
derived from the berries of mistletoe (Viscum
album). For this purpose, biomarkers of
oxidative stress [2-thiobarbituric acid reactive
substances (TBARS) as a biomarker of lipid
peroxidation, carbonyl derivatives of oxidative
modification of proteins, total antioxidant
capacity (TAC)] were used in the human blood
after in vitro incubation with extracts derived
from the berries of Viscum album at two final
concentrations (5 and 2.5 mg/mL).

Material and methodology

Collection of Plant Material. The plant
material of apple tree (Malus Mill.) was
collected in Dubno (50°23'35"N 25°44'06"E),
a town and village on the Ikva River in Rivne
Oblast (province), western Ukraine. It serves
as the administrative centre of Dubno Raion
(district). Freshly picked fruits were washed,
weighed, crushed and homogenised in 0.1 M
phosphate buffer (pH 7.4) (at a ratio of 1:19,
w/w) at room temperature and centrifuged
at 3,000 rpm for 5 min. The extracts were
then filtered and used for analysis. The
supernatants were stored at -20°C in bottles
protected with laminated paper until needed.
This work was supported by the Pomeranian
University in Stupsk (Poland) in collaboration
with H. S. Skovoroda Kharkiv National
Pedagogical University (Kharkiv, Ukraine) and
Ivan Franko National University in Lviv (Lviv,
Ukraine). The authors acknowledge and are
grateful for the support of the International
Visegrad Fund.

Collection of blood samples. Blood (10 mL)
was collected from healthy volunteers by
venipuncture. The study was approved by the
Regional Research Ethics Committee of the
Medical University of Gdansk, Poland (KB-
31/18). All patients gave written informed
consentbefore the start ofthe study procedures.
Blood samples were drawn into commercially
available tubes after overnight fasting. Venous
blood samples (10 mL) were obtained from
the antecubital vein of each participant using
sterile disposable plastic syringes. Samples
were collected at the same standardised time to
minimise the effect of diurnal variation. Blood
was kept on ice until centrifuged at 3,000

10

rpm for 5 minutes. The plasma was removed.
The erythrocyte suspension (one volume) was
washed three times with five volumes of saline
and centrifuged at 3,000 rpm for 5 minutes.

Experimental design. The erythrocyte
suspensions were used for incubation
with mistletoe berry extracts, followed by
determination of 2-thiobarbituric acid reactive
substances (TBARS), carbonyl derivatives
of protein oxidative modification, and total
antioxidant capacity (TAC). The erythrocyte
suspension samples were pre-incubated with
4 mM phosphate buffer (pH 7.4) (control)
and with mistletoe berry extracts (at final
concentrations of 5 and 2.5 mg/mL) at 37°C for
60 minutes. This reaction mixture was gently
shaken at fixed intervals during incubation at
37°C. A 4 mM phosphate buffer (pH 7.4) was
used as a positive control.

The 2-Thiobarbituric acid reactive
substances (TBARS) assay. The level of lipid
peroxidation was determined by quantifying
the concentration of 2-thiobarbituric acid
reactive substances (TBARS) using the
method of Buege and Aust (1978) for the
determination of malonic dialdehyde (MDA)
concentration. This method is based on the
reaction of the degradation product of lipid
peroxidation, MDA, with 2-thiobarbituric acid
(TBA) under high temperature and acidity to
form a coloured adduct which is measured
spectrophotometrically. The nmol of MDA
per mL was calculated using an extinction
coefficient of 1.56-10° mM*-cm™.

Carbonyl groups of the oxidatively
modified proteins assay. Carbonyl groups
were measured as an indication of oxidative
damage to proteins according to the method
of Levine and co-workers (1990) with some
modification. Carbonyl content was measured
spectrophotometrically at 370 nm (aldehydic
derivatives, OMP,.) and 430 nm (ketonic
derivatives, = OMP,,,) (molar extinction
coefficient 22,000 M*-cm™) and expressed as
nmol per mL.

Total antioxidant capacity (TAC) assay.
Blood TAC levels were estimated by measuring
TBARS levels after oxidation of Tween 80 as
described previously (Kurhaluk et al., 2023).
Blood inhibits the Fe?"/ascorbate-induced
oxidation of Tween 80, resulting in a decrease
in the TBARS level. The absorbance of the
solution obtained was measured at 532 nm.
The absorbance of the blank was defined as
100%. The content of TAC in the sample (%)
was calculated from the absorbance of the
blank.
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Statistical analysis. The mean S.E.M.
values were calculated for each group to
determine the significance of the difference
between the groups. All variables were tested
for normal distribution using the Kolmogorov-
Smirnov and Lilliefors tests (p > 0.05). The
significance of differences between the levels of
oxidative stress biomarkers (significance level,
p < 0.05) was tested using the Kruskal-Wallis
one-way analysis of variance (Zar, 1999). All
statistical calculations were performed on
separate data from each individual using
STATISTICA 13.3 software (TIBCO Software

Inc., USA).
Results and discussion
The TBARS assay measures

malondialdehyde (MDA) present in a sample
as well as malondialdehyde formed from lipid
hydroperoxides under hydrolytic reaction
conditions. Malondialdehyde (MDA) is one of
many low molecular weight end products of
LPO (Khalili & Biloklytska, 2008). The levels
of TBARS as a biomarker of lipid peroxidation,
aldehydic and ketonic derivatives of oxidatively
modified proteins (OMP), and total antioxidant
capacity (TAC) in human erythrocytes after
in vitro treatment with extracts derived from
the berries of mistletoe (Viscum album) at two
final concentrations (5 and 2.5 mg/mL) were
assessed and shown in Figures 1-3.

40
E Untreated controls

@ Viscum album

30

TBARS, nmol/mL

25

20

2.5 mg/mL

Fig. 1. TBARS content, as a biomarker of lipid
peroxidation, in human erythrocytes after in
vitro treatment with extracts derived from the

berries of mistletoe (Viscum album) at two final

concentrations (5 and 2.5 mg/mL) (M + m, n = 8).
*— statistically significant differences between
treated and untreated samples (p < 0.05).

As shown in Figure 1, treatment with
mistletoe berry extracts resulted in a
significant increase in TBARS levels (35.17
* 1.63 nmol/mL) in human erythrocytes
after in vitro treatment with extracts at final
concentrations of 5 mg/mL compared to

11

untreated samples (23.38 + 1.08 nmol/mL).
A statistically significant increase in TBARS
levels (by 50.4% p < 0.05) was observed for the
extract at final concentrations of 5 mg/mL.
On the other hand, a statistically non-
significant decrease in TBARS levels (by 7.6%
p > 0.05) was observed for the extract at a final
concentration of 2.5 mg/mL (Fig. 1).

Under the influence of ROS, carbonyl groups
(aldehyde or ketone) are formed at the ends
of the protein chain, particularly at proline,
arginine, lysine and threonine residues,
forming 2-pyrrolidone, glutamic semialdehyde,
a-aminoadipic semialdehyde and 2-amino-3-
ketobutyric acid, respectively (Dalle-Donne
et al., 2003). These fragments are chemically
stable, which is useful for their assay. In
addition, protein carbonyl derivatives can be
obtained by oxidative cleavage of the protein
chain, either by a-amidation or by oxidation
of the glutamyl end of the protein chain,
resulting in a peptide in which the N-terminus
is blocked by a carbonyl derivative (Berlett
& Stadtman, 1997). Carbonyl groups can be
introduced into the protein chain by secondary
exposure to both lipid peroxidation products
(4-hydroxy-2-nonenal, malondialdehyde,
2-propenal or acrolein) and reactive carbonyl
compounds (ketoamines, ketoaldehydes)
formed during the metabolism of carbohydrates
or their oxidised products that are tropic to
lysine residues (glycation and glycosylation
reactions). Glycosylation reactions produce
carboxymethyllysine and pentosidine. LPO-
induced oxidative modification of proteins
produces malondialdehyde-lysine and
4-hydroxynonenal-peptide products (Berlett &
Stadtman, 1997; Squier, 2001).

The levels of aldehydic and ketonic
derivatives of oxidatively modified proteins
in in human erythrocytes after in vitro
treatment with extracts derived from the
berries of mistletoe (Viscum album) at two final
concentrations (5 and 2.5 mg/mlL) are shown
in Figure 2.

The levels of aldehydic derivatives of
oxidatively modified proteins were increased
in samples treated in vitro with mistletoe
berry extracts at a final concentration of
S mg/mL (12.84 = 0.60 nmol/mL) compared
to untreated samples (9.89 £ 0.46 nmol/mL),
and this increase was statistically significant
(by 29.8%, p < 0.05). Treatment of human
erythrocytes with mistletoe berry extracts at a
final concentration of 2.5 mg/mL resulted in
a statistically significant decrease in the levels
of aldehydic derivatives of oxidatively modified
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proteins to (5.85 + 0.27 nmol/mL) compared
with untreated samples (7.71 + 0.36 nmol/mL).
The reduction was 24.1% (p < 0.05) (Fig. 2).

O Untreated controls

B Viscum album

2.5 mg/ml Z.5 mg/mL

Aldehydic derivatives of OMP, nmol /mg protein Ketonic derivatives of OMP, nmol/mg protein

5 mg/mL

5 mg/mL

Fig. 2. Levels of aldehydic and ketonic
derivatives of oxidatively modified proteins in
human erythrocytes after in vitro treatment with
extracts derived from the berries of mistletoe
(Viscum album) at two final concentrations
(5and 2.5 mg/mL) (M £ m, n = §).

*— statistically significant differences between
treated and untreated samples at final
concentration 5 mg/mL (p < 0.05);

**— statistically significant differences
between treated and untreated samples at
final concentration 2.5 mg/mL (p < 0.05)

When human erythrocytes were incubated
with mistletoe berry extracts, the levels
of ketonic derivatives of OMP (15.12 =
0.70 nmol/mL) were at the same level as
untreated samples (15.23 + 0.71 nmol/mL).
Treatment of human erythrocytes with
mistletoe berry extracts at a final concentration
of 2.5 mg/ml resulted in a statistically non-
significant decrease in the levels of ketonic
derivatives of oxidatively modified proteins
to (11.57 = 0.54 nmol/mL) compared to
untreated samples (12.54 + 0.58 nmol/mL).
The reduction was 7.7% (p > 0.05) (Fig. 2).

Total antioxidant capacity is an indicator of
the body's antioxidant system, which protects
the body from the toxic effects of a number of
oxygen compounds produced in the body, such
as oxygen ions, peroxides and free radicals
(Bartosz, 2003). Total antioxidant capacity
(TAC) levels in human erythrocytes after in
vitro treatment with extracts from mistletoe
berries at two final concentrations (5 and 2.5
mg/ml) are shown in Fig. 3.

In the current study, TAC levels in human
erythrocytes were increased to (85.75 =
3.98%) after in vitro incubation with mistletoe
berry extracts (final concentration S5 mg/
mL) compared to untreated samples (66.48
t 3.08%). This represented a 29% (p < 0.095)

12

increase in TAC levels compared to untreated
samples. TAC levels in human erythrocytes
after in vitro incubation with mistletoe berry
extracts (final concentration 2.5 mg/ml) were
at the same level (70.16 £ 3.25 %) compared
to untreated samples (70.55 + 3.27 %) (Fig. 3).

95
O Untreated controls

B Viscum album

Total antioxidant capacity, %

2.5 mg/mL

Fig. 3. Total antioxidant capacity (TAC) levels in
human erythrocytes after in vitro treatment with
extracts derived from the berries of mistletoe
(Viscum album) at two final concentrations
(5and 2.5 mg/mL) (M +m, n = 8).

*— statistically significant differences between
treated and untreated samples at final
concentration 5 mg/mL (p < 0.05)

The results of the current study
demonstrated the antioxidant properties of
mistletoe berry extracts at final concentration
of 2.5 mg/mL after incubation with human
erythrocytes. The results of the current study
are similar to those of other researchers who
have demonstrated the antioxidant capacity
of numerous mistletoe extracts. For example,
the epiphyte V. album was shown to vary with
the type of host plant and extraction solvent.
Majeed and co-workers (2021) evaluated the
antioxidant profile of the medicinal epiphyte
V. album harvested from three tree species,
namely Populus ciliata L., Ulmus villosa L.,
and Juglans regia L. The crude extracts
were obtained with ethanol, methanol and
water and were evaluated for total phenolic
content (TPC), total flavonoid content (TFC)
and antioxidant activities using total reducing
power (TRP), ferric reducing antioxidant power
(FRAP), 1, 1-diphenyl 1-2-picryl-hydrazyl
(DPPH), superoxide radical scavenging (SOR)
and hydroxyl radical scavenging (-OH) assays.
The results of these researchers showed that
crude leaf extracts of plants harvested from
the host J. regia exhibited higher yields of
phytochemical constituents and significant
antioxidant properties. The ethanolic leaf
samples showed the highest levels of phenolics
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(13.46 + 0.87 mg/g), flavonoids (2.38 + 0.04
mg/g), FRAP (500.63 = 12.58 uM Fe II/g DW)
and DPPH (87.26% + 0.30 mg/mL). In addition,
the highest values for TRP (4.24 £ 0.26 pg/mL),
SOR (89.79% + 0.73 mg/mL) and OH (67.16%
* 1.15 mg/mL) were obtained from aqueous
leaf extracts. Furthermore, Pearson correlation
was used to quantify the relationship between
TPC, TFC and antioxidant (FRAP, DPPH, SOR,
OH) activities in V. album compared to their
hosts (Majeed et al., 2021).

Kleszken and co-workers (2022) studied
the influence of mistletoe on the content
of chlorophylls, proline, total phenolics,
flavonoids and antioxidant capacity of leaves of
host trees (Malus domestica, Prunus domestica
and Populus alba) growing in north-western
Romania. Based on HPLC chromatographic
analysis, the leaves of mistletoe growing
on apple (VAM) had the highest content of
phenolic acids (7.833 mg/g dw), followed
by poplar (VAO) and plum (VAP) mistletoe
leaves (7.033 mg/g dw and 5.559 mg/g dw,
respectively). Among the flavonols, rhamnazin
glucosides were the predominant component
in VAO (1.025 = 0.08 mg/g dw), followed by
VAP and VAM (0.514 £ 0.04 and 0.478 + 0.04
mg/g dw, respectively) (Kleszken et al., 2022).

The enhanced antioxidant activity of
fermented Korean mistletoe (KM) is due to
an increase in the levels of caffeic acid and
lyoniresinol, as demonstrated by Kim and
co-workers (2016). The KM extract showed
enhanced antioxidant activity in 2,2-diphenyl-
1-picrylhydrazyl, Trolox equivalent antioxidant
capacity and 5-(and-6)-chloromethyl-2',7'-
dichlorodihydrofluorescein diacetate acetyl
ester assays after fermentation with a crude
enzyme extract from a soybean paste fungus,
Aspergillus kawachii. High-performance liquid
chromatographyanalysisrevealed four elevated
peaks in the enzyme-treated KM. The elevated
peaks were isolated and identified as caffeic
acid (1), hesperetin (2), syringaldehyde (3) and
lyoniresinol (4). Of the four compounds, only
1 and 4 showed strong antioxidant activity.
Therefore, fermentation increased the content
of 1 and 4, which consequently increased the
antioxidant activity of KM (Kim et al., 2016).

Stefanucci and co-workers (2020) described
the chemical profiles and biological activities
of homogeniser-assisted extract (HAE) and
ultrasound-assisted extract (UAE) of V. album
parts (leaf, fruitand seeds). Antioxidant (radical
scavenging, reducing power, metal chelation
and phosphomolybdenum assays) and
enzyme inhibitory (cholinesterases, amylase,
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glucosidase and tyrosinase) properties were
selected for biological evaluation. Chemical
profiles were studied by HPLC-MS/MS and
32 compounds were identified in the extracts;
caffeoylquinic acids and their derivatives,
dimethylated flavonoids were the most
significant compounds. In general, the leaf
extracts showed the best antioxidant and
enzyme inhibitory effects in tests. Strong
correlations were observed between total
bioactive compounds and the parameters
tested (Stefanucci et al., 2020).

A conventional experimental rat model of
streptozotocin (STZ)-induced diabetes was
used to evaluate the effect of mistletoe on
lipid peroxidation and the antioxidant system.
Orhan and co-workers (2005) investigated the
hypoglycaemic effect and antioxidant activity
of three subspecies of European mistletoe
in streptozotocin-induced diabetic rats. The
antioxidant activity of these extracts was also
investigated in liver, kidney and heart tissues
of streptozotocin-induced diabetic rats after
subacute administration. To determine the
antioxidant activity of the extracts, tissue
MDA and GSH levels were measured using
spectrophotometric methods. The results of the
experiments showed that European mistletoe
subspecies possess potent antihyperglycaemic
and antioxidant activity depending on the host
plant (Orhan et al., 2005). Also, Turkkan and
co-workers (2016) studied the prophylactic
effect of V. album in streptozotocin-induced
diabetic rats. A total of 32 adult male Sprague-
Dawley rats were divided into 4 groups of
8 rats each: Control group, STZ group, mistletoe
group, and mistletoe + STZ group. VA extract
was 100 mg/kg preparation administered once
a day by oral gavage for 10 days. A single dose
of 55 mg/kg STZ citrate buffer (0.1 M, pH 4.5)
was administered intraperitoneally to induce
diabetes. Fasting blood glucose was measured
and recorded. Animals were sacrificed and
catalase (CAT), malondialdehyde (MDA) and
protein were measured in liver and kidney
tissue samples. Mistletoe given to diabetic rats
reduced oxidative stress and improved their
general condition (Turkkan et al., 2016).

The antioxidant properties of mistletoe
extract administration significantly reduced
acute oxidative stress and hepatocellular
damage in rats with hepatocellular injury.
The protective effect of a mistletoe extract
(Helixor®, HLX) on itraconazole (ITZ)-induced
hepatocellular injury and acute oxidative
stress in rats was investigated by Cetin
and co-workers (2023) wusing histological,
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biochemical and comet assay methods. Four
groups, a control group, an HLX group (Smg/
kg/14days/i.p.), an ITZ group (100mg/
kg/14days/oral) and an HLX plus ITZ group
(5mg/kg/14days/ip+100mg/kg/14days/oral)
were created from 32 female Wistar albino
rats. At the end of the experiment, AST and
ALT liver enzymes, total oxidant status (TOS)
and total antioxidant status (TAS) levels,
histopathological analysis and comet assay
were performed. The highest genotoxicity,
higher levels of plasma AST and ALT, higher
TOS, more degenerative liver histopathology
including hepatocyte degeneration, hepatocyte
apoptosis and necrosis, portal/periportal
inflammation, bile duct hyperplasia and
multinucleated giant cell formation were
observed in the ITZ group (p<0.05). In contrast,
administration of HLX plus ITZ improved
histopathological changes and DNA damage
and showed a dramatic decrease in AST, ALT
and TOS levels (p<0.05) and an increase in
TAS level (p<0.001) compared to the ITZ group
(Cetin et al., 2023).

Conclusions

In the present study, we determined the
antioxidant activity of extracts derived from
the berries of mistletoe (Viscum album). For
this purpose, biomarkers of oxidative stress
[2-thiobarbituric acid reactive substances
(TBARS) as a biomarker of lipid peroxidation,
carbonyl derivatives of oxidative modification of
proteins, total antioxidant capacity (TAC)] were
used in human blood after in vitro incubation
with extracts derived from mistletoe berries of
at two final concentrations (5 and 2.5 mg/mL).
The results of our study showed that treatment
with mistletoe berry extracts resulted in a
significant increase in TBARS levels in human
erythrocytes after in vitro treatment with
extracts at final concentrations of 5 mg/mL

compared to untreated samples. On the other
hand, a statistically non-significant decrease
in TBARS levels was observed for the extract
at a final concentration of 2.5 mg/mL.

The levels of aldehydic derivatives of
oxidatively modified proteins were statistically
significantly increased in samples treated
in vitro with mistletoe berry extracts at a
final concentration of 5 mg/mL compared
to untreated samples. Treatment of human
erythrocytes with mistletoe berry extracts at
a final concentration of 2.5 mg/mL resulted
in a statistically significant decrease in the
levels of aldehydic derivatives of oxidatively
modified proteins. The reduction was 24.1%
(p < 0.05). When human erythrocytes were
incubated with mistletoe berry extracts, the
levels of ketonic derivatives of OMP were at the
same level as in untreated samples. Treatment
of human erythrocytes with mistletoe berry
extracts at a final concentration of 2.5 mg/
ml resulted in a statistically non-significant
decrease in the levels of ketonic derivatives
of oxidatively modified proteins. TAC levels in
human erythrocytes were increased after in
vitro incubation with mistletoe berry extracts
(final concentration 5 mg/mL) compared to
untreated samples. This represented a 29%
(p < 0.05) increase in TAC levels compared
to untreated samples. TAC levels in human
erythrocytes after in vitro incubation with
mistletoe berry extracts (final concentration 2.5
mg/mL) were at the same level as in untreated
samples. Future studies can add to the current
findings to better understand the antioxidant
properties of mistletoe berry extracts, with the
potential to develop treatments and products
using these extracts.
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