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ABSTRACT

For decades, plants and their bioactive compounds have been shown to
possess various biological activities including but not limited to antimicrobial
activities. In this dissertation thesis, several alien plants were investigated for
their antimicrobial inhibitory properties against various plant and human
pathogens. The results showed that the ethanolic extracts of Ecballium
elaterium, Plumbago indica, Crisium arvense, Stellaria pallida and Atriplex
sagittata were the most effective plants against Fusarium oxysporum and
Blumeria graminis at MIC value of 156 pg/mL, while against Erwinia
amylovora and Pseudomonas syringae showed antimicrobial inhibitory
properties at MIC value of 220 pg/mL. Plumbagin, the major active
compound of Plumbago indica L. exerted inhibitory effect against all
Candida albicans strains with MICs values ranging from 7.41 to 11.24
ug/mL. The additive effect of plumbagin when combined with amphotericin
B at concentrations of (0.12, 0.13 and 0.19, 1.81 pg/mL, respectively) was
obtained against five of seven strains tested with ZFIC ranging from 0.62 to
0.91. In addition, plumbagin was found to be used safely for topical
application when combined with amphotericin B at concentrations
corresponding to the additive effect. Plumbagin exerted anti-HCV activity
compared with that of telaprevir with 1Cso values of 0.57 and 0.01 puM/L,
respectively and selectivity indices Sl= 53.7 and Sl= 2127, respectively.
Cucurbitacin B (Cuc B), an active compound of Ecballium elaterium exerted

direct growth-inhibitory activity against all Staphylococcus aureus (S. aureus)
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strains tested with MICs values ranging from 0.15 to 0.44 pg/mL, as well as

synergy effect with tetracycline or oxacillin against four of six S. aureus
strains tested (XFIC ranging from 0.29 to 0.43). Cuc B showed remarkable
anti-HSV-1 activity compared with that of acyclovir with 1Cso values of 0.94
and 1.74 pM, respectively and selectivity indices SI= 127.7 and SI>132.2,
respectively. The aqueous extract of Hibiscus sabdariffa (AEHS) exerted
remarkable bacteriostatic effect against all Helicobacter pylori (HP) strains
tested with MICs values ranging from 9.18 to 16.68 pg/mL. Synergy effect of
AEHS with clarithromycin or metronidazole was obtained against four out of
seven HP strains tested with XFIC ranging from 0.21 to 0.39. The additive
effect of AEHS with amoxicillin was obtained against five out of seven HP
strains tested with XFIC ranging from 0.61 to 0.91. Protocatechuic acid, an
active substance of Hibiscus sabdariffa showed potent anti-HSV-2 activity
compared with that of acyclovir, with ECso values of 0.92 and 1.43 pg/mL,
respectively, and selectivity indices > 217 and > 140, respectively. Based on
these results, we can conclude that alien plants and their bioactive substances
have potential application in the development of antimicrobial agents for
combating diseases caused by plant and human pathogens, and could serve as

safe and eco-friendly agents to environment and human health as well.

Keywords: antimicrobial activity; alien plant species; plant and human
diseases; allelopathic effect; fungicides; bactericides; phytochemicals
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SOUHRN

Po desetileti bylo prokdzano, Ze rostliny a jejich bioaktivni slouceniny
vykazuji rizné biologické aktivity vcetné antimikrobialnich aktivit. V této
dizertacni praci bylo zkoumano nékolik zavleCenych druhti rostlin, za ucelem
jejich antimikrobidlnich inhibi¢nich vlastnosti proti rznym rostlinnym a
lidskym patogenim. Vysledky ukazaly, ze etanolové extrakty Ecballium
elaterium, Plumbago indica, Crisium arvense, Stellaria pallida a Atriplex
sagittata byly nejucinngjsi proti Fusarium oxysporum a Blumeria graminis
pti MIC hodnot¢ 156 pg/mL, zatimco proti Erwinia amylovora a
Pseudomonas syringae ukazaly inhibi¢ni antimikrobidlni vlastnosti pfi
hodnoté MIC 220 pg/mL. Plumbagin, hlavni aktivni slozka Plumbago indica
L. vykazovala inhibi¢ni u¢inek proti vSem kmenim Candida albicans (C.
albicans) s hodnotami MIC v rozmezi od 7,41 do 11,24 pg/mL. Aditivni
u¢inek plumbagin v kombinaci s amfotericinem B v koncentracich (v tomto
potadi 0,12, 0,13 a 0,19, 1,81 pg/mL) byl ziskédn na péti ze sedmi kmenii
testovanych C. albicans s £FIC v rozmezi od 0,62 do 0,91. Kromé& toho bylo
zjisténo, ze plumbagin je bezpecné pouzivan pro topickou aplikaci, jestlize je
kombinovan s amfotericinem B v koncentracich odpovidajicich aditivnimu
uéinku. Plumbagin vykazoval anti-HCV aktivitu ve srovnani s aktivitou
telapreviru s hodnotami 1Csp 0,57 a 0,01 pM/L a indexy selektivity SI = 53,7
a SI = 2127. Cucurbitacin B (Cuc B), aktivni slou¢enina Ecballium elaterium
vyvijela rustové inhibi¢ni ucinek proti vSem kmentim Staphylococcus aureus
(S. aureus) testovanych s primérnymi hodnotami v rozmezi od 0,15 do 0,44
pg/mL a ukazala synergicky ucinek s tetracyklinem nebo oxacilinem proti

Ctyfem ze Sesti testovanych kmenti S. aureus (XFIC v rozmezi od 0,29 do
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0,43). Cuc B vykazoval pozoruhodnou anti-HSV-1 aktivitu ve srovnani s

aktivitou acykloviru s hodnotami ICso 0,94 a 1,74 uM a indexy selektivity Sl
= 127,7 a SI> 132,2. Vodni extrakt Hibiscus sabdariffa (AEHS) putsobi
vyznamnym bakteriostatickym tuc¢inkem proti vSem testovanym kmenim
Helicobacter pylori (HP) s primérnymi hodnotami v rozmezi od 9,18 do
16,68 pg/mL. Synergicky efekt AEHS s klarithromycinem nebo
metronidazolem byl ziskdn proti ¢tyfem ze sedmi kmenli HP testovanych s
YFIC v rozmezi od 0,21 do 0,39. Dopliikkovy tc¢inek AEHS s amoxicillinem
byl ziskan proti péti ze sedmi kmenti HP testovanych s ZFIC v rozmezi od
0,61 do 0,91. Kyselina protokatechova, ucinna latka Hibiscus sabdariffa,
ukazala silnou anti-HSV-2 aktivitu, ve srovnani s acyklovirem, s ECs
hodnotami 0,92 a 1,43 pg/mL, a selektivita indexy> 217 a > 140. Na zakladé
téchto vysledkd lze konstatovat, ze nepivodni rostliny (zavlecené druhy
rostlin) a jejich bioaktivni latky maji potencial uplatnéni ve vyvoji
antimikrobialnich latek pro boj s nemoci, zptisobenych rostlinnymi a lidskymi
patogeny. A mulZe byt uZivany bezpecné¢ a Setrné k Zivotnimu prostiedi

prostfedky a pro lidské zdravi.

Klicova slova: antimikrobialni aktivita; zavleCené druhy rostlin; choroby
rostlin a lidské nemoci; alelopaticky ucinek; fungicidy; baktericidy;

fytochemikalie
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1. Introduction

Plant diseases caused by pathogenic microorganisms significantly attribute
to the overall loss in crop yield worldwide and many of them cause reduction
of the shelf life and market values of food commodities and render them unfit
for human consumption (Choi and Kim, 2008). Application of synthetic
chemicals has long been the major choice to control variety of plant diseases.
However, extensive use of agrochemicals has raised serious problems
including appearance of resistant pathogens, chemical residues, and threats to
human health and the environment (Mdee, et al 2009). There has been a
growing interest in the research of the possible use of the plant-derived
natural fungicides and bactericides such as plant extracts or pure isolated
compounds, which can be relatively eco-friendly for disease control in
agriculture or humans (Choi et al., 2008). Some of alien plants adversely
affect on native ecosystem by unbalancing nutritional flows among the
members, eventually threaten biodiversity. Extensive efforts for integrated
management of harmful alien species have been being conducted including
cataloging alien species and ecological risk assessment (Psysek et al., 2012).
One of the main activities for management of alien plant species has been the
physical eradication with little success due to their prolific nature. On the
other hand, the successful habitation of the alien species has prompted intense
interest in the mechanisms for the success (Pimentel et al., 2005). The prolific
nature and successful invasion in new habitats suggest that the non-native
species are hypothesized to be equipped with novel biochemistry that repels
native species or unique compounds in the native flora. In this aspect, alien

plant species can be useful sources for discovering new active compounds
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serving as antimicrobial agents (Cappuccino & Arnason, 2006). It has been

reported that the leaf extracts of Oxalis corniculata, Chromolaena odorata,
Antigonon leptopus have promising potential antifungal and antibacterial
activities with a low MIC values renging from 0.3 to 1.9 pg/mL (Bajpai et al.,
2011). The aim of this theis is to investigate selected alien plant species for
their antimicrobial activity against plant and human pathogens in order to
produce an eco-friendly product, which could be useful for the treatment of

plant diseases and human diseases as well.

2. The histroy of plant-derived chemicals in medicinal and
agricultural practices

The history of plants and their ethnopharmacologic properties is rather old
and dates back to the time when the early man became conscious of his
environment. Plants have been used in virtually all cultures as a source of
medicine (Lanfranco, 1999). The earliest record of human civilization and
culture of China, Egypt, Assyria, and Indies valley reveals that the elders and
wise men of those times used herbal medicines to treat various diseases.
Information regarding these medicinal herbs is available in the old literature,
epic poems and copper plates which are preserved even today. The
excavation of Shanidar cave in Iraqg in 1963 revealed the grave of Neanderthal
man buried sixty thousand years ago along with many flowers of his time.

The plants found in the grave were later identified having various medicinal

properties (WHO, 2002).
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One of the earliest records of the use of plants is that of Chaulmoogra oil

from Hydnocarpus gaertn, which was known to be effective in the treatment
of leprosy. Such a use was recorded in the pharmacopoeia of the Emperor of
China between 2730 and 3000 B.C. Similarly, the seeds of the opium poppy
(Papaver somniferum) and castor seeds (Ricinus communis) were excavated
from some ancient Egyptian tombs, which indicated their use in that part of
Africa as far back as 1500 B.C. The records available in “Ebers papyrus” also
confirm that alien plants were used at that time in Egypt (Baquar, 1995). The
ancient use of plants for healing purposes forms the origin of much of modern
medicine. Many conventional drugs originate from plant sources, a century
ago. Examples include aspirin (from willow bark), digoxin (from foxglove),
quinine (from cinchona bark), and morphine The development of drugs from
plants including alien plants continues, with drug companies engaged in large
scale pharmaceutical screening of herbs (Tyler et al., 1976).

More than 800 million people in developing countries do not have adequate
food supplies and at least 10% of food is lost due to plant diseases (Strange
and Scott, 2005). Plant diseases are caused by pathogens such as fungi,
bacteria, and viruses. Compared to other plant parasites, fungi cause the
greatest impact with regard to diseases and crop production losses. This
includes considerable foliage and post-harvest losses of fruits and vegetables
which are brought about by decay due to fungal plant pathogens.

Common fungal diseases include powdery mildew, rust, leaf spot, blight,
root and crown rots, damping-off, smut, anthracnose, and vascular wilts.
Some notorious plant pathogenic fungi include Pythium, Phytophthora,

Fusarium and Rhizoctonia spp, which cause root and crown rot, and seedling
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damping-off in many vegetables and ornamental plants. Apart from causing

diseases in plants, many species of Fusarium, Aspergillus, Penicillium and
Alternaria are also sources of important mycotoxins of concern in animal and
human health (Robert and Richard, 1992; Eaton and Gallagher, 1994; Smith,
1997; Placinta et al., 1999). For example, aflatoxins produced by Aspergillus
flavus and Aspergillus parasiticus may cause liver cancer. The most
important method of protecting plants against fungal attack is, the use of
fungicides. However, many fungicidal agents in the market are toxic and have
undesirable effects on other organisms in the environment. Furthermore,
halogenated hydrocarbons such as methyl bromide, widely used to control
soil-borne pathogens, have ozone-depleting potential (Abritton and Watson,
1992). Some synthetic fungicides are non-biodegradable, and hence can
accumulate in soil, plants and water, and consequently effect humans through
the food chain. The development of resistance of pathogenic fungi towards
synthetic fungicides is of great concern. There is, therefore, a motivation to
find safe, efficacious and environmentally friendly fungicides. Plants have,

and continue to be, sources of antifungal agents (Hostettmann et al., 2000).

3. The role of alien plants as a source of new antimicrobial
agents

Many plant species contain vast quantity of antimicrobial compounds. To
develop commercial products, a large quantity of the species has to be
cultivated, raising an additional level of complication. If alien species contain
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good antifungal activity they may be a useful source of antifungl compounds

or extracts because large quantities of material are available. (Vila and
Weiner, 2004) considered whether alien plant species are better competitors
than native plant species and concluded that this may be the case. There is
another possibility that have not been addressed as far as we could ascertain.
If fungal pathogens play an important role in the growth or establishment of
plant species, alien species may have better resistance against plant
pathogens. It has been found that the alien plant Melianthus comosus has
excellent antifungal and antibacterial activities (Eloff et al., 2006). Robinia
pseudoacacia has shown to possess antibacterial activity against Escherichia
coli and Proteus myxofaciens. Its antibacterial activity was found to be related
to its rich content of polyphenols (Lukasiewicz et al., 2015; Marutescu et al.,
2017). Resveratrol, a stilbene-type phenolic compound found in Fallopia
spp., reported to exert antimicrobial activity agaisnt wide range of
microorganisms (Ferreira and Domingues, 2016). Ethanolic extract of
Fallopia japonica showed antibacterial activity against Acinetobacter
baumanii and antifungal activity against Candida albicans (Bardon et al.,
2014). 1t is believed that the antimicrobial activities of alien plants are related
to their allelopathy effect in a form of production of chemicals that inhibit the
growth of other plants or/and microorganisms (Chengxu et al., 2011).
Considering the importance of alien plants as a source of antimicrobial
agents, it should be taken into consideration the risk of their invasion and
hence their impact on environment. Also, it should be taken into
consideration the safe means of planting and harvesting these plants from

/

wild populations in order to use them in medicinal or agricultural practices.
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4, Aim of the dissertation thesis

e Investigation and screening of selected alien plant species for
antimicrobial activity against plant and human pathogens.

e Produce a useful product that can be used for the treatment of plant
and human diseases, and to be relatively eco-friendly for disease

control and to environment as well.

4.1. Objectives

e Evaluation and initial screening of the selected alien plants for
antimicrobial activity in vitro.

e Selection of one or more plant species with promising activities for
further study.

e Identification of the active compound(s) from the selected plant(s)
species.

e Determination of antimicrobial activity of isolated compound(s) in

vitro.

5. Overall of the importance of the results

The results confirmed the beneficial effects of the crude extracts of alien
plant species and their active phytochemicals against plant and human

pathogens. The crude extracts may be purified for the isolation of compounds
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with antimicrobial activity. These results also validate the possibility of using

these plants for the treatment of infections caused by plant and human
pathogens.

6. Concluding remarks

The European Union defines alien plant species as those that are introduced
accidentally or deliberately into a natural environment where they are not
normally found, with serious negative consequences for their new
environment. They represent a major threat to native plants in Europe,
causing damage worth billions of euros to the European economy every year.
Different plant pathogens threaten food security worldwide, therefore the
most important method of protecting plant against pathogens attack is, the use
of synthetic fungicides and bactericides (as well as useful for the treatment of
human bacterial, fungal pathogens) but the development of resistance towards
synthetic fungicides and bacreicides is a great concern. Moreover, the health
risk and hazardous effects on environments associated with the use of
chemical fungicides and bactericides increase the need to search for safe,
efficacious and environmentally friendly fungicides and bactericides. Many
alien plant species release chemical compounds into the environment, which
are not generally harmful to them, but those chemicals suppress the growth of
other plant species growing in close proximity of such alien species. Prime
importance can be given for the bioprospecting of novel active compound

which can be utilized for the management of several plant diseases. This
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negative effect (often referred to as allelopathic effect) of invaders on the

native species confers a tremendous competitive advantage on the former.

In summary, alien plant species can be considered as a rich source of
bioactive compounds with promising activity against various plant and human
pathogens. Despite relatively few of isolated antimicrobial compounds from
alien plant species advance to become practically effective drugs in their own
right, these substances can be used as models for the preparation of analogues
using chemical methodology such as total or combinatorial synthesis, or
manipulation of biosynthetic pathways. Thus, plant-derived natural
substances may open new options for the development of new antimicrobial
agents and may play an essential role in agriculture, environmental protection

and pharmaceutical industy as well.
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