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Plants of the Asteraceae family are broadly used against microorganisms pathogenic to people and animals, although their potential
has not been studied completely so far. In an in vitro experiment, we tested ethanolic, ethyl-ether, and dimethyl-sulfoxide extracts from the
fruits, leaves, shoots, and roots of Xanthium strumarium L. for their effects on 13 species of bacteria and larvae of 3 species of nematodes.
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Introduction

Experts of the Global Healthcare Organization note the danger of an-
tibiotic resistance, which is in the top ten of current threats to life of people
(www.who.int/health-topics/antimicrobial-resistance). Mortality among
the global population in 2019 due to resistance of bacteria to specific anti-
microbial drugs accounted for 1.3 M people a year (Huband et al., 2019;
Pfaller et al., 2021), and by 2050, the antibiotic tolerance can lead to death
of up to 12 M people every year. Microorganisms develop antibiotic
resistance more easily than people and animals. Once entering an orga-
nism, such bacteria and fungi cause diseases that are hard to treat. Micro-
bial resistance to antibiotics has reached alarming levels all around the
world. Tuberculosis, food poisonings and pneumonia are becoming in-
creasingly hard to treat due to reduced antibacterial effects of many com-
monly used drugs (Bengtsson-Palme et al., 2015; Simonsen, 2018; Zaz-
harskyi et al., 2020a). Metagenome analysis revealed an almost three-fold
increase in the number of genes resistant to sulfanilamide and beta-lactams
and an 8-fold increase in resistance to trimethoprim. Inhibitory activity
towards influenza, adeno- and rhinoviruses was exerted by extracts from
the gentian root, primula flower, elder flower, sorrel herb, and verbena
herb (Glatthaar-Saalmuller et al., 2011). Phytodrugs also exhibited dose-
dependent anti-inflammatory effect, compared with the action of indome-
tacin, preventing formation of exudates and infiltration of the mucous
membrane. Plant-based drugs from bark of oak, roots of Althaea officina-
lis, leaves of Persian walnut, herbs of Taraxacum officinale, Achillea
millefolium, Equisetum, and flowers of Matricaria demonstrated immune-
modulating in vitro effects, strengthening phagocytosis, activating T-kil-
lers, and increasing the cytolitic activity, and also produced in vivo effects

by significantly reducing the morbidity with acute respiratory-viral disea-
ses (Mérz et al., 1999).

Hundreds of bacteria species that are pathogenic to people are conti-
nuously evolving, adapting to hundreds of pharmaceutical and veterinary
antibiotics, and hence there is a dire need of constant development of new
antimicrobial drugs to treat infections. In this paper, we continued resear-
ching antibacterial dugs based on plant extracts to seek ways to control the
spread of antibiotic-polyreistant bacterial strains that are hard to treat (Za-
zharskyi et al., 2019; Palchykov et al., 2020). Plants produce various se-
condary metabolites with varying biological activity. We have already
found antiparasitic and antimicrobial activities in galenic dugs made of
some plants (Boyko & Brygadyrenko, 2016, 2019, 2020, 2021; Palchy-
kov et al., 2020; Zazharskyi et al., 2020b).

Xanthium strumarium L. remains poorly studied for its antimicrobial
and anthelmintic activities and can have significant potential in modem
medicine and veterinary medicine. Therefore, our objective was identi-
fying the antibacterial and anthelmintic activities of ethanol, ethyl-ether,
and dimethyl-sulfoxide extracts of X. strumarium L. towards 13 microor-
ganisms and 3 nematodes.

Material and methods

The leaves, roots, fruits, and shoots of X. strumarium L. plants were
collected in the steppe zone of Ukraine (Boyko & Brygadyrenko, 2016,
2019). We prepared ethanol, ethyl-ether, and dimethyl-sulfoxide extracts
from those parts in 1:3 proportion (to 5 g of raw plant material we added
15 mL of extracting agent). To study nematocidal properties of the initial
33.3% extract, we prepared three concentrations of them (10%, 1%, and
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0.1%) by adding respective extracting agents. From the filtering paper, we
cut disks (6 mm diameter), and soaked them in the extracts and dried them
in a laminar box (LAM 2 kI, PORSA, Ukraine).

Antbacterial activity of different parts of X. strumarium and its etha-
nol, ether, and dimethyl-sulfoxide extracts was identified using the disk-
diffusion method with epizootic microorganism strains (Table 1). From
daily cultures of the mentioned microorganisms, we prepared weighed
amounts where the number of bacteria (1.5 x 10° CFU (colony-forming
units) according to the turbidity standard) was determined using a DEN-1
densitometer (Biosan, Latvija, 2020).

At the next stage of the research, a weighed amount was evenly ino-
culated in Petri dishes with Mueller Hinton Agar (Himedia, India, 2023).
Onto the surface of medium with inoculant, using a sterile pincette, we put
disks (keeping minimal distance of 24 mm between the disks, and 10—
15 mm from the margins of Petri dishes), which were soaked in prepared
extracts and cultivated in a TCO-80/1 Thermostat (Mediko-Instrumental’-

nyi Zavod “Novye Tekhnologii I Marketing”, Ukraine, 2015) in an up-
side-down position, at the temperature of 37 °C for 24 h. As the positive
control, we used disks with two standard antibiotics (streptomycin and
amoxicillin) in the concentration of 10 pg/disk. Amoxicillin is a semi-syn-
thetic penicillin (beta-lactam antibiotic) that inhibits one or more enzymes
in the biosynthetic pathway of bacterial peptidoglycan, which is an integ-
ral structural component of cellular wall of bacteria. Streptomycin is an
antibiotic that forms over the process of vital activity of bacteria of the
Streptomyces genus. On top of the inoculations, we put disks (n = 5) satu-
rated with ethanolic, ethyl-ether, and dimethyl-sulfoxide extracts of X stru-
marium (Table 2). Twenty four hours later, growth of the cultures was me-
asured using the zone scale for reading the sizes of growth-inhibition
zones of microorganisms (Antibiotic Zone Scale-C, model PW297, India,
2023) and the software TpsDig2 (F. James Rohlf, Stony Brook, USA).
Growth inhibition zone was considered to be an area of complete absence of
growth, seen visually (Tendencia, 2004; Zazharskyi et al., 2019, 2020b).

Table 1
Taxonomic composition of the 13 studied microorganisms
Class Family Species, strains
Enterobacter cloacae 1
Enterobacter cloacae 2
Klebsiella pneumonia ssp. rhinoscleromatis
. Klebsiella pneumonia ssp. ozaenae
G teobacteria Enterobacteriaceae Klebsiella aerogenes
Ammapro Salmonella enterica subsp. enterica (typhimurium) UNCSM-014
Escherichia coli ATCC 25923
Proteus vulgaris UNCSM-011
Morganellaceae Morganella morganii
Pseudomonadaceae Pseudomonas aeruginosa
Enterococcus faecalis
Bacilli En oeae Enterococcus faecium
Staphylococcaceae Staphylococcus aureus UNCSM-017
Bacillaceae Bacillus subtilis ATCC 6633
Table 2 li)to 14.0 mm (E. cloacae 2) in 11 cases. Alcohol extracts performed only
’[121‘ © <t important data tibacterial activities of X, strumari slightly more poorly, in 10 cases, with the growth-inhibition zone of 10.2
© most important data on antibacterial achiviies oL.A. Strumariuim (E. coli) to 12.8 mm (K. pneumonia ssp. ozaenae, Table 3). Inhibition of
Partof Most important literature sources growth of the colonies by dimethy-sulfoxide-based extracts was observed
plant used — 201§b08t medlc;ll pégg;mes of plant in 8 of 29 cases and measured 10.3 (root tincture on E. cloacae 2) to
Fruit Z:ISi]frikhosmasnhs(ﬂli &)llirgﬁ]{;(;ﬂ.)( ) 13.7 mm (action of fruit exim.ct onkK pneu'mom'a. ssp. rhinoscleromatis).
Leaves Sahu et al. (2010), Devkota & Das (2018) Alcohol extract of the fiuits caused antibacterial effects on E. cloacae 1,
Shoots Keyaetal. (2018), Ozturk etal. (2021) i K. pneumonia ssp. ozaenae, K. aerogenes, and E. coli, with inhibition zo-
Roots Nibret etal. (2011), Salisbury (2019), Chavan & Kulkami (2021)

To study nematocidal properties of the extracts, we used larvae of the
nematode of the respiratory ways of goats and sheep — Muellerius capilla-
ris (Mueller, 1889) (Strongylida, Protostrongylidae) (first stage —L;), culti-
vated in advance for 10 days at the temperature of 20 °C; and the digesti-
ve-system nematodes Strongyloides papillosus Wedl, 1856 (Rhabditida,
Strongyloididae) (first-third stages — Ly, L, L3) and Haemonchus contor-
tus (Rudolphi, 1803) Cobb, 1898 (Rhabditida, Trichostrongylidae) (third
stage — L). Using the generally adopted Baermann’s method (Zajac &
Conboy, 2011), we isolated nematode larvae from feces. The species were
identified according to the morphological features of larvae (Van Wyk
etal., 2004; Van Wyk & Mayhew, 2013). Afterwards, the fluid with lar-
vae was distributed into test tubes and centrifuged at 1,500 rpm (2 min).
The supernatant was removed and the sediment with larvae was evenly
distributed into 1.5 mL plastic test tubes, 0.1 mL into each. Then, to this
sediment, we added extracts from X strumarium in four-time repetition
for each variant. The nematode larvae were exposed to the tested extracts
for 24 h at 20 °C. Then, we counted live and dead nematode larvae.

The data in the tables are presented as x £+ SD (mean + standard devi-
ation). The differences were considered significant at P < 0.05. The sam-
ples were compared to the previous using analysis of variance (ANOVA)
with the Bonferroni‘s Correction. In case of detecting significant diffe-
rences between the samples according to ANOVA, we used the Tukey’s
Honest Significant Difference (HSD) Test.

Results

The greatest antibacterial effect was exerted by ether tincture of
X strumarium L. It produced growth-inhibition zones ranging 10.0 (. co-

nes of 104, 10.9, 12.8, and 10.3 mm, respectively. Ether extract of the
fruits showed antibacterial activity against K. pneumonia ssp. ozaenae and
E. coli, with inhibition zones of 13.0 and 10.2 mm. Fruit extract, based on
dimethyl sulfoxide, demonstrated antibacterial effects on E. cloacae 1,
K aerogenes, and E. coli, inhibition zones measuring 12.1, 10.5, and
11.1 mm, respectively. We saw the inhibiting effect of ether extract from
the leaves on E. cloacae 1, E. cloacae 2, K. pneumonia ssp. ozaenae,
K. aerogenes, and S. enterica (12.7, 109, 11.6, 10.0, and 12.0 mm inhibi-
tion zones). Alcohol extract from leaves inhibited reproduction of the
bacteria E. cloacae 1, E. cloacae 2, and E. coli (10.6, 11.6, and 11.8 mm).
Dimethyl-sulfoxide tincture of the leaves inhibited the growth and deve-
lopment of only E. coli (11.5 mm).

Stem extracts demonstrated the following inhibiting actions: alcohol
extract towards K. aerogenes (10.0 mm), ether extract towards E. cloacae
2 and E. coli (14.0 and 11.1), and dimethyl-sulfoxide extract towards
E. cloacae 2 (11.0 mm). We saw bacteriostatic effect of alcohol extract
from the root on E. cloacae 1 and E. coli (11.1 and 10.2), ether extract —
on K. pneumonia ssp. ozaenae and E. coli (10.1 and 10.5) and dimethyl-
sulfoxide extract —on E. cloacae 2 and K. pneumonia ssp. rhinoscleroma-
tis (10.3 and 13.7). The strongest effects on P. vulgaris were caused by
alcohol extracts from the leaves and stem (9.0 and 8.7 mm). As with inhi-
bitory action against this bacterium, efficacy was seen for only ether ex-
tract from the stems (8.9), and dimethyl-sulfoxide extracts from all the
parts of the plant (fruits — 9.7, leaves — 8.8, stems — 8.9, and roots — 8.9;
Fig. 1). Against M. morganii, alcohol and ether extracts from fiuits pro-
duced growth inhibition zones of 9.0 and 8.5 mm, and ether extracts from
the leaves, stems, and roots caused 8.2, 8.5, and 9.6 mm inhibition zones,
respectively. At the same time, antibacterial effect of dimethyl-sulfoxide
extract was significantly higher: 10.0 (roots) to 10.7 mm (leaves), which
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was higher than the control (amoxicillin). Growth of the colonies of
P. aeruginosa was inhibited by alcoholic tinctures only from the roots
(8.9 mm), ether extracts from stem and root (8.4 and 9.0 mm), and dime-
thyl-sulfoxide extract from three parts of the plants: fruits, stem, and root
(9.0, 8.8, and 9.7 mm). This was similar to the control variants of the expe-
riment (amoxicillin, 9.3 mm).

Study of effects of the extracts on the microorganisms of the families
Enterococcaceae and Staphylococcaceae revealed inhibition zones of
E. faecalis, E. faecium, and S. aureus produced by tinctures of the fiuits
(10.0, 10.3, and 14.2mm), leaves (154, 9.8, and 12.4mm), shoots (7.1,

11.3, and 9.6 mm), and roots (12.0, 10.0, and 11.7 mm). Ethyl-ether ex-
tracts exhibited the following effects: from fruits — against E. faecium
(11.8 mm inhibition zone), from leaves — E. faecium and S. aureus
(11.8and 12.6 mm inhibition zone), stems — E. faecalis (9.5 mm), and
from roots — E. faecium (10.9 mm).

Dimethyl-sulfoxide extracts displayed noticeable inhibiting effect on
growth of the colonies, particularly extracts from the fruits — against
S. aureus (12.8 mm inhibition zone), leaves — E. faecium and S. aureus
(9.0 and 9.8 mm), stems — E. faecalis (9.5 mm), and roots — against
E. faecalis, E. faecium, and S. aureus (10.0, 9.0, and 11.6 mm).

Table 3

Antibacterial effect (width of growth-inhibition zone, mm) of ethanol, ethyl-ether, and dimelthyl-sulfoxide extracts from different parts of X. strumarium
on the families Enterobacteriaceae, Morganellaceae, Pseudomonadaceae, Enterococcaceae, Staphylococcaceae, and Bacillaceae (x + SD, n=5)

Variant Control, Con'n?ulin, -
. streptomy-  amoxicl xperiment
of the experiment cin, 100pg 100 g
Part of the plant - — fruits  leaves stems  roots  fiuits  leaves stems  roots  fiuits  leaves  stems  roots
Extracting agent B ethyl ethyl ethyl ethyl ethyl ethyl ethyl ethyl dimeﬂ?yl dimetljlyl dimeﬂ?yl dimetljlyl
g alcohol alcohol alcohol alcohol  ether ether ether ether sulfoxide sulfoxide sulfoxide sulfoxide
Fnterobacter cloacae ] 2V E 276+ 104+ 106+ 84+ 110+ 88+ 127+ 73+ 71+ 67+ 90+ 79+ 67+
0.5 04 08¢ 08 1.7 0.9 03¢ 0.8 04" 03¢ 02¢ 03¢ 02" 028
Enterobacter cloacae2 1190 244+ 95+ 116+ 89+ 95+ 94+ 109+ 140+ 85+ 121+ 91+ 110+ 103+
0.2 0.6° 0.5 20° 0.7 0.5 1.0° 0.7 0.7 0.5 1.5 0.6° 0.7 04
Klebsiella pneumonia 198+ 244+ 86+ 84+ 76+ 80+ 82+ 77+ 97+ 93+ 106+ 91+ 87+ 137+
ssp. rhinoscleromatis 0.8 1.0 04° 09 04% 03¢ 06 02* 08  06° 122 06° 02X 09"
Klebsiella pneumonia 22+ 248+ 128+ 79+ 79+ 86+ 130+ 116+ 75+ 101+ 78+ 83+ 80+ 85+
ssp. ozaenae 0.8 040 1.0° 0.5 0.6 0.7 0.8 0.7 03¢ 0.5 02 04 0.6 03¢
Klebsiclla aerovenes 156+ 194+ 103+ 94+ 100+ 91+ 89+ 100+ 86+ 93+ 105+ 64+ 96+ 76+
8 200 0.7 09° 24 03° L.1¢ 0.6° 06° L1 0.7° 05° 04¢ 04° 0.5
Sabmonell enerica 207+ 270+ 80+ 80+ 76+ 81+ 66+ 120+ 78+ 67+ 78+ 87+ 93+ 85+
06" 03° 03¢ 03¢ 04¢ 04° 04¢ 03¢ 02° 06" 02° 04% 04¢ 0.3
Escherichia coli 193+ 208+ 119+ 118+ 76+ 102+ 102+ 86+ IL1+ 105+ 111+ 115+ 97+ 94+
1.6* 0.5 12° 0.5° 0.6° 0.5° 0.7° 20 0.7° 09° 06° 0.5 02° 0.6
Proteus wlearis 163+ 178+ 75+ 90+ 87+ 66+ T4+ 69+ 89+ 78+ 97+ 88+ 89+ 89+
8 0.8 0.5 05° 03¢ 04¢ 06° 04° 06° 04  o0s5¢ 05 0.5 04¢ 04¢
Morganella morganii 160+ 95+ 90+ 65+ 7.5di 7-7jc s.szc 82 i 8.5bi 9.63 IO.Ibi 10.7bj: 9.8bi 100+
112 07 120 03° 05 05 05 05 0.7 12 14 04 05 07
Pseudomonas 140+ 93+ 72+ 71+ 70+ 89+ 71+ 73+ 84+ 90+ 90+ 71+ 88+ 97+
aeruginosa 0.6 040 02° 04° 04° 04° 02° 04 07* 06 06 04° 0.5 0.7
Enterococcus fuecalis 84+ 88+ 100+ 154+ 74+ 120+ 76+ T4+ 95+ 83+ 74+ 78+ 101+ 100+
04 04° 1.6° 1.6° 0.7 14 064 06 07 11® 06 05 160 o7
Enterococcus fuecium 118+ 270+ 103+ 98+ 113+ 100+ 118+ 118+ 79+ 109+ 76+ 90+ 79+ 90+
12 0.7 04 0.5 0.8 03" 0.5 12 04° L5 04° 03° 06° 0.7*
Suvhiococcus awens  204E 208+ 142+ 124+ 96+ 117+ 80+ 126+ 85+ 79+ 128+ 98+ 65+ 116+
P 0.5° 09" 16 09 04 04 07 15 LI 0™ 09 0¥ 03 04
Bacilhs subtls 168+ 230+ 150+ 176+ 87+ 67+ 150+ 149+ 90+ 80+ 150+ 160+ 70+ 80+
0.8 0.7 0.6° 06" 04¢ 02° 0.7° 0.7 07 07* 0.7 0.7* 07 07

Note: different letters in a row indicate samples that are significantly (P < 0.05) different from one another according to the Tukey’s Honest Significant Difference (HSD) Test.

Powerful antibacterial effect on B. subtilis was caused by all the tested
extracting agents from the fiuits and leaves: ethanolic caused 15.0 and
17.6, ether — 15.0 and 14.9, and dimethyl-sulfoxide extracts — 15.0 and
16.0 mm inhibition zones, respectively. We also found that the inhibition
zone of B. subtilis produced by alcohol extract from the leaves of X. stru-
marium was larger than in the control with streptomycin (P < 0.05). When
determining the effects of X. strumarium extracts on survival of the larvae
of the studied nematodes, we saw no significant nematocidal effects. Over
90% of the larvae survived in 24 h experiment subject to all the tested
extracts from roots, stems, leaves, and fruits.

Discussion

The Xanthium genus includes annual herbs that often act as weeds.
Xanthium strumarium has derived from the Greek word xanthos, meaning
“yellow”, and strumarium, meaning “‘cushion-like swelling”” (Shahed-Al-
Mahmud & Lina, 2017). Species of this genus are characterized by a pe-
culiar spiky head. Since Karl Linnaeus described the first two Xanthium
plants in 1753 (X strumarium L. and X. spinosum L.), species of this
genus have been given a lot specific epithets. In the last revision of the
genus using molecular (Dogan & Kiran, 2017) and phylogenetic analyses,
five valid species were described Rojas-Sandoval (2022). Xanthium stru-
marium (common cocklebur). CABI Compendium. hittp:/doi.org/
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10.1079/cabicompendium.56864). Xanthium strumarium is an annual
plant that has become a common agricultural and ecological weed. More-
over, it is considered one of the world’s most harmful weeds. The plant
produces a great number of seeds that easily spread thanks to their abilities
to float and move via clothes of people and coating of mammals (Krstic et
al,, 2021). Once X. strumarium emerges in a biotope, it can quickly be-
come a dominating species in the area because of intensive seed produc-
tion, and also their high germination rate and survivability over a long
period. This plant dominates in disturbed areas (wastelands, roadsides,
worked over lands), river banks, meadows, beaches, and riverbank thick-
ets. It occurs in scattered populations, but can also form dense populations
that displace local vegetation, inhibiting the germination of seeds of other
plants, altering the natural processes of regeneration. Xanthium struma-
rium is broadly known as an invasive weed in Serbia, it is one of the most
competitive weeds, seriously affecting yields of maize, soybean, rape, and
other crops (Ana et al., 2016).

Xanthium strumarium is a monoecious plant with staminate flowers
in the upper inflorescences and pistillate flowers in the sheath inflorescen-
ces. When it blossoms, the sheath buds become the shoots, each having a
terminate staminate inflorescence and sheath pistillate flowers (Salisbury,
2019). Atractyloside is a glycoside of diterpene-kaurane type; toxic, as it
inhibits adenine nucleotide translocator (Fig. 1). Atractyloside can cause
serious lesions of the liver and kidneys, even after entering through the
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human skin. To ensure safety of X. strumarium-containing cosmetics, it is
necessary to accurately estimate the safe concentration of active agents
(Ozturk et al., 2021). Atractyloside concentration in the seeds of X. stru-
marium was 3.04 mg/g in August, 3.50 mg/g in September, and
3.80 mg/g in October. In other parts of the plant (leaves, stems, and roots),
atractyloside was not found (Ozturk et al., 2021).

Fig. 1. Formula of carboxyatractyloside (Plumlee, 2004)

Xanthium strumarium is a valuable medicinal plant because of anti-
microbial and antioxidant compounds (Azimova & Glushenkova, 2012).
It exerted antioxidant and anti-inflammatory properties that could be inte-
grated into anti-aging cosmetics, as well as drugs used for healing various
wounds (Shravani et al., 2023). Compounds isolated from the fruits of
X strumarium mitigated the harm imposed by UV light, stimulated pro-
duction of collagen, and enhanced natural wound healing. Xanthium stru-
marium and compounds isolated from it have chances to become a new
panacea in cosmetology, being quite promising and effective ingredients
for various extracts, serums, and creams. Those drugs have no less power-
ful potential than hyaluronic and retinoic acids and can enhance their
activities in anti-aging drugs (Shravani et al., 2023).

To satisfy the needs of people for vegetal oil, fats isolated from vari-
ous plants are very important. Cesur et al. (2022) identified contents of oil,
composition of fatty acids, and some properties of the seeds of X. struma-
rium subsp. strumarium. The seeds were found to contain 24.19% fat of
seed mass. Its oil is rich in linoleic (76.97%) and oleic (11.91%) acids.
The seeds and seed oil are inedible. Zarifikhosroshahi & Ergun (2022)
determined the content of fatty acids of mature and immature oil from
whole fiuits of X. strumarium. Although the main fatty acid in immature
samples of the fruits contained oleic acid (50.17%), its amount decreased
in oil from samples of mature fiuits (25.96%); this compound turmed into
linoleic acid, which is the main fatty acid of oil from the seeds of X. stru-
marium (Zarifikhosroshahi & Ergun, 2022). Oil of mature fruits contained
a greater amount (81.34%) of unsaturated fatty acids (USFA) than oil of
immature fruits (56.09%). Those studies revealed that the degree of ripen-
ing significantly influenced the concentration of fatty acids in the fruits.

Herbs of X. strumarium are traditionally used to treat various diseases,
including leukoderma, bites of dangerous insects, epilepsy, salivation, al-
lergic rhinitis, sinusitis, and other (Shravani et al., 2023). Inorganic, bio-
compatible, and non-toxic, titanium is a compound used in pharmaceutics
and biomedicine, and also spheres such as bone-tissue engineering. Shra-
vani et al. (2023) studied nanoparticles of titanium dioxide (TiO NP) syn-
thesized from X. strumarium. Their study evaluated cytotoxic properties
of extract from the leaves of Xanthium strumarium and TiO nanoparticles.

Heavy metals that enter the environment as a result of human activity
contaminate the soil and deteriorate its quality. Eren (2018) studied phy-
toextracting activity of X. strumarium plants. The plant could be used to
cleanse soil and is utilized in the phytoremediation method to reduce Cu
concentration in soil.

Kore et al. (2023) confirmed the antihistamine activity of X. struma-
rium fiuit extract (in the dose of 100 mg/kg intraperitoneally) using halo-
peridol-induced and clonidine-induced catalepsy in laboratory rats.

An important class of natural products with a unique pharmaceutical
activity is 8,12-sesquiterpene lactones (STLs). Zheng et al. (2022) reported
about a unique germacrene A oxidase (XsGAO) from X strumarium.
Unlike the classic enzyme GAO, which catalyzes the three-stage oxidati-
on of germacrene A with formation of germacrene acid A (GAA),
XsGAO catalyzes only one-stage transformation of germacrene into
germacrene alcohol (Zheng et al., 2022). Sahu et al. (2010) evaluated the
pharmaceutical properties of the leaves of X strumarium, finding that

alcohol extract exerted a significant anti-inflammatory, anesthetic, and
antimicrobial actions.

Devkota & Das (2018) studied antibacterial activity of aqueous and
methanol extracts from the leaves of X. strumarium in various concentra-
tions (50, 100, 150, 200, and 250 mg/mL) against the bacteria Klebsiella
pneumoniae, Proteus mirabilis, Escherichia coli, Bacillus subtilis, Entero-
coccus faecalis, and Staphylococcus aureus. Phytochemical screening re-
vealed presence of terpenoids, saponins, flavonoids, tanning substances,
and alkaloids. Gram-negative bacteria were more tolerant than Gram-po-
sitive. The most susceptible bacteria was S. aureus, and the most tolerant
was E. coli. Methanolic extract was more effective than the aqueous one
(Devkota & Das, 2018).

Xanthium strumarium deserves further studies because of its valuable
pharmaceutical activity (Kozuharova et al., 2019). Extracts from its leaves
have a bactericidal potential that may be successfully used in production
of antibacterial drugs (Kamboj & Saluja 2010; Nibret et al., 2011; Nasir &
Khan, 2012; Keya et al., 2018; Chavan & Kulkarni, 2021).

Antimicrobial action of various parts of X. strumarium has been de-
scribed in the literature in much less detail. According to our results, etha-
nol, ether, and dimethyl-sulfoxide extracts inhibited growth of colonies of
many microorganisms of the families Enterobacteriaceae, Morganella-
ceae, Pseudomonadaceae, Enterococcaceae, Staphylococcaceae, and Ba-
cillaceae. A somewhat concerning discovery was that amoxicillin produ-
ced less than 10 mm inhibition zones of the strains Morganella morganii,
Pseudomonas aeruginosa, and Enterococcus faecalis (9.5, 9.3, and
8.8 mm), and Enterococcus faecalis showed low sensitivity to streptomy-
cin (8.4 mm).

As with antiparasitic properties of this plant, the data are practically
absent. There are only reports about effects on malaria-causing Plasmo-
dium. According to Sahoo et al. (2020), X strumarium is used by tradi-
tional doctors to treat malaria in Northeast India. Those authors conducted
a fractioning of extracts from X. strumarium, isolating five compounds
from the above-ground part and the fruits (stigmasta-5,22-dien-33-ol (1),
xanthinosin (2), stigmasterol-3-O-B-D-glucopyranoside (3), oleic acid (4),
and (E)-2, 3-dihydroxypropyl-octadec-9-enoate (5)). Sahoo et al. (2020)
found an anti-malaria activity of xanthinosin (2) and stigmasterol-3-O-f-
D-glucopyranoside (3), suggesting that this plant or its components should
be used against malaria in the future.

Kamaraj et al. (2022) also analyzed the traditional methods of treating
parasitic diseases using plants of the Asteraceae family, and reviewed the
main chemical classes discovered in those plants and their interaction
against parasites. Those authors pointed out flavonoids, terpenoids, and
alkaloids which had antiparasitic properties. The authors have extensively
presented the data about biologically active compounds that can inhibit the
parasitic protozoans (Plasmodium, Leishmania, Trypanosoma, Entamoe-
ba, and Toxoplasma). They recommend further more detailed research on
plants of this family to design drugs with anti-protozoan properties.

Conclusion

This is the first time that antibacterial activity of ethanolic, ethyl, and
ether, and dimethyl-sulfoxide extracts from X strumarium were tested
against 14 strains of bacteria and 3 nematodes of sheep and goats, the
species S. papillosus, H. contortus, and M. capillaris. We found that etha-
nol extracts from the fruits inhibited 9 strains, from the leaves 8 strains,
from the shoots 4 strains, and from the roots 6 strains. Ethyl-ether extracts
from the fruits inhibited 5 strains, from the leaves 9 strains, from the shoots
6 strains, and from the roots 5 strains. Dimethyl-sulfoxide extract from the
fruits inhibited 9 strains, from the leaves 6 strains, from the shoots 5
strains, and from the roots 8 strains out of the 14 polyresistant bacterial
strains examined. We believe that we can recommend ethanol extracts
from the fiuits and leaves, ether extracts from the leaves, and dimethyl-sul-
foxide extracts from the fruits and roots of X. strumarium for further stu-
dies of combating polyresistant bacterial strains. We found no pronounced
nematocidal properties of the extracts of various parts of X. strumarium
against the nematode larvae S. papillosus, H. contortus, and M. capillaris.

The authors declare no conflict of interests.

132 Regul. Mech. Biosyst., 2024, 15(1)



References

Ana, A., Milica, Z., Dusanka, C., Maja, N., Dragana, M., Danijela, P., & Snezana, R.
(2016). Riparian areas as invasion corridors of Xanthium strumarium in Serbia.
Acta Herbologica, 25(2), 45-55.

Azimova, S. S., & Glushenkova, A. 1. (2012). Xanthium strumarium L. In: Azimova,
S. S., & Glushenkova, A. L. (Eds.). Lipids, lipophilic components and essential
oils from plant sources. Springer Nature. P. 143.

Bengtsson-Palme, J., Angelin, M., Huss, M., Kjellqvist, S., Kristiansson, E., Palm-
gren, H., Larsson, D. G. J., & Johansson, A. (2015). The human gut microbi-
ome as a transporter of antibiotic resistance genes between continents. Antimic-
robial Agents and Chemotherapy, 59(10), 6551-6560.

Boyko, A. A., & Brygadyrenko, V. V. (2016). Influence of water infusion of medici-
nal plants on larvae of Strongyloides papillosus (Nematoda, Strongyloididae).
Visnyk of Dnipropetrovsk University, Biology, Ecology, 24(2), 519-525.

Boyko, O. O., & Brygadyrenko, V. V. (2019). Nematocidial activity of aqueous so-
lutions of plants of the families Cupressaceae, Rosaceae, Asteraceae, Fabaceae,
Cannabaceae and Apiaceae. Biosystems Diversity, 27(3), 227-232.

Boyko, O. O., Kabar, A. M., & Brygadyrenko, V. V. (2020). Nematicidal activity of
aqueous tinctures of medicinal plants against larvae of the nematodes Strong)-
loides papillosus and Haemonchus contortus. Biosystems Diversity, 28(1),
119-123.

Boyko, O., Shendryk, L., Shaban, O., & Brygadyrenko, V. (2021). Influence of es-
sential oils on sporulation of Eimeria magna oocysts. Annals of Parasitology,
67(1), 11-17.

Cesur, C., Cosge Senkal, B., & Uskutoglu, T. (2022). Fatty acid composition of seed
oil from cocklebur (Xantivm strumarium subsp. strumarium) grown in Turkey.
Cumhuriyet Science Journal, 43(3), 379-383.

Chavan, S. T., & Kulkamni, A. U. (2021). Morphological and phytochemical studies
on Xanthium strumarium L. Plantae Scientia, 4(6), 287-290.

Devkota, A., & Das, R. K. (2018). Antibacterial activities of Xanthium strumarium
L. Journal of Natural History Museum, 29, 70-77.

Dogan, G., & Kiran, Y. (2017). Karyotype analysis of common cocklebur (Xanthi-
um strumarium L.). Natural Science and Discovery, 3(3), 39-43.

Eren, A. (2018). Phytoremediation of copper contaminated soil using Xanthium stru-
marium L. plant. Tiirkiye Tarimsal Arastrmalar Dergisi, 5(2), 152-157.

Glatthaar-Saalmiiller, B., Rauchhaus, U., Rode, S., Haunschild, J., & Saalmiiller, A.
(2011). Antiviral activity in vitro of two preparations of the herbal medicinal
product Sinupret® against viruses causing respiratory infections. Phytomedicine,
19(1), 1-7.

Huband, M. D., Pfaller, M. A., Shortridge, D., & Flamm, R. K. (2019). Surveillance
of omadacycline activity tested against clinical isolates from the United States
and Europe: Results from the SENTRY Antimicrobial Surveillance Pro-
gramme, 2017. Journal of Global Antimicrobial Resistance, 19, 56-63.

Kamaraj, C., Ragavendran, C., Kumar, R. C. S., Ali, A., Khan, S. U., Mashwani, Z.
U.R., Luna-Arias, J. P., & Pedroza, J. P. R. (2022). Antiparasitic potential of as-
teraceae plants: A comprehensive review on therapeutic and mechanistic as-
pects for biocompatible drug discovery. Phytomedicine Plus, 2(4), 100377.

Kamboj, A., & Saluja, A. (2010). Phytopharmacological review of Xanthium stru-
marium L. (Cocklebur). International Journal of Green Pharmacy, 4(3), 129.

Keya, S. N., Shahed-Al-Mahmud, M., & Rahman, M. (2018). Antidepressant-like
effects of methanolic extract of Xanthium strumarium (Asteraceae) in mice.
Current Trends in Biotechnology and Pharmacy, 12(1), 33-37.

Kore, P. S., Kalaskar, S., Jachak, D., Jadhav, S., Patil, D., Patil, S., & Kuchekar, M.
(2023). Anticataleptic effect of Xanthium strumarium hydroalcoholic extract in
laboratory animals. International Joumnal of Biology, Pharmacy and Allied
Sciences, 12(8), 3617-3627.

Kozuharova, E., Ionkova, 1., & Spadaro, V. (2019). Xanthivum strumarium — a poten-
tial cheap resource of plant substances for medicinal use. Flora Mediterranea,
29,93-102.

Kisti¢, J., Malidza, G., Rajkovi¢, M., & Kisti¢, M. (2021). Influence of different
methods for breaking seed dormancy of Ambrosia artemisiifolia, Abutilon
theophrasti and Xanthium strumarium on emergence in field conditions. Acta
Herbologica, 30(1), 29-37.

Mirz, R. W, Ismail, C., & Popp, M. A. (1999). Profile and effectiveness of a phyto-
genic combination preparation for treatment of sinusitis. Wiener Medizinische
‘Wochenschrift, 149(8-10), 202-208.

Regul. Mech. Biosyst., 2024, 15(1)

Nasir, F., & Khan, M. S. (2012). Validation of some of the ethnopharmacological
uses of Xanthium strumarium and Duchesnea indica. Pakistan Journal of Bota-
ny, 44(4), 1199-1201.

Nibret, E., Youns, M., Krauth-Siegel, R. L., & Wink, M. (2011). Biological activities
of xanthatin from Xanthium strumarium leaves. Phytotherapy Research, 25(12),
1883-1890.

Ozturk, Y., Keskin, Z., Tanyildizi, S., Gul Baykalir, B., Korkak, F. A., Dagoglu
Hark, B., & Dagoglu, G. (2021). Atractyloside levels in Xanthium strumarium
and atractyloside concentrations in the serum of rats given Xanthium struma-
rium. Kafkas Universitesi Veteriner Fakultesi Dergisi, 27(5), 589-594.

Palchykov, V. A., Zazharskyi, V. V., Brygadyrenko, V. V., Davydenko, P. O., Kuli-
shenko, O. M., & Borovik, 1. V. (2020). Chemical composition and antibacterial
effect of ethanolic extract of Buxus sempervirens on cryogenic strains of micro-
organisis in vitro. Chemical Data Collections, 25, 100323.

Pfaller, M. A., Huband, M. D., Shortridge, D., & Flamm, R. K. (2021). Surveillance
of omadacycline activity tested against clinical isolates from the USA: Report
from the SENTRY Antimicrobial Surveillance Program, 2019. Joumal of
Global Antimicrobial Resistance, 27, 337-351.

Plumlee, K. H. (2004). Clinical veterinary toxicology. Mosby, Saint Luis.

Sahoo, R. K., Tamuli, K. J., Lhouvum, N., Dutta, D., Bordoloi, M., Sharma, H. K.,
Gogoi, K., & Bhattacharyya, D. R. (2020). Phytochemical constituents from
Xanthium strumarium L. and evaluation of their in vitro antimalarial activities.
South Aftican Journal of Botany, 135, 35-40.

Sahu, R., Gahlot, K., Patra, A., & Jososhi, R. (2010). Pharmacognostical standardiza-
tion of leaves of Xanthium strumarium Linn. Pharmacognosy Joumal, 2(12),
492-497.

Salisbury, F. B. (2019). Xanthium strumarium. In: Halevy, A. H. (Ed.). CRC hand-
book of flowering. CRC Press, Boca Raton. Vol. 4. Pp. 473-522.

Shahed-Al-Mahmud, M., & Lina, S. M. M. (2017). Evaluation of sedative and an-
xiolytic activities of methanol extract of leaves of Persicaria hydropiper in
mice. Clinical Phytoscience, 3(1), 20.

Shravani, V. P., Sundari, S. K., Jeyachandran, S., & Nagesh, S. (2023). Green synthe-
sis and characterization of Xanthium strumarium-mediated titanium dioxide na-
noparticles. Cureus, 15(12), e51012.

Simonsen, G. S. (2018). Antimicrobial resistance surveillance in Europe and beyond.
Eurosurveillance, 23, 42.

Tendencia, E. A. (2004). Disk diffusion method. In: Laboratory manual of standardi-
zed methods for antimicrobial sensitivity tests for bacteria isolated from aquatic
animals and environment. Tigbauan, Iloilo, Philippines: Aquaculture Depart-
ment, Southeast Asian Fisheries Development Center. Pp. 13-29.

Van Wyk, J. A., & Mayhew, E. (2013). Morphological identifcation of parasitic
nematode infective larvae of small ruminants and cattle: A practical lab guide.
Onderstepoort Journal of Veterinary Research, 80(1), a539.

Van Wyk, J., Cabaret, J., & Michael, L. (2004). Morphological identification of ne-
matode larvae of small ruminants and cattle simplified. Veterinary Parasitology,
119(4),277-306.

Zajac, A. M., & Conboy, G. A. (2011). Veterinary clinical parasitology. 8th ed. Wil-
ley-Blackwell, New York.

Zarifikhosroshahi, M., & Ergun, Z. (2022). The effect of maturation status on fatty
acid profile of Xanthium strumarium L. frits oil. Osmaniye Korkut Ata Uni-
versitesi Fen Bilimleri Enstitiisii Dergisi, 5(2), 998-1007.

Zazharskyi, V. V., Davydenko, P. O., Kulishenko, O. M., Borovik, I. V., & Brygady-
renko, V. V. (2019). Antimicrobial activity of 50 plant extracts. Biosystems Di-
versity, 27(2), 163-169.

Zazharskyi, V. V., Davydenko, P. O., Kulishenko, O. M., Borovik, I. V., & Brygady-
renko, V. V. (2020a). Antibacterial and fungicidal activities of ethanol extracts
from Cotinus coggygria, Rhus typhina, R. trilobata, Toxicodendron orientale,
Hedera helix, Aralia elata, Leptopus chinensis and Mahonia aquifolium. Regu-
latory Mechanisms in Biosystems, 11(2), 305-309.

Zazharskyi, V. V., Davydenko, P. O., Kulishenko, O. M., Borovik, 1. V., Kabar, A.
M., & Brygadyrenko, V. V. (2020b). Antibacterial and fungicidal effect of etha-
nol extracts from Juniperus sabina, Chamaecyparis lawsoniana, Pseudotsuga
mencziesii and Cephalotaxus harringtonia. Regulatory Mechanisms in Biosys-
tems, 11(1), 105-109.

Zheng, L., Chen, F., Li, Y., & Li, C. (2022). Identification of a unique germacrene a
oxidase from Xanthivum strumarium. Phyton, 91(5), 989-998.

133


http://doi.org/10.5937/actaherb1602045a
http://doi.org/10.5937/actaherb1602045a
http://doi.org/10.5937/actaherb1602045a
http://doi.org/10.1007/978-0-85729-323-7_470
http://doi.org/10.1007/978-0-85729-323-7_470
http://doi.org/10.1007/978-0-85729-323-7_470
http://doi.org/10.1128/aac.00933-15
http://doi.org/10.1128/aac.00933-15
http://doi.org/10.1128/aac.00933-15
http://doi.org/10.1128/aac.00933-15
http://doi.org/10.15421/011670
http://doi.org/10.15421/011670
http://doi.org/10.15421/011670
http://doi.org/10.15421/011931
http://doi.org/10.15421/011931
http://doi.org/10.15421/011931
http://doi.org/10.15421/012016
http://doi.org/10.15421/012016
http://doi.org/10.15421/012016
http://doi.org/10.15421/012016
http://doi.org/10.17420/ap6701.307
http://doi.org/10.17420/ap6701.307
http://doi.org/10.17420/ap6701.307
http://doi.org/10.17776/csj.984200
http://doi.org/10.17776/csj.984200
http://doi.org/10.17776/csj.984200
http://doi.org/10.32439/ps.v4i6.287-290
http://doi.org/10.32439/ps.v4i6.287-290
http://doi.org/10.3126/jnhm.v29i0.19039
http://doi.org/10.3126/jnhm.v29i0.19039
http://doi.org/10.20863/nsd.332746
http://doi.org/10.20863/nsd.332746
http://doi.org/10.19159/tutad.407988
http://doi.org/10.19159/tutad.407988
http://doi.org/10.1016/j.phymed.2011.10.010
http://doi.org/10.1016/j.phymed.2011.10.010
http://doi.org/10.1016/j.phymed.2011.10.010
http://doi.org/10.1016/j.phymed.2011.10.010
http://doi.org/10.1016/j.jgar.2019.02.017
http://doi.org/10.1016/j.jgar.2019.02.017
http://doi.org/10.1016/j.jgar.2019.02.017
http://doi.org/10.1016/j.jgar.2019.02.017
http://doi.org/10.1016/j.phyplu.2022.100377
http://doi.org/10.1016/j.phyplu.2022.100377
http://doi.org/10.1016/j.phyplu.2022.100377
http://doi.org/10.1016/j.phyplu.2022.100377
http://doi.org/10.4103/0973-8258.69154
http://doi.org/10.4103/0973-8258.69154
http://doi.org/10.31032/ijbpas/2023/12.8.7343
http://doi.org/10.31032/ijbpas/2023/12.8.7343
http://doi.org/10.31032/ijbpas/2023/12.8.7343
http://doi.org/10.31032/ijbpas/2023/12.8.7343
http://doi.org/10.7320/flmedit29.093
http://doi.org/10.7320/flmedit29.093
http://doi.org/10.7320/flmedit29.093
http://doi.org/10.5937/actaherb2101029k
http://doi.org/10.5937/actaherb2101029k
http://doi.org/10.5937/actaherb2101029k
http://doi.org/10.5937/actaherb2101029k
http://doi.org/10.1002/ptr.3651
http://doi.org/10.1002/ptr.3651
http://doi.org/10.1002/ptr.3651
http://doi.org/10.9775/kvfd.2021.25921
http://doi.org/10.9775/kvfd.2021.25921
http://doi.org/10.9775/kvfd.2021.25921
http://doi.org/10.9775/kvfd.2021.25921
http://doi.org/10.1016/j.cdc.2019.100323
http://doi.org/10.1016/j.cdc.2019.100323
http://doi.org/10.1016/j.cdc.2019.100323
http://doi.org/10.1016/j.cdc.2019.100323
http://doi.org/10.1016/j.jgar.2021.09.011
http://doi.org/10.1016/j.jgar.2021.09.011
http://doi.org/10.1016/j.jgar.2021.09.011
http://doi.org/10.1016/j.jgar.2021.09.011
http://doi.org/10.1016/j.sajb.2020.08.006
http://doi.org/10.1016/j.sajb.2020.08.006
http://doi.org/10.1016/j.sajb.2020.08.006
http://doi.org/10.1016/j.sajb.2020.08.006
http://doi.org/10.1016/s0975-3575(10)80037-9
http://doi.org/10.1016/s0975-3575(10)80037-9
http://doi.org/10.1016/s0975-3575(10)80037-9
http://doi.org/10.1201/9781351072564-64
http://doi.org/10.1201/9781351072564-64
http://doi.org/10.1186/s40816-017-0056-5
http://doi.org/10.1186/s40816-017-0056-5
http://doi.org/10.1186/s40816-017-0056-5
http://doi.org/10.7759/cureus.51012
http://doi.org/10.7759/cureus.51012
http://doi.org/10.7759/cureus.51012
http://doi.org/10.2807/1560-7917.es.2018.23.42.1800560
http://doi.org/10.2807/1560-7917.es.2018.23.42.1800560
http://doi.org/10.4102/ojvr.v80i1.539
http://doi.org/10.4102/ojvr.v80i1.539
http://doi.org/10.4102/ojvr.v80i1.539
http://doi.org/10.1016/j.vetpar.2003.11.012
http://doi.org/10.1016/j.vetpar.2003.11.012
http://doi.org/10.1016/j.vetpar.2003.11.012
http://doi.org/10.47495/okufbed.1129833
http://doi.org/10.47495/okufbed.1129833
http://doi.org/10.47495/okufbed.1129833
http://doi.org/10.15421/011922
http://doi.org/10.15421/011922
http://doi.org/10.15421/011922
http://doi.org/10.15421/022046
http://doi.org/10.15421/022046
http://doi.org/10.15421/022046
http://doi.org/10.15421/022046
http://doi.org/10.15421/022046
http://doi.org/10.15421/022015
http://doi.org/10.15421/022015
http://doi.org/10.15421/022015
http://doi.org/10.15421/022015
http://doi.org/10.15421/022015
http://doi.org/10.32604/phyton.2022.019219
http://doi.org/10.32604/phyton.2022.019219

