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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 µg/mL, while against Erwinia amylovora and Pseudomonas syringae 

showed antimicrobial inhibitory properties at MIC value of 220 µg/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 μg/mL. The additive effect of plumbagin 

when combined with amphotericin B at concentrations of (0.12, 0.13 and 0.19, 1.81 µg/mL, 

respectively) was obtained against five of seven strains tested with ΣFIC 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 IC50 values of 

0.57 and 0.01 µM/L, respectively and selectivity indices SI= 53.7 and SI= 2127, respectively. 

Cucurbitacin B (Cuc B), an active compound of Ecballium elaterium exerted direct growth-

inhibitory activity against all Staphylococcus aureus (S. aureus) strains tested with MICs 

values ranging from 0.15 to 0.44 µg/mL, as well as synergy effect with tetracycline or 

oxacillin against four of six S. aureus strains tested (ƩFIC ranging from 0.29 to 0.43). Cuc B 

showed remarkable anti-HSV-1 activity compared with that of acyclovir with IC50 values of 

0.94 and 1.74 µM, 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 
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16.68 µg/mL. Synergy effect of AEHS with clarithromycin or metronidazole was obtained 

against four out of seven HP strains tested with ƩFIC 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 

ƩFIC 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 EC50 

values of 0.92 and 1.43 µg/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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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 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 µg/mL (Bajpai et 

al., 2011). The aim of this theis is to investigate selected alien plant species for their 
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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 Iraq 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). 

    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 
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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 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 
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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 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). It 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 
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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.  

4. Major groups of antimicrobial compounds from higher plants 
including alien plants 
 

Plants have an almost limitless ability to synthesize aromatic substances, most of which are 

phenols or their oxygen-substituted derivatives (Georges et al., 2011). Most are secondary 

metabolites, of which at least 12,000 have been isolated, a number estimated to be less than 

10% of the total (Schultes, 1978). In many cases, these substances serve as plant defense 

mechanisms against predation by microorganisms, insects, and herbivores. Some, such as 

terpenoids, give plants their odors; others (quinones and tannins) are responsible for plant 

pigment. Many compounds are responsible for plant flavor (e.g., the terpenoid capsaicin from 

chili peppers), and some of the same herbs and spices used by humans to season food yield 

useful medicinal compounds (Piller, 1975). The major natural plant-derived compounds 

categorized into their classification are described below wtith emphasis on their medicinal and 

agricultural uses.  

4.1. Phenolics and Polyphenols 

 

Some of the simplest bioactive phytochemicals consist of a single substituted phenolic ring. 

Cinnamic and caffeic acids are common representatives of a wide group of phenylpropane-

derived compounds which are in the highest oxidation state. The common herbs tarragon and 

thyme both contain caffeic acid, which is effective against viruses (Wild, 1994), bacteria 

(Brantner et al., 1996 and Thomson, 1978), and fungi (Duke, 1985). Catechol and pyrogallol 

both are hydroxylated phenols, shown to be toxic to microorganisms. Catechol has two-OH 
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groups, and pyrogallol has three. The site(s) and number of hydroxyl groups on the phenol 

group are thought to be related to their relative toxicity to microorganisms, with evidence that 

increased hydroxylation results in increased toxicity (Geissman, 1963). In addition, some 

authors have found that more highly oxidized phenols are more inhibitory (Scalbert, 1991 and 

Urs et al., 1975). The mechanisms thought to be responsible for phenolic toxicity to 

microorganisms include enzyme inhibition by the oxidized compounds, possibly through 

reaction with sulfhydryl groups or through more nonspecific interactions with the proteins 

(Mason et al., 1987). Phenolic compounds possessing a C3 side chain at a lower level of 

oxidation and containing no oxygen are classified as essential oils and often cited as 

antimicrobial as well. Eugenol is a well-characterized representative found in clove oil. 

Eugenol is considered bacteriostatic against both fungi (Duke, 1985) and bacteria (Thomson, 

1978). 

4.1.1. Flavones, flavonoids, and flavonols 

    Flavones are phenolic structures containing one carbonyl group (as opposed to the two 

carbonyls in quinones). The addition of a 3-hydroxyl group yields a flavonol (Fessenden et 

al., 2005). Flavonoids are also hydroxylated phenolic substances but occur as a C6-C3 unit 

linked to an aromatic ring. Since they are known to be synthesized by plants in response to 

microbial infection (Dixon et al., 2008), it should not be surprising that they have been found 

in vitro to be effective Catechins, the most reduced form of the C3 unit in flavonoid (186, 

224). The catechins inactivated cholera toxin in Vibrio (Thastrup et al., 2002) and inhibited 

isolated bacterial glucosyltransferases in S. mutans (Gallagher, 1994), possibly due to 

complexing activities described for quinones above. This latter activity was borne out in vivo 

tests of conventional rats. When the rats were fed a diet containing 0.1% tea catechins, fissure 

caries (caused by S. mutans) was reduced by 40%. compounds, deserve special mention. 

These flavonoids have been extensively researched due to their occurrence in oolong green 
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teas. It was noticed some time ago that teas exerted antimicrobial activity (Toda et al., 2007) 

and that they contain a mixture of catechin compounds. These compounds inhibited in vitro 

Vibrio cholerae O1, Streptococcus mutans, and Shigella spp (Hasegawa et al., 2009), and 

other bacteria and microorganisms antimicrobial substances against a wide array of 

microorganisms. Their activity is probably due to their ability to complex with extracellular 

and soluble proteins and to complex with bacterial cell walls, as described above for 

quinones. More lipophilic flavonoids may also disrupt microbial membranes (Duke, 1985). 

Flavonoid compounds exhibit inhibitory effects against multiple viruses. Numerous studies 

have documented the effectiveness of flavonoids such as swertifrancheside (Hasegawa et al., 

2009), glycyrrhizin (from licorice), and chrysin against wide range of plant fungal, bacterial, 

and viral diseases (Adams and Moss, 2000). 

4.1.2. Tannins 

   “Tannin” is a general descriptive name for a group of polymeric phenolic substances 

capable of tanning leather or precipitating gelatin from solution, a property known as 

astringency. Their molecular weights range from 500 to 3,000 (Fessenden et al., 2005), and 

they are found in almost every plant part: bark, wood, leaves, fruits, and roots (Gallagher, 

1994). They are divided into two groups, hydrolyzable and condensed tannins. Hydrolyzable 

tannins are based on gallic acid, usually as multiple esters with D-glucose, while the more 

numerous condensed tannins (often called proanthocyanidins) are derived from flavonoid 

monomers. Tanins were found to possess antimicrobial activity against wide range of plant 

and human pathogens.  Scalbert (Stern et al., 1996) reviewed the antimicrobial properties of 

tannins in 1991. He listed 33 studies which had documented the inhibitory activities of tannins 

derived from several plants including alien plants up to that point. According to these studies, 

tannins can be toxic to filamentous fungi, yeasts, and bacteria. Condensed tannins have been 

determined to bind cell walls of ruminal bacteria, preventing growth and protease activity 
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(Watanbe et al., 2006). Although this is still speculative, tannins are considered at least 

partially responsible for the antibiotic activity of methanolic extracts of the bark of Terminalia 

alata found in Nepal (Vohora et al., 2007). This activity was enhanced by UV light activation 

(320 to 400 nm at 5 W/m2 for 2 h). At least two studies have shown tannins to be inhibitory to 

viral reverse transcriptases (Sato et al., 2002). 

4.1.3. Coumarins 

   Coumarins are phenolic substances made of fused benzene and a-pyrone rings (161). They 

are responsible for the characteristic odor of hay. They exhibited a remarkable antimicrobial 

activity against plant and human pathogens.  

4.2. Terpenoids and Essential Oils 

The fragrance of plants is carried in the so called quinta essentia, or essential oil fraction. 

These oils are secondary metabolites that are highly enriched in compounds based on an 

isoprene structure. They are called terpenes, their general chemical structure is C10H16, and 

they occur as diterpenes, triterpenes, and tetraterpenes (C20, C30, and C40), as well as 

hemiterpenes (C5) and sesquiterpenes (C15). When the compounds contain additional 

elements, usually oxygen, they are termed terpenoids. Terpenoids are synthesized from 

acetate units, and as such they share their origins with fatty acids. They differ from fatty acids 

in that they contain extensive branching and are cyclized. Examples of common terpenoids 

are methanol and camphor (monoterpenes) and farnesol and artemisin (sesquiterpenoids). 

Terpenenes or terpenoids are active against bacteria, fungi, viruses, and protozoa (Tsuchiya et 

al., 2004). In 1977, it was reported that 60% of essential oil derivatives examined were 

inhibitory to fungi while 30% inhibited bacteria (Zafriri et al., 2012). In addition, the 

inhibitory activity of essential oils against viruses has been reported (San-Blas et al., 2007). 
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4.3. Alkaloids 

Heterocyclic nitrogen compounds are called alkaloids. The first medically useful example of 

an alkaloid was morphine, isolated in 1805 from the opium poppy Papaver somniferum (69); 

the name morphine comes from the Greek Morpheus, god of dreams. Codeine and heroin are 

both derivatives of morphine. Diterpenoid alkaloids, commonly isolated from the plants of the 

Ranunculaceae, or buttercup family (Vijaya at al., 2001), are commonly found to have 

antimicrobial properties (Addis et al, 2011). Berberine is an important representative of the 

alkaloid group, and found to have potent antifungal activity against plant fungal diseases (Tan 

et al., 2003). 

4.4. Quinones 

   Quinones are aromatic rings with two ketone substitutions. They are ubiquitous in nature 

and are characteristically highly reactive. These compounds, being colored, are responsible 

for the browning reaction in cut or injured fruits and vegetables and are an intermediate in the 

melanin synthesis pathway in human skin (Schmidt, 1988). Their presence in henna gives that 

material its dyeing properties (Hu et al., 2010). The switch between diphenol (or 

hydroquinone) and diketone (or quinone) occurs easily through oxidation and reduction 

reactions. The individual redox potential of the particular quinone – hydroquinone pair is very 

important in many biological systems; witness the role of ubiquinone (coenzyme Q) in 

mammalian electron transport systems. Vitamin K is a complex naphthoquinone. Its 

antihemorrhagic activity may be related to its ease of oxidation in body tissues (Harris, 2006). 

Hydroxylated amino acids may be made into quinones in the presence of suitable enzymes, 

such as a polyphenoloxidase (Vamos-Vigyazo, 2011). In addition to providing a source of 

stable free radicals, quinones are known to complex irreversibly with nucleophilic amino 

acids in proteins (Stern et al., 1996), often leading to inactivation of the protein and loss of 

function. For that reason, the potential range of quinone antimicrobial effects is great. 
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Probable targets in the microbial cell are surface-exposed adhesins, cell wall polypeptides, 

and membrane-bound enzymes. Quinones may also render substrates unavailable to the 

microorganism. As with all plant-derived antimicrobials, the possible toxic effects of 

quinones must be thoroughly examined. Kazmi et al., 1994. described an anthraquinone from 

Cassia italica, a Pakistani tree, which was bacteriostatic for Bacillus anthracis, 

Corynebacterium pseudodiphthericum, and Pseudomonas aeruginosa and bactericidal for 

Pseudomonas pseudomalliae. Hypericin, an anthraquinone from St. John’s wort (Hypericum 

perforatum), has received much attention in the popular press lately as an antidepressant, and 

Duke reported in 1985 that it had general antimicrobial properties (Duke, 1985).  

5. Aim of the dissertation thesis 
 

 

 Investigation and screening of selected alien plant species for antimicrobial activity 

against plant and human pathogens. 

  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. 

 

5.1. Objectives 

 

 Evaluation and initial screening of the selected alien plants for antimicrobial activity 

in vitro.  

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

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

 Determination of antimicrobial activity of isolated compound(s) in vitro. 
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6. Experimental section 
 

6.1. Materials and methods 

 

6.1.1. Plant Collection  

The alien plant species selected to the work have been collected from the Botanical Garden of 

Palacky University in Olomouc, Czech Republic, while Hibiscus sabdariffa calyces were 

collected from the Northern Part of Aswan, Egypt. The used plants are Stellaria pallida, 

Convolvulus arvensis, Robinia pseudoacacia, Ecballium elaterium, Plumbago indica, Rumex 

alpinus, Conyza canadensis, Atriplex sagittata, Oxalis dillenii, Cirsium arvense, Echinochloa 

crus-galli, Acer negundo, Aillanthus altissima Solidago canadensis and Hibiscus sabdariffa. 

The following table describes corresponding information regarding localities, collection 

duration, plant parts and taxonomic identification of plant materials used in this thesis. 

 

Plant name and Type Family and Place of 

origin 

Plant parts Locality Collection duration 

Stellaria pallida 

(archaeophyte) 

Caryophyllaceae 

(North America) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014  

Convolvulus arvensis 

(archaeophyte) 

Convolvulaceae 

(Southern Europe and 

Asia) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 
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Robinia pseudoacacia 

(neophyte) 

Fabaceae 

(Central and Estern 

North America) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Ecballium elaterium 

(neophyte) 

Cucurbitaceae 

(North Africa) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Rumex alpinus 

(neophyte) 

Polygonaceae 

(The mountains of 

central and southern 

Europe) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Conyza canadensis 

(neophyte) 

Asteraceae 

(North America) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Atriplex sagittata 

(archaeophyte) 

Amaranthaceae 

(Central and southern 

Europe) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Oxalis dillenii 

(neophyte) 

Oxalidaceae 

(Eastern and central 

North America) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Cirsium arvense Asteraceae Aerial parts Botanical Garden of Spring season of 



21 

 

(archaeophyte) (Eastern Europe and 

Northern Asia) 

Palacky University in 

Olomouc, Czech 

Republic 

2014 

Echinochloa crus-galli 

(archaeophyte) 

Poaceae 

(Eastern Asia) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Acer negundo 

(neophyte) 

Sapindaceae 

(Eastern and central 

North America) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Ailanthus altissima 

(neophyte) 

Simaroubaceae 

(Eastern Asia) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Solidago canadensis 

(neophyte) 

Asteraceae 

North America 

(Alaska) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

Hibiscus sabdariffa 

(neophyte) 

Malvaceae 

(West Africa) 

Aerial parts and 

calyces* 

Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic, and 

Northern part of 

Aswan, Egypt 

Spring and 

summer seasons of 

2014 



22 

 

Plumbago indica 

(neophyte) 

Plumbaginaceae 

(Southern Asia) 

Aerial parts Botanical Garden of 

Palacky University in 

Olomouc, Czech 

Republic 

Spring season of 

2014 

* Hibiscus sabdariffa calyces were collected from Northern part of Aswan, Egypt. 

 

6.1.2. Microorganisms 

The following strains of bacteria were used: Methicillin-resistant Staphylococcus aureus 

(MRSA), Erwinia amylovora, Pseudomonas syringae, Staphylococcus aureus and 

Helicobacter pylori. The yeast strain used in this study was Candida albicans and the fungi 

Fusarium oxysporum and Blumeria graminis. The viral strains used in the study were 

Hepatitis C Virus (HCV) and Herpes Simplex Virus type-1 (HSV-1) and type-2 (HSV-2). All 

growth conditions and antibiotic references are described in experimantal sections. 
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Evaluation of antimicrobial activities of selected alien plant species 
extracts against plant pathogens 
 

Abstract 

 

In this study, 14 alien plant species extracts were evaluated for their antimicrobial activities 

against plant pathogens. Antimicrobial activity was determined by broth microdilution 

method. 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 µg/mL, while 

against Erwinia amylovora and Pseudomonas syringae showed inhibitory properties at MIC 

value of 220 µg/mL. This indicates that these plant extracts have good potential application in 

combating of diseases caused by plant and bacterial pathogens. Therefore, the search of the 

responsible bioactive compounds for such activities is greatly needed.  

1. Introduction 

1.1 Invasive taxa in the Czech Republic 

 

According to Pyšek et al. (2012), the recent update of the alien plant checklist of the Czech 

Republic labelled 61 taxa as invasive. Invasive species are defined as one that forms self-

replacing populations over many life cycles, produces reproductive offspring, often in very 

large numbers at considerable distances from the parent and/or site of introduction, and has 

the potential to spread over long distances (Blackburn et al. 2011; Richardson et al. 2000). It 

has been introduced another definition of invasive plants by Pyšek et al. (2012) that the 

metapopulation criterion to separate invasive species from naturalized, to account for the 

historical population dynamics of the respective taxa, and classified the invasion status based 

on the population history viewed from the current perspective, i.e. the state in which the 

populations of a given species exist at present. Therefore, some taxa previously considered 
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invasive are now classified as naturalized, reflecting the ‘boom-and-bust phenomenon’ 

(Williamson 1996, Blackburn et al. 2011). Another principle adopted was that of the highest 

stage achieved at the population level, reflecting that individual populations of alien species 

may occur in a region in different stages of the INIC (e.g. Essl et al. 2009; Saltonstall et al. 

2010). Therefore, if some populations of a species reached the invasion stage, the species is 

classified as invasive. Among the taxa (till 2012) considered as invasive are 11 archaeophytes 

(Angelica archangelica subsp. archangelica, Arrhenatherum elatius, Atriplex sagittata, 

Cirsium arvense, Conium maculatum, Digitaria ischaemum, Echinochloa crus-galli, 

Eragrostis minor, Portulaca oleracea subsp. oleracea, Prunus cerasifera, and Stellaria 

pallida). and 50 neophytes species.  

In this thesis, it has been used alien neophytes species occur in a wide range of habitats in the 

Czech Republic (Robinia pseudoacacia, Ecballium elaterium, Plumbago indica, Rumex 

alpinus, Conyza canadensis, Oxalis dillenii, Acer negundo, Ailanthus altissima, Solidago 

canadensis and Hibiscus sabdariffa), while archaeophytes species used in this study are 

(Atriplex sagittata, Cirsium arvense, Echinochloa crus-galli, Stellaria pallida, and 

Convolvulus arvensis). For decades, alien plant species did not attract the researchers’ 

consideration to investigate their phytochemical profiles for medicinal uses (Blackburn et al. 

2011). This is due to several reasons. Most importantly, alien plants in many regions all over 

the world are not used in traditional folk medicine because of their possible toxicity to 

humans. Moreover, in developing countries, the high costs and the lack of facilities or 

laboratory equipment for performing such experiments hurdle or limit the use of these plants 

(Saltonstall et al. 2010). Therefore, little information regarding the phytochemical profiles of 

alien plants is limited. In this thesis, we aim to shed light on the importance of alien plants as 

a source of antimicrobial agents that could be used to combating infections caused by plant 
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and human pathogens as well as to focus attention on their safety to environment as 

alternative to synthetic chemicals.  

2. Materials and methods 

2.1 Extraction procedure 

 

250 g of each air-deried plant material extracted by Ethanol, Methanol and Ethyl Acetate via a 

maceration extraction method for 3 dayes. The mixtures were filtered, and the solutions 

evaporated to dryness. The extracts were stored at 4 ºC for further use. 

2.2. Antifungal activity 

 

2.2.1. Fungi strains, cultures and antimycotics 
 

Fusarium oxysporum (CCM 4354) and Blumeria graminis (CCM 8325) strains were obtained 

form Czech Collection Microorganisms (CCM) from the Department of Experimental 

Biology, Faculty of Science, Masaryk University, Czech Republic, and amphotericin B was 

obtained from Sigma-Aldrich (Germany). All extracts were dissolved in Dimethyl Sulfoxide 

(0.05% DMSO; Sigma-Aldrich, Czech Republic) and concentrations that have been used the 

experiment were prepared by dilution with deionized water. Concentrations of DMSO in 

deionized water, which are equal to concentrations of DMSO in experimental solutions, were 

used as a blank control. For antifungal assay, the strains were grown in Mueller–Hinton broth 

(MHB; Oxoid, Basingstoke, UK) (CLSI, 2008 and Vijayarathna et al., 2012). 

 

 

2.2.2. Antifungal activity assay 
 

Fusarium oxysporum (CCM 4354) and Blumeria graminis (CCM 8325) strains were used as 

control strains. Amphotericin B was used as a reference antimycotic drug. DMSO and 

deionized water were used as a blank control that did not inhibit any strain tested. Minimum 

inhibitory concentrations (MICs) were determined by the broth microdilution method 
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according to the recommendation of Clinical and Laboratory Standards Institute (CLSI, 2008) 

using 96-well microtiter plates modified according to the recommendations that have been 

recommended for the more effective determination of anti-infective potential of natural 

products (Cos et al., 2006). Briefly, Ten twofold serial dilutions of each plant extract were 

prepared in the appropriate broth concentrations ranging from 2 to 520 μg/mL. Each well was 

inoculated with 5 μL of fungal suspension at a density of 107 CFU/mL, while microtiter plates 

were incubated at 37 ºC for 48 h, and fungal growth was determined as turbidity by Multiscan 

Ascent Microplate Photometer (Thermo Fisher Scientific, Waltham, USA) at 405 nm. MICs 

were determined as the lowest concentrations that inhibited the growth of the test fungi by 

≥80% compared to that of the agent-free growth control. MICs were obtained from three 

independent experiments that performed in triplicate. 

 

2.3. Antibacterial activity 

 

2.3.1. Bacterial strains, cultures, chemicals and antibiotics 
 

Ampicilin was purchased from Sigma-Aldrich (Prague, Czech Republic). Erwinia amylovora 

(CCM 8261) and Pseudomonas syringae (CCM 6531) obtained form Czech Collection 

Microorganisms (CCM) from the Department of Experimental Biology, Faculty of Science, 

Masaryk University, Czech Republic Dimethyl Sulfoxide (0.05% DMSO; Sigma-Adrich, 

Czech Republic) was used to dissolve each plant extract. For antimicrobial assay, the strains 

were grown in cation-adjusted Mueller–Hinton broth (MHB; Oxoid, Basingstoke, UK) 

equilibrated with Tris–buffered saline (Sigma-Aldrich, Prague, Czech Republic). 
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2.3.2. Antibacterial assay 
 

 

For antibiotic susceptibility testing, Erwinia amylovora (CCM 8261) and Pseudomonas 

syringae (CCM 6531) were used as reference strains. Ampicilin was used as a reference 

antibiotic drug. Each plant extract at concentrations ranging from 2 to 520 µg/mL was used. 

0.05% DMSO and deionized water were used as negative controls that did not inhibit any 

strain tested.  The broth microdilution method using 96-well microtiter plates was performed 

to determine the minimum inhibitory concentrations (MICs) following the recommendation of 

Clinical and Laboratory Standards Institute (CLSI, 2009). Briefly, the samples were two-fold 

diluted in MHB (100 µL), and inoculated with bacterial suspension to reach the density of 5 × 

105 CFU/mL. Microtiter plates were incubated at 37 °C for 24 h, and bacterial growth was 

determined as turbidity by Multiscan Ascent Microplate Photometer (Thermo Fisher 

Scientific, Waltham, USA) at 405 nm. MICs were subjected as the lowest concentrations that 

inhibited the growth of the test bacteria by ≥80% compared with that of negative controls. 

MICs obtained from three parallel experiments, each performed in triplicate. 

3. Results and discussion 

 

The results showed that no inhibitory activities of methanolic and ethyl acetate extracts of all 

tested plants were observed, while 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 µg/mL (Table 1), 

while against Erwinia amylovora and Pseudomonas syringae showed antibacterial inhibitory 

properties at MIC value of 220 µg/mL (Table 2).  
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Table 1: In vitro antifungal activity of ethanolic extracts of  Ecballium elaterium, Plumbago indica, Crisium 

arvense, Stellaria pallida and Atriplex sagittata and amphotericin B against Fusarium oxysporum and Blumeria 

graminis strains 

 
Strains MIC (µg/mL) 

 Amphotericin 
B 

Ecballium 
elaterium 

Plumbago 
indica 

Crisium 
arvense 

Stellaria 
pallida 

Atriplex 
sagittata 

Fusarium oxysporum (CCM) 52 ± 0.12 156 ± 0.22 156 ± 0.31 156 ± 0.34 156 ± 0.16 156 ± 0.18 

Blumeria graminis (CCM) 35 ± 0.20 156 ± 0.24 156 ± 0.22 156 ± 0.24 156 ± 0.22 156 ± 0.25 

MIC─ Minimum inhibitory concentration; the values are expressed as an average from three independent experiments that performed in 

triplicate 
Values presented are means ±S.D. of three independent experiments 

CCM: Czech Collection Microorganisms 

 

 

 

Table 2: In vitro antibacterial activity of ethanolic extracts of  Ecballium elaterium, Plumbago indica, Crisium 

arvense, Stellaria pallida and Atriplex sagittata and ampicilin against Erwinia amylovora and Pseudomonas 

syringae strains 

 
Strains MIC (µg/mL) 

 

Ampicilin 

Ecballium 

elaterium 

Plumbago 

indica 

Crisium 

arvense 

Stellaria 

pallida 

Atriplex 

sagittata 

Erwinia amylovora (CCM) 57 ± 0.16 220 ± 0.34 220 ± 0.30 220 ± 0.29 220 ± 0.23 220 ± 0.14 

Pseudomonas syringae 

(CCM) 

 87± 0.23 220 ± 0.21 220 ± 0.28 220 ± 0.23 220 ± 0.20 220 ± 0.19 

MIC─ Minimum inhibitory concentration; the values are expressed as an average from three independent experiments that performed in 

triplicate 
Values presented are means ±S.D. of three independent experiments 

CCM: Czech Collection Microorganisms 

 

 

From the above obtained results, it is clear that the solvent plays an important role of the 

inhibitory properties of tested plants against the fungal and bacterial pathogens used in this 

study. For instance, the methanolic and ethyl acetate extracts did not show any inhibition 

activities; this is due to the bioactive compounds, which are resposible for antimicrobial 

activities have not been extracted by those solvents. It is known that the solvents used in 

extraction procedures play an important role of the extracted content of biologically active 

compounds (Laghari et al., 2010; Rahman et al., 2011). Therefore, it is very crucial to choose 

the most suitable solvent in extractive method to obtain the higher content of bioactive 

compounds. The extensive use of synthetic fungicides or bacericides in the treatment of plant 

deseases caused by fungal and bacterial pathogens, has led to the developement of drug 

resistant strains (Atta and El-Sooud, 2004). It is very important to search for alternative 

sources that provide bioavailability, less resistance and relatively friendly to eco-system. It is 
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known that alien plant species have negative impact on eco-system through their highly 

invasion in environment. Several studies have revealed that the allelopathic effect of alien 

plants is responsible for their agressive invasion into the environment that mainly suppress the 

growth of other plants surrounding them (Tiley, 2010; Cripps et al., 2011; Zia et al., 2011). In 

this context, we may suggest that the inhibition properties of Ecballium elaterium, Plumbago 

indica, Crisium arvense, Stellaria pallida and Atriplex sagittata against fungal and bacterial 

pathogens is related to their content of antimicrbial agents. Therefore, we can conclude that 

these plants showed excellent ability to inhibit the growth of Fusarium oxysporum, Blumeria 

graminis, Erwinia amylovora and Pseudomonas syringae. Thus, have potential application in 

the treatment of diseases caused by fungal and bacterial pathogens or could be used as a 

preventive agents against these infections. In addition, these plants provide a cheap solution to 

treat plant diseases in comparison with using commercial antifungal and antibacterial agents 

with providing safety to environments. 

In the next chapters of this thesis, Ecballium elaterium, Plumbago indica and Hibiscus 

sabdariffa have been chosen for further investigations to identify the bioactive compounds 

and examine them against human pathogens as well as investigate their cytotoxicity. 
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Plumbagin, a plant-derived compound, exhibits antifungal 
combinatory effect with amphotericin B against candida albicans 
clinical isolates and anti-hepatitis C virus activity 
 

 

Abstract 

 

 

Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone), the major active constituent of 

Plumbago indica L. has been shown to be effective against a wide range of infectious 

microbes. In this study, plumbagin has been evaluated in vitro for its antifungal combinatory 

effect with amphotericin B against Candida albicans (C. albicans) clinical isolates, and anti-

hepatitis C virus (HCV) activity. Antifungal activity was determined by broth microdilution 

method and combinatory effect was evaluated by checkerboard assay according to ΣFIC 

indices, while cytotoxicity was determined by MTT assay. Anti-HCV activity was determined 

in infected Huh7.5 cells using qRT-PCR and cytotoxicity was evaluated by MTT assay. 

Plumbagin exerted inhibitory effect against all C. albicans strains with MICs values ranging 

from 7.41 to 11.24 μg/mL. The additive effect of plumbagin when combined with 

amphotericin B at concentrations of (0.12, 0.13 and 0.19, 1.81 µg/mL, respectively) was 

obtained against five of seven strains tested with ΣFIC 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 IC50 values of 0.57 and 0.01 µM/L, 

respectively and selectivity indices SI= 53.7 and SI= 2127, respectively. Our results present 

plumbagin as a potential therapeutic agent in the treatment of C. albicans and HCV 

infections. 

Keywords: Plumbagin; Antimicrobial agents; fungal infection; HCV infection; natural 

products 
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1. Introduction 

 

 

In the last two decades, Candida species have become the most common cause of systemic 

fungal infections worldwide (Kim et al., 2011; Miceli et al., 2011). Candida albicans (C. 

albicans) is the main cause of candiduria and candidemi with high morbidity and mortality 

(40–60%). In addition, it is the most frequently isolated pathogenic fungi in 

immunocompromised patients that cause localized invasive mucosal mycosis or life-

threatening disseminated and deep-seated organ infections (Lilic and Haynes, 2007; 

Staniszewska et al., 2013; Shirtliff et al., 2009). In recent years, the increasing use of 

antibiotics has led to the problem of drug-resistant strains, and thus has led to the failure of 

current treatment regimens of fungal infections (Dai et al., 2009). Therefore, a new treatment 

strategy has been applied to overcome the problem by using plant-derived products in 

combination with antimycotics to enhance the treatment efficacy of fungal infections as well 

as reducing toxicity and side effects (Shirtliff et al., 2009; Hassan et al., 2015; Aiyegoro and 

Okoh, 2009; Wagner, 2011).  

   Hepatitis C virus (HCV) is an enveloped, positive-stranded RNA virus belonging to the 

family Flaviviridae. Approximately 170 million people worldwide are infected with HCV, 

and many of them died from HCV-related liver diseases (Lindenbach and Rice, 2005; Penin et 

al., 2004). To date, there is no prophylactic vaccine available to prevent HCV infection. 

Recently, a new generation of Direct-acting antiviral agents (DAA) has become available and 

currently the interferon-free combination therapy of sofosbuvir (NS5B polymerase inhibitor), 

ledipasvir (NS5A replication complex inhibitor) and telaprevir has resulted in a cure rate up to 

100% among patients infected with HCV (Sofia, 2014; Summers et al., 2014). However, this 

regimen has an unfavorable side effect profile (including flu-like symptoms, hemolytic 

anemia, and depression), which often leads to discontinuance of therapy (Stankiewicz-Drogoń 

et al., 2010; Kayali and Schmidt, 2014; Gentile et al., 2014). Thus, there is a strong medical 
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need to discover novel agents with a high therapeutic index and few side effects to treat 

chronic HCV infection. 

   Plumbago indica L. (Plumbaginaceae) is a medicinal plant that is well known for its 

traditional uses as a thermogenic, antimicrobial, anti-inflammatory, abortifacient, anti-

periodic, carminative, digestive, nerve stimulatory and rejuvenating drug (Joy et al., 2001). It 

is commercially important as a major source of plumbagin (Fig. 1). Plumbagin (5-hydroxy-2 

methyl-1,4-naphthoquinone), naturally occurring yellow pigment accumulating mainly in 

roots of the plant Plumbago indica, showed anticancer, antimalarial, antifertility, 

hyperglycemic, and hypolipidemic properties and possesses antimicrobial activity against a 

wide spectrum of microorganisms including anticandidal activity (Mossa et al., 2004; de 

Paiva et al., 2003; Singh and Udupa, 1997). This study was designed to evaluate in vitro 

antimicrobial and combination effect of plumbagin with amphotericin B against C. albicans 

clinical isolates, and evaluate its safety for topical administration as well as antiviral activity 

against HCV.  
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                              Fig 1. Chemical structure of plumbagin. 
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2. Materials and methods 

2.1. Anticandidal activity 

 

2.1.1. Fungi strains, cultures and antimycotics 
 

 

Plumbagin, C. albicans (ATCC 10231) strain and amphotericin B were obtained from Sigma-

Aldrich (Germany). Plumbagin in all experiments was dissolved in Dimethyl sulfoxide 

(DMSO; Sigma-Aldrich, Czech Republic) and concentrations that have been used in each 

experiment were prepared by dilution with deionized water. Concentrations of DMSO in 

deionized water, which are equal to concentrations of DMSO in experimental solutions, were 

used as a blank control. In addition, 0.1% of DMSO has been found to be the highest 

concentration that can be safely used for dissolving plumbagin. Six clinical isolates of C. 

albicans (CA1, CA2, CA3, CA4, CA5 and CA6; isolated from patients with vaginal yeast 

infection) were obtained from The Motol Univesity Hospital, Prague, Czech Republic. For 

antifungal assay, the strains were grown in Mueller–Hinton broth (MHB; Oxoid, Basingstoke, 

UK) (CLSI, 2008 and Vijayarathna et al., 2012). 

2.1.2. Antifungal activity assay 
 

C. albicans (ATCC 10231) was used as a control strain. Amphotericin B was used as a 

reference antimycotic drug. DMSO and deionized water were used as a blank control that did 

not inhibit any strain tested. Minimum inhibitory concentrations (MICs) were determined by 

the broth microdilution method according to the recommendation of Clinical and Laboratory 

Standards Institute (CLSI, 2008) using 96-well microtiter plates modified according to the 

recommendations that have been recommended for the more effective determination of anti-

infective potential of natural products (Cos et al., 2006). Briefly, Ten twofold serial dilutions 

of plumbagin were prepared in the appropriate broth concentrations ranging from 5 to 412 

μg/mL. Each well was inoculated with 5 μL of fungal suspension at a density of 107 CFU/mL, 

while microtiter plates were incubated at 37 ºC for 48 h, and fungal growth was determined as 
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turbidity by Multiscan Ascent Microplate Photometer (Thermo Fisher Scientific, Waltham, 

USA) at 405 nm. MICs were determined as the lowest concentrations that inhibited the 

growth of the test fungi by ≥80% compared to that of the agent-free growth control. MICs 

were obtained from three independent experiments that performed in triplicate. 

2.1.3. Combinatory effect of plumbagin with amphotericin B 
 

 

Checkerboard assay was used to determine the combination effect of amphotericin B with 

plumbagin. The combination effect was evaluated algebraically based on the sum of the 

fractional inhibitory concentration (ΣFIC) indices as previously described (Rondevaldova et 

al., 2015; Vuuren and Viljoen, 2011). In brief, twofold serial dilutions of amphotericin B 

prepared in horizontal rows of microtiter plate were subsequently cross-diluted vertically by 

twofold serial dilutions of plumbagin. The one-half MIC of plumbagin and amphotericin B 

were used as a starting concentration in combinations. For evaluation of combinatory effect of 

plumbagin (A) with antimycotic drug tested (B), the ΣFIC was calculated based on the 

following equation: ΣFIC = FICA+ FICB, where FICA= MICA (in the presence of B) / MICA 

(alone), and FICB = MICB (in the presence of A) / MICB (alone). The MICs used in this 

equation are the averages of MICs obtained from three independent experiments that 

performed in triplicate. The interpretation of the in vitro antifungal interactions was 

determined as follows: synergistic effect if ΣFIC ≤ 0.5; additive if ΣFIC>0.5 and ≤ 1; no 

interaction if ΣFIC>1 and ≤ 4; and antagonistic if ΣFIC>4 (Novy et al., 2013). 

2.1.4. Cell toxicity assay 
 

The toxic effect of plumbagin in combination with amphotericin B on HaCaT keratinocytes 

(HaCaT cell line, ATCC, USA; obtained from The Motol Univesity Hospital, Prague, Czech 

Republic) was evaluated by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay as previously described (Di Grazia et al., 2014). Briefly, HaCaT cells were 

cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% heat 
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inactivated Fetal Bovine Serum (FBS; Gibco, USA), L-glutamine (4 mM) and 0.05 mg/mL 

gentamicin, at 37 °C and 5% CO2, in 25 cm2 flasks. 104 cells in their culture medium 

supplemented with 2% FBS were seeded in each well of the microtiter plate. After overnight 

incubation at 37 °C in 5% CO2 atmosphere, the plumbagin in combination with amphotericin 

B at concentrations that exhibited the antifungal additive effect (0.12, 0.13 and 0.19, 1.81 

µg/mL, respectively) were added to HaCaT cells in their culture medium supplemented with 

2% FBS. After 24 h of treatment, the tested compounds were removed and the cells were 

incubated with Hank’s buffer containing 0.5 mg/mL MTT solution (Islas-Rodrìguez et al., 

2009). After 4 h incubation at 37 °C, formazan crystals were solubilized with acidified 

isopropanol and the absorbance of the samples was measured at 570 nm using a microplate 

reader (Infinite M200, Tecan, Salzburg, Austria). Cell viability was calculated with respect to 

the control (untreated cells). 

 

2.2. Antiviral activity 

 

2.2.1. Cultures, cells and reagents 
 

Huh7.5 human liver cells were obtained from The Motol Univesity Hospital, Prague, Czech 

Republic, and were cultured in Dulbecco's Modified Eagle's Medium (DMEM), which was 

supplemented with 10% inactivated Fetal Bovine Serum (FBS; Gibco, USA) and 1% 

penicillin-streptomycin. The cells were cultured at 37 ºC in 5% CO2, released with 0.05% 

trypsin-EDTA and split twice a week. The plasmid pFL-J6/JFH/JC1, which contains the full-

length chimeric HCV cDNA was obtained from The Motol Univesity Hospital, Prague, Czech 

Republic. Vero cells were purchased from the American Type Culture Collection (ATCC; 

Rockville, MD, USA) and were cultured in Minimum Essential Medium (MEM) 

supplemented with 10% FBS and antibiotics (100 U/mL penicillin G and 100 mg/mol 

streptomycin). 
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2.2.2. Cytotoxicity assay 
 

 

The Huh7.5 cells were used in the assay; Huh7.5 cells (1 × 104 cells/well) were planted into 

96-microwell plates. After 6 h, the culture media was replaced with fresh medium containing 

the tested compound at various concentrations. Cytotoxicity was evaluated with the 

tetrazolium 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as 

previously described (Reed and Muench, 1983) at 96 h, and the 50% cytotoxic concentration 

(CC50) was calculated. 

 

2.2.3. Anti-HCV activity and immunoblot measurements 
 

 

The antiviral activity of plumbagin against HCV was tested in infected Huh7.5 cells using the 

real-time reverse transcription PCR (qRT-PCR) and evaluated as previously described by 

Peng et al. (2011). Telaprevir (VX-950), a NS3/4A protease inhibitor (Sigma-Aldrich, USA), 

was used as a positive control. PCR master-mix (as per manufacturer’s instructions, Applied 

Biosystems) contains primer pairs of 5’-CGGGAGAGCCATAGTGGTCTGCG-3’ and 5’ 

CTCGCAAGCACCCTATCAGGCAGTA-3’, and TaqMan probe 5’-FAM-AGGCC 

TTGTGGTACTGCCT-TAMRA-3’ was used. Fluorescent signals were detected with 7500-

fast real time PCR system (Applied Biosystems) using the following conditions: 30 minutes at 

48°C followed by 10 minutes at 95 °C, 40 cycles of 15 seconds at 95°C, and 1 minute at 60 

°C. Briefly, The Huh7.5 cells were seeded into six-well plates (Costar) at a density of 3 × 104 

cells/cm2. The cells were infected with HCV viral stock at an infective dose of 45 IU/cell after 

6 h incubation, and treated simultaneously with plumbagin, telaprevir, or the solvent control. 

After 96 h inoculation, the culture medium was removed and the total intracellular RNA and 

total intercellular protein were extracted with RNeasy Mini Kit (Qiagen GmbH, Hilden, 

Germany). The intracellular HCV RNA was quantified using a one-step RT-PCR kit 

(Invitrogen). The half maximal inhibitory concentration (IC50) was calculated according to the 
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method (Reed and Muench, 1983). Selectivity index (SI) value was calculated as the ratio of 

CC50/IC50. Immunoblot experiments were similar to those previously described by Peng et al. 

(2011). 

3. Results  

 

The results demonstrated that plumbagin exhibited remarkable inhibitory activity against all 

C. albicans strains tested with MICs values ranging from 7.41 to 11.24 μg/mL (Table 1). The 

additive antifungal interaction of plumbagin in combination with amphotericin B at 

concentrations of (0.12, 0.13 and 0.19, 1.81 µg/mL, respectively) was obtained against CA 

(ATCC 10231), CA3, CA4, CA5, and CA6 strains with ΣFIC ranging from 0.62 to 0.91 

(Table 2). In few cases ΣFIC values were close to 0.62, which can be considered as strong 

additive effect (close to the border of synergy). It has been found that no additive effect was 

observed when plumbagin was combined with amphotericin B at concentration of 0.5 µg/mL 

(Plumbagin at 0.28 and amphotericin B at 0.22 µg/mL) and the additive effect was observed 

at combined concentrations of 2 µg/mL (Plumbagin at 0.19 and amphotericin B at 1.81 

µg/mL) and 0.25 µg/mL (Plumbagin at 0.12 and amphotericin B at 0.13 µg/mL). Based on 

these results, we may suggest that the ratio of plumbagin to amphotericin B (lower than one) 

plays an important role in the additive antifungal interaction. Therefore, for the combination 

effect, it should be taken into consideration the concentration and ratio between both 

compounds in combination. Moreover, no synergy or antagonistic effects have been observed. 

Plumbagin when combined with amphotericin B, showed weak cytotoxicity against HaCaT 

keratinocytes cells (98.85 and 96.77% viable cells at 0.12, 0.13 and 0.19, 1.81 µg/mL, 

respectively) (Table 3). In addition, Plumbagin showed antiviral activity against HCV 

compared with that of telaprevir with IC50 values of 0.57 and 0.01 µM/L, respectively and 

selectivity indices SI= 53.7 and SI= 2127, respectively (Table 4). For evaluating the effect of 

plumbagin on HCV replication, the expression of intracellular hA3G protein and HCV NS3 



38 

 

protein were evaluated in the Huh7.5 cells with or without using the test compound. 

Plumbagin treatment exhibited higher intracellular hA3G protein levels in a dose-dependent 

manner (Fig. 2), while showed lower HCV NS3 protein levels (Fig. 3) in a dose-dependent 

manner. Thus, plumbagin has been shown to inhibit HCV replication. 

 

Table 1: In vitro anticandidal activity of amphotericin B and plumbagin against C. albicans strains 
C. albicans strains MIC (µg/mL) 

 Amphotericin 

B Plumbagin 

CA (ATCC 10231) 8.28 ± 0.38 10.14 ± 0.35 

CA1* 7.26 ± 0.30 10.68 ± 0.38 

CA2* 9.15 ±  0. 35 11.24 ± 0.36 

CA3* 11.21 ± 0.32 9.32 ± 0.31 

CA4* 8.38 ± 0.32 7.41 ± 0.33 

CA5* 10.24 ± 0.35 10.47 ± 0.31 

CA6* 7.43 ± 0.33 10.35 ± 0.34 

MIC─ Minimum inhibitory concentration; the values are expressed as an average from three independent experiments that performed in 

triplicate 

Values presented are means ±S.D. of three independent experiments 
ATCC: American Type Culture Collection 

*: Clinical isolates 

 
 

 

 
 

Table 2: In vitro combinatory anticandidal effect of plumbagin with amphotericin B against C. albicans strains 
C. albicans strains Concentrations of the antifungal compounds in combination (µg/mL) 

 Plumbagin at 1 and 
amphotericin B at 2 

 

Plumbagin at 0.19 and 
amphotericin B at 1.81 

Plumbagin at 0.28 and 
amphotericin B at 0.22 

Plumbagin at 0.12 and 
amphotericin B at 0.13 

MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC 

CA (ATCC 10231) 9.14 ± 0.39 2.91 ± 0.03 9.38 ± 0.32 0.66 ± 0.03 10.32 ± 0.38 2.47 ± 0.04 9.73 ± 0.36 0.69 ± 0.03 

CA1* 10.14 ± 0.37 1.14 ± 0.01  10.17 ± 0.35 1.76 ± 0.04 7.17 ± 0.37 2.74 ± 0.04 7.64 ± 0.33 2.24 ± 0.04 

CA2* 10.36 ± 0.30 1.21 ± 0.02 11.12 ± 0.37 1.22 ± 0.04 8.78 ± 0.32 1.41 ± 0.03 7.79 ± 0.32 2.21 ± 0.03 

CA3* 11.45 ± 0.33 2.73 ± 0.01 10.78 ± 0.36 0.88 ± 0.03 9.14 ± 0.34 1.31 ± 0.02 8.74 ± 0.31 0.84 ± 0.02 

CA4* 13.41 ± 0.34  3.25 ± 0.03 7.78 ± 0.31 0.82 ± 0.02 11.75 ± 0.31 2.17 ± 0.03 9.69 ± 0.34 0.78 ± 0.02 

CA5* 8.37 ± 0.36 1.27 ± 0.04 6.46 ± 0.36 0.89 ± 0.03 9.47 ± 0.34 1.99 ± 0.02 10.78 ± 0.35 0.91 ± 0.03 

CA6* 7.17 ± 0.35 3.57 ± 0.03 8.14 ± 0.33 0.62 ± 0.02 6.12 ± 0.37 1.47 ± 0.02 11.17 ± 0.34 0.63 ± 0.02 

ΣFIC: sum of fractional inhibitory concentrations—the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5; additive ΣFIC 
>0.5 and ≤ 1 (bold font indicates additive acting combinations); no interaction ΣFIC>1 and ≤ 4; antagonistic if ΣFIC>4 

MIC─ Minimum inhibitory concentration; the values are expressed as an average from three independent experiments that performed in 

triplicate 
Values presented are means ± S.D. of three independent experiments 

ATCC: American Type Culture Collection 

*: Clinical isolates 
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Table 3: Cytotoxic effect of plumbagin in combination with amphotericin B on HaCaT cells 
Compound Concentration µg/mL % Cell viability 

Plumbagin plus amphotericin B 0.12 and 0.13 98.85 

Plumbagin plus amphotericin B 0.19 and 1.81 96.77 

% Cell viability; all data were average values from three independent experiments 

 

 
 

 

 
 

Table 4: Anti-HCV activity and cytotoxicity of plumbagin 
Compound IC50 (µM/L) CC50 (µM/L) SI 

Plumbagin 0.57 ± 0.20 30.65 ± 1.25 53.7 

VX-950 0.01 ± 0.40 21.27 ± 4.70 2127 

All data were average values from three independent experiments 

Values presented are means ± S.D. of three independent experiments 

CC50: 50% cytotoxic concentration  
IC50: Half maximal inhibitory concentration  

SI: Selectivity index (CC50/IC50) 

VX-950: Telaprevir (positive control) 

 

 

Fig 2. Effect of plumbagin on HCV replication; after 24 h of plumbagin treatment in naïve 

Huh7.5 cells, intracellular hA3G protein level has been increased dose-dependently. 

 

 

 

Fig 3. Effect of plumbagin on HCV replication; after 72 h of plumbagin treatment in HCV 

infected Huh7.5 cells, HCV NS3 protein synthesis has been decreased dose-dependently. 
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4. Discussion 

 

 

    Infectious diseases remain the main cause of morbidity and mortality among humans, 

especially in developing countries. Plants remain the main source of biologically active 

substances with great bioavailability, low toxicity, less resistance and various mechanisms of 

action (Hassan at al., 2015; Gibbons, 2008; Cavero et al., 2013). Therefore, their application 

in the treatment of microbial infections has gained much interest in research field. Despite 

limited studies have reported the direct anticandidal growth-inhibitory activity of plumbagin, 

these studies did not focus on the possibility of its combination effect with commercial 

standard antimycotics. Therefore, we report for the first time the additive effect of plumbagin 

with amphotericin B as well as the direct inhibitory activity against C. albicans strains, and 

anti-HCV activity. Although plant extracts containing plumbagin have been used in folk 

medicine for decades, there is much evidence to suggest that it may have potential value as a 

chemotherapeutic agent; however, concerns have been raised about its safety, perhaps due to 

reports on its vesicant and abortifacient properties. These have been adequately dealt with in 

several reports that have been previously discussed (Talcott et al., 1985; Babula et al., 2007; 

Ogihara et al., 1997). Plumbagin is not only potentially beneficial for the treatment of various 

diseases, it has also been reported to have many side effects in a dose–dependent manner such 

as diarrhea, increase in white blood cell counts, skin rashes, increase in serum phosphate and 

acid phosphate level, and reproductive toxicity in male and female animals (Chandrasekaran 

and Nagarajan, 1981; Singh and Udupa, 1997; Premakumari et al., 1977; Bhargava, 1984; 

Kini et al., 1997). It has been reported that cytotoxic action of plumbagin and related quinones 

is mainly due to two different mechanisms, namely, redox cycling and reaction with 

glutathione (GSH). In addition, topical preparations containing plumbagin should be used 

with care, and taking into consideration the non-toxic dosses (Inbaraj and Chignell, 2004). It 

has been reported that cytotoxicity of antimicrobial compounds can be improved by 
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combining them, at low concentrations, with non-toxic compounds (Anantharaman et al., 

2010; Mangoni et al., 2000). Based on these facts, we tried to evaluate the cytotoxic effect of 

plumbagin on mammalian cells and we found that plumbagin in combination with 

amphotericin B could be used safely for topical administration at concentrations of 0.12, 0.13 

and 0.19, 1.81 µg/mL, respectively) against C. albicans infection. Plumbagin is very efficient 

in treating infectious diseases caused by C. albicans. However, to explain the mechanism of 

action against C. albicans have to be determined by further studies in vivo and in clinical 

trials. Plumbagin exhibited anti-HCV activity at a non-cytotoxic concentration (CC50= 30.65 

µM/L), and thus can play an important role in pharmaceutical industry as a natural antiviral 

agent. 

5. Conclusion 

 

 

In summary, there is growing interest in natural products as they provide health benefits. 

Plant-derived products are believed to contain many bioactive compounds with various 

biological activities. The present findings indicated that plumbagin exhibited in vitro notable 

antifungal and additive effect with amphotericin B against C. albicans clinical isolates. This 

combinatory effect offers the possibility to decrease the toxicity of plumbagin and to improve 

its therapeutic efficacy against C. albicans infection. Moreover, plumbagin exhibited anti-

HCV activity, and thus has promising application in the treatment of HCV infection. 

However, further studies should be carried out to eliminate the possible adverse effects of this 

compound by using improved delivery techniques prior its possible practical application. In 

addition, further research focused on validation of its activity in vivo and in clinical trials will 

be necessary. 
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Cucurbitacin B interacts synergistically with antibiotics against 
Staphylococcus aureus clinical isolates and exhibits antiviral activity 
against HSV-1 
 

Abstract 

 

 

The search for biologically promising compounds from natural sources against microbial 

diseases remains an important theme in drug discovery to overcome problems with drug-

resistant strains. In this study, Cucurbitacin B (Cuc B), an active constituent of Ecballium 

elaterium L., has been investigated in vitro for its synergy effect with antibiotics against 

clinical isolates of Staphylococcus aureus (S. aureus) and anti-HSV-1 activity. Broth 

microdilution method was used to determine the antibacterial activity, while checkerboard 

assay was used to evaluate the synergy effect according to ΣFIC indices. The anti-HSV-1 

activity was determined by the plaque number reduction assay, while cytotoxicity was 

evaluated by MTT assay. In this study, Cuc B exerted direct growth-inhibitory activity against 

all S. aureus strains tested with MICs values ranging from 0.15 to 0.44 µg/mL, as well as 

synergy effect with tetracycline or oxacillin against four of six S. aureus strains tested (ƩFIC 

ranging from 0.29 to 0.43). Cuc B showed remarkable anti-HSV-1 activity compared with 

that of acyclovir with IC50 values of 0.94 and 1.74 µM, respectively and selectivity indices 

SI= 127.7 and SI>132.2, respectively. This study presents Cuc B as a promising therapeutic 

agent in the development of anti-staphylococcal and anti-HSV-1 drugs. 

 

Keywords: Ecballium elatrium; cucurbitacin B; HSV; Staphylococcus aureus; synergy 
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1. Introduction 

 

 

Ecballium elaterium L. (E. elaterium, squirting cucumber, Cucurbitacae) is a wild-growing 

medicinal plant found abundantly in the Mediterranean region. The interior of the fruits 

contains black seeds and juice. In traditional folk medicine, E. elaterium fruits have been used 

as antimicrobial, analgesic, antipyretic and antiphlogistic agents. Moreover, E. elaterium is of 

interest in Mediterranean region due to the use of its fruits extracts in various medicinal uses 

(Raikhlin-Eisenkraft and Bentur, 2000; Bohlooli et al., 2012; Khalil and Qaoud, 1993). It has 

been reported that the main active compounds from the fruits that are responsible for the 

biological activities including antimicrobial properties were found to be fatty acids, proteins, 

cucurbitacins (B, D, E, I and L) and cucurbitacin derivatives such as glycosylcucurbitacins 

and triterpenoids glycosides (Chen et al., 2005; Rao et al., 1974; Attardet al., 2005). 

Cucurbitacin B (Cuc B, Fig 1), an active constituent of E. elaterium, is a natural tetracyclic 

triterpene compound that belongs to Cucurbitacins (CUs) compounds, which are widely 

distributed in the family of Cucurbitaceae. Structurally, CUs are characterized by a tetracyclic 

cucurbitane nucleus skeleton, namely, 9β-methyl-19-nor lanosta-5-enea, which is traditionally 

divided arbitrarily into twelve categories, incorporating CUs A-T (Chen et al., 2005). 

Numerous studies demonstrated that Cuc B possesses a variety of bioactivities, such as 

antibacterial, antifungal, anti-inflammatory, hepatoprotective and anticancer activities (Chen 

et al., 2005; Chen et al., 2012; Liu et al., 2008). For decades, plants remain the main source of 

biologically active compounds that have been used for the treatment of various diseases, 

including infectious diseases with reduced side effects, bioavailability, less resistance, low 

toxicity and various mechanisms of action (Hassan et al., 2015; Cowan, 1999; Mabona et al., 

2013). In recent years, plant-derived chemicals are increasingly used in pharmaceutical 

industry (Gibbons, 2008; Fischer et al., 2013). Staphylococcus aureus (S. aureus), a Gram-

positive bacterium has become one of the most serious human pathogens that cause serious 
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infections, such as bacteraemia, severe pneumonia and skin infections, while methicillin-

resistant S. aureus (MRSA) is considered one of the most main causes of antibiotic-resistant 

healthcare-associated infections worldwide (Pandey, 2007; Sharifi-Rad et al., 2014; Cutler 

and Wilson, 2004; Appelbaum, 2007). The intensive use of antibiotics has led to the problem 

of drug-resistant strains, and thus has led to the failure of current treatment regimens of 

staphylococcal infections in humans (Drago et al., 2014; Farrell et al., 2014). Therefore, a 

new treatment strategy has been devoted to overcome the problem by using plant-derived 

products in combination with antibiotics to enhance the treatment efficacy (Aiyegoro and 

Okoh, 2009; Wagner, 2011). Herpes simplex virus (HSV) infections are quite common in 

humans. HSV is a member of Herpesviridae, a wide family of enveloped-DNA viruses that 

cause several clinically significant syndromes in both adults and neonates. HSV-1 is mainly 

connected with oral or facial infection and encephalitis (Hassan et al., 2015; Paludan et al., 

2011; Field, 2011). Treatment of HSV infection remains a main target for many researchers 

worldwide, where it cannot be managed by vaccination. Acyclovir and related nucleoside 

analogs have been widely used in the treatment of HSV, but the intensive use of such drugs 

has led to several undesirable effects including drug-resistant strains (Piret and Boivin, 2011; 

Evans et al., 2013). Despite few studies have reported that crude extracts of E. elatrium and 

various fractions of cucurbitacins have been shown to possess direct anti-staphylococcal 

growth inhibitory activity (Adwan et al., 2011; Oskay et al., 2009; Dogruoz et al., 2008), 

these studies did not evaluate the possibility of antimicrobial combinatory effect of Cuc B 

with standard antibiotics against S. aureus. Therefore, in this study, we report the synergistic 

effect of Cuc B with tetracycline (TET) or oxacillin (OX) as well as the direct inhibitory 

effect against S. aureus. In addition, we report for the first time the antiviral activity of Cuc B 

against HSV-1. 
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Fig. 1: Chemical structure of cucurbitacin B 

 

2. Materials and methods 

2.1. Anti-Staphylococcus aureus activity 

 

2.1.1. Bacterial strains, cultures, chemicals and antibiotics 
 

Tetracycline, oxacillin and Cuc B were purchased from Sigma-Aldrich (Prague, Czech 

Republic). S. aureus (ATCC 29213) and methicillin-resistant S. aureus (MRSA-ATCC 

43300) were obtained from the American Type Culture Collection (ATCC) (Rockville, MD, 

USA). Four clinical isolates of S. aureus (SA1, SA2, SA3, and SA4; isolated from patients 

with skin infection) were obtained from U Sv. Anny Univesity Hospital, Brno, Czech 

Republic. Dimethyl sulfoxide (0.05% DMSO; Sigma-Adrich, Czech Republic) was used to 

dissolve Cuc B. For antimicrobial assay, the strains were grown in cation-adjusted Mueller–

Hinton broth (MHB; Oxoid, Basingstoke, UK) equilibrated with Tris–buffered saline (Sigma-

Aldrich, Prague, Czech Republic). 
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2.1.2. Antimicrobial assay 
 

For antibiotic susceptibility testing, S. aureus (ATCC 29213) was used as a reference strain. 

Cuc B at concentrations ranging from 0.25 to 3 µg/ml was used. Oxacillin-supplemented with 

2% NaCl and tetracycline were used as standard antibiotics at concentrations ranging from 

0.25 to 3 µg/mL. 0.05% DMSO and deionized water were used as negative controls that did 

not inhibit any strain tested.  The broth microdilution method using 96-well microtiter plates 

was performed to determine the minimum inhibitory concentrations (MICs) following the 

recommendation of Clinical and Laboratory Standards Institute (CLSI, 2009). Briefly, the 

samples were two-fold diluted in MHB (100 µL), and inoculated with bacterial suspension to 

reach the density of 5 × 105 CFU/mL. Microtiter plates were incubated at 37 °C for 24 h, and 

bacterial growth was determined as turbidity by Multiscan Ascent Microplate Photometer 

(Thermo Fisher Scientific, Waltham, USA) at 405 nm. MICs were subjected as the lowest 

concentrations that inhibited the growth of the test bacteria by ≥80% compared with that of 

negative controls. MICs obtained from three parallel experiments, each performed in 

triplicate. 

 

2.1.3. Combinatory effect of Cuc B with antibiotics 
 

 

The checkerboard assay was used to evaluate the combination effect of antibiotics with Cuc 

B, and the sum of the fractional inhibitory concentration (ΣFIC) indices have been evaluated 

as previously described (Vuuren and Viljoen, 2011; Hassan et al., 2016). Briefly, two-fold 

serial dilutions of oxacillin-supplemented with 2% NaCl or tetracycline prepared in horizontal 

rows of microtiter plate (at concentrations ranging from 0.25 to 3 µg/mL) were subsequently 

cross-diluted vertically by two-fold serial dilutions of Cuc B (at concentrations ranging from 

0.25 to 3 µg/mL). The one-half MIC of Cuc B, oxacillin and tetracycline was used as a 

starting concentration in combinations. For evaluation of antibacterial combination effect of 
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Cuc B (A) with antibiotic tested (B), the following equation ΣFIC = FICA + FICB, where 

FICA= MICA (in the presence of B) / MICA (alone), and FICB = MICB (in the presence of A) / 

MICB (alone), was used to calculate ΣFIC. The MICs used in this equation are the averages of 

MICs obtained from three parallel experiments, each performed in triplicate. The 

interpretation of the in vitro antibacterial interactions was determined as follows: synergistic 

effect if ΣFIC ≤ 0.5; additive if ΣFIC>0.5 and ≤ 1; no interaction if ΣFIC>1 and ≤ 4; and 

antagonistic if ΣFIC>4. 

2.2. Anti-HSV-1 activity 

 

2.2.1. Viral strains, cultures, cell lines and reagents 
 

For antiviral activity, Vero cells (ATCC: CCL 81, UK; were obtained from the Motol 

University Hospital, Prague, Czech Republic) were grown in Eagle’s minimum essential 

medium (MEM; Cultilab, Campinas, UK) supplemented with 10% fetal bovine serum (FBS; 

Gibco, Carlsbad, UK), 100 U/ml penicillin G, 100 µg/ml streptomycin and 25 µg/ml 

amphotericin B (Sigma-Aldrich, Germany) and maintained at 37 ◦C in a humidified incubator 

with 5% CO2. HSV-1 [KOS strain] was obtained from The Motol Univesity Hospital, Prague, 

Czech Republic, and propagated in Vero cells. Viral stocks were stored at –80 ◦C and titrated 

based on plaque forming units (PFU) count by plaque assay as previously described (Burleso 

et al., 1992).  

2.2.2. Determination of cytotoxicity 
 

 

MTT [3-(4,5-dimethylthiazol-2,5-diphenyl tetrazolium bromide] assay was used to determine 

the cytotoxic effect as previously described (Mosmann, 1983). In brief, confluent Vero cells 

were exposed to different concentrations of Cuc B for 72 h, and after incubation, the 50% 

cytotoxic concentration (CC50) of Cuc B was calculated as the concentration that reduces cell 

viability by 50%, when compared to the untreated controls. 
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2.2.3. Antiviral assay 
 

 

For antiherpetic activity, acyclovir was used as a positive control and the plaque number 

reduction assay was performed to evaluate the anti-HSV-1 activity as previously described 

(Silva et al., 2010). Briefly, cell monolayers were infected with 100 PFU of the virus for 1 h 

at 37 ◦C, and then were overlaid with MEM containing 1.5% carboxymethylcellulose (CMC; 

Sigma-Aldrich, Germany) either in the presence or absence of different concentrations of Cuc 

B. The cells were incubated for 72 h at 37 ◦C, and then were fixed and stained with naphtol 

blue-black (Sigma-Aldrich, Germany), and the plaques were counted. The concentration of 

Cuc B required to reduce the plaque number by 50% (IC50) was calculated, when compared to 

the untreated controls. Selectivity index (SI) value was calculated as the ratio of CC50/IC50. 

2.2.4. Statistical analysis 
 

 

The mean values ± standard deviations are representative of three to five independent 

experiments. Nonlinear regressions of concentration– response curves were used to determine 

CC50 and IC50 values. Anova ⁄ Dunett ⁄ SNK tests were used to evaluate the significance 

between Cuc B and control. In addition, the selectivity index (SI= CC50/IC50) was determined. 

3. Results and discussion 

 

 

The results showed that Cuc B exerted inhibitory activity against all S. aureus strains tested 

with MICs values ranging from 0.15 to 0.44 µg/mL (Table 1). The synergistic effect of Cuc B 

in combination with OX was obtained at a concentration of 0.25 µg/ml (Cuc B at 

concentration of 0.11 µg/mL and OX at concentration of 0.14 µg/mL) against MRSA-ATCC 

43300 (ƩFIC=0.43) and SA2 (ƩFIC=0.39) strains (Table 2). In addition, the synergistic effect 

of Cuc B when combined with TET was determined at a concentration of 0.5 µg/mL (Cuc B 

at concentration of 0.21 µg/mL and TET at concentration of 0.29 µg/mL) against MRSA-
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ATCC 43300 (ƩFIC= 0.29), and SA4 (ƩFIC= 0.36) strains. Moreover, no additive and 

antagonistic interactions have been observed. Cuc B exhibited remarkable anti-HSV-1 activity 

compared with that of acyclovir with IC50 values of 0.94 and 1.74 µM, respectively and 

selectivity indices SI= 127.7 and SI>132.2, respectively. Furthermore, cytotoxicity study 

revealed that Cuc B could be used safely at a non-cytotoxic concentration of 120 µM. This 

may give us an indication that Cuc B could be used safely in topical application. However, 

further studies should be carried out to determine its safety as well as the possible of adverse 

effects in vivo (Table 3). 

 

 

Table 1: In vitro antibacterial activity of OX, TET and Cuc B against S. aureus strains 
S. aureus strains MIC (µg/mL) 

 OX TET Cuc B 

S. aureus (ATCC 29213) 0.19 0.18 0.20 

MRSA (ATCC 43300) 0.16 0.20 0.15 

SA1* 0.40 0.17 0.20 

SA2* 0.42 0.43 0.27 

SA3* 0.19 0.22 0.36 

SA4* 0.12 0.17 0.44 

MIC─ Minimum inhibitory concentration; the values are presented as an average from three parallel experiments, each performed in 
triplicate 

OX: Oxacillin 

TET: Tetracycline 
ATCC: American Type Culture Collection 

MRSA: methicillin-resistant Staphylococcus aureus 

Cuc B: Cucurbitacin B 
*: Clinical isolates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 

 

Table 2: In vitro combinatory antibacterial effect of Cuc B with OX or TET against S. aureus strains 
S. aureus 

strains 

Cuc B with OX at following concentrations (µg/mL) Cuc B with TET at following concentrations (µg/mL) 

 Cuc B at 0.9 

and OX at 2.1 

Cuc B at 0.4 

and OX at 0.6 

Cuc B at 0.21 

and OX at 
0.29 

Cuc B at 0.11 

and OX at 
0.14 

Cuc B at 0.9 

and TET at 
2.1 

Cuc B at 0.4 

and TET at 
0.6 

Cuc B at 0.21 

and TET at 
0.29 

Cuc B at 0.11 

and TET at 0.14 

ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC 

S. aureus 

ATCC 
(29213) 

1.49 2.14 2.41 1.39 2.73 3.24 2.14 2.36 

MRSA 

(ATCC 
43300) 

1.39 

 

2.47 1.98 0.43 3.14 2.97 0.29 2.38 

SA1* 2.34 1.73 2.35 1.35 2.97 1.17 2.54 1.58 

SA2* 3.13 2.47 3.23 0.39 2.47 1.89 1.48 2.00 

SA3* 2.73 2.74 1.36 1.79 2.36 2.47 1.78 2.79 

SA4* 2.67 1.79 2.36 1.84 2.73 3.65 0.36 3.12 

ΣFIC: sum of fractional inhibitory concentrations—the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5 (bold font 

indicates synergistically acting combinations); additive ΣFIC >0.5 and ≤ 1; no interaction ΣFIC>1 and ≤ 4; antagonistic if ΣFIC>4; MIC─ 

bold font indicates fold reductions 
OX: Oxacillin 

TET: Tetracycline 

ATCC: American Type Culture Collection 
MRSA: methicillin-resistant Staphylococcus aureus 

Cuc B: Cucurbitacin B 

*: Clinical isolate 
 

 

 

Table 3: Cytotoxicity and anti-HSV-1 activity of Cuc B 
Compound CC50 (µM) IC50 (µM) SI 

Cuc B 120 ± 1.5 0.94 ± 0.2 127.7 

Acyclovir >230 1.74 ± 0.25 >132.2 

Values represent the mean ± standard deviations of three to five independent experiments 

CC50: 50% cytotoxic concentration that was determined in Vero cells 
IC50: Half maximal inhibitory concentration  

SI: Selectivity index (CC50/IC50) 

Cuc B: Cucurbitacin B 

 

 The increasing problem of drug-resistant strains has led to the failure of current treatment 

strategies of bacterial and viral infections in humans. Therefore, it was an urgent issue to 

search for new antimicrobial agents derived from natural sources to overcome the problem 

and to enhance the treatment efficacy (Jenssen et al., 2006). It is well known that tetracycline 

and oxacillin are standard antibiotics for the treatment of staphylococcal infections 

(Macheboeuf et al., 2006). Therefore, their combination with Cuc B seems to be very 

perspective, since the synergy effect was determined effectively in our study. It has been 

reported that the mechanism contributing to tetracycline resistance in S. aureus is mainly due 

to the decrease in the intracellular accumulation of the antibiotic that can be caused be 

bacterial efflux proteins, which pump antibiotics from the periplasm or cytosol to the 

extracellular medium (Speer et al., 1992). For instance, it has been described that ferruginol 
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has been shown to suppress the tetracycline resistance pump in S. aureus (Aiyegoro and 

Okoh, 2009). Based on these facts, we may suggest that Cuc B could act as an efflux pump 

inhibitor. The problem with staphylococcal oxacillin resistance is associated with production 

of exogenous class B of penicillin-binding protein (PBP), especially (PBP2), which has 

deformed active site unable to bind β-lactams (Macheboeuf et al., 2006). Cucurbitacins are 

highly bioactive compounds, which can make a complex with nucleophilic amino acids of 

proteins (Hassan et al. 2015; Hassan et al., 2016). The antibacterial mechanism of β-lactams is 

mainly related to inactivation of (PBPs) by their covalent binding. In the view of those facts, 

we may also suggest that Cuc B could act as inhibitor of PBPs. However, the mode of action 

of Cuc B is still poorly understood, we suggest that Cuc B is useful for the development of 

new synergistically acting drugs with the potential to extend the pharmacological action of 

tetracycline and oxacillin. On the other hand, Cuc B is known to possess cytotoxic effect on 

cancer cells with various mechanisms of action (Guo et al., 2014; Gupta and Srivastava, 2014; 

Shukla et al., 2015) Therefore, it should be taken into consideration the non-toxic doses, 

especially with topical preparations containing Cuc B. HSV infections remain a serious threat 

to human health. To date, no prophylactic HSV vaccine has been found to be entirely 

effective in the treatment of HSV infections. This is due to the establishment of viral latency 

and reactivation that occurs in the presence of humoral and cell mediated immunity. 

Therefore, the use of bioactive natural substances, such as Cuc B, which has been shown to 

exert notable inhibitory effect against HSV-1 in Vero cells at a non-cytotoxic concentration of 

120 µM will open new options for the development of anti-HSV drugs. Although, several 

studies have reported that the mode of action of plant-derived terpenes toward HSV-1 are 

mainly related to their ability to inhibit viral protein synthesis, or by impeding nuclear factor 

κB activation in HSV-1 (Cheng et al., 2004; Kurokawa et al., 1999; Kim et al., 1999), further 

studies are needed to be carried out to investigate the mechanism of action of Cuc B as 
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potential anti HSV-1 agent in vivo and in clinical trials. It is known that anti-HSV drugs do 

not cure the disease, while modifying the clinical course of the infection by inhibiting viral 

replication and subsequent epithelial damage (Hassan et al., 2015). Therefore, the 

combination effect with acyclovir and related nucleoside analogs will open new options to 

promote the treatment course of the disease.    

 

4. Conclusion 

    

Plant-derived antimicrobial agents have played an essential role in the treatment of bacterial 

and viral diseases. Plant-derived antimicrobial agents may not serve directly as drugs, but they 

provide leads for the development of potential antimicrobial drugs. In the present study, Cuc 

B exhibited in vitro synergy effect with TET or OX against S. aureus strains. Thus, Cuc B can 

be used as a useful agent acting in combination with antibiotics to improve the treatment 

efficacy of staphylococcal infections. Moreover, Cuc B showed remarkable inhibition of 

HSV-1, and thus will play an important role in the development of antiherpetic drugs. Based 

on these findings, we suggest that Cuc B provides potential therapeutic applications as a 

promising natural candidate for the development of anti-staphylococcal and anti-HSV-1 

drugs. In addition, further studies need to be performed to evaluate its mechanism of action 

and structure-activity relationship in vivo and in clinical trials. 
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In vitro synergistic effect of Hibiscus sabdariffa aqueous extract in 
combination with standard antibiotics against Helicobacter pylori 
clinical isolates  
 

 

Abstract 

 

 

Context: The increasing problem of drug-resistant strains has led to the failure of current 

treatment regimens of Helicobacter pylori (HP) infection. Recently, a new treatment strategy 

has been developed to overcome the problem by using natural products in combination with 

antibiotics to enhance the treatment efficacy.  

Objective: The antimicrobial combinatory effect of the aqueous extract of Hibiscus 

sabdariffa L. (Malvaceae) (AEHS) with antibiotics (clarithromycin, amoxicillin, and 

metronidazole) has been evaluated in vitro against HP strains.  

Materials and methods: Hibiscus calyces (35 g) were brewed in 250 mL of boiled water for 

30 min, and minimum inhibitory concentrations (MICs) were determined by agar dilution 

method. The checkerboard assay was used to evaluate the antimicrobial combinatory effect 

according to the sum of fractional inhibitory concentration (ΣFIC) indices.  

Results: In this study, AEHS exerted remarkable bacteriostatic effect against all HP strains 

tested with MICs values ranging from 9.18 to 16.68 µg/mL. Synergy effect of AEHS with 

clarithromycin or metronidazole was obtained against four out of seven HP strains tested with 

ƩFIC 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 ƩFIC ranging from 0.61 to 0.91. 

Conclusion: This study presents AEHS as a potent therapeutic candidate alone, or in 

combination with antibiotics for the treatment of HP infection.  

Keywords: drug-resistant strains; H. pylori infection; antimicrobial agents; combinatory 

effect; natural products  
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1. Introduction 

 

 

Helicobacter pylori (HP) infection is one of the most common causes of many diseases of the 

gastrointestinal tract, including non-ulcer dyspepsia, peptic ulcer, gastritis, and gastric cancer 

(Jung et al., 2015; Paydas, 2015; Mansour-Ghanaei et al., 2015). Numerous treatment 

strategies containing a proton pump inhibitor (PPI) and combination of two or more 

antibiotics such as clarithromycin (CLA), amoxicillin (AMX), and metronidazole (MTZ) or 

tetracycline (TET) have been successfully used to eradicate HP infection (Chaabane & Al-

Adhba, 2015; Nagahara et al., 2000). Although the efficacy of such strategies in the therapy, 

the increasing use of antibiotics has led to the problem of drug-resistant strains (Essa et al., 

2009; Gisbert & Calvet, 2011). Resistance rates have been reported vary from 0-45% for 

clarithromycin, from 0-33% for amoxicillin, from 10-90% for metronidazole, from 6-21% for 

levofloxacin, and from 5-59% for tetracycline (Karamanolis et al., 2014; Song et al., 2014; 

O'Connor et al., 2014). In recent years, the combination effect of common antibiotics with 

natural products has been applied as a new strategy to enhance the treatment of bacterial 

infections and overcome the complications of drug-resistant strains (Nostro et al., 2006; 

Hassan et al., 2015). For decades, plants play an essential role in drug discovery development 

as a rich source of biologically active compounds that exhibited significant antimicrobial 

properties (Castillo-Juárez et al., 2009; Njume et al., 2011). Hibiscus sabdariffa L. 

(Malvaceae) (HS; roselle) is a medicinal plant, which has a long history of herbal and edible 

uses worldwide (Wang et al., 2014; Alshami & Alharbi, 2014). Numerous studies have 

reported the antibacterial activity of Hibiscus sabdariffa, and its phytochemicals against Gram 

negative and Gram positive bacteria (Chao & Yin, 2009; Liu et al., 2005). This study aims to 

evaluate the in vitro antimicrobial combinatory effect of AEHS with standard antibiotics 

(CLA, AMX, and MTZ) against HP strains (six clinical isolates and one standard control of 

HP). 
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2. Materials and methods 

 

2.1 Bacterial strains, cultures and antibiotics 

 

 

HP (ATCC 6583) standard strain was obtained from the American Type Culture Collection 

(ATCC) (Rockville, MD, USA) as well as 6 clinical isolates of HP (HP01, HP02, HP03, 

HP04, HP05, and HP06; isolated from patients with duodenal ulcers) were obtained from The 

Motol University Hospital, Prague, Czech Republic. For antimicrobial assay, the strains were 

grown in Mueller-Hinton agar-7% horse blood (Sigma Aldrich, Czech Republic), and 

incubated under micro-aerobic conditions (5% O2, 10% CO2, and 85% N2) at 37 ºC for 3 days. 

The identification was based on microaerophilic growth requirement, morphology, Gram’s 

stain, and oxidase, catalase, and urease activities. In addition, the effects of aging, 

temperature, aerobiosis, starvation, and antibiotics on the morphologic conversion rate to 

coccoid forms, and culturability of HP were determined. HP strains were kept in trypticase 

soy broth supplemented with 20% glycerol at -80 ºC until further use. Clarithromycin, 

amoxicillin, and metronidazole were purchased from Sigma-Aldrich (Prague, Czech 

Republic). 

 

2.2 Preparation of plant material 

 

2.2.1 Plant collection 
 

 

Hibiscus sabdariffa was collected from the northern part of Aswan, Egypt in June 2014, and 

identified by the authors in the Department of Natural Drugs, Faculty of Pharmacy, University 

of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic. A voucher specimen of 

the plant was deposited with the number EGHS5 at the herbarium of the department. 
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2.2.2 Extraction procedure 
 

 

Air dried hibiscus calyces were prepared as a form of tea extract, which is in common use in 

traditional folk medicine, especially in tropical and subtropical regions.  Hibiscus calyces (35 

g) were brewed in 250 mL of boiled water and allowed to stand for 30 min. The mixture was 

filtered, and the solution evaporated to dryness. The extract was stored at 4 ºC. 

2.2.3 Determination of total flavonoid content (TFC) in AEHS 
 

 

Total flavonoid content (TFC) of AEHS was determined as previously described (Fernandes 

et al., 2012). Briefly, 5 g of air dried hibiscus calyces were extracted in 100 mL of boiled 

water for 1 hour by sonication extraction. The mixture was filtered by Sartorius 388 filter 

paper. 1 mL of the extract was transferred to a 25 mL volumetric flask, and 2 ml of AlCl3 (5% 

w/v) was added, and the volume was completed with distilled water (probe solution, PS). The 

same procedure was repeated without the addition of AlCl3 for preparation of contrast 

solution (CS). The absorbance of PS against CS was determined in spectrophotometer at 410 

nm. The percentage of TFC was calculated as rutin according to the following equation: TFC 

=  
A × DF

A1 cm
1%  ×(w−ld)

 , where A = absorbance (AU); DF = dilution factor; w = mass of plant 

material (g); ld = loss on drying plant material (8%, w/w); A1 cm
1%  = specific absorption for 

rutin-AlCl3 complex (259.4). 

2.2.4 Determination of total anthocyanins (TAC) in AEHS 
 

 

Total anthocyanins (TAC) of AEHS were determined by a pH-differential method as 

previously described (Jakobek et al., 2007). In brief, 5 g of air dried hibiscus calyces were 

extracted in 100 mL of boiled water for 1 hour by sonication extraction. The mixture was 

filtered by Sartorius 388 filter paper. 0.4 mL of the extract was transferred to a 25 mL 

volumetric flask, and two dilutions of the extract were prepared (ratio = 1:62.5), one with 



57 

 

potassium chloride buffer (pH 1.0) (1.86g KCI in 1 L of distilled water, pH value adjusted to 

1.0 with concentrated HCI), and the other with sodium acetate buffer (pH 4.5) (54.43 g 

CH3CO2Na.3H2O in 1 L of distilled water, pH value adjusted to 4.5 with concentrated HCI). 

After 15 min of incubation at room temperature, absorbance was measured simultaneously at 

520 and 700 nm. The content of total anthocyanins was calculated in mg of cyaniding-3-O-

glucoside equivalent (CGE) per 100 g of dry weight using a molar extinction coefficient (ɛ) of 

cyaniding-3-O-glucoside of 26900 L/mol/cm and molecular weight (MW) (449.4 g/mol). 

2.3 Antimicrobial assay 

 

 

For antibiotic susceptibility testing, HP (ATCC 6583) was used as a control strain. 

Clarithromycin, amoxicillin, and metronidazole were used as positive control drugs. 

Minimum inhibitory concentrations (MICs) were determined by agar dilution method 

according to the recommendation of Clinical and Laboratory Standards Institute (CLSI, 2009) 

using Mueller–Hinton agar supplemented with 7% horse blood. Briefly, serial dilutions of 

CLA, AMX, and MTZ ranging from 0.5-5 µg/mL and AEHS at concentrations ranging from 

0.5-5 µg/mL were added to Mueller-Hinton agar supplemented with 7% horse blood in a 5% 

O2, 10% CO2, and 85% N2. The bacteria were sub-cultured on Mueller–Hinton agar 

supplemented with 7% horse blood under the same micro-aerobic conditions (5% O2, 10% 

CO2, and 85% N2) at 37 ºC for 3 days. The bacterial suspension in Mueller–Hinton broth was 

adjusted to a final concentration of a McFarland No. 0.5 standard, 2 µL of the adjusted 

inoculum was delivered to the agar plates. After 72 h of incubation under the micro-aerobic 

conditions (5% O2, 10% CO2, and 85% N2) at 37 ºC, the MICs of CLA, AMX, MTZ, and 

AEHS were determined. MICs were considered as the lowest concentration of drugs 

inhibiting visible growth. MICs were obtained from three independent experiments that 

performed in triplicate. 
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2.4 Combination effect of AEHS with standard antibiotics 

 

 

The combination effect of antibiotics and AEHS was determined by checkerboard assay and 

evaluated algebraically based on the sum of the fractional inhibitory concentration (ΣFIC) 

indices as previously described (Vuuren & Viljoen, 2011; Rondevaldova et al., 2015). In 

brief, two-fold serial dilutions of each CLA, AMX, and MTZ prepared in horizontal rows of 

microtiter plate were subsequently cross-diluted vertically by 2-fold serial dilutions of AEHS. 

The one-half MIC of each tested compound was used as a starting concentration in 

combinations. For evaluation of synergistic effect of AEHS (A) with antibiotic tested (B), the 

ΣFIC was calculated based on the following equation: ΣFIC = FICA+ FICB, where FICA = 

MICA (in the presence of B) / MICA (alone), and FICB = MICB (in the presence of A) / MICB 

(alone). The MICs used in this equation are the averages of MICs obtained from three 

independent experiments performed in triplicate. The interpretation of the in vitro 

antibacterial interactions was determined as follows: synergistic effect if ΣFIC ≤ 0.5; additive 

if ΣFIC>0.5 and ≤ 1; no interaction if ΣFIC>1 and ≤ 4; and antagonistic if ΣFIC>4. 

 

3. Results  

 

 

The results indicated that AEHS showed remarkable inhibition of the growth of all HP strains 

tested (bacteriostatic effect) with MICs values ranging from 9.18 to 16.68 µg/mL (Table 1), 

while demonstrated synergistic effects when combined with CLA or MTZ against four out of 

seven HP strains tested (Table 2). The synergistic effect of AEHS in combination with CLA 

was obtained at a concentration of 1µg/mL against HP (ATCC 6583) (ƩFIC = 0.28) and HP06 

(ƩFIC = 0.21) strains, causing 46- and 29-fold reductions in CLA MICs, respectively. The 

synergistic effect of AEHS when combined with MTZ was determined (at a concentration of 

0.5 µg/mL) against HP01 (ƩFIC = 0.34), and HP03 (ƩFIC = 0.39) strains, and caused 40- and 
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30-fold reductions in MTZ MICs, respectively. The additive antibacterial effect of AEHS 

with AMX (at concentrations of 0.5, 1, and 3 µg/mL) was obtained against HP (ATCC 6583), 

HP02, HP04, HP05, and HP06 strains (Table 3), while in few cases ΣFIC values were close to 

0.61, which can be considered as strong additive effect. The percentage of total flavonoid 

content (TFC) in AEHS was determined as rutin (0.247%), while the content of total 

anthocyanins (TAC) was estimated as mg of cyaniding-3-O-glucoside equivalent (1465.8 

mg/100 g dry weight of hibiscus calyces) (Table 4). 

 

Table 1: In vitro antibacterial activity of CLA, AMX, MTZ, and AEHS against HP strains 
HP strains MIC (µg/mL) 

 CLA AMX MTZ AEHS 

HP (ATCC 6583) 16.21 13.50 2.24 12.25 

HP01* 12.56 12.41 13.54 16.68 

HP02* 9.15 13.85 4.59 15.24 

HP03* 10.56 16.89 11.99 9.18 

HP04* 10.98 13.69 10.17 12.81 

HP05* 14.23 12.88 10.97 13.56 

HP06* 10.49 14.73 13.12 14.17 

MIC: Minimum inhibitory concentration; the values are expressed as an average from three independent experiments, each performed in 
triplicate 

HP: Helicobacter pylori 

*: Clinical isolates 
ATCC: American Type Culture Collection 

AEHS: The aqueous extract of Hibiscus sabdariffa 

CLA: Clarithromycin  
AMX: Amoxicillin 

MTZ: Metronidazole 

 

 

 
Table 2: In vitro combinatory antibacterial effect of AEHS with CLA or MTZ against HP strains 

HP 

strains 

AEHS with CLA at following concentrations (µg/mL) AEHS with MTZ at following concentrations (µg/mL) 

 5 3 1 0.5 5 3 1 0.5 

MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC 

HP 

(ATCC 

6583) 

22.23 1.27 19.23 3.13 0.35 0.28 9.45 2.93 13.56 3.12 16.34 2.12 12.34 1.99 12.23 1.27 

HP01* 21.45 2.13 16.24 3.78 12.34 1.72 9.23 3.15 13.32 3.18 12.43 2.23 13.12 3.15 0.34 0.34 

HP02* 17.34 1.98 19.34 2.45 16.34 2.14 15.63 1.98 14.26 2.15 7.43 1.16 9.32 2.45 9,45 1.36 

HP03* 18.56 3.24 20.23 2.16 16.23 3.45 14.65 2.43 17.23 2.87 8.45 1.13 17.32 3.14 0.40 0.39 

HP04* 19.34 2.89 18.45 2.13 13.78 2.45 18.45 3.15 8.34 1.98 8.34 2.84 17.32 2.36 9.45 2.26 

HP05* 17.43 3.14 17.34 1.13 14.67 3.19 19.43 3.48 7.23 1.92 17.43 2.36 16.43 2.73 10.21 1.99 

HP06* 18.34 2.75 18.45 1.78 0.36 0.21 12.45 2.41 8.98 1.23 21.34 2.73 12.98 2.83 21.32 1.78 

ΣFIC: sum of fractional inhibitory concentrations—the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5 (bold font 

indicates synergistically acting combinations); additive ΣFIC >0.5 and ≤ 1; no interaction ΣFIC>1 and ≤ 4; antagonistic if ΣFIC>4; MIC─ 

bold font indicates fold reductions 
MIC: Minimum inhibitory concentration 

HP: Helicobacter pylori 

*: Clinical isolates 
ATCC: American Type Culture Collection 

AEHS: The aqueous extract of Hibiscus sabdariffa  

CLA: Clarithromycin 
MTZ: Metronidazole 
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Table 3: In vitro combinatory antibacterial effect of AEHS with AMX against HP strains 
HP strains AEHS with AMX at following concentrations (µg/mL) 

 5 3 1 0.5 

MIC ƩFIC MIC ƩFIC MIC ƩFIC MIC ƩFIC 

HP (ATCC 6583) 12.43 1.36 13.12 0.73 13.23 0.62 15.32 0.71 

HP01* 14.25 1.36 12.34 2.13 14.23 2.13 13.24 3.13 

HP02* 13.65 2.36 18.34 0.81 17.44 0.79 14.56 0.92 

HP03* 13.45 2.34 17.34 1.68 17.34 1.95 10.89 1.98 

HP04* 10.89 3.15 15.34 0.78 18.34 0.96 12.34 0.82 

HP05* 15.25 3.98 14.28 0.91 17.36 0.84 8.45 0.87 

HP06* 16.34 3.57 9.78 0.63 16.98 0.61 7.14 0.82 

ΣFIC: sum of fractional inhibitory concentrations—the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5; additive ΣFIC 
>0.5 and ≤ 1 (bold font indicates additive acting combinations); no interaction ΣFIC>1 and ≤ 4; antagonistic if ΣFIC>4. 

MIC: Minimum inhibitory concentration 

HP: Helicobacter pylori 
*: Clinical isolates 

AEHS: The aqueous extract of Hibiscus sabdariffa 

ATCC: American Type Culture Collection 
AMX: Amoxicillin 

 

 
Table 4: Chemical characterization of total flavonoid content (TFC) and total anthocyanins (TAC) in AEHS 

TFC (%) calculated as rutin TAC as mg of cyaniding-3-O-glucoside equivalent 

(mg/100 g DW) 

0.247% 1465.8 mg/100 g DW 
TFC: Total flavonoid content 

TAC: Total anthocyanins 

DW: Dry weight of Hibiscus calyces  
AEHS: The aqueous extract of Hibiscus sabdariffa 

 

 
 

 

4. Discussion  

 

 

Hibiscus sabdariffa, consumed by people worldwide in the form of tea extract, has a wide 

range of antimicrobial activities (Rukayadi et al., 2008; Jung et al., 2013). Beside this fact, the 

present study suggests that AEHS could be a useful agent acting in combination with 

antibiotics to enhance the treatment efficacy of HP infection. Numerous studies have reported 

that compounds such as flavonoids and anthocyanins are responsible for the antimicrobial 

properties of Hibiscus sabdariffa (Yin & Chao, 2008; Camelo-Méndez et al., 2013; Alarcón-

Alonso et al., 2012). The antibacterial activity of AEHS may be related to its ability to inhibit 

bacterial protein synthesis (Higginbotham et al., 2014). The bacteriostatic activity of 

clarithromycin depends on its capacity to inhibit protein synthesis by binding to the 50S 

bacterial ribosomal subunit. Clarithromycin resistance is mainly due to point mutations in the 

23S ribosomal RNA (rRNA) gene, and nucleotides A2142G and A2143G are the most 
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frequent mutations (Gerrits et al., 2006; Dolapcioglu et al., 2014; Ferreira & Moss, 2014). 

Metronidazole resistance among HP strains has been related to alterations in gene products 

having metronidazole nitroreductase activities, mainly including oxygen-insensitive 

NAD(P)H nitroreductase (RdxA) and NAD(P)H flavin oxidoreductase (FrxA) (Jenks et al., 

1999, 2002).  Based on these facts, we suggest that AEHS in combination with CLA or MTZ 

inhibit bacterial protein synthesis, and thus can be considered as a useful alternative 

therapeutic agent in the development of anti-HP drugs. 

 

5. Conclusion 

 

 

New antimicrobial combination drugs which include plant products combinations have 

recently gained a great attention in research field. This approach has financial implications as 

reformulation of existing drugs or combinations may prove to be a more viable option, rather 

than developing a new drug which will require extensive clinical trials for verification. In this 

study, the susceptibility of HP strains to AEHS in combination with antibiotics (CLA, AMX, 

and MTZ) was examined. In addition, the chemical characterization of TFC and TAC in 

AEHS was determined. The results demonstrated that AEHS can enhance the growth 

inhibitory activity of CLA, AMX, and MTZ against HP strains tested. Furthermore, no 

antagonistic interactions were observed. Although the synergistic effect of AEHS in 

combination with CLA or MTZ against four out of seven HP strains tested as well as the 

additive effect of AEHS in combination with AMX against five out of seven HP strains tested 

were investigated, further studies should be carried out to confirm these activities as well as 

the mechanisms of action in vivo and in clinical trials.  
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Protocatechuic acid from Hibiscus sabdariffa L. Exhibits Antiviral 
Activity against HSV-2 
 

Abstract 

 

 

Protocatechuic acid, an active substance of Hibiscus sabdariffa showed potent anti-HSV-2 

activity compared with that of acyclovir, with EC50 values of 0.92 and 1.43 µg∙mL−1, 

respectively, and selectivity indices > 217 and > 140, respectively. 

1. Introduction 

 

 

Herpes simplex virus (HSV) infections are quite common in humans, affecting about 90% of 

the world population. HSV is a member of Herpesviridae, a wide family of enveloped-DNA 

viruses that cause several clinically significant syndromes in both adults and neonates 

(Einsenberg et al., 2012). HSV-2 is mainly connected with genital infection, and has been 

recorded as a risk factor of HIV infection in humans (Gescher et al., 2011). Currently, 

treatment of HSV-2 infection mainly relies on the use of acyclovir and related nucleoside 

analogues that target viral DNA polymerase. Unfortunately, although several strategies have 

shown high efficacy results, HSV-2 infection treatment fails in about 30%–45% of infected 

adults (Khan et al., 2005; Keller et al., 2005). This is due to the extensive use of acyclovir and 

related nucleoside analogues, which has created drug resistance, associated with other adverse 

effects, alongside with the establishment of viral latency and reactivation that occurs in the 

presence of humoral- and cell-mediated immunity (Wang et al., 2016). To date, no 

prophylactic HSV vaccine has been found to be entirely effective in the prevention of HSV 

infections (Hassan et al., 2017; Hassan et al., 2015). Therefore, it is crucial to find alternative 

strategies to combat this viral resistance, and increase treatment efficacy results. 
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Protocatechuic acid (PCA), an active compound in H. sabdariffa, has been also shown to 

exert various pharmacologic properties, including but not limited to antimicrobial and 

antioxidant activities (Da-Costa-Rocha et al., 2014). This study was designed to evaluate in 

vitro antiviral activity of AEHS and PCA against HSV-2 clinical isolates and to evaluate their 

safety for topical administration. 

2. Materials and Methods 

 

2.1. Plant Collection and Extraction Procedure 

 

 

Hibiscus sabdariffa L. was collected from the northern part of Aswan, Egypt in June 2014, 

and identified by Sherif T. S. Hassan in the Department of Natural Drugs, Faculty of 

Pharmacy, University of Veterinary and Pharmaceutical Sciences (Brno, Czech Republic). A 

voucher specimen of the plant was deposited with the number EGHS5 at the herbarium of the 

department. One-gram air dried Hibiscus calyces were extracted in 10 mL of boiled water by 

sonication extraction for 30 min. The extract was stored at 4 °C for further use. A 1 mL of 

aliquot of crude extract was evaporated to dryness and then weighted to yield a final amount 

of 0.0243 g of dry extract. 

2.1.1. Determination of Concentration of PCA in Plant Material 
 

 

Air dried Hibiscus calyces (0.51 g) were extracted in 10 mL of boiled water by sonication 

extraction for 30 min. HPLC-MS (Agilent 1200 HPLC system, Böblingen, Germany) coupled 

with a mass spectrometer (Sciex-3200QTRAP-hybrid triple quadrupole/linear ion trap, 

Toronto, ON, Canada) fitted with Electrospray Ionization (ESI) were used for the analysis. 

For the quantification, an external calibration method with standard PCA (Sigma Aldrich, 

Prague, Czech Republic) was used as previously described (Carvalho et al., 2015). 
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2.2. Antiviral Activity against HSV-2 

 

2.2.1. Viral Strains, Cultures, Cell lines and Reagents 
 

 

For antiviral activity, Vero cells (ATCC: CCL 81, UK; were obtained from the Motol 

University Hospital, Prague, Czech Republic) were grown in Eagle's minimum essential 

medium (MEM; Cultilab, Campinas, UK) supplemented with 10% fetal bovine serum (FBS; 

Gibco, Carlsbad, UK), 100 U/mL penicillin G, 100 µg∙mL−1 streptomycin and 25 µg∙mL−1 

amphotericin B (Sigma-Aldrich, Berlin, Germany) and maintained at 37 °C in 5% CO2 

atmosphere. Ten clinical isolates of HSV-2 (isolated from patients with HSV-2 infection) 

were kindly obtained from the Motol University Hospital, Prague, Czech Republic). All 

clinical isolates were typed by quantitative real-time reverse transcription PCR using primers 

pairs H2M40 5’-GTACAGACCTTCGGAGG-3’ and H2P4 5’-CGCTTC ATCATGGGC-3’ for 

identification as previously described (Markoulatos et al., 2001) and then were propagated in 

Vero cells. The cytopathic end-point assay was used to determine the titers which were 

expressed as 50% tissue culture infective dose (TCID50/mL) as previously described (Reed 

and Muench, 1938). Viral stocks were stored at −80 °C. 

2.2.2. Determination of Cytotoxicity 
 

 

Cytotoxicity was evaluated by the neutral red dye-uptake method as previously described 

(Walker et al., 1971). Briefly, AEHS, protocatechuic acid (PCA; Sigma Aldrich, Prague, 

Czech Republic) and acyclovir (positive control; Sigma-Aldrich, Berlin, Germany) were 

prepared in 0.1% dimethyl sulfoxide (DMSO). Stock solutions were prepared in deionized 

water at concentration of 400 µg∙mL−1 and sterilized. Vero cell monolayers were cultivated in 

96-well microtiter plates with two-fold serial dilutions of AEHS, PCA and acyclovir, and 

incubated for 48 h at 37 °C in 5% CO2 atmosphere. After incubation, the morphological 
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alterations of the treated cells were determined using an inverted optical microscope (Leitz, 

Berlin, Germany) and the maximum non-toxic concentrations (MNTC) were determined. The 

50% cytotoxic concentrations (CC50) of AEHS, PCA and acyclovir were calculated as the 

concentration that reduces cell viability by 50%, when compared to the untreated controls as 

previously described (Borenfreund and Puerner, 1985). 

2.2.3. Anti-HSV-2 Activity 
 

Antiherpetic activity was determined by the titer reduction assay as previously described 

(Nishimura et al., 1977). Briefly, acyclovir was used as a positive control and Vero cell 

monolayers were treated with AEHS, PCA and acyclovir at concentrations at which no 

change was observed in cell morphology, and 80% cell viability were determined. 100 

TCID50/mL of HSV-2 acyclovir-sensitive suspensions were added to treated and untreated 

cell cultures and incubated at 37 °C for 48 h in a 5% CO2 atmosphere. After incubation, the 

virus titers in treated and untreated cells, were determined. Anti-HSV-2 activity was evaluated 

as percentage inhibition (PI) using antilogarithmic TCID50 values as follows: PI = [1– 

(antilogarithmic test value/antilogarithmic control value)] × 100. The dose response curve was 

determined from the MNTC, and the 50% effective concentration (EC50) was determined as 

the concentration required for 50% protection against virus-induced cytopathic effects. 

Selectivity index (SI) value was calculated as the ratio of CC50/EC50. 

2.2.4. Statistical Analysis 
 

Experiments were generated in duplicate in at least three independent experiments. PRISM 

software version 5.0 (GraphPad Software, Inc., CA, USA) was used for statistical analysis 

(one-way ANOVA test) and to calculate EC50 and CC50 parameters. 
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3. Results 

 

3.1. Determinations of Concentration of PCA in Plant Material 

 

 

The results demonstrated that the concentration of PCA in AEHS was found to be 94.1 µg/g 

dry weight of Hibiscus calyces (Figure 1). 

 

3.2. Anti-HSV-2 Activity and Cytotoxicity 

 

 

AEHS and PCA were evaluated with respect to their inhibitory effect on HSV-2 replication. 

Before performing the antiherpetic assay, we assessed the cytotoxicity of each sample in Vero 

cells by the neutral red dye-uptake method. The CC50 values for PCA and acyclovir were 

found to be higher than 200 µg∙mL−1 (Table 1). Antiherpetic activity was determined by the 

titer reduction assay in infected Vero cells using quantitative real-time reverse transcription 

PCR. Ten acyclovir-sensitive strains of HSV-2 (clinical isolates) were used and typed by 

quantitative real-time reverse transcription PCR using primers pairs H2M40 5’-

GTACAGACCTTCGGAGG-3’ and H2P4 5’-CGCTTCATCATGG GC-3’ for identification. 

AEHS was not active against HSV-2. This could be related to the low concentrations of 

antiherpetic compounds in the crude extract. PCA showed potent anti-HSV-2 activity 

compared with that of acyclovir with EC50 values of 0.92 and 1.43 µg∙mL−1, respectively, and 

selectivity indices > 217 and > 140, respectively. PCA exhibited cytotoxic effect on Vero 

cells at concentration higher than its EC50. The selectivity index (SI) is fundamental to 

determine any possible toxic effect of any compound on the cells that could be confused with 

an antiviral activity. Based on our results, PCA demonstrated anti-HSV-2 activity with SI > 

217 higher than acyclovir (> 140). Thus, the SI verifies the safety index of PCA. 
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Figure 1. HPLC-MS chromatogram shows identification (two MRM transitions m/z 153→109 and 

153→91) and determination of concentration of protocatechuic acid (PCA) in aqueous extract of 

Hibiscus sabdariffa (AEHS). PCA was detected at retention time (RT): 5.59 min and quantified using an 

external calibration method with standard PCA (94.1 µg/g dry weight of Hibiscus calyces). 

 

Table 1. Anti-HSV-2 activity and cytotoxicity of PCA and AEHS. 

Compound EC50 (µg∙mL−1) CC50 (µg∙mL−1) SI 

AEHS n.d n.d n.d 

PCA 0.92 ± 0.21 >200 >217 

Acyclovir 1.43 ± 0.43 >200 >140 

All data were average values from three independent experiments; Values presented are means ± S.D. 

of three independent experiments performed in duplicate; CC50: 50% cytotoxic concentration; EC50: 50% 

Effective concentration; SI: Selectivity index (CC50/EC50); n.d: Not determined; PCA: Protocatechuic 

acid; AEHS: Aqueous extract of Hibiscus sabdariffa 

 

4. Discussion 

 

 

 

For decades, treatment of infectious diseases has been a focus of interest for both researchers 

and healthcare providers, as the arising issue of drug resistant strains has become a serious 

problem worldwide. This study adds to the growing body of knowledge on the antiviral 

activity of polyphenol-enriched extracts derived from plants. We show for the first time that 

PCA, an active compound of H. sabdariffa L. exerts potent antiviral activity against clinical 

isolates of HSV-2, the mechanism of which involves the inhibition of viral replication. Plant-

derived phytochemicals, such as polyphenols, phenolics, terpenes, alkaloids and other 

substances have been reported to possess inhibitory properties on HSV replication (hassan et 
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al., 2017; Firdous et al., 2015). For instance, polyphenols have been found to interfere with 

the early phases of the HSV replicative cycle and/or with viral particles directly (Yang et al., 

2007). In this study, PCA showed excellent ability to inhibit HSV-2 replication and hence 

might open new gates for the development of anti-HSV-2 drugs. In addition, PCA is known to 

exhibit cytotoxic effect on cancer cells with various mechanisms of action (Tseng et al., 1998; 

Tseng et al., 2000). Therefore, it should be taken into consideration the non-toxic doses, 

especially with topical preparations containing PCA. Considering the significant global 

incidence, morbidity, and mortality rates of viral sexually transmitted infections (STIs), the 

development of new, safe, topically applied antiviral agents for their prevention is of high 

priority (Charlton et al., 2002). Therefore, in recent years, a new approach has been under 

focus of interest to maximize the treatment efficacy by combining natural products with 

nucleoside analogues, resulting in reduction of cytotoxicity (Friend, 2010). Thus, this 

approach will reduce the cytotoxicity of PCA. However, further studies should be carried out 

to determine its safety as well as the possibility of adverse effects in vivo. 

5. Conclusion 

 

 

 

Plant-derived phytochemicals provide an excellent option for the treatment of infectious 

diseases. The present findings indicated that PCA exhibited notable inhibitory properties on 

HSV-2 replication and thus has promising application in the development of anti-HSV-2 

drugs. However, further studies should be carried out to evaluate its safety, validate the 

activity in vivo, and to eliminate the possible adverse effects of this compound by using 

improved delivery techniques prior its possible practical application. 
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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 with antimicrobial activity. These results also validate 

the possibility of using these plants for the treatment of infections caused by plant and human 

pathogens. 

 

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. 
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This 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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Plumbagin, a Plant-Derived Compound, Exhibits
Antifungal Combinatory Effect with
Amphotericin B against Candida albicans Clinical
Isolates and Anti-hepatitis C Virus Activity

Sherif T. S. Hassan,1,2* Kateřina Berchová-Bímová2 and Jan Petráš1
1Department of Natural Drugs, Faculty of Pharmacy, University of Veterinary and Pharmaceutical Sciences Brno, Palackého tř. 1946/1,
612 42, Brno, Czech Republic
2Department of Applied Ecology, Faculty of Environmental Sciences, Czech University of Life Sciences Prague, Kamýcká 129, 165 21
Praha 6 – Suchdol, Prague, Czech Republic

Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone), the major active constituent of Plumbago indica L., has
been shown to be effective against a wide range of infectious microbes. In this study, plumbagin has been eval-
uated in vitro for its antifungal combinatory effect with amphotericin B against Candida albicans (C. albicans)
clinical isolates and anti-hepatitis C virus (HCV) activity. Antifungal activity was determined by broth
microdilution method, and combinatory effect was evaluated by checkerboard assay according to ΣFIC indices,
while cytotoxicity was determined by MTT assay. Anti-HCV activity was determined in infected Huh7.5 cells
using quantitative real-time reverse transcription PCR, and cytotoxicity was evaluated by MTTassay. Plumbagin
exerted inhibitory effect against all C. albicans strains with minimum inhibitory concentration values ranging
from 7.41 to 11.24μg/mL. The additive effect of plumbagin when combined with amphotericin B at concentra-
tions of (0.12, 0.13 and 0.19, 1.81μg/mL, respectively) was obtained against five of seven strains tested with ΣFIC
ranging from 0.62 to 0.91. In addition, plumbagin was found to be used safely for topical application when com-
bined with amphotericin B at concentrations corresponding to the additive effect. Plumbagin exerted anti-HCV
activity compared with that of telaprevir with IC50 values of 0.57 and 0.01μM/L, respectively, and selectivity in-
dices SI = 53.7 and SI = 2127, respectively. Our results present plumbagin as a potential therapeutic agent in the
treatment of C. albicans and HCV infections. Copyright © 2016 John Wiley & Sons, Ltd.

Keywords: plumbagin; antimicrobial agents; fungal infection; HCV infection; natural products.

INTRODUCTION

In the last two decades, Candida species have become
the most common cause of systemic fungal infections
worldwide (Kim and Sudbery, 2011; Miceli et al., 2011).
Candida albicans (C. albicans) is the main cause of
candiduria and candidemi with high morbidity and mor-
tality (40–60%). In addition, it is the most frequently iso-
lated pathogenic fungi in immunocompromised patients
that cause localized invasive mucosal mycosis or life-
threatening disseminated and deep-seated organ infec-
tions (Lilic and Haynes, 2007; Staniszewska et al., 2013;
Shirtliff et al., 2009). In recent years, the increasing use
of antibiotics has led to the problem of drug-resistant
strains, and thus has led to the failure of current treat-
ment regimens of fungal infections (Dai et al., 2009).
Therefore, a new treatment strategy has been applied
to overcome the problem by using plant-derived

products in combination with antimycotics to enhance
the treatment efficacy of fungal infections as well as re-
ducing toxicity and side effects (Shirtliff et al., 2009;
Hassan et al., 2015; Aiyegoro and Okoh, 2009; Wagner,
2011).

Hepatitis C virus (HCV) is an enveloped, positive-
stranded RNAvirus belonging to the family Flaviviridae.
Approximately 170million people worldwide are infected
with HCV, and many of them died from HCV-related
liver diseases (Lindenbach and Rice, 2005; Penin et al.,
2004). To date, there is no prophylactic vaccine available
to prevent HCV infection. Recently, a new generation of
direct-acting antiviral agents has become available, and
currently, the interferon-free combination therapy of
sofosbuvir (NS5B polymerase inhibitor), ledipasvir
(NS5A replication complex inhibitor), and telaprevir has
resulted in a cure rate up to 100% among patients in-
fected with HCV (Sofia, 2014; Summers et al., 2014).
However, this regimen has an unfavorable side effect pro-
file (including flu-like symptoms, hemolytic anemia, and
depression), which often leads to discontinuance of ther-
apy (Stankiewicz-Drogoń et al., 2010; Kayali and Schmidt,
2014; Gentile et al., 2014). Thus, there is a strong medical
need to discover novel agents with a high therapeutic in-
dex and few side effects to treat chronic HCV infection.

Plumbago indica L. (Plumbaginaceae) is a medicinal
plant that is well known for its traditional uses as a
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thermogenic, antimicrobial, antiinflammatory, abortifa-
cient, antiperiodic, carminative, digestive, nerve
stimulatory, and rejuvenating drug (Joy et al., 2001). It
is commercially important as a major source of
plumbagin (Fig. 1). Plumbagin (5-hydroxy-2 methyl-
1,4-naphthoquinone), naturally occurring yellow pig-
ment accumulating mainly in roots of the plant Plumbago
indica, showed anticancer, antimalarial, antifertility, hy-
perglycemic, and hypolipidemic properties and possesses
antimicrobial activity against a wide spectrum of microor-
ganisms including anticandidal activity (Mossa et al., 2004;
de Paiva et al., 2003; Singh and Udupa, 1997). This study
was designed to evaluate in vitro antimicrobial and combi-
nation effect of plumbagin with amphotericin B againstC.
albicans clinical isolates and evaluate its safety for topical
administration as well as antiviral activity against HCV.

MATERIALS AND METHODS

Anticandidal activity.

Fungi strains, cultures, and antimycotics. Plumbagin, C.
albicans (American Type Culture Collection (ATCC)
10231) strain and amphotericin B were obtained from
Sigma-Aldrich (Germany). Plumbagin in all experi-
ments was dissolved in dimethyl sulfoxide (DMSO;
Sigma-Aldrich, Czech Republic), and concentrations
that have been used in each experiment were prepared
by dilution with deionized water. Concentrations of
DMSO in deionized water, which are equal to concen-
trations of DMSO in experimental solutions, were used
as a blank control. In addition, 0.1% of DMSO has been
found to be the highest concentration that can be safely
used for dissolving plumbagin. Six clinical isolates of C.
albicans (CA1, CA2, CA3, CA4, CA5, and CA6; iso-
lated from patients with vaginal yeast infection) were
obtained from The Motol Univesity Hospital, Prague,
Czech Republic. For antifungal assay, the strains were
grown in Mueller–Hinton broth (Oxoid, Basingstoke,
UK) (Clinical and Laboratory Standards Institute,
2008; Vijayarathna et al., 2012).

Antifungal activity assay. Candida albicans (ATCC
10231) was used as a control strain. Amphotericin B
was used as a reference antimycotic drug. Dimethyl sulf-
oxide and deionized water were used as a blank control
that did not inhibit any strain tested. Minimum inhibi-
tory concentrations (MICs) were determined by the
broth microdilution method according to the recom-
mendation of Clinical and Laboratory Standards Insti-
tute (Clinical and Laboratory Standards Institute,
2008) using 96-well microtiter plates modified according
to the recommendations that have been recommended
for the more effective determination of antiinfective po-
tential of natural products (Cos et al., 2006). Briefly, ten

twofold serial dilutions of plumbagin were prepared in
the appropriate broth concentrations ranging from 5 to
412μg/mL. Each well was inoculated with 5μL of fungal
suspension at a density of 107CFU/mL, while microtiter
plates were incubated at 37 °C for 48h, and fungal growth
was determined as turbidity by Multiscan Ascent Micro-
plate Photometer (Thermo Fisher Scientific, Waltham,
USA) at 405nm. Minimum inhibitory concentrations
were determined as the lowest concentrations that
inhibited the growth of the test fungi by ≥80% compared
with that of the agent-free growth control. Minimum in-
hibitory concentrations were obtained from three inde-
pendent experiments that performed in triplicate.

Combinatory effect of plumbagin with amphotericin B.
Checkerboard assay was used to determine the combi-
nation effect of amphotericin B with plumbagin. The
combination effect was evaluated algebraically based
on the sum of the fractional inhibitory concentration
(ΣFIC) indices as previously described (Rondevaldova
et al., 2015; Vuuren and Viljoen, 2011). In brief, twofold
serial dilutions of amphotericin B prepared in horizontal
rows of microtiter plate were subsequently cross-diluted
vertically by twofold serial dilutions of plumbagin. The
one-half MIC of plumbagin and amphotericin B were
used as a starting concentration in combinations. For
evaluation of combinatory effect of plumbagin (A) with
antimycotic drug tested (B), the ΣFIC was calculated
based on the following equation: ΣFIC=FICA+FICB,
where FICA=MICA (in the presence of B)/MICA
(alone), and FICB=MICB (in the presence of A)/MICB
(alone). The MICs used in this equation are the aver-
ages of MICs obtained from three independent experi-
ments that performed in triplicate. The interpretation
of the in vitro antifungal interactions was determined
as follows: synergistic effect if ΣFIC≤ 0.5, additive if
ΣFIC> 0.5 and≤ 1, no interaction if ΣFIC>1 and≤ 4,
and antagonistic if ΣFIC> 4 (Novy et al., 2013).

Cell toxicity assay. The toxic effect of plumbagin in com-
bination with amphotericin B on HaCaT keratinocytes
(HaCaT cell line, ATCC, USA; obtained from The Motol
Univesity Hospital, Prague, Czech Republic) was evalu-
ated by 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay as previously described (Di
Grazia et al., 2014). Briefly, HaCaT cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with
10% heat inactivated fetal bovine serum (FBS; Gibco,
USA), L-glutamine (4mM), and 0.05mg/mL gentamicin,
at 37 °C and 5%CO2, in 25cm2 flasks. The 104 cells in their
culture medium supplemented with 2% FBS were seeded
in each well of the microtiter plate. After overnight incu-
bation at 37 °C in 5% CO2 atmosphere, the plumbagin in
combination with amphotericin B at concentrations that
exhibited the antifungal additive effect (0.12, 0.13 and
0.19, 1.81μg/mL, respectively) were added to HaCaTcells
in their culture medium supplemented with 2% FBS. Af-
ter 24h of treatment, the tested compounds were removed
and the cells were incubated with Hank’s buffer contain-
ing 0.5mg/mL MTT solution (Islas-Rodrìguez et al.,
2009). After 4h incubation at 37 °C, formazan crystals
were solubilized with acidified isopropanol and the absor-
bance of the samples was measured at 570nm using aFigure 1. Chemical structure of plumbagin.
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microplate reader (Infinite M200, Tecan, Salzburg, Aus-
tria). Cell viability was calculated with respect to the con-
trol (untreated cells).

Antiviral activity.

Cultures, cells, and reagents. Huh7.5 human liver cells
were obtained from The Motol Univesity Hospital,
Prague, Czech Republic, and were cultured in
Dulbecco’s Modified Eagle’s Medium, which was sup-
plemented with 10% inactivated FBS (Gibco, USA)
and 1% penicillin-streptomycin. The cells were cultured
at 37 °C in 5% CO2, released with 0.05% trypsin-EDTA
and split twice a week. The plasmid pFL-J6/JFH/JC1,
which contains the full-length chimeric HCV cDNA,
was obtained from The Motol Univesity Hospital,
Prague, Czech Republic. Vero cells were purchased
from the ATCC (Rockville, MD, USA) and were cul-
tured in Minimum Essential Medium supplemented
with 10% FBS and antibiotics (100U/mL penicillin G
and 100mg/mol streptomycin).

Cytotoxicity assay. The Huh7.5 cells were used in the as-
say; Huh7.5 cells (1 × 104 cells/well) were planted into
96-microwell plates. After 6 h, the culture media was re-
placed with fresh medium containing the tested com-
pound at various concentrations. Cytotoxicity was
evaluated with the tetrazolium 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as
previously described (Reed and Muench, 1938) at 96h,
and the 50% cytotoxic concentration (CC50) was
calculated.

Anti-HCV activity and immunoblot measurements.
The antiviral activity of plumbagin against HCV was
tested in infected Huh7.5 cells using the quantitative
real-time reverse transcription PCR and evaluated
as previously described by Peng et al. (2011).
Telaprevir (VX-950), a NS3/4A protease inhibitor
(Sigma-Aldrich, USA), was used as a positive control.
PCR master-mix (as per manufacturer’s instructions,
Applied Biosystems) contains primer pairs of 5′-
CGGGAGAGCCATAGTGGTCTGCG-3′ and 5′-
CTCGCAAGCACCCTATCAGGCAGTA-3′, and
TaqMan probe 5′-FAM-AGGCC
TTGTGGTACTGCCT-TAMRA-3′ was used. Fluo-
rescent signals were detected with 7500-fast real-time
PCR system (Applied Biosystems) using the follow-
ing conditions: 30min at 48 °C followed by 10min at
95 °C, 40 cycles of 15 s at 95 °C, and 1min at 60 °C.
Briefly, the Huh7.5 cells were seeded into six-well
plates (Costar) at a density of 3 × 104 cells/cm2. The
cells were infected with HCV viral stock at an infec-
tive dose of 45 IU/cell after 6 h incubation and treated
simultaneously with plumbagin, telaprevir, or the sol-
vent control. After 96 h inoculation, the culture me-
dium was removed and the total intracellular RNA
and total intercellular protein were extracted with
RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany).
The intracellular HCV RNA was quantified using a
one-step real-time PCR kit (Invitrogen). The half
maximal inhibitory concentration (IC50) was

calculated according to the method (Reed and
Muench, 1938). Selectivity index (SI) value was calcu-
lated as the ratio of CC50/IC50. Immunoblot experi-
ments were similar to those previously described by
Peng et al. (2011).

RESULTS

The results demonstrated that plumbagin exhibited re-
markable inhibitory activity against all C. albicans
strains tested with MICs values ranging from 7.41 to
11.24μg/mL (Table 1). The additive antifungal interac-
tion of plumbagin in combination with amphotericin B
at concentrations of (0.12, 0.13 and 0.19, 1.81μg/mL, re-
spectively) was obtained against CA (ATCC 10231),
CA3, CA4, CA5, and CA6 strains with ΣFIC ranging
from 0.62 to 0.91 (Table 2). In few cases ΣFIC values
were close to 0.62, which can be considered as strong ad-
ditive effect (close to the border of synergy). It has been
found that no additive effect was observed when
plumbagin was combined with amphotericin B at con-
centration of 0.5μg/mL (plumbagin at 0.28 and
amphotericin B at 0.22μg/mL) and the additive effect
was observed at combined concentrations of 2μg/mL
(plumbagin at 0.19 and amphotericin B at 1.81μg/mL)
and 0.25μg/mL (plumbagin at 0.12 and amphotericin B
at 0.13μg/mL). Based on these results, we may suggest
that the ratio of plumbagin to amphotericin B (lower
than one) plays an important role in the additive anti-
fungal interaction. Therefore, for the combination
effect, it should be taken into consideration the
concentration and ratio between both compounds in
combination. Moreover, no synergy or antagonistic
effects have been observed. Plumbagin when combined
with amphotericin B showed weak cytotoxicity against
HaCaT keratinocytes cells (98.85 and 96.77% viable
cells at 0.12, 0.13 and 0.19, 1.81μg/mL, respectively)
(Table 3). In addition, plumbagin showed antiviral activ-
ity against HCV compared with that of telaprevir with
IC50 values of 0.57 and 0.01μM/L, respectively and
SI=53.7 and SI=2127, respectively (Table 4). For eval-
uating the effect of plumbagin on HCV replication, the
expression of intracellular hA3G protein and HCV

Table 1. In vitro anticandidal activity of amphotericin B and
plumbagin against C. albicans strains

C. albicans strains MIC (μg/mL)

Amphotericin B Plumbagin

CA (ATCC 10231) 8.28 ± 0.38 10.14 ± 0.35
CA11 7.26 ± 0.30 10.68 ± 0.38
CA21 9.15 ± 0. 35 11.24 ± 0.36
CA31 11.21 ± 0.32 9.32 ± 0.31
CA41 8.38 ± 0.32 7.41 ± 0.33
CA51 10.24 ± 0.35 10.47 ± 0.31
CA61 7.43 ± 0.33 10.35 ± 0.34

MIC, minimum inhibitory concentration; the values are expressed
as an average from three independent experiments that performed
in triplicate.
Values presented are means ±SD of three independent experiments.
ATCC: American Type Culture Collection.
1Clinical isolates.
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NS3 protein was evaluated in the Huh7.5 cells with or
without using the test compound. Plumbagin treatment
exhibited higher intracellular hA3G protein levels in a
dose-dependent manner (Fig. 2), while showed lower
HCV NS3 protein levels (Fig. 3) in a dose-dependent
manner. Thus, plumbagin has been shown to inhibit
HCV replication.

DISCUSSION

Infectious diseases still remain the main cause of mor-
bidity and mortality among humans, especially in devel-
oping countries. Plants remain the main source of

biologically active substances with great bioavailability,
low toxicity, less resistance, and various mechanisms of
action (Hassan et al., 2015; Gibbons, 2008; Cavero
et al., 2013). Therefore, their application in the treat-
ment of microbial infections has gained much interest
in research field. Despite limited studies have reported
the direct anticandidal growth-inhibitory activity of
plumbagin, these studies did not focus on the possibil-
ity of its combination effect with commercial standard
antimycotics. Therefore, we report for the first time
the additive effect of plumbagin with amphotericin B
as well as the direct inhibitory activity against C.
albicans strains, and anti-HCV activity. Although plant
extracts containing plumbagin have been used in folk
medicine for decades, there is much evidence to sug-
gest that it may have potential value as a chemothera-
peutic agent; however, concerns have been raised
about its safety, perhaps because of reports on its ves-
icant and abortifacient properties. These have been
adequately dealt with in several reports that have been

Table 2. In vitro combinatory anticandidal effect of plumbagin with amphotericin B against C. albicans strains

C. albicans strains Concentrations of the antifungal compounds in combination (μg/mL)

Plumbagin at 1 and
amphotericin B at 2

Plumbagin at 0.19 and
amphotericin B at 1.81

Plumbagin at 0.28 and
amphotericin B at 0.22

Plumbagin at 0.12 and
amphotericin B at 0.13

MIC ΣFIC MIC ΣFIC MIC ΣFIC MIC ΣFIC

CA (ATCC 10231) 9.14 ± 0.39 2.91 ± 0.03 9.38 ± 0.32 0.66 ± 0.03 10.32 ± 0.38 2.47 ± 0.04 9.73 ± 0.36 0.69 ± 0.03
CA11 10.14 ± 0.37 1.14 ± 0.01 10.17 ± 0.35 1.76 ± 0.04 7.17 ± 0.37 2.74 ± 0.04 7.64 ± 0.33 2.24 ± 0.04
CA21 10.36 ± 0.30 1.21 ± 0.02 11.12 ± 0.37 1.22 ± 0.04 8.78 ± 0.32 1.41 ± 0.03 7.79 ± 0.32 2.21 ± 0.03
CA31 11.45 ± 0.33 2.73 ± 0.01 10.78 ± 0.36 0.88 ± 0.03 9.14 ± 0.34 1.31 ± 0.02 8.74 ± 0.31 0.84 ± 0.02
CA41 13.41 ± 0.34 3.25 ± 0.03 7.78 ± 0.31 0.82 ± 0.02 11.75 ± 0.31 2.17 ± 0.03 9.69 ± 0.34 0.78 ± 0.02
CA51 8.37 ± 0.36 1.27 ± 0.04 6.46 ± 0.36 0.89 ± 0.03 9.47 ± 0.34 1.99 ± 0.02 10.78 ± 0.35 0.91 ± 0.03
CA61 7.17 ± 0.35 3.57 ± 0.03 8.14 ± 0.33 0.62 ± 0.02 6.12 ± 0.37 1.47 ± 0.02 11.17 ± 0.34 0.63 ± 0.02

ΣFIC: sum of fractional inhibitory concentrations—the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5; additive ΣFIC>0.5
and ≤1 (bold font indicates additive acting combinations); no interaction ΣFIC>1 and ≤4; antagonistic if ΣFIC>4.
MIC,minimum inhibitory concentration; the values are expressed as an average from three independent experiments that performed in triplicate.
Values presented are means ± SD of three independent experiments.
ATCC: American Type Culture Collection.
1Clinical isolates.

Table 3. Cytotoxic effect of plumbagin in combination with
amphotericin B on HaCaT cells

Compound
Concentration

μg/mL

1 Cell
viability (%)

Plumbagin plus amphotericin B 0.12 and 0.13 98.85
Plumbagin plus amphotericin B 0.19 and 1.81 96.77

1Cell viability; all data were average values from three independent
experiments.

Table 4. Anti-HCV activity and cytotoxicity of plumbagin

Compound IC50 (μM/L) CC50 (μM/L) SI

Plumbagin 0.57 ± 0.20 30.65 ± 1.25 53.7
VX-950 0.01 ± 0.40 21.27 ± 4.70 2127

All data were average values from three independent experiments.
Values presented are means±SD of three independent experiments.
CC50: 50% cytotoxic concentration. IC50: half maximal inhibitory
concentration. SI: selectivity index (CC50/IC50). VX-950: Telaprevir
(positive control).

Figure 2. Effect of plumbagin on HCV replication; after 24 h of
plumbagin treatment in naïve Huh7.5 cells, intracellular hA3G pro-
tein level has been increased dose-dependently.

Figure 3. Effect of plumbagin on HCV replication; after 72 h of
plumbagin treatment in HCV infected Huh7.5 cells, HCV NS3 pro-
tein synthesis has been decreased dose-dependently.
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previously discussed (Talcott et al., 1985; Babula et al.,
2007; Ogihara et al., 1997). Plumbagin is not only po-
tentially beneficial for the treatment of various dis-
eases, but it has also been reported to have many
side effects in a dose-dependent manner such as diar-
rhea, increase in white blood cell counts, skin rashes,
increase in serum phosphate and acid phosphate level,
and reproductive toxicity in male and female animals
(Chandrasekaran and Nagarajan, 1981; Singh and
Udupa, 1997; Premakumari et al., 1977; Bhargava,
1984; Kini et al., 1997). It has been reported that cyto-
toxic action of plumbagin and related quinones is
mainly because of two different mechanisms, namely,
redox cycling and reaction with glutathione (GSH).
In addition, topical preparations containing plumbagin
should be used with care, and taking into consider-
ation the non-toxic doses (Inbaraj and Chignell,
2004). It has been reported that cytotoxicity of antimi-
crobial compounds can be improved by combining
them, at low concentrations, with non-toxic com-
pounds (Anantharaman et al., 2010; Mangoni et al.,
2000). Based on these facts, we tried to evaluate the
cytotoxic effect of plumbagin on mammalian cells
and we found that plumbagin in combination with
amphotericin B could be used safely for topical
administration at concentrations of 0.12, 0.13 and
0.19, 1.81μg/mL, respectively) against C. albicans in-
fection. Plumbagin is very efficient in treating infec-
tious diseases caused by C. albicans. However, to
explain the mechanism of action against C. albicans
have to be determined by further studies in vivo and
in clinical trials. Plumbagin exhibited anti-HCV activ-
ity at a non-cytotoxic concentration (CC50 = 30.65μM/
L), and thus can play an important role in pharmaceu-
tical industry as a natural antiviral agent.

CONCLUSION

In summary, there is growing interest in natural products
as they provide health benefits. Plant-derived products
are believed to contain many bioactive compounds with
various biological activities. The present findings indi-
cated that plumbagin exhibited in vitro notable antifun-
gal and additive effect with amphotericin B against C.
albicans clinical isolates. This combinatory effect offers
the possibility to decrease the toxicity of plumbagin
and to improve its therapeutic efficacy against C.
albicans infection. Moreover, plumbagin exhibited anti-
HCV activity, and thus has promising application in the
treatment of HCV infection. However, further studies
should be carried out to eliminate the possible adverse
effects of this compound by using improved delivery
techniques prior its possible practical application. In ad-
dition, further research focused on validation of its activ-
ity in vivo and in clinical trials will be necessary.
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The search for biologically promising compounds fromnatural sources againstmicrobial diseases remains an im-
portant theme in drug discovery to overcome problems with drug-resistant strains. In this study, Cucurbitacin B
(Cuc B), an active constituent of Ecballium elaterium L., has been investigated in vitro for its synergy effect with
antibiotics against clinical isolates of Staphylococcus aureus (S. aureus) and anti-HSV-1 activity. Broth
microdilution method was used to determine the antibacterial activity, while checkerboard assay was used to
evaluate the synergy effect according to ΣFIC indices. The anti-HSV-1 activity was determined by the plaque
number reduction assay, while cytotoxicity was evaluated by MTT assay. In this study, Cuc B exerted direct
growth-inhibitory activity against all S. aureus strains tested with MICs values ranging from 0.12 to 0.44 μg/mL,
as well as synergy effect with tetracycline or oxacillin against four of six S. aureus strains tested (ƩFIC ranging
from0.29 to 0.43). Cuc B showed remarkable anti-HSV-1 activity comparedwith that of acyclovirwith IC50 values
of 0.94 and 1.74 μM, respectively and selectivity indices SI = 127.7 and SI N 132.2, respectively. This study
presents Cuc B as a promising therapeutic agent in the development of anti-staphylococcal and anti-HSV-1 drugs.

© 2016 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Ecballium elaterium L. (E. elaterium, squirting cucumber, Cucurbitacae)
is a wild-growing medicinal plant found abundantly in the Mediterra-
nean region. The interior of the fruits contains black seeds and juice.
In traditional folkmedicine, E. elaterium fruits have been used as antimi-
crobial, analgesic, antipyretic and antiphlogistic agents. Moreover,
E. elaterium is of interest in Mediterranean region due to the use of its
fruits extracts in various medicinal uses (Khalil and Qaoud, 1993;
Raikhlin-Eisenkraft and Bentur, 2000; Bohlooli et al., 2012). It has
been reported that the main active compounds from the fruits that
are responsible for the biological activities including antimicrobial
properties were found to be fatty acids, proteins, cucurbitacins (B, D,
E, I and L) and cucurbitacin derivatives such as glycosylcucurbitacins
and triterpenoids glycosides (Rao et al., 1974; Attard et al., 2005; Chen
et al., 2005). Cucurbitacin B (Cuc B, Fig. 1), an active constituent of

E. elaterium, is a natural tetracyclic triterpene compound that belongs
to Cucurbitacins (CUs) compounds, which are widely distributed in
the family of Cucurbitaceae. Structurally, CUs are characterized by a
tetracyclic cucurbitane nucleus skeleton, namely, 9β-methyl-19-nor
lanosta-5-enea, which is traditionally divided arbitrarily into twelve
categories, incorporating CUs A-T (Chen et al., 2005; Hassan and
Žemlička, 2016). Numerous studies demonstrated that Cuc B possesses
a variety of bioactivities, such as antibacterial, antifungal, anti-
inflammatory, hepatoprotective and anticancer activities (Chen et al.,
2005; Liu et al., 2008; Chen et al., 2012). For decades, plants remain
the main source of biologically active compounds that have been used
for the treatment of various diseases, including infectious diseases
with reduced side effects, bioavailability, less resistance, low toxicity
and various mechanisms of action (Cowan, 1999; Mabona et al., 2013;
Hassan et al., 2015). In recent years, plant-derived chemicals are in-
creasingly used in pharmaceutical industry (Gibbons, 2008; Fischer
et al., 2013). Staphylococcus aureus (S. aureus), a Gram-positive bacteri-
umhas becomeone of themost serious humanpathogens that cause se-
rious infections, such as bacteraemia, severe pneumonia and skin
infections, while methicillin-resistant S. aureus (MRSA) is considered
one of the most main causes of antibiotic-resistant healthcare-
associated infections worldwide (Cutler and Wilson, 2004;
Appelbaum, 2007; Pandey, 2007; Sharifi-Rad et al., 2014). The intensive
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use of antibiotics has led to the problem of drug-resistant strains, and
thus has led to the failure of current treatment regimens of staphylococ-
cal infections in humans (Drago et al., 2014; Farrell et al., 2014). There-
fore, a new treatment strategy has been devoted to overcome the
problem by using plant-derived products in combination with antibi-
otics to enhance the treatment efficacy (Aiyegoro and Okoh, 2009;
Wagner, 2011). Herpes simplex virus (HSV) infections are quite com-
mon in humans. HSV is a member of Herpesviridae, a wide family of
enveloped-DNA viruses that cause several clinically significant syn-
dromes in both adults and neonates. HSV-1 is mainly connected with
oral or facial infection and encephalitis (Field, 1989; Paludan et al.,
2011; Hassan et al., 2015). Treatment of HSV infection remains a main
target for many researchers worldwide, where it cannot be managed
by vaccination. Acyclovir and related nucleoside analogs have been
widely used in the treatment of HSV, but the intensive use of such
drugs has led to several undesirable effects including drug-resistant
strains (Piret and Boivin, 2011; Evans et al., 2013). Despite few studies
have reported that crude extracts of E. elatrium and various fractions
of cucurbitacins have been shown to possess direct anti-
staphylococcal growth inhibitory activity (Dogruoz et al., 2008; Oskay
et al., 2009; Adwan et al., 2011), these studies did not evaluate the pos-
sibility of antimicrobial combinatory effect of Cuc B with standard anti-
biotics against S. aureus. Therefore, in this study, we report the
synergistic effect of Cuc B with tetracycline (TET) or oxacillin (OX) as
well as the direct inhibitory effect against S. aureus. In addition, we re-
port for the first time the antiviral activity of Cuc B against HSV-1.

2. Materials and methods

2.1. Anti-Staphylococcus aureus activity

2.1.1. Bacterial strains, cultures, chemicals and antibiotics
Tetracycline, oxacillin and Cuc B were purchased from Sigma-

Aldrich (Prague, Czech Republic). S. aureus (ATCC 29213) and
methicillin-resistant S. aureus (MRSA-ATCC 43300) were obtained
from the American Type Culture Collection (ATCC) (Rockville, MD,
USA). Four clinical isolates of S. aureus (SA1, SA2, SA3, and SA4; isolated
from patients with skin infection) were obtained from U Sv. Anny
Univesity Hospital, Brno, Czech Republic. Dimethyl sulfoxide (0.05%
DMSO; Sigma-Adrich, Czech Republic) was used to dissolve Cuc B. For
antimicrobial assay, the strains were grown in cation-adjusted
Mueller–Hinton broth (MHB; Oxoid, Basingstoke, UK) equilibrated
with Tris–buffered saline (Sigma-Aldrich, Prague, Czech Republic).

2.1.2. Antimicrobial assay
For antibiotic susceptibility testing, S. aureus (ATCC 29213) was

used as a reference strain. Cuc B at concentrations ranging from 0.25

to 3 μg/ml was used. Oxacillin-supplemented with 2% NaCl and tetracy-
cline were used as standard antibiotics at concentrations ranging from
0.25 to 3 μg/mL. 0.05% DMSO and deionized water were used as
negative controls that did not inhibit any strain tested. The broth
microdilution method using 96-well microtiter plates was performed
to determine the minimum inhibitory concentrations (MICs) following
the recommendation of Clinical and Laboratory Standards Institute
(CLSI, 2009). Briefly, the samples were two-fold diluted in MHB
(100 μL), and inoculated with bacterial suspension to reach the density
of 5 × 105 CFU/mL. Microtiter plates were incubated at 37 °C for 24 h,
and bacterial growth was determined as turbidity by Multiscan Ascent
Microplate Photometer (Thermo Fisher Scientific, Waltham, USA) at
405 nm. MICs were subjected as the lowest concentrations that
inhibited the growth of the test bacteria by ≥80% compared with that
of negative controls. MICs obtained from three parallel experiments,
each performed in triplicate.

2.1.3. Combinatory effect of Cuc B with antibiotics
The checkerboard assay was used to evaluate the combination effect

of antibiotics with Cuc B, and the sum of the fractional inhibitory con-
centration (ΣFIC) indices have been evaluated as previously described
(Vuuren and Viljoen, 2011; Hassan et al., 2016). Briefly, two-fold serial
dilutions of oxacillin-supplemented with 2% NaCl or tetracycline pre-
pared in horizontal rows of microtiter plate (at concentrations ranging
from 0.25 to 3 μg/mL) were subsequently cross-diluted vertically by
two-fold serial dilutions of Cuc B (at concentrations ranging from 0.25
to 3 μg/mL). The one-half MIC of Cuc B, oxacillin and tetracycline was
used as a starting concentration in combinations. For evaluation of anti-
bacterial combination effect of Cuc B (A) with antibiotic tested (B), the
following equationΣFIC= FICA+ FICB, where FICA=MICA (in the pres-
ence of B) / MICA (alone), and FICB=MICB (in the presence of A) / MICB
(alone), was used to calculate ΣFIC. The MICs used in this equation are
the averages of MICs obtained from three parallel experiments, each
performed in triplicate. The interpretation of the in vitro antibacterial in-
teractions was determined as follows: synergistic effect if ΣFIC ≤0.5;
additive if ΣFIC N 0.5 and ≤1; no interaction if ΣFIC N 1 and ≤4; and
antagonistic if ΣFIC N 4.

2.2. Anti-HSV-1 activity

2.2.1. Viral strains, cultures, cell lines and reagents
For antiviral activity, Vero cells (ATCC: CCL 81, UK; were obtained

from the Motol University Hospital, Prague, Czech Republic) were
grown in Eagle's minimum essential medium (MEM; Cultilab,
Campinas, UK) supplemented with 10% fetal bovine serum (FBS;
Gibco, Carlsbad, UK), 100 U/ml penicillin G, 100 μg/ml streptomycin
and 25 μg/ml amphotericin B (Sigma-Aldrich, Germany) and main-
tained at 37 °C in a humidified incubator with 5% CO2. HSV-1 [KOS
strain] was obtained from The Motol Univesity Hospital, Prague,
Czech Republic, and propagated in Vero cells. Viral stocks were stored
at −80 °C and titrated based on plaque forming units (PFU) count by
plaque assay as previously described (Burleson et al., 1992).

2.2.2. Determination of cytotoxicity
MTT [3-(4,5-dimethylthiazol-2,5-diphenyl tetrazolium bromide]

assaywas used to determine the cytotoxic effect as previously described
(Mosmann, 1983). In brief, confluent Vero cells were exposed to differ-
ent concentrations of Cuc B for 72 h, and after incubation, the 50% cyto-
toxic concentration (CC50) of Cuc B was calculated as the concentration
that reduces cell viability by 50%, when compared to the untreated
controls.

2.2.3. Antiviral assay
For antiherpetic activity, acyclovir was used as a positive control and

the plaque number reduction assaywas performed to evaluate the anti-
HSV-1 activity as previously described (Silva et al., 2010). Briefly, cell

Fig. 1. Chemical structure of cucurbitacin B.

91S.T.S. Hassan et al. / South African Journal of Botany 108 (2017) 90–94



monolayers were infected with 100 PFU of the virus for 1 h at 37 °C, and
then were overlaid with MEM containing 1.5% carboxymethylcellulose
(CMC; Sigma-Aldrich, Germany) either in the presence or absence of
different concentrations of Cuc B. The cells were incubated for 72 h at
37 °C, and then were fixed and stained with naphtol blue-black
(Sigma-Aldrich, Germany), and the plaques were counted. The concen-
tration of Cuc B required to reduce the plaque number by 50% (IC50)was
calculated, when compared to the untreated controls. Selectivity index
(SI) value was calculated as the ratio of CC50/IC50.

2.2.4. Statistical analysis
The mean values ± standard deviations are representative of three

to five independent experiments. Nonlinear regressions of concentra-
tion–response curves were used to determine CC50 and IC50 values.
Anova/Dunett/SNK testswere used to evaluate the significance between
Cuc B and control. In addition, the selectivity index (SI= CC50/IC50) was
determined.

3. Results and discussion

The results showed that Cuc B exerted inhibitory activity against all
S. aureus strains tested with MICs values ranging from 0.12 to
0.44 μg/mL (Table 1). The synergistic effect of Cuc B in combination
with OXwas obtained at a concentration of 0.25 μg/ml (Cuc B at concen-
tration of 0.11 μg/mL and OX at concentration of 0.14 μg/mL) against
MRSA-ATCC 43300 (ƩFIC = 0.43) and SA2 (ƩFIC = 0.39) strains
(Table 2). In addition, the synergistic effect of Cuc B when combined

with TET was determined at a concentration of 0.5 μg/mL (Cuc B at con-
centration of 0.21 μg/mL and TET at concentration of 0.29 μg/mL)
against MRSA-ATCC 43300 (ƩFIC = 0.29), and SA4 (ƩFIC = 0.36)
strains. Moreover, no additive and antagonistic interactions have been
observed. Cuc B exhibited remarkable anti-HSV-1 activity compared
with that of acyclovir with IC50 values of 0.94 and 1.74 μM, respectively
and selectivity indices SI = 127.7 and SI N 132.2, respectively. Further-
more, cytotoxicity study revealed that Cuc B could be used safely at a
non-cytotoxic concentration of 120 μM. This may give us an indication
that Cuc B could be used safely in topical application. However, further
studies should be carried out to determine its safety as well as the pos-
sible of adverse effects in vivo (Table 3).

The increasing problem of drug-resistant strains has led to the fail-
ure of current treatment strategies of bacterial and viral infections in
humans. Therefore, it was an urgent issue to search for new antimicro-
bial agents derived from natural sources to overcome the problem and
to enhance the treatment efficacy (Jenssen et al., 2006). It is well
known that tetracycline and oxacillin are standard antibiotics for the
treatment of staphylococcal infections (Macheboeuf et al., 2006). There-
fore, their combination with Cuc B seems to be very perspective, since
the synergy effect was determined effectively in our study. It has been
reported that the mechanism contributing to tetracycline resistance in
S. aureus is mainly due to the decrease in the intracellular accumulation
of the antibiotic that can be caused be bacterial efflux proteins, which
pump antibiotics from the periplasm or cytosol to the extracellular me-
dium (Speer et al., 1992). For instance, it has been described that
ferruginol has been shown to suppress the tetracycline resistance
pump in S. aureus (Aiyegoro and Okoh, 2009). Based on these facts,
we may suggest that Cuc B could act as an efflux pump inhibitor. The
problemwith staphylococcal oxacillin resistance is associated with pro-
duction of exogenous class B of penicillin-binding protein (PBP), espe-
cially (PBP2), which has deformed active site unable to bind β-lactams
(Macheboeuf et al., 2006). Cucurbitacins are highly bioactive com-
pounds, which can make a complex with nucleophilic amino acids of
proteins (Hassan et al., 2015, 2016). The antibacterial mechanism of
β-lactams is mainly related to inactivation of (PBPs) by their covalent
binding. In the view of those facts, we may also suggest that Cuc B
could act as inhibitor of PBPs. However, the mode of action of Cuc B is
still poorly understood, we suggest that Cuc B is useful for the develop-
ment of new synergistically acting drugs with the potential to extend
the pharmacological action of tetracycline and oxacillin. On the other
hand, Cuc B is known to possess cytotoxic effect on cancer cells with
various mechanisms of action (Guo et al., 2014; Gupta and Srivastava,
2014; Shukla et al., 2015) Therefore, it should be taken into consider-
ation the non-toxic doses, especially with topical preparations

Table 2
In vitro combinatory antibacterial effect of Cuc B with OX or TET against S. aureus strains.

S. aureus strains
Cuc B with OX at following concentrations (μg/mL) Cuc B with TET at following concentrations (μg/mL)

Cuc B at 0.9 and
OX at 2.1

Cuc B at 0.4 and
OX at 0.6

Cuc B at 0.21 and
OX at 0.29

Cuc B at 0.11 and
OX at 0.14

Cuc B at 0.9 and
TET at 2.1

Cuc B at 0.4 and
TET at 0.6

Cuc B at 0.21 and
TET at 0.29

Cuc B at 0.11 and
TET at 0.14

ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC ƩFIC

S. aureus ATCC (29213) 1.49 2.14 2.41 1.39 2.73 3.24 2.14 2.36
MRSA (ATCC 43300) 1.39 2.47 1.98 0.43 3.14 2.97 0.29 2.38
SA1a 2.34 1.73 2.35 1.35 2.97 1.17 2.54 1.58
SA2a 3.13 2.47 3.23 0.39 2.47 1.89 1.48 2.00
SA3a 2.73 2.74 1.36 1.79 2.36 2.47 1.78 2.79
SA4a 2.67 1.79 2.36 1.84 2.73 3.65 0.36 3.12

ΣFIC: sum of fractional inhibitory concentrations — the combination interaction is evaluated as follows: synergy ΣFIC ≤ 0.5 (bold font indicates synergistically acting combinations);
additive ΣFIC N 0.5 and ≤1; no interaction ΣFIC N 1 and ≤4; antagonistic if ΣFIC N 4; MIC — bold font indicates fold reductions.
OX: Oxacillin.
TET: Tetracycline.
ATCC: American Type Culture Collection.
MRSA: methicillin-resistant Staphylococcus aureus.
Cuc B: Cucurbitacin B.

a Clinical isolates.

Table 1
In vitro antibacterial activity of OX, TET and Cuc B against S. aureus strains.

S. aureus strains

MIC (μg/mL)

OX TET Cuc B

S. aureus (ATCC 29213) 0.19 0.18 0.20
MRSA (ATCC 43300) 0.16 0.20 0.12
SA1a 0.40 0.17 0.20
SA2a 0.42 0.43 0.27
SA3a 0.19 0.22 0.36
SA4a 0.12 0.17 0.44

MIC — Minimum inhibitory concentration; the values are presented as an average from
three parallel experiments, each performed in triplicate.
OX: Oxacillin.
TET: Tetracycline.
ATCC: American Type Culture Collection.
MRSA: methicillin-resistant Staphylococcus aureus.
Cuc B: Cucurbitacin B.

a Clinical isolates.
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containing Cuc B. HSV infections remain a serious threat to human
health. To date, no prophylactic HSV vaccine has been found to be en-
tirely effective in the treatment of HSV infections. This is due to the es-
tablishment of viral latency and reactivation that occurs in the presence
of humoral and cell mediated immunity. Therefore, the use of bioactive
natural substances, such as Cuc B, which has been shown to exert nota-
ble inhibitory effect against HSV-1 in Vero cells at a non-cytotoxic con-
centration of 120 μMwill opennewoptions for thedevelopment of anti-
HSV drugs. Although, several studies have reported that themode of ac-
tion of plant-derived terpenes toward HSV-1 are mainly related to their
ability to inhibit viral protein synthesis, or by impedingnuclear factor κB
activation inHSV-1 (Kim et al., 1999; Kurokawa et al., 1999; Cheng et al.,
2004), further studies are needed to be carried out to investigate the
mechanism of action of Cuc B as potential anti HSV-1 agent in vivo and
in clinical trials. It is known that anti-HSV drugs do not cure the disease,
while modifying the clinical course of the infection by inhibiting viral
replication and subsequent epithelial damage (Hassan et al., 2015).
Therefore, the combination effect with acyclovir and related nucleoside
analogs will open new options to promote the treatment course of the
disease.

4. Conclusion

Plant-derived antimicrobial agents have played an essential role
in the treatment of bacterial and viral diseases. Plant-derived antimicro-
bial agents may not serve directly as drugs, but they provide leads for
the development of potential antimicrobial drugs. In the present
study, Cuc B exhibited in vitro synergy effect with TET or OX against
S. aureus strains. Thus, Cuc B can be used as a useful agent acting in com-
bination with antibiotics to improve the treatment efficacy of staphylo-
coccal infections. Moreover, Cuc B showed remarkable inhibition of
HSV-1, and thus will play an important role in the development of
antiherpetic drugs. Based on these findings, we suggest that Cuc B pro-
vides potential therapeutic applications as a promising natural candi-
date for the development of anti-staphylococcal and anti-HSV-1 drugs.
In addition, further studies need to be performed to evaluate its mecha-
nism of action and structure–activity relationship in vivo and in clinical
trials.
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In vitro synergistic effect of Hibiscus sabdariffa aqueous extract in combination
with standard antibiotics against Helicobacter pylori clinical isolates
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ABSTRACT
Context The increasing problem of drug-resistant strains has led to the failure of current treatment
regimens of Helicobacter pylori (HP) infection. Recently, a new treatment strategy has been
developed to overcome the problem by using natural products in combination with antibiotics to
enhance the treatment efficacy.
Objective The antimicrobial combinatory effect of the aqueous extract of Hibiscus sabdariffa L.
(Malvaceae) (AEHS) with antibiotics (clarithromycin, CLA; amoxicillin, AMX; metronidazole, MTZ) has
been evaluated in vitro against HP strains.
Materials and methods Hibiscus calyces (35 g) were brewed in 250 mL of boiled water for 30 min,
and minimum inhibitory concentrations (MICs) were determined by agar dilution method. The
checkerboard assay was used to evaluate the antimicrobial combinatory effect according to the
sum of fractional inhibitory concentration (

P
FIC) indices.

Results In this study, AEHS exerted remarkable bacteriostatic effect against all HP strains tested
with MICs values ranging from 9.18 to 16.68 mg/mL. Synergy effect of AEHS with CLA or MTZ was
obtained against four of seven HP strains tested with

P
FIC ranging from 0.21 to 0.39. The additive

effect of AEHS with AMX was obtained against five of seven HP strains tested with
P

FIC ranging
from 0.61 to 0.91.
Conclusion This study presents AEHS as a potent therapeutic candidate alone, or in combination
with antibiotics for the treatment of HP infection.
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Introduction

Helicobacter pylori (HP) infection is one of the most
common causes of many diseases of the gastrointestinal
tract, including non-ulcer dyspepsia, peptic ulcer, gastritis
and gastric cancer (Jung et al. 2015; Mansour-Ghanaei
et al. 2015; Paydas 2015). Numerous treatment strategies
containing a proton pump inhibitor and combination of
two or more antibiotics such as clarithromycin (CLA),
amoxicillin (AMX) and metronidazole (MTZ) or tetra-
cycline (TET) have been successfully used to eradicate HP
infection (Nagahara et al. 2000; Chaabane & Al-Adhba
2015). Although the efficacy of such strategies in the
therapy, the increasing use of antibiotics has led to the
problem of drug-resistant strains (Essa et al. 2009; Gisbert
& Calvet 2011). Resistance rates have been reported vary
from 0 to 45% for CLA, from 0 to 33% for AMX, from
10% to 90% for MTZ, from 6% to 21% for levofloxacin
and from 5% to 59% for TET (Karamanolis et al. 2014;

O’Connor et al. 2014; Song et al. 2014). In recent years, the
combination effect of common antibiotics with natural
products has been applied as a new strategy to enhance
the treatment of bacterial infections and overcome the
complications of drug-resistant strains (Nostro et al. 2006;
Hassan et al. 2015).

For decades, plants play an essential role in drug
discovery development as a rich source of biologically
active compounds that exhibited significant antimicro-
bial properties (Castillo-Juárez et al. 2009; Njume et al.
2011). Hibiscus sabdariffa L. (Malvaceae) (HS; roselle) is
a medicinal plant, which has a long history of herbal and
edible uses worldwide (Alshami & Alharbi 2014; Wang
et al. 2014). Numerous studies have reported the
antibacterial activity of H. sabdariffa, and its phyto-
chemicals against Gram-negative and Gram-positive
bacteria (Liu et al. 2005; Chao & Yin 2009). This study
aims to evaluate the in vitro antimicrobial combinatory
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Sciences Brno, Palackého tř. 1/3, 612 42 Brno, Czech Republic and Department of Applied Ecology, Faculty of Environmental Sciences, Czech University of Life
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effect of aqueous extract of Hibiscus sabdariffa L.
(Malvaceae) (AEHS) with standard antibiotics (CLA,
AMX and MTZ) against HP strains (six clinical isolates
and one standard control of HP).

Materials and methods

Bacterial strains, cultures and antibiotics

HP (ATCC 6583) standard strain was obtained from the
American Type Culture Collection (ATCC) (Rockville,
MD) as well as six clinical isolates of HP (HP01, HP02,
HP03, HP04, HP05 and HP06; isolated from patients
with duodenal ulcers) were obtained from The Motol
University Hospital, Prague, Czech Republic. For anti-
microbial assay, the strains were grown in Mueller-
Hinton agar–7% horse blood (Sigma Aldrich, Prague,
Czech Republic), and incubated under micro-aerobic
conditions (5% O2, 10% CO2 and 85% N2) at 37 �C for 3
days. The identification was based on micro-aerophilic
growth requirement, morphology, Gram’s stain, and
oxidase, catalase, and urease activities. In addition, the
effects of aging, temperature, aerobiosis, starvation and
antibiotics on the morphologic conversion rate to coccoid
forms, and culturability of HP were determined. HP
strains were kept in trypticase soy broth supplemented
with 20% glycerol at�80 �C until further use. CLA, AMX
and MTZ were purchased from Sigma-Aldrich.

Preparation of plant material

Plant collection

Hibiscus sabdariffa was collected from the northern part
of Aswan, Egypt in June 2014, and identified by the
authors in the Department of Natural Drugs, Faculty of
Pharmacy, University of Veterinary and Pharmaceutical
Sciences, Brno, Czech Republic. A voucher specimen of
the plant was deposited with the number EGHS5 at the
herbarium of the department.

Extraction procedure

Air-dried Hibiscus calyces were prepared as a form of tea
extract, which is in common use in traditional folk
medicine, especially in tropical and subtropical regions.
Hibiscus calyces (35 g) were brewed in 250 mL of boiled
water and allowed to stand for 30 min. The mixture was
filtered, and the solution evaporated to dryness. The
extract was stored at 4 �C.

Determination of total flavonoid content in AEHS

Total flavonoid content (TFC) of AEHS was determined
as previously described (Fernandes et al. 2012). Briefly,

5 g of air-dried Hibiscus calyces were extracted in 100 mL
of boiled water for 1 h by sonication extraction. The
mixture was filtered by Sartorius 388 filter paper. One
milliliter of the extract was transferred to a 25-mL
volumetric flask, 2 mL of AlCl3 (5% w/v) was added and
the volume was completed with distilled water (probe
solution, PS). The same procedure was repeated without
the addition of AlCl3 for preparation of contrast solution
(CS). The absorbance of PS against CS was determined
in spectrophotometer at 410 nm. The percentage of TFC
was calculated as rutin according to the following
equation: TFC ¼ A� DF=A 1%

1cm � ðw� ldÞ, where A,
absorbance (AU); DF, dilution factor; w, mass of plant
material (g); ld, loss on drying plant material (8%, w/w);
A1%

1 cm, specific absorption for rutin–AlCl3 complex
(259.4).

Determination of total anthocyanins in AEHS

Total anthocyanins (TAC) of AEHS were determined by
a pH-differential method as previously described
(Jakobek et al. 2007). In brief, 5 g of air-dried Hibiscus
calyces was extracted in 100 mL of boiled water for 1 h by
sonication extraction. The mixture was filtered by
Sartorius 388 filter paper. The extract (0.4 mL) was
transferred to a 25-mL volumetric flask, and two
dilutions of the extract were prepared (ratio¼ 1:62.5),
one with potassium chloride buffer (pH 1.0) (1.86 g KCI
in 1 L of distilled water, pH value adjusted to 1.0 with
concentrated HCI) and the other with sodium acetate
buffer (pH 4.5) (54.43 g CH3CO2Na�3H2O in 1 L of
distilled water, pH value adjusted to 4.5 with concen-
trated HCI). After 15 min of incubation at room
temperature, absorbance was measured simultaneously
at 520 and 700 nm. The content of TAC was calculated
in mg of cyaniding-3-O-glucoside equivalent per 100 g
of dry weight using a molar extinction coefficient (e) of
cyaniding-3-O-glucoside of 26 900 L/mol/cm and
molecular weight (449.4 g/mol).

Antimicrobial assay

For antibiotic susceptibility testing, HP (ATCC 6583)
was used as a control strain. CLA, AMX and MTZ were
used as positive control drugs. Minimum inhibitory
concentrations (MICs) were determined by agar dilution
method according to the recommendation of Clinical
and Laboratory Standards Institute (2009) using
Mueller-Hinton agar supplemented with 7% horse
blood. Briefly, serial dilutions of CLA, AMX and MTZ
ranging from 0.5 to 5 mg/mL and AEHS at concentra-
tions ranging from 0.5 to 5 mg/mL were added to
Mueller-Hinton agar supplemented with 7% horse
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blood in a 5% O2, 10% CO2 and 85% N2. The bacteria
were sub-cultured on Mueller-Hinton agar supple-
mented with 7% horse blood under the same micro-
aerobic conditions (5% O2, 10% CO2 and 85% N2) at
37 �C for 3 days. The bacterial suspension in Mueller–
Hinton broth was adjusted to a final concentration
of a McFarland No. 0.5 standard, 2 mL of the adjusted
inoculum was delivered to the agar plates. After 72 h of
incubation under the micro-aerobic conditions (5% O2,
10% CO2 and 85% N2) at 37 �C, the MICs of CLA, AMX,
MTZ and AEHS were determined. MICs were
considered as the lowest concentration of drugs inhibit-
ing visible growth. MICs were obtained from three
independent experiments that performed in triplicate.

Combination effect of AEHS with standard
antibiotics

The combination effect of antibiotics and AEHS was
determined by checkerboard assay and evaluated alge-
braically based on the sum of the fractional inhibitory
concentration (

P
FIC) indices as previously described

(Vuuren & Viljoen 2011; Rondevaldova et al. 2015).
In brief, twofold serial dilutions of each CLA, AMX and
MTZ prepared in horizontal rows of micro-titer plate
were subsequently cross-diluted vertically by twofold
serial dilutions of AEHS. The one-half MIC of each
tested compound was used as a starting concentration
in combinations. For evaluation of synergistic effect
of AEHS (A) with antibiotic tested (B), the

P
FIC was

calculated based on the following equation:P
FIC¼ FICA+ FICB, where FICA¼MICA (in the pres-

ence of B)/MICA (alone), and FICB¼MICB (in the
presence of A)/MICB (alone). The MICs used in this
equation are the averages of MICs obtained from three
independent experiments performed in triplicate. The
interpretation of the in vitro antibacterial interactions
was determined as follows: synergistic effect ifP

FIC� 0.5; additive if
P

FIC40.5 and� 1; no inter-
action if

P
FIC41 and� 4 and antagonistic ifP

FIC44.

Results

The results indicated that AEHS showed remarkable
inhibition of the growth of all HP strains tested
(bacteriostatic effect) with MICs values ranging from
9.18 to 16.68mg/mL (Table 1), while demonstrated
synergistic effects when combined with CLA or MTZ
against four of seven HP strains tested (Table 2). The
synergistic effect of AEHS in combination with CLA was
obtained at a concentration of 1 mg/mL against HP
(ATCC 6583) (

P
FIC¼ 0.28) and HP06 (

P
FIC¼ 0.21)

strains, causing 46- and 29-fold reductions in CLA
MICs, respectively. The synergistic effect of AEHS when
combined with MTZ was determined (at a concentration
of 0.5 mg/mL) against HP01 (

P
FIC¼ 0.34), and HP03

(
P

FIC¼ 0.39) strains, and caused 40- and 30-fold
reductions in MTZ MICs, respectively. The additive
antibacterial effect of AEHS with AMX (at concentra-
tions of 0.5, 1 and 3 mg/mL) was obtained against HP
(ATCC 6583), HP02, HP04, HP05 and HP06 strains
(Table 3), while in few cases

P
FIC values were close to

0.61, which can be considered as strong additive effect.
The percentage of TFC in AEHS was determined as rutin
(0.247%), while the content of TAC was estimated as mg
of cyaniding-3-O-glucoside equivalent (1465.8 mg/100 g
dry weight of Hibiscus calyces) (Table 4).

Discussion

Hibiscus sabdariffa, consumed by people worldwide in
the form of tea extract, has a wide range of antimicrobial
activities (Rukayadi et al. 2008; Jung et al. 2013). Beside
this fact, the present study suggests that AEHS could be a
useful agent acting in combination with antibiotics to
enhance the treatment efficacy of HP infection.
Numerous studies have reported that compounds such
as flavonoids and anthocyanins are responsible for the
antimicrobial properties of H. sabdariffa (Yin & Chao
2008; Alarcón-Alonso et al. 2012; Camelo-Méndez et al.
2013). The antibacterial activity of AEHS may be related
to its ability to inhibit bacterial protein synthesis
(Higginbotham et al. 2014). The bacteriostatic activity
of CLA depends on its capacity to inhibit protein
synthesis by binding to the 50S bacterial ribosomal
subunit. CLA resistance is mainly due to point mutations
in the 23S ribosomal RNA gene, and nucleotides
A2142G and A2143G are the most frequent mutations
(Gerrits et al. 2006; Dolapcioglu et al. 2014; Ferreira &
Moss 2014). MTZ resistance among HP strains has been

Table 1. In vitro antibacterial activity of CLA, AMX, MTZ
and AEHS against HP strains.

MIC (mg/mL)

HP strains CLA AMX MTZ AEHS

HP (ATCC 6583) 16.21 13.50 2.24 12.25
HP01a 12.56 12.41 13.54 16.68
HP02a 9.15 13.85 4.59 15.24
HP03a 10.56 16.89 11.99 9.18
HP04a 10.98 13.69 10.17 12.81
HP05a 14.23 12.88 10.97 13.56
HP06a 10.49 14.73 13.12 14.17

MIC, minimum inhibitory concentration; the values are expressed as
an average from three independent experiments, each performed
in triplicate. HP, Helicobacter pylori; ATCC, American Type Culture
Collection; AEHS, the aqueous extract of H. sabdariffa; CLA,
clarithromycin; AMX, amoxicillin; MTZ, metronidazole.

aClinical isolates.

1738 S. T. S. HASSAN ET AL.



related to alterations in gene products having MTZ
nitroreductase activities, mainly including oxygen-
insensitive NAD(P)H nitroreductase (RdxA) and
NAD(P)H flavin oxidoreductase (FrxA) (Jenks et al.
1999; Jenks & Edwards, 2002). Based on these facts, we
suggest that AEHS in combination with CLA or MTZ
inhibit bacterial protein synthesis, and thus can be
considered as a useful alternative therapeutic agent in the
development of anti-HP drugs.

Conclusion

New antimicrobial combination drugs which include
plant products combinations have recently gained a great

attention in research field. This approach has financial
implications as reformulation of existing drugs or
combinations may prove to be a more viable option,
rather than developing a new drug which will require
extensive clinical trials for verification. In this study, the
susceptibility of HP strains to AEHS in combination with
antibiotics (CLA, AMX and MTZ) was examined. In
addition, the chemical characterization of TFC and TAC
in AEHS was determined. The results demonstrated that
AEHS can enhance the growth inhibitory activity of
CLA, AMX and MTZ against HP strains tested.
Furthermore, no antagonistic interactions were observed.
Although the synergistic effect of AEHS in combination
with CLA or MTZ against four of seven HP strains tested
as well as the additive effect of AEHS in combination
with AMX against five of seven HP strains tested were
investigated, further studies should be carried out to
confirm these activities as well as the mechanisms of
action in vivo and in clinical trials.
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Table 4. Chemical characterisation of TFC and TAC in AEHS.

TFC (%) calculated as rutin TAC as mg of cyaniding-3-O-glucoside
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Hibiscus calyces; AEHS, the aqueous extract of H. sabdariffa.
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Brno, Palackého tř. 1946/1, 612 42 Brno, Czech Republic; svajdlenkae@vfu.cz

2 Department of Applied Ecology, Faculty of Environmental Sciences, Czech University of Life Sciences
Prague, Kamýcká 129, 165 21 Praha-Suchdol, Czech Republic; berchova@knc.czu.cz

* Correspondence: sherif.hassan@seznam.cz; Tel.: +420-774-630-604

Academic Editor: Thomas J. Schmidt
Received: 20 March 2017; Accepted: 27 April 2017; Published: 30 April 2017

Abstract: For decades, Hibiscus sabdariffa L. and its phytochemicals have been shown to possess a wide
range of pharmacologic properties. In this study, aqueous extract of Hibiscus sabdariffa (AEHS) and
its bioactive constituent protocatechuic acid (PCA), have been evaluated in vitro for their antiviral
activity against HSV-2 clinical isolates and anti-enzymatic activity against urease. Antiherpetic
activity was evaluated by the titer reduction assay in infected Vero cells, and cytotoxicity was
evaluated by the neutral red dye-uptake method. Anti-urease activity was determined by a developed
Electrospray Ionization-Mass Spectrometry (ESI-MS)-based assay. PCA showed potent anti-HSV-2
activity compared with that of acyclovir, with EC50 values of 0.92 and 1.43 µg·mL−1, respectively,
and selectivity indices > 217 and > 140, respectively. For the first time, AEHS was shown to exert
anti-urease inhibition activity, with an IC50 value of 82.4 µg·mL−1. This, combined with its safety,
could facilitate its use in practical applications as a natural urease inhibitor. Our results present
Hibiscus sabdariffa L. and its bioactive compound PCA as potential therapeutic agents in the treatment
of HSV-2 infection and the treatment of diseases caused by urease-producing bacteria.

Keywords: anti-HSV-2 activity; ESI-mass spectrometry-based assay; urease inhibitors; protocatechuic
acid; Hibiscus sabdariffa L.; bacterial infection

1. Introduction

Herpes simplex virus (HSV) infections are quite common in humans, affecting about 90% of
the world population. HSV is a member of Herpesviridae, a wide family of enveloped-DNA viruses
that cause several clinically significant syndromes in both adults and neonates [1]. HSV-2 is mainly
connected with genital infection, and has been recorded as a risk factor of HIV infection in humans [2].
Currently, treatment of HSV-2 infection mainly relies on the use of acyclovir and related nucleoside
analogues that target viral DNA polymerase. Unfortunately, although several strategies have shown
high efficacy results, HSV-2 infection treatment fails in about 30–45% of infected adults [3,4]. This
is due to the extensive use of acyclovir and related nucleoside analogues, which has created drug
resistance, associated with other adverse effects, alongside with the establishment of viral latency
and reactivation that occurs in the presence of humoral- and cell-mediated immunity [5]. To date, no
prophylactic HSV vaccine has been found to be entirely effective in the prevention of HSV infections [6,7].
Therefore, it is crucial to find alternative strategies to combat this viral resistance, and increase
treatment efficacy results.
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Urease (urea amidohydrolase, EC 3.5.1.5), is a nickel-containing metalloenzyme that catalyzes
the hydrolysis of urea to ammonia and carbamate; the latter decomposes spontaneously to produce
another molecule of ammonia and carbon dioxide, enhancing the rate of the uncatalyzed reaction
by a factor of 8 × 1017 [8,9]. High concentrations of ammonia arising from this reaction, and the
accompanying pH elevation, have important negative effects on humans and agriculture as well.
Urease is widely distributed in Nature, including plants, fungi, algae, bacteria and even in the
human gut and kidneys [10,11]. In recent years, urease has been considered a significant virulence
factor implicated in infections of the urinary and gastrointestinal tracts [12]. In addition, urease is
the main cause of pathologies induced by Helicobacter pylori as it allows the pathogen to survive
at the low pH of the stomach and grow and multiply, spreading infection to the inner layers of
gastroduodenal mucosa, resulting in producing gastritis and peptic ulceration, which in some cases
may lead to cancer [13]. All these negative implications can be managed by inhibition of urease [14].
However, while urease inhibitors such as acetohydroxamic acid (AHA) and phosphoramidates have
shown therapeutic efficacy, limitations associated with severe side effects, such as teratogenicity,
psycho-neurological, and musculo-integumentary symptoms, have limited their use in the treatment
of urinary and gastrointestinal tracts infections [10] Therefore, in recent years, the search for various
groups of urease inhibitors with different types of inhibition, various mechanisms of action, and
minimal side effects has gained much attention in the research field [15]. Natural products and their
derivatives have long been used as a source of new drug candidates in drug discovery. This is due
to their great diversity of the chemical structures and better drug-like properties of many of these
molecules compared to synthetic compounds [16,17].

Hibiscus sabdariffa L. (Malvaceae; H. sabdariffa) is a plant mainly cultivated in tropical and
subtropical regions with a long history of herbal and edible uses worldwide [18,19]. It is an annual
or perennial plant or woody-based shrub with serrate leaves, red calyces and red stems. This plant
has a long tradition of medicinal use as it contains a rich profile of bioactive compounds responsible
for its therapeutic efficacy, including antimicrobial, antiparasitic, anticancer, and antiinflammatory
properties [20,21]. Protocatechuic acid (PCA), an active compound in H. sabdariffa, has been also shown
to exert various pharmacologic properties, including but not limited to antimicrobial and antioxidant
activities [22]. This study was designed to evaluate in vitro antiviral activity of AEHS and PCA against
HSV-2 clinical isolates and to evaluate their safety for topical administration as well as anti-urease
activity of AEHS by a developed ESI-MS-based assay.

2. Results

2.1. Determinations of Concentration of PCA and Total Polyphenols Content in Plant Material

The results demonstrated that the concentration of PCA in AEHS was found to be 94.1 µg/g dry
weight of Hibiscus calyces (Figure 1) and total polyphenols content calculated as mg of gallic acid
equivalent was 106.0 mg/g of dry extract of Hibiscus calyces.

2.2. Anti-HSV-2 Activity and Cytotoxicity

AEHS and PCA were evaluated with respect to their inhibitory effect on HSV-2 replication. Before
performing the antiherpetic assay, we assessed the cytotoxicity of each sample in Vero cells by the
neutral red dye-uptake method. The CC50 values for PCA and acyclovir were found to be higher than
200 µg·mL−1 (Table 1). Antiherpetic activity was determined by the titer reduction assay in infected
Vero cells using quantitative real-time reverse transcription PCR. Ten acyclovir-sensitive strains of
HSV-2 (clinical isolates) were used and typed by quantitative real-time reverse transcription PCR using
primers pairs H2M40 5′-GTACAGACCTTCGGAGG-3′ and H2P4 5′-CGCTTCATCATGG GC-3′ for
identification. AEHS was not active against HSV-2. This could be related to the low concentrations of
antiherpetic compounds in the crude extract. PCA showed potent anti-HSV-2 activity compared with
that of acyclovir with EC50 values of 0.92 and 1.43 µg·mL−1, respectively, and selectivity indices >217



Molecules 2017, 22, 722 3 of 12

and >140, respectively. PCA exhibited cytotoxic effect on Vero cells at concentration higher than its
EC50. The selectivity index (SI) is fundamental to determine any possible toxic effect of any compound
on the cells that could be confused with an antiviral activity. Based on our results, PCA demonstrated
anti-HSV-2 activity with SI > 217.4 higher than acyclovir (>140). Thus, the SI verifies the safety index
of PCA.
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Figure 1. HPLC-MS chromatogram shows identification (two MRM transitions m/z 153→109 and
153→91) and determination of concentration of protocatechuic acid (PCA) in aqueous extract of
Hibiscus sabdariffa (AEHS). PCA was detected at retention time (RT): 5.59 min and quantified using an
external calibration method with standard PCA (94.1 µg/g dry weight of Hibiscus calyces).

Table 1. Anti-HSV-2 activity and cytotoxicity of PCA and AEHS.

Compound EC50 (µg·mL−1) CC50 (µg·mL−1) SI

AEHS n.d n.d n.d
PCA 0.92 ± 0.21 >200 >217

Acyclovir 1.43 ± 0.43 >200 >140

All data were average values from three independent experiments; Values presented are means ± S.D. of three
independent experiments performed in duplicate; CC50: 50% cytotoxic concentration; EC50: 50% Effective
concentration; SI: Selectivity index (CC50/EC50); n.d: Not determined; PCA: Protocatechuic acid; AEHS: Aqueous
extract of Hibiscus sabdariffa.

2.3. Anti-Urease Inhibitory Properties by ESI-MS-Based Assay

Urease inhibitors play an essential role as alternative antibiotics in the treatment of gastrointestinal
and urinary tract infections caused by urease-producing bacteria [8]. Enzyme activity and inhibition
studies were determined by an ESI-MS based method. The method is based on the detection of
urea depletion in the absence and presence of inhibitors by monitoring catalytic reaction through
simultaneous detection of the concentration changes of urea.

2.3.1. Determination of Urease Kinetic Parameters Km and Vmax

It is known that the essential function of enzymes is to enhance the rate of biochemical reactions.
Therefore, to understand enzyme function, it is very crucial to study the kinetic description of their
activity. To determine kinetic parameters of the urease-catalyzed reaction including the Michaelis
constant (Km) and the maximal reaction rate (Vmax), we monitored the enzymatic reaction through
decreasing of concentration of urea at five concentrations (137.0, 208.2, 274.0, 416.4 and 694.1 µmol·L−1)
and constant concentration of urease (60.0 µg·mL−1, Figure 2). The initial rate of the reaction was
determined for each concentration from the rate constant and initial substrate concentration. A plot of
1/initial velocity versus 1/(urea) generates a Lineweaver-Burk plot and a linear regression fit to this
data was used to determine the Km and Vmax (Figure 3). The good linearity of the Lineweaver-Burk
plot (R2 = 0.99) for urea shown in Figure 3 ensures the accuracy of steady-state kinetics in this method.
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Km of urease was determined to be 1888.7 µmol·L−1 and Vmax to be 259.6 µmol·L−1·min−1. Values
obtained by the present method are in excellent agreement with the range of values reported in
previous studies (1–4 mM for Km and 0.0298–4.0 mM/min for Vmax) [23–25].
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reaction rate constants (k0) in the absence of inhibitors. Concentrations changes of urea are presented
as logarithms of concentration. The precision of time course analysis was calculated as RSD (%) of
multiple measured slopes (lower than 10%). For clarity of figure, multiple measurements have not
been presented.
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2.3.2. Determination of Half Maximal Inhibitory Concentration (IC50)

For inhibitor screening, the IC50 value is an apparent measure of the potency of an inhibitor at
specific experimental conditions. Figure 4 shows the reaction progression slope for the depletion
of urea in the presence and absence of inhibitors following the first-order kinetics conditions per
equation Ct = C0 × e−kt, where Ct is the concentration at time (t), C0 is the initial concentration
and k is the reaction rate constant [26]. From Figure 4, the reaction rate constant in the presence
of inhibition (k) is lower than the reaction rate constant in the absence of inhibition (k0), where k
in the presence of acetohydroxamic acid (AHA; used as a reference urease inhibitor) and AEHS
(k = 0.0477 and 0.0975 min−1, respectively) and (k0 = 0.1934 min−1) at concentrations of 274.0 µmol·L−1

for urea and 60.0 µg·mL−1 for urease, and concentrations of inhibitors (AHA = 13.2 µmol·L−1 and
AEHS = 81.0 µg·mL−1). It has been reported that the percent inhibition is defined as percent reduction
of the reaction rate constant (k) as compared with the rate constant in the absence of an inhibitor
(k0). Thus, % activity is usually determined as k/k0 and % Inhibition is 1 – % activity. Therefore, to
determine IC50 value of an inhibitor the following equation % activity = k/k0 =1 − [I]/([I] + IC50) =
IC50/([I] + IC50), where [I] is the concentration of the inhibitor, was used as previously described [26].
IC50 for AHA was determined to be 4.3 µmol·L−1 and for AEHS to be 82.4 µg·mL−1. The used method
proved to be robust and determined IC50 value for AHA compared favourably with previous data
reported in literature (IC50 for AHA = 5 µM) [27].
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the inhibition of urease activity by Electrospray Ionization-Mass Spectrometry (ESI-MS) based assay.
Urease activity and inhibitory properties of AHA and AEHS were assayed as described in Experimental
section, where k is the reaction rate constant in the presence of AHA [
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method. Km of urease was determined to be 1888.7 µmol∙L−1 and Vmax to be 259.6 µmol∙L−1∙min−1. 
Values obtained by the present method are in excellent agreement with the range of values reported 
in previous studies (1–4 mM for Km and 0.0298–4.0 mM/min for Vmax) [23–25]. 
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method. Km of urease was determined to be 1888.7 µmol∙L−1 and Vmax to be 259.6 µmol∙L−1∙min−1. 
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]
(k0 = 0.1934 min−1). Concentrations changes of urea are presented as logarithms of concentration. IC50

for AEHS was determined to be 82.4 µg·mL−1 and for AHA to be 4.3 µmol·L−1. The precision of time
course analysis was calculated as RSD (%) of multiple measured slopes (lower than 10%). For clarity of
figure, multiple measurements have not been presented.

2.3.3. Repeatability and Stability Studies

Precision of the method was verified by repeatability and stability studies. The measurements
demonstrated a very good repeatability (Figure 5), where the relative standard deviation (RSD) was
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found to be 7.5%. Although current practices in stability studies rely on the addition of an internal
standard to assure that short-term and long-term signal fluctuations do not influence quantitative
analyses, we avoided the use of an internal standard which could interfere with enzymatic reaction or
exact determination of substrate concentration. Therefore, we measured a calibration curve after each
experiment to correct instability of MS signal.
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3. Discussion

For decades, treatment of infectious diseases has been a focus of interest for both researchers
and healthcare providers, as the arising issue of drug resistant strains has become a serious
problem worldwide. This study adds to the growing body of knowledge on the antiviral activity
of polyphenol-enriched extracts derived from plants. We show for the first time that PCA, an active
compound of H. sabdariffa L. exerts potent antiviral activity against clinical isolates of HSV-2, the
mechanism of which involves the inhibition of viral replication. Plant-derived phytochemicals,
such as polyphenols, phenolics, terpenes, alkaloids and other substances have been reported to
possess inhibitory properties on HSV replication [7,28]. For instance, polyphenols have been found to
interfere with the early phases of the HSV replicative cycle and/or with viral particles directly [29].
In this study, PCA showed excellent ability to inhibit HSV-2 replication and hence might open new
gates for the development of anti-HSV-2 drugs. In addition, PCA is known to exhibit cytotoxic
effect on cancer cells with various mechanisms of action [30,31]. Therefore, it should be taken into
consideration the non-toxic doses, especially with topical preparations containing PCA. Considering
the significant global incidence, morbidity, and mortality rates of viral sexually transmitted infections
(STIs), the development of new, safe, topically applied antiviral agents for their prevention is of high
priority [32]. Therefore, in recent years, a new approach has been under focus of interest to maximize
the treatment efficacy by combining natural products with nucleoside analogues, resulting in reduction
of cytotoxicity [33]. Thus, this approach will reduce the cytotoxicity of PCA. However, further studies
should be carried out to determine its safety as well as the possibility of adverse effects in vivo.
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Urease inhibitors are considered promising therapeutic agents for the treatment of ureolytic
bacterial infections [34]. Over the past two decades, a large number of plant-derived products were
found to possess in vitro inhibitory activities against urease and intensive efforts were then made
to evaluate the efficacy of these inhibitors in vivo [35]. Unfortunately, most of these investigations
failed to prove the efficacy of those studied drugs in vivo due to problems of hydrolytic instability,
toxicity and adverse side effects [36]. In this study, we report for the first time the anti-urease activity
of AEHS by a developed ESI-MS based assay. Since H. sabdariffa L. is commonly used in traditional folk
medicine in the form of a herbal tea or as a dietary supplement [37]. This indicates that AEHS could
be used safely as natural urease inhibitor for the treatment of diseases caused by urease-producing
bacteria. Additionally, the use of AEHS could overcome the problem of preventing the use of urease
inhibitors in vivo and in clinical trials; due to their possible toxicity, instability and undesirable side
effects. It has been reported that polyphenols and phenolic compounds have been shown to possess
potent anti-urease activity. Moreover, crude plant extracts containing polyphenols have been shown
an excellent ability to interact with wide range of enzymes [8,12]. Therefore, we may suggest that
anti-urease activity of AEHS could be related to its rich content of polyphenols. Identification of
bioactive molecules from AEHS and confirmation of the key components contributing to anti-urease
activity should be studied in further investigations.

4. Materials and Methods

4.1. Plant Collection and Extraction Procedure

Hibiscus sabdariffa L. was collected from the northern part of Aswan, Egypt in June 2014, and
identified by Sherif T. S. Hassan in the Department of Natural Drugs, Faculty of Pharmacy, University
of Veterinary and Pharmaceutical Sciences (Brno, Czech Republic). A voucher specimen of the plant
was deposited with the number EGHS5 at the herbarium of the department. One-gram air dried
Hibiscus calyces were extracted in 10 mL of boiled water by sonication extraction for 30 min. The extract
was stored at 4 ◦C for further use. A 1 mL of aliquot of crude extract was evaporated to dryness and
then weighted to yield a final amount of 0.0243 g of dry extract.

4.1.1. Determination of Concentration of PCA in Plant Material

Air dried Hibiscus calyces (0.51 g) were extracted in 10 mL of boiled water by sonication extraction
for 30 min. HPLC-MS (Agilent 1200 HPLC system, Böblingen, Germany) coupled with a mass
spectrometer (Sciex-3200QTRAP-hybrid triple quadrupole/linear ion trap, Toronto, ON, Canada)
fitted with Electrospray Ionization (ESI) were used for the analysis. For the quantification, an
external calibration method with standard PCA (Sigma Aldrich, Prague, Czech Republic) was used as
previously described [38].

4.1.2. Determination of Total Polyphenols by Folin-Ciocalteu Method

The total polyphenols content was determined per the Folin-Ciocalteu method as previously
described by ISO 14502-1 [39].

4.2. Antiviral Activity against HSV-2

4.2.1. Viral Strains, Cultures, Cell Lines and Reagents

For antiviral activity, Vero cells (ATCC: CCL 81, UK; were obtained from the Motol University
Hospital, Prague, Czech Republic) were grown in Eagle’s minimum essential medium (MEM; Cultilab,
Campinas, UK) supplemented with 10% fetal bovine serum (FBS; Gibco, Carlsbad, UK), 100 U/mL
penicillin G, 100 µg·mL−1 streptomycin and 25 µg·mL−1 amphotericin B (Sigma-Aldrich, Berlin,
Germany) and maintained at 37 ◦C in 5% CO2 atmosphere. Ten clinical isolates of HSV-2 (isolated
from patients with HSV-2 infection) were kindly obtained from the Motol University Hospital, Prague,



Molecules 2017, 22, 722 8 of 12

Czech Republic). All clinical isolates were typed by quantitative real-time reverse transcription PCR
using primers pairs H2M40 5′-GTACAGACCTTCGGAGG-3′ and H2P4 5′-CGCTTC ATCATGGGC-3′

for identification as previously described [40] and then were propagated in Vero cells. The cytopathic
end-point assay was used to determine the titers which were expressed as 50% tissue culture infective
dose (TCID50/mL) as previously described [41]. Viral stocks were stored at −80 ◦C.

4.2.2. Determination of Cytotoxicity

Cytotoxicity was evaluated by the neutral red dye-uptake method as previously described [42].
Briefly, AEHS, protocatechuic acid (PCA; Sigma Aldrich, Prague, Czech Republic) and acyclovir
(positive control; Sigma-Aldrich, Berlin, Germany) were prepared in 0.1% dimethyl sulfoxide (DMSO).
Stock solutions were prepared in deionized water at concentration of 400 µg·mL−1 and sterilized.
Vero cell monolayers were cultivated in 96-well microtiter plates with two-fold serial dilutions
of AEHS, PCA and acyclovir, and incubated for 48 h at 37 ◦C in 5% CO2 atmosphere. After
incubation, the morphological alterations of the treated cells were determined using an inverted
optical microscope (Leitz, Berlin, Germany) and the maximum non-toxic concentrations (MNTC) were
determined. The 50% cytotoxic concentrations (CC50) of AEHS, PCA and acyclovir were calculated
as the concentration that reduces cell viability by 50%, when compared to the untreated controls as
priviously described [43].

4.2.3. Anti-HSV-2 Activity

Antiherpetic activity was determined by the titer reduction assay as previously described [44].
Briefly, acyclovir was used as a positive control and Vero cell monolayers were treated with AEHS,
PCA and acyclovir at concentrations at which no change was observed in cell morphology, and 80%
cell viability were determined. 100 TCID50/mL of HSV-2 acyclovir-sensitive suspensions were added
to treated and untreated cell cultures and incubated at 37 ◦C for 48 h in a 5% CO2 atmosphere.
After incubation, the virus titers in treated and untreated cells, were determined. Anti-HSV-2
activity was evaluated as percentage inhibition (PI) using antilogarithmic TCID50 values as follows:
PI = [1 − (antilogarithmic test value/antilogarithmic control value)] × 100. The dose response curve
was determined from the MNTC, and the 50% effective concentration (EC50) was determined as the
concentration required for 50% protection against virus-induced cytopathic effects. Selectivity index
(SI) value was calculated as the ratio of CC50/EC50.

4.2.4. Statistical Analysis

Experiments were generated in duplicate in at least three independent experiments. PRISM
software version 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) was used for statistical analysis
(one-way ANOVA test) and to calculate EC50 and CC50 parameters.

4.3. Anti-urease Inhibitory Properties

4.3.1. Enzyme, Substrate, Inhibitors and Reagents

All chemical reagents were obtained from commercial suppliers and used without further
purification. Urease (Type III, from Canavalia ensiformis), urea, acetohydroxamic acid (AHA; standard
urease inhibitor) were purchased from (Sigma Aldrich, Prague, Czech Republic).

4.3.2. Instrumentation

Urease inhibitory activity was evaluated using a system pump-injector (Agilent 1200) coupled
with a Sciex-3200QTRAP- hybrid triple quadrupole/linear ion trap mass spectrometer fitted with
Electrospray Ionization (ESI). The system runs in flow injection analysis (FIA) mode without a HPLC
column. The operational parameter settings were as follows: curtain gas (CUR), 25 psi; nebulizer
gas (GS1), 50; auxiliary gas (GS2), 40; declustering Potential (DP), 15 V; ion spray voltage, −4000 V;
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turbo temperature (TEM), 450 ◦C. MS in positive ion mode was used in multiple reaction monitoring
(MRM) analysis for detection and quantitation of urea with transition m/z 61→44 (Figure 6). 0.1%
HCOOH and 1 mM HCOONH4 were used as mobile phases with the flow rate set at 0.5 mL·min−1.
The injection volume was 10 µL.
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Figure 6. Multiple reaction monitoring (MRM) analysis for detection and quantitation of urea by triple
quadrupole mass spectrometry coupled with Electrospray Ionization (ESI) in positive ion mode with
transition m/z (61→44).

4.3.3. Anti-urease Activity by ESI-MS-Based Assay

Several important experimental conditions were investigated and taken into consideration to
optimize the efficacy of the ESI-MS-based assay analysis, such as the buffer concentration, the buffer
pH, and the type of sample vials. Under the optimized experimental conditions, experiments were
employed and aimed at evaluating urease assay conditions that would be compatible with ESI-MS.
The enzymatic reaction took place in 1 mM HCOONH4 buffer, which was found to be suitable (pH 7.5)
containing 60.0 µg·mL−1 of urease, over a substrate (urea) concentrations ranging from 137.0 to
694.1 µmol·L−1 at room temperature (25 ◦C). Urea was chosen as a natural substrate for the enzymatic
reaction. Urea concentrations were maintained at concentrations below 694.1 µmol·L−1 to avoid excess
substrate inhibition. The concentrations of inhibitors (AHA = 13.2 µmol·L−1 and AEHS = 81 µg·mL−1)
were used and were within the range of their effectiveness to inhibit urease activity. Enzymatic reaction
was carried out by pre-incubating urease in 1 mM HCOONH4 buffer with each inhibitor during
180 min to reach binding equilibrium followed by adding urea. The solutions were directly injected
automatically into FIA system and the concentration changes of urea were monitored. For the analysis
of the kinetics of substrate depletion by ESI-MS, areas (total counts) under peaks for substrate in the FIA
record were integrated. Each measured sequence consists of five measurements. Briefly, to determine
the repeatability of measurements, we performed multiple measurements of enzymatic reaction of the
same sample. The precision of time course analysis was calculated as RSD (%) of multiple measured
slopes (lower than 10%). The slopes represent rate constants, which are used for determination of
enzyme activity and inhibition studies. For clarity of figures, multiple measurements have not been
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presented in Figures 2 and 4. As shown in Figure 5, multiple measurements and evaluation of slopes
are presented.

For measuring the rate constants for determining Km and Vmax, we set to each experiment different
substrate concentrations. Furthermore, for screening inhibitors, we set to each experiment different
inhibitor concentrations or different types of inhibitor. A calibration curve after each experiment was
measured to correct instability of MS signal.

5. Conclusions

Plant-derived phytochemicals provide an excellent option for the treatment of infectious diseases.
The present findings indicated that PCA exhibited notable inhibitory properties on HSV-2 replication
and thus has promising application in the development of anti-HSV-2 drugs. However, further
studies should be carried out to evaluate its safety, validate the activity in vivo, and to eliminate the
possible adverse effects of this compound by using improved delivery techniques prior its possible
practical application. In addition, our results indicate that AEHS exerted anti-urease activity according
to a developed ESI-MS-based assay. However, further studies must be performed to identify the
active compounds in AEHS that contribute to the anti-urease activity, and evaluate their toxicity and
structure-activity relationships.
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Abstract

Objectives In this review, we highlight and summarise the most promising
extracts, fractions and pure compounds as potential anti-herpes simplex virus
(HSV) agents derived from microorganisms, marine organisms, fungi, animals
and plants. The role of natural products in the development of anti-HSV drugs
will be discussed.
Key findings Herpes simplex viruses (HSV-1 and -2) are common human patho-
gens that remain a serious threat to human health. In recent years, a great interest
has been devoted to the search for integrated management of HSV infections. Acy-
clovir and related nucleoside analogues have been licensed for the therapy that
target viral DNA polymerase. Although these drugs are currently effective against
HSV infections, the intensive use of these drugs has led to the problem of drug-
resistant strains. Therefore, the search for new sources to develop new antiherpetic
agents has gained major priority to overcome the problem.
Summary Natural products as potential, new anti-HSV drugs provide several
advantages such as reduced side effects, less resistance, low toxicity and various
mechanisms of action. This paper aims to provide an overview of natural prod-
ucts that possess antiviral activity against HSV.

Introduction

Herpes simplex virus (HSV) infections are quite common
in humans.[1,2] HSV is a member of Herpesviridae, a wide
family of enveloped-DNA viruses that cause several clini-
cally significant syndromes in both adults and neonates.[3,4]

These syndromes are varied and affected by viral entrance,
nature of the disease and degree of host immune compe-
tence.[5] Both types of HSV-1 and HSV-2 are the most
extensively studied human herpesviruses, where HSV-1 is
commonly connected with oral or facial infection and
encephalitis, whereas HSV-2 is responsible for genital infec-
tion.[6] More than 80% of humans worldwide are infected
with HSV-1, and roughly 40% have recurrent infections.
Furthermore, infection with HSV-2 was found to be a high-
risk factor for potential HIV infection and invasive cervical
carcinoma as well.[7,8] Herpesviruses are incurable and
persist along with the lifetime of the host. Throughout the
primary infection, the virus enters the nerve cells to gener-
ate latency in sensory neurons and lesions at or near point
of entry into the host. Reactivation of latent HSV, especially
during the deficiency of immunity induces recurrent infec-

tion and transmission to new hosts. Moreover, HSV is
implicated in many ocular diseases, including stromal kera-
titis, endotheliitis and neurotrophic keratopathy.[9–12]

Current and new trends for treating
HSV infections

Treatment of HSV infectivity remains a main target for
many researchers worldwide, where it cannot be managed
by vaccination.[13] HSV infections can be controlled by the
innate and adaptive immune system. HSV infection is influ-
enced by how the virus can evade the host’s innate immune
system. Antiviral drugs are classified as virucidals,
immunomodulators and antiviral chemotherapeutic agents.
Treatment of HSV infections is currently based on the use
of several selective and effective drugs such as acyclovir,
penciclovir, famciclovir, cidofovir, valacyclovir, trifluridine
and vidarabine, which act as inhibitors of DNA
polymerase.[14,15] Nevertheless, the intensive use of these
drugs in the therapy has led to undesirable effects such as
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drug-resistant strains.[16] Evans et al. reviewed the mecha-
nism and pharmacological properties of acyclovir and
related nucleoside analogues as well as their role in the
treatment of HSV infections.[17] Because of mutations that
can occur in HSV-DNA polymerase or thymidine kinase
(TK), resistance to nucleoside analogues drugs has devel-
oped.[18] Therefore, development of new antiviral agents has
gained much interest in recent years. Although many of
these agents have already been developed and employed in
the treatment of HSV infections, the search for new sources
for antiherpetic drugs is a challenge for clinicians and clini-
cal microbiologists to overcome problems with drug-
resistant strains. Therefore, it is an urgent issue to open new
gates for searching for new therapeutic agents that act with
different mechanisms of action than nucleoside analogues.
Natural products are a very rich source of these substances.

Pure compounds and fractions that
possess anti-HSV activities

Natural products are the most consistent and successful
source of new antiviral drugs. Substances derived from
microorganisms, fungi and animals that are active against
herpesviruses have gained great interest in the last few
decades.[19] The effective bioactive products from animals
and microorganisms are generally saccharides and
peptides.[20] Marine organisms are a very rich source of new

bioactive molecules that possess antiviral activity, mainly
group of sponges (phylum Porifera). Some of these
bioactive compounds have shown potent antiviral activity
and have been examined clinically.[20,21] Plants remain the
most common source for treatment of various diseases. In
the last decades, herbal compounds have been investigated
for their anti-HSV properties. Purification and identifica-
tion of lead bioactive compound are very important in the
development of new antiviral drugs, especially against HSV.
Additionally, it is also important to understand the targets
and mode of actions of these compounds as potential anti-
viral agents.[4,22–24] In this section, we highlight the bioactive
compounds and fractions from natural sources that have
been found to be promising antiviral agents against HSV
infections.

Nucleosides

Marine-derived nucleosides

The first bioactive compounds isolated from marine
organisms that were found to be promising anti-HSV drugs
were the nucleosides spongothymidin and spongouridin
(Table 1), which have been isolated from the sponge Tethya
crypta. These compounds have led later to the synthesis of
Ara-A (vidarabine). Ara-A was the first nucleoside analogue
drug approved for the treatment of systemic HSV infection
in humans.[25] From a New Zealand marine sponge of the

Table 1 Bioactive compounds derived from microorganisms, fungi, animals and marine organisms with antiherpetic activities

Natural source Bioactive compounda Type

Tethya crypta Spongothymidin and Spongouridin Nucleosides
Tethya crypta Vidarabine (Ara-A) Nucleoside
Mycale sp. Mycalamide A and Mycalamide B Nucleosides
Aaptos aaptos 4-methylaaptamine Alkaloid
Haliclona sp. and Pachypellina sp. Manzamine A Alkaloid
Scinaia hatei Xylan Polysaccharide
Gymnogongrus griffithsiae, Cryptonemia

crenulata and Bostrychia montagnei
Sulfated galactans Sulfated polysaccharide

Spirulina platensis Calcium spirulan (Ca-SP) Sulfated polysaccharide
Agaricus brasiliensis MI-S Sulfated polysaccharide
Gracilaria corticata Galactan-containing sub-fraction (F3),WES1, WES2, F3S1 and F3S2 Sulfated polysaccharide
Grifola frondosa GFAHP Protein
Ganoderma lucidum NPBP and APBP Proteins bound polysaccharides
Heterometrus petersii Hp1036 and Hp1239 Venom peptides
Bovine Denoted HH-2, 1002, 1006, 1018 and Bactenecin dodecapeptide Peptides
Humans and bovine lactoferrin and lactoferricin Peptides
Bee venom Melittin Host – defence peptide
Mammals Magainins, Cecropins, Clavanins, and LL-37 α-Helical peptides
Mammals Defensins, Tachyplesin, and Protegrins β-Sheet peptides
Bovine neutrophils Indolicidin Peptide
Frog skin Brevinin-1 Peptide
Actinomadura namibiensis Labyrinthopeptin A1 Lantibiotic peptide

CC50, 50% cytotoxic concentration; EC50, half maximal effective concentration; HSV, herpes simplex virus; IC50, half maximal inhibitory
concentration.
aAnti-HSV activities (% inhibition, EC50, IC50 and CC50/IC50) of each bioactive compound have been described in section 2.
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genus Mycale, mycalamide A and mycalamide B, which are
protein synthesis inhibitors, were extracted. These sub-
stances have demonstrated in-vitro notable activity against
Poliovirus, the Corona type I and HSV-1 at a concentration
of 5 ng/disc. Meanwhile, Mycalamide B revealed higher
anti-HSV-1 activity than mycalamide A at a concentration
of 1–2 ng/disc.[26]

Polysaccharides

Marine-derived polysaccharides

Mandal et al. have studied Xylan and its derivatives isolated
from red algae Scinaia hatei and exhibited antiviral activity
against HSV-1 and HSV-2 with IC50 values of 7.6 and
11.7 μg/ml, respectively.[27] Other studies were carried out to
evaluate purified substances for their anti-HSV activity in
vitro such as sulfated galactan fractions obtained from two
red seaweeds Gymnogongrus griffithsiae and Cryptonemia
crenulata and sulfated galactans from marine alga
Bostrychia montagnei. These compounds demonstrated
potent anti-HSV activity with IC50 values ranging from 0.5
to 20.7 μg/ml. The mode of action of these compounds
could be mainly related to the inhibitory effect on virus
adsorption.[28,29] From sea alga Spirulina platensis, Calcium
spirulan (Ca-SP), a sulfated polysaccharide, found to
exhibit inhibition of HSV-1 and HIV-2 replication in vitro
and ex vivo at concentrations ranging from 0.7 to 20 μg/ml,
was isolated. It was revealed that Ca-SP selectively inhibited
the penetration of virus into host cells.[30] Chattopadhyay
et al. reported that galactan-containing sub-fraction (F3)
and its hyper sulfated derivatives (WES1, WES2, F3S1 and
F3S2) were purified from the aqueous extract of Gracilaria
corticata. All compounds were found to exhibit in-vitro
anti-HSV activity with IC50 values ranging from 1.1 to
27.4 μg/ml.[31]

Fungi-derived polysaccharides

The chemical modification of a sulfated polysaccharide
(MI-S) isolated from the mycelia of the Brazilian
basidiomycete Agaricus brasiliensis showed antiviral activity
against HSV-1 (KOS and 29R (acyclovir resistant) strains)
and the HSV-2 strain 333, with selectivity indices
(SIs = CC50/IC50) higher than 439, 208 and 562, respec-
tively. The anti-HSV activity of Agaricus brasiliensis
mycelial polysaccharide (MI-S) found to be related to inhi-
bition of viral ICP27, UL42, gB and gD proteins.[32]

Plant-derived polysaccharides

Dong et al. have isolated from the aerial part of Basella
rubra L. four neutral polysaccharides (BRN-1, BRN-2,
BRN-3 and BRN-4). The results confirmed that only BRN-3
demonstrated antiviral effect on HSV-2 in Vero cells with an

IC50 value of 55 μg/ml. BRN-3 found to exhibit inhibition
of virus adsorption to host cells.[33] An anionic polysa-
ccharide that was purified from aqueous extract of the
Chinese plant Prunella vulgaris and exerted antiviral effects
on HSV type 1 and 2 at a concentration of 100 μg/ml
without cytotoxic effect to mammalian cells up to highest
concentration was used in the study. The antiherpetic activ-
ity of the polysaccharide found to be related to inhibition of
HSV by competing for cell receptors after the virus has pen-
etrated the cells.[34]

Proteins

Fungi-derived proteins

Eo et al. have isolated from the mushroom Ganoderma
lucidum two proteins bound polysaccharides, a neutral
protein bound polysaccharide (NPBP) and an acidic
protein bound polysaccharide (APBP). APBP displayed in
vitro more potent HSV-1 and HSV-2 antiviral activity than
NPBP with EC50 values of 300–520 μg/ml. The antiviral
activity of APBP was found to be related to its binding with
HSV-specific glycoproteins responsible for the attachment
and penetration, and APBP prevents the complex interac-
tions of viruses with cell plasma membranes.[35] GFAHP, an
antiviral protein, purified from the mushroom Grifola
frondosa and found to exert inhibition of HSV-1 replication
in vitro with an IC50 value of 4.1 μg/ml and therapeutic
index >29.3. Furthermore, GFAHP reduced the severity of
HSV-1-induced blepharitis, neovascularisation and stromal
keratitis in a murine model at concentrations of 125 and
500 μg/ml, whereas topical administration of GFAHP
to the mouse cornea led to remarkable decrease in virus
production.[36]

Plant-derived proteins

Shan et al. have isolated Stellarmedin A, a novel anti-HSV-2
glycoprotein from Stellaria media (L.) Vill. Their study
revealed that Stellarmedin A was found to be a potent
inhibitor of HSV-2 replication in Vero cells with IC50 value
of 13.18 μg/ml and therapeutic index 75.9.[37] Trichosanthin
(TCS) is a type 1 ribosome-inactivating protein (RIP)
(Table 2), isolated from Chinese plant Trichosanthes
kirilowii. Huang et al. have reported that TCS impeded p38
mitogen-activated protein kinases (MAPK) and Bcl-2 rising
in Vero cells by HSV-1 infection and inhibited viral replica-
tion, whereas Chen et al. have confirmed the protective
effects of TCS against infectious brain injury induced by
HSV-1 in mice.[38,39]

Peptides

The inhibitory activities of peptides against microorgan-
isms have been first reported in 1942.[40] They are part of
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the nonspecific immune system against pathogen attack in
humans, animals and plants as well.[41,42]

Animal peptides

Two new venom peptides, Hp1036 and Hp1239, were
obtained from Heterometrus petersii and showed in-vitro
potent virucidal effect on HSV-1 with EC50 values of 0.43
and 0.41 μm, respectively. Their mechanisms of action were
found to be related to destruction of the viral morphology
by adopting α-helix structure in approximate membrane
environment as well as reduction of the intracellular viral
infection.[43] Shestakov et al. have studied four synthetic
peptides (denoted HH-2, 1002, 1006, 1018) related to the
host defence peptide bovine bactenecin dodecapeptide for
their anti-HSV-2 activities in mice. The results showed
reduction of HSV-2 infection of Vero cells in a dose-
dependent manner, whereas in vivo demonstrated signifi-
cant inhibition of viral replication. The anti-HSV-2 activity
of these peptides were found to be related to their ability to
interfere with both viral attachment and entry.[44] Many
other peptides were examined for their antiherpetic activity
such as lactoferrin and lactoferricin, which occur in milk,
saliva and belong to the innate immune system. Both com-
pounds are effective against enveloped and some
nonenveloped viruses, fungal infection and prevention of
the growth of tumours with inhibitory activity against HSV
infections.[42,45] Yasin et al. have evaluated 20 host defence
peptides for their ability to inhibit HSV type 1 and 2. The
results demonstrated that Melittin (from bee venom),
α-helical peptides (magainins, cecropins, clavanins
and LL-37), β-sheet peptides (defensins, tachyplesin and
protegrins), indolicidin (from bovine neutrophils) and
brevinin-1 (from frog skin) were found to possess inactiva-
tion of HSV infectivity. Although the mechanisms of their

anti-HSV activity are still poorly understood, these factors
can be further studied as constituents of the innate immune
response and as potential antiherpetic agents for clinical
use.[46]

Bacterial peptides

Férir et al. have studied the lantibiotic peptide labyr-
inthopeptin A1, which is produced by bacteria
Actinomadura namibiensis. Labyrinthopeptin A1 exhibited
in-vitro anti-HIV and anti-HSV activities with EC50 values
of 0.70–3.3 and 0.29–2.8 μm, respectively.[47]

Plant-derived peptides

Meliacine is a glycopeptide isolated from Melia azedarach
and suppressed genital herpetic infection in BALB/c
mice.[48] Furthermore, meliacine in vitro has also exerted
inhibition of HSV-1 multiplication; whereas it prevented
the development of herpetic stromal keratitis in mice in
vivo when administered three times a day for 4 days begin-
ning 1 day before inoculation.[49] Several studies have also
presented the significant ability of meliacine to inhibit
HSV-1 in vitro. The antiherpetic activity of meliacine might
be related to its ability to inhibit viral protein synthesis.[50,51]

Terpenes

Terpenes are among the very promising source of new anti-
microbials agents that have shown to have activity against
viruses, bacteria, fungi and protozoa. Terpenes in plants are
either free or bound in the form of glycosides, esters or
bound to proteins.[52]

Plant-derived terpenes

Isoborneol is a monoterpene found in a wide range of plant
essential oils. This compound exhibited in-vitro virucidal

Table 2 The targets of anti-HSV plant-derived compounds

Source Compound Type Target

Trichosanthes kirilowii Trichosanthin (TCS) Ribosome-inactivating
protein

p38 MAPK protein and Bcl-2 gene

Melia azedarach Meliacine Glycopeptide Glycoproteins
Tripterygium wilfordii Triptofordin C-2 Sesquiterpene Immediate early (IE) genes
Melia azedarach 28-Deacetylsendanin (28-DAS) Limonoid terpene Thymidine kinase (TK)
Plant essential oils Isoborneol Monoterpene gB and gD glycoproteins
Melia azedarach Tetranortriterpenoid 1-cinnamoyl-3,11-

dihydroxymeliacarpin (CDM)
Terpene Nuclear factor κB (NF-κB) protein

The curry spice turmeric Curcumin Polyphenol P300/CBP histone acetyltransferase
Thea sinensis L. Epigallocatechin gallate (EGG) Catechin gB and gD glycoproteins
Thea sinensis Palmitoyl-EGCG (p-EGCG) Catechin gB and gD glycoproteins
Limonium sinense L. Samarangenin B (Sam B) Catechin ICP0 and ICP4 genes and viral DNA polymerase
Rheum tanguticum Emodin Anthraquinone Alkaline nuclease inhibitor (UL12 alkaline nuclease)

CBP, CREB-binding protein; HSV, herpes simplex virus; MAPK, mitogen-activated protein kinases.
This table summarises the targets of antiherpetic plant-derived compounds that have been highlighted in section 2.
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effect against HSV-1, whereas at the concentration of
0.06%, it showed total inhibition of viral replication. Its
mechanism of action related to inhibition of glycosylation
of viral polypeptides.[53] Monoterpene compounds such
as thymol, gamma-terpinene, 1,8-cineole, alpha-pinene,
p-cymene, alpha-terpinene, citral, terpinen-4-ol and alpha-
terpineol were purified from extracts of tea tree, thyme and
eucalyptus. These compounds have demonstrated in-vitro
antiviral activity against HSV-1 by inhibition of virus
greater than 80%.[54] From Tripterygium wilfordii, 13
sesquiterpenes, which have been tested in vitro against
HSV-1, were isolated. Only Triptofordin C-2 inhibited viral
protein synthesis of infected cells when added at early steps
of HSV-1 replication and demonstrated inhibition of trans-
lation of the transcripts of the immediate early (IE) genes
with selectivity index (>10).[55] Putranjivain A, a diterpene
isolated using the acetone–aqueous extraction from all parts
of Euphorbia jolkini, demonstrated antiviral effect against
HSV-2 in Vero cells with an IC50 value of 6.3 μm. At a con-
centration of 25 μm, the late phase of viral replication was
influenced. Moreover, a virucidal effect was reported at con-
centrations higher than 50 μm, whereas toxicity was seen at
a concentration of up to 80 μm.[56] From the plant Rhus
javanica two triterpenes compounds with antiherpetic
activity, namely moronic acid and betulonic acid, were
extracted. Both compounds showed in-vitro potent inhibi-
tory effect on HSV-1 with EC50 values of 3.9 and 2.6 μg/ml,
respectively, whereas moronic acid in vivo demon-
strated oral therapeutic efficacy in HSV-infected mice.[57]

28-Deacetylsendanin (28-DAS) was extracted from Melia
azedarach and inhibited the replication of HSV-1 in Vero
cells and thus reduced the synthesis of HSV-1 TK with
an IC50 value of 1.46 μg/ml.[58] Tetranortriterpenoid
1-cinnamoyl-3,11-dihydroxymeliacarpin was obtained from
Melia azedarach and has displayed in-vitro antiherpetic
activity by impeding nuclear factor κB activation in HSV-1
infected conjunctival cells.[59] Notoginsenoside ST-4i, a
saponin isolated from the Chinese herb Panax notoginseng,
demonstrated in-vitro remarkable inhibitory activities
against HSV-1 and HSV-2 with EC50 values of 16.4 and
19.44 μm, respectively.[60] Chikusetsusaponin Iva was iso-
lated from Alternanthera philoxeroides (Mart.). This com-
pound induced inhibitory effect in vitro on HSV-1 and
HSV-2 with SIs CC50/IC50 values of 29 and 30, respec-
tively, whereas exerted anti-HSV-2 activity in vivo in a
mouse model. The anti-HSV-2 activity of this compound
was found to be related to direct inactivation of virus parti-
cles and to the inhibition of release of progeny viruses from
infected cells.[114] The inhibitory activity of glycyrrhizin
(GR) was examined on infected mice with HSV-1, and the
results indicated that GR eliminated the increased suscep-
tibility of thermally injured mice to HSV infectivity during
the induction of CD4+ contrasuppressor T cells.[61]

Phenolic compounds

Phenolic compounds are plant secondary metabolites that
are produced in response to microbial infections. They are
abundant in many plants and have a broad spectrum of
antiviral and antioxidant effects.[62]

Plant-derived phenolic compounds

Caffeic acid is a phenolic compound isolated from Plantago
major, which is present in a wide range of plants. Chiang
et al. examined in vitro the inhibitory effect of the aqueous
extract of Plantago major and its bioactive lead compounds
on HSV and adenovirus. The aqueous extract showed
weak antiviral activity, whereas caffeic acid demonstrated
remarkable inhibitory activity against HSV-1 and adenovi-
rus type-3 with an EC50 values of 15.3 and 87.3 μg/ml,
respectively.[63] Structure–activity relationships have
revealed that reducing the number of hydroxyl groups
reduces activity against HSV-1.[64] Curcumin is a phenolic
compound, isolated from the curry spice turmeric and has
been shown to inhibit viral gene expression. In addition, it
has been proven that curcumin suppressed the histone
acetyltransferase activity of the transcriptional coactivator
proteins p300 and CREB-binding protein (CBP), which are
recruited to the IE gene promoters of HSV-1 by the viral
transactivator protein VP16.[65] Zandi et al. have reported
that curcumin and its new derivatives, namely gallium-
curcumin and Cu-curcumin, have shown an in-vitro inhibi-
tory effect on HSV-1 replication in cell culture with IC50
values of 33.0, 13.9 and 23.1 μg/ml, respectively.[66] From
the ethanolic extract of the Ficus benjamina leaves, three
flavonoids (quercetin 3-O-rutinoside, kaempferol 3-O-
rutinoside and kaempferol 3-O-robinobioside) were puri-
fied with potent inhibitory activity against HSV infection.
These compounds have exhibited SIs 266, 100 and 666,
respectively, whereas kaempferol 3-O-robinobioside dem-
onstrated a comparable SI to acyclovir.[67] From the hop
extract, Humulus lupulus was isolated the prenylated
chalcone xanthohumol with inhibitory activity against
HSV and therapeutic index for HSV-1(>1.9) and HSV-
2(>5.3). The study confirmed that xanthohumol is more
effective than iso-xanthohumol.[68] 3,5,7-Trihydroxyflavone
(galangin) was isolated from the North African herb
Helichrysum aureonitens. At concentrations 12–47 μg/ml,
the inhibitory effect on HSV-1 and coxsackie B virus type 1
was demonstrated.[69]

5,7-Dimethoxyflavanone-4′-O-[2″-O-(5′″-O-trans-cinn-
amoyl)-beta-D-apiofuranosyl]-beta-D glucopyranoside was
purified from the ethyl acetate extract of the leaves and
stems of Viscum album and shown to have potent activity
against HSV-1 in Vero cells at concentrations ranging
from 0.16 to 0.2 μg/ml.[70] Gemin D (3-O-galloyl-4,6-(S)-
hexahydroxydiphenoyl-d-glucose) was obtained from

Sherif T. S. Hassan et al. Antiherpetic drugs

© 2015 Royal Pharmaceutical Society, Journal of Pharmacy and Pharmacology, 67, pp. 1325–1336 1329



Euphorbia thymifolia Linnea and demonstrated in-vitro
potent antiviral activity against HSV, where 0.5 μg/ml has
led to inactivate the viral infection; the galloyl groups were
determined to be crucial for activity.[71] From the acetone
extract of traditional Chinese medicinal plant Phyllanthus
urinaria L., 1, 3, 4, 6-tetra-o-galloyl-β-D-glucose and
Geraniin were isolated. Both compounds inhibit in-vitro
HSV-1 and HSV-2 multiplication with IC50 values of 14.8
and 19.2 μm, respectively.[72] Casuarinin, a hydrolyzable
tannin, was isolated from Terminalia arjuna Linn. This sub-
stance has been investigated for its anti-HSV-2 activity in
vitro. The results showed that casuarinin prevents adhesion
and penetration of the virus into the cell and disrupts the
late phase of replication. The inhibitory and cytotoxic con-
centrations against HSV-2 were 1.5 and 89 μm, respectively.
Furthermore, casuarinin was virucidal at a concentration of
25 μm.[73] Epigallocatechin gallate (EGG) is the main
catechin in Thea sinensis L. This potent antioxidant sub-
stance revealed an ability to inactivate HSV virions by
binding to gB, gD or another envelope glycoproteins.
However, modified EGCG, palmitoyl-EGCG has been
evaluated for its effect on HSV-infected Vero cells and
showed more potent inhibitory activity than EGG against
HSV-infected Vero cells at a concentration of 50 μm.[74]

Samarangenin B (Sam B) was isolated from the root of
Limonium sinense and exhibited significant inhibition of
HSV-1 replication in Vero cells without cytotoxicity, and
reduced the amount of DNA polymerase. The mechanisms
of antiviral action of Sam B were found to be mediated by
inhibiting HSV-1 α gene expression, including expression of
the ICP0 and ICP4 genes, by blocking β transcripts such as
DNA polymerase mRNA, and by arresting HSV-1 DNA syn-
thesis and structural protein expression in Vero cells.[75] The
catechin containing fractions of the aqueous extract of
Cocos nucifera L. showed in Vero cells antiviral activity
against acyclovir-resistant HSV-1 (HSV-1-ACVr) with
virucidal index (VI = 3.25).[76] Emodin (3-methyl-1,6,8-
trihydroxyanthraquinone) was isolated from Chinese
rhubarb Rheum tanguticum and examined for its antiviral
properties against HSV infection in vitro and in vivo.
Emodin was found to inhibit the replication of HSV-1 and
HSV-2 in cell culture at the concentration of 50 μg/ml with
an antiviral index of 2.07 and 3.53, respectively. Moreover,
the emodin treatment increased the survival rate of HSV-
infected mice. Interestingly, the inhibitory activity of
emodin was found to be equivalent to that of acyclovir in
vivo.[77] Another study has investigated that emodin inhib-
ited the nuclease activity of HSV-1 UL12 alkaline nuclease
in a biochemical assay, thus emodin reduced the plaque for-
mation with an EC50 value of 21.5 μm.[78] The glycerin
extract of Aloe barbadensis contains a large quantity of
anthraquinones, particularly aloe emodin, and showed anti-
viral activity against HSV-2 before attachment and entry of

virus to the Vero cells and during the replication phase with
an IC50 value of 42 μg/ml.[79]

Alkaloids

Alkaloids have potent antimicrobial activity, including anti-
viral properties against HSV infections.[80]

Plant-derived alkaloids

Zhang et al. have recently isolated a novel alkaloid, 17-nor-
excelsinidine from the twigs and leaves of Alstonia scholaris.
Notably, this substance demonstrated in vitro significant
inhibitory activity against HSV and adenovirus with EC50
values of 1.09 and 0.94 μg/ml and CC50 values of 6.97 and
3.32 μg/ml, respectively.[81] Berberine is an alkaloid
extracted from Chinese herbal plant Coptidis rhizome and
demonstrated in-vitro antiherpetic activity with IC50
values for HSV-1 and HSV-2 24.4 and 26.8 μm, respectively.
Moreover, its mechanism of action is due to the prevention
of penetration of virus into the cell.[82] Another alkaloid
FK-3000 was obtained from the methanolic extract of
Stephania cepharantha and showed in-vivo anti-HSV-1
activity. Its administration in mice effectively reduced skin
lesions and prolonged the period of survival time, but the
therapeutic index was significantly low. However, it is pos-
sible to use this substance for treatment of herpetic kerati-
tis.[83] Capsaicin, and its cis isomer (Civamide) from of the
genus Capsicum, exhibited in-vitro anti-HSV type 1 and 2
activity, whereas Capsaicin reduced recurrent infection of
HSV-2 in guinea pigs.[84,85] Ren et al. have reported that a
crude total alkaloid extract from the root of the Chinese
herb Tripterygium hypoglaucum showed in-vitro antiviral
activity against HSV-1 infection with an IC50 value of
6.5 μg/ml and low cytotoxicity CC50 = 46.6 μg/ml.[86]

Marine-derived alkaloids

Souza et al. have isolated the alkaloid 4-methylaaptamine
from a marine sponge Aaptos aaptos, which inhibits HSV-1
replication in Vero cells with an EC50 value of 2.4 μm. The
anti-HSV-1 activity of this compound was found to be
related to its ability to impair HSV-1 penetration and
immediate-early protein (ICP27) synthesis.[87] Manzamine
A, an alkaloid, was isolated from the marine sponges
Haliclona sp.[88] and Pachypellina sp.[115] This compound
showed in-vitro anti-HSV activity. However, another study
reported by Palem et al. indicated that Manzamine A
showed potent inhibition of viral replication of HSV-1 and
infection in the cell line SIRC at 1 μm, 50× more potent
than acyclovir.[89]

Other compounds derived from plant origin

Several compounds that naturally occur in plants were
found to be valuable agents for enhancing the treatment of
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HSV infections such as ascorbic acid, vitamin E, zinc and
lithium. Ascorbic acid (vitamin C) was found to enhance
treatment course of HSV infections.[90] Moreover, vitamin C
in a clinical test was applied to patients infected with herpes
labialis. The results have revealed that a dose of 200 mg of
ascorbic acid mixed with 200 mg of water-soluble
flavonoids three times daily for 3 days has led to effective
treatment during prodromal phase.[91] Several studies have
also examined the inhibitory effect of Zinc ions on HSV
type 1 and 2 in vitro and in vivo. In an in-vitro activity, a
complete inhibition of viral DNA polymerase was observed
at a concentration of 0.1 mm, whereas in-vivo activity at a
concentration of 0.1 mm expressed reduction of severity of
HSV-2 infection in mice.[92–96] Topical administration of
Vitamin E in humans infected with HSV-1 from 15 min to
8 h has led to active treatment of oral herpetic lesion.[97] It
has been found that topical administration of lithium
inhibited the replication of HSV type 1 and 2, whereas an
ointment that contains 8% lithium succinate applied topi-
cally to patients infected with HSV-2 for four times daily for
3 days eliminated the median duration of pain.[98–100]

Extracts with potential
anti-HSV activities

Crude extracts obtained from plants by various extraction
methods have shown wide spectrum of antiviral activity,
including anti-HSV activity.[101] Numerous studies reported
the anti-HSV activity of propolis, the resin collected by bees
from plants. For instance, the inhibitory effect of aqueous
extract of propolis exerted 50% inhibition of HSV-1 in Vero
cells and 80–85% inhibition of corneal HSV-1 infection in
rabbits.[102] Another report showed that Brazilian hydro-
alcoholic propolis extract is a useful agent for the treatment
of vaginal lesions caused by HSV-2.[103] Schnitzler et al. have
suggested that the inhibitory effect of propolis is due to its
constituents including polyphenols, flavonoids and
phenylcarboxylic acids.[101] To date, numerous studies have
reported the potential use of crude extracts derived from
various plant species as antiherpetic agents. This review will
not cover all data from studies reported in the literature but
will present some of the most currently promising, which
are summarised in Table 3.

Conclusion

Infection with herpesviruses, particularly HSV-2, has been
recorded as a potential risk factor for HIV infection in
humans. To date, no prophylactic HSV vaccine has been
found to be effective and entirely eradicate HSV infections.
This is due to the establishment of viral latency and reacti-
vation that occurs in the presence of humoral and cell-
mediated immunity. In this review, we have reviewed and
summarised the findings of the past decade regarding

natural products with promising antiviral activity against
HSV infections; these are in-vitro and in-vivo studies with
various mechanisms of action based on several assay
systems or screening methods. Natural products target
multiple stages of the virus life cycle, including latent infec-
tions, which may be more difficult to bypass through viral
resistance, while nucleoside analogues inhibit HSV-DNA
replication enzymes used for lytic infection, and which are
implicate to viral resistance. The structure–activity relation-
ships showed that galloyl groups increase the antiherpetic
activity of phenolic compounds, while reducing the number
of hydroxyl groups decreases the activity. In addition, the
structure–activity relationships of terpenes, alkaloids, pro-
teins, peptides and polysaccharides are still poorly under-
stood; therefore, further studies are greatly needed. Despite
relatively few of isolated anti-HSV compounds from natural
sources advance to become clinically 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, natural products will open
new options for the development of new antiherpetic agents
and will play an essential role in pharmaceutical industry.

Future Prospects

Since the problem of drug-resistant strains has become a
global concern, it was necessary to develop new strategies to
eradicate HSV infections in humans. Large numbers of
natural products, including pure compounds, fractions and
crude extracts isolated from plants, animals, marine organ-
isms and microorganism, have been tested for their antiviral
effects on HSV. Thus, there is a need to examine the combi-
nation of these potential anti-HSV agents with nucleoside
analogues to promote the maximum therapy of the disease.
It is known that antiherpetic drugs do not cure the disease,
while modifying the clinical course of the infection by
inhibiting viral replication and subsequent epithelial
damage. Therefore, in recent years, a new approach has
been under focus of interest for searching for comprehen-
sive management of HSV infections based on prevention of
transmission, suppression of recurrence, viral shedding and
complications, modification of clinical, and promotion of
treatment course.
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Table 3 Plant extracts with promising anti-HSV properties

Species Family
Solvents used
for extraction IC50a HSV-1 IC50 HSV-2 Reference

Aglaia odorata Meliaceae Water 9.5 μg/ml [104]

Anacardium occidentale Anacardiaceae Water 1 mg/ml [105]

Aloe vera Xanthorrhoeaceae Glycerine A: 428 μg/ml
B: 536 μg/ml

[79]

Annona muricata Annonaceae Ethanol 1 mg/ml [105]

Baccharis genistelloides Asteraceae Water 25 μg/ml [106]

Bergenia ligulata Saxifragaceae Methanol 10 μg/ml [106]

Byrsonima verbascifolia Malpighiaceae Methanol 2.5 μg/ml [106]

Carissa carandas Apocynaceae Methanol 12 μg/ml [107]

Centella asiatica Apiaceae Water 362 μg/ml 299 μg/ml [104]

Cerbera odollam Apocynaceae Water 0.4 μg/ml [104]

Combretum adenogonium Combretaceae n-Hexan 2 μg/ml 4 μg/ml [104]

Echinacea pallida var. Sanguinea Asteraceae n-Hexan 26 μg/ml [104]

Echinacea purpurea Asteraceae n-Hexan 120 μg/ml [107]

Erica multiflora Ericaceae Methanol 132 μg/ml [107]

Euclea schimperi Ebenaceae Methanol 67.5 μg/ml [106]

Eugenia malaccensis Myrtaceae Water 125 μg/ml [108]

Ficus Benjamina Moraceae Ethanol 0.5 μg/ml 1.7 μg/ml [109]

Geranium sanguineum Geraniaceae Water 3.6 μg/ml 6.1 μg/ml [108]

Helichrysum aureonitens Asteraceae Water 1.35 mg/ml [108]

Helichrysum litoreum Guss. Asteraceae Water 1.35 mg/ml [110]

Hemidesmus indicus Apocynaceae 200 μg/ml 100 μg/ml [110]

Hyssopus officinalis Lamiaceae Methanol 25 μg/ml [110]

Inula confertiflora Asteraceae Methanol 96.8 μg/ml [106]

Ipomoea involucrata Convolvulaceae Ethanol 250 μg/ml [110]

Licania tomentosa Chrysobalanaceae Glycerine 9 μg/ml [110]

Lilium candidum Liliaceae Ethanol 8 μg/ml 20 μg/ml [111]

Maclura cochinchinensis Euphorbiaceae Ethyl acetate 20.19 μg/ml 68.32 μg/ml [104]

Magnifera indica L. Anacardiaceae Water 23.9 μg/ml 31.8 μg/ml [104]

Melaleuca leucadendron Myrtaceae Methanol 100 μg/ml [111]

Moringa oleifera Moringaceae Ethanol 100 μg/ml [111]

Nephelium lappaceum Sapindaceae Methanol 100 μg/ml [111]

Nerium indicum Apocynaceae Methanol 10 μg/ml [111]

Paederia foetida Rubiaceae Water 400 μg/ml 200 μg/ml [111]

Pangamia pinnata Linn. Papillionaceae Water 1 mg/ml 20 mg/ml [111]

Petunia nictagnifolia Solanaceae Water 1 mg/ml [112]

Phyllanthus orbicularis Euphorbiaceae Water 1 mg/ml [112]

Pipturus albidus Urticaceae Water 250 μg/ml [112]

Polygonum punctatum Polagonaceae Water 39 μg/ml [112]

Pongamia pinnata Fabaceae Water 1 mg/ml 20 mg/ml [112]

Prunella vulgarit Lamiaceae 20.6 μg/ml 20 μg/ml [112]

Psychotria hawaiiensis Rubiaceae Methanol 125 μg/ml [112]

Satureja boliviana Lamiaceae Water 10 μg/ml [112]

Scaevolta sericea Goodeniacea Acetonitrile 125 μg/ml [112]

Sebastiana klotzschiacea Euphorbiaceae Water 169 μg/ml [109]

Shorea robota Dipterocarpaceae Water 10 μg/ml 10 μg/ml [107]

Sterculia setigera Malvaceae Water 1.5 mg/ml [113]

Ventilago dentientale Rhamnaceae Ethanol 46 μg/ml [113]

HSV, herpes simplex virus; IC50, half maximal inhibitory concentration.
a50% inhibitory concentration, A: inhibition value before attachment and entry of virus to the cells, B: inhibition value in post-attachment stage of
viral replication.
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Souhrn

Vzhledem k tomu, Ïe problém bakteriální rezistence se
stal váÏn˘m celosvûtov˘m problémem, bylo nutné hledat
nové úãinné látky, které mohou pfiekonat tento problém
a zlep‰it léãebnou úãinnost bakteriálních infekcí. MnoÏ-
ství silic rostlinného pÛvodu prokázala v˘razné antibak-
teriální úãinky. Cílem tohoto ãlánku bylo shrnout silice,
které vykazovaly pozoruhodné antibakteriální úãinky
proti rÛzn˘m bakteriálním infekcím vãetnû stafylokoko-
v˘ch infekcí, Helicobacter pylori infekce, koÏní infekce,
tuberkulózy a zubní bakteriální infekce. Byl diskutován
synergick˘ efekt silic v kombinaci s antibiotiky, jakoÏ
i jejich role v léãbû bakteriálních infekcí. Silice mohou
b˘t pouÏity jako modely pro dal‰í studie in vivo
a u klinick˘ch studií.
Klíãová slova: antibakteriální látky • silice • rostliny •
bakteriální rezistence • bakteriální infekce • synergismus

Summary

Since the problem of bacterial resistance has become
a serious problem worldwide, it was necessary to search
for new active substances that can overcome the problem
and enhance the treatment efficacy of bacterial
infections. Numerous plant-derived essential oils

exhibited significant antibacterial activities. This review
aimed to summarize the most promising essential oils
that exhibited remarkable antibacterial activities against
various bacterial infections, including staphylococcal
infections, Helicobacter pylori infections, skin
infections, tuberculosis infection and dental bacterial
infection. The synergy effect of essential oils in
combination with antibiotics, as well as their role in the
treatment of bacterial infections have been discussed.
Essential oils can be used as models for further studies in
vivo and clinical trials.
Keywords: antibacterial substances • essential oils •
plants • bacterial resistance • bacterial infections •
synergism

Úvod

Léãivé rostliny mají jiÏ po staletí velmi dÛleÏitou roli
v léãbû rÛzn˘ch onemocnûní, vãetnû infekãních chorob.
Spousta slouãenin pocházejících z pfiírodních zdrojÛ má
v dne‰ní medicínû nezastupitelnou roli a v terapii se vyu-
Ïívají samostatnû, v kombinaci anebo slouÏí jako pfiedlo-
ha pro chemickou syntézu léãiv. Velké mnoÏství chemic-
k˘ch léãiv má svÛj pÛvod právû v pfiírodních látkách.
Stále probíhající studie hledají, identifikují a testují dal‰í
potencionálnû vyuÏitelné slouãeniny pocházející
z rostlinn˘ch zdrojÛ.

V dne‰ní dobû, kdy dochází k rozsáhlému a nûkdy
i zbyteãnému naduÏívání antibakteriálních látek, kdy se
stále sniÏuje citlivost mikroorganismÛ k dostupn˘m pre-
parátÛm a kdy rezistence bakterií narÛstá kaÏd˘m dnem,
je nezbytné zab˘vat se studiem nov˘ch molekul
s potenciální antibakteriální aktivitou. Nûkteré studie se
zab˘vají chemickou obmûnou jiÏ existujících úãinn˘ch
molekul, ke kter˘m se v‰ak bakterie stávají v krátké dobû
ménû citlivé1).

Vzhledem k primitivnímu a velmi krátkému Ïivotní-
mu cyklu jsou mikroorganismy velmi adaptabilní vÛãi
okolním podmínkám a nové generace, které vznikají
v fiádu minut, si nesou genetickou informaci s rezistencí
a s jin˘mi v˘hodami oproti star‰ím generacím. Dalo by
se fiíci, Ïe bakterie mají a vÏdy budou mít náskok pfied
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námi a na‰í léãbou, proto je dÛleÏité neustále hledat nové
slouãeniny s antibakteriální aktivitou2).

Pfiehled si klade za cíl vyhledávat dosavadní poznatky
a studie o antibakteriálnû pÛsobících silicích v pÛ vod -
ních vûdeck˘ch publikacích, a vytvofiit tak aktuální
seznam látek, které by mohly slouÏit jako nadûjné mole-
kuly pro dal‰í studium potenciálních antibakteriálních
léãiv. Publikaãní podklady byly vyhledány v databázích
PubMed a Web of Knowledge pod klíãov˘mi slovy: bac-
terial resistance, essential oils, bacterial infections, anti-
bacterial agents, plants.

Silice

Silice jsou sekundární metabolity rostlin. Jedná se
o strukturnû velmi heterogenní slouãeniny. Mohou to b˘t
látky se siln˘m aroma i látky bez vÛnû. V pfieváÏné vût-
‰inû jde o látky lipofilní, prakticky nerozpustné ve vodû.
Vût‰inou jsou kapalné, bezbarvé, skladováním velmi leh-
ce oxidují a tmavnou. Mívají men‰í hustotu neÏ voda,
ãehoÏ se vyuÏívá pfii jejich extrakci. Silice mají velmi
‰iroké spektrum biologick˘ch vlastností, jako jsou úãin-
ky protizánûtlivé, zklidÀující, antinociceptivní, antioxi-
daãní, psychotropní, expektoraãní. Vzhledem ke své
multifunkãnosti mají nezastupitelnou roli v medicínû
a aromaterapii3). 

Mechanismus antibakteriálního úãinku silic
Mechanismus úãinku silic proti patogenním bakteriím

je pomûrnû sloÏit˘ proces, kter˘ není zcela vysvûtlen
a objasnûn. Je zfiejmé, Ïe antibakteriální úãinky silic úzce
souvisejí s hydrofilními a lipofilními vlastnostmi dan˘ch
komponent. Terpeny, které vykazují lipofilní charakter,
pÛsobí inhibiãnû na enzymy katalyzující vznik bakteriál-
ních membrán.

Nûkteré sloÏky silic pÛsobí jako „vypínaã“, interferují
s translokací protonÛ pfies membránové váãky a blokují
fosforylaci adenosin-difosfátu, ãímÏ naru‰ují primární
energetick˘ metabolismus bakteriální buÀky. Silice –
obsahující jako funkãní skupinu fenolick˘ alkohol nebo
aldehyd – naru‰ují membránu mikroorganismÛ. Nûkteré
slouãeniny zasahují do enzymatick˘ch pochodÛ bunûk
potlaãením enzymatické aktivity nebo zastavením pro-
dukce potfiebn˘ch enzymÛ, ãímÏ zpÛsobí smrt citlivé
buÀky.

Silice dále inhibují syntézu DNA, RNA, proteinÛ
a polysacharidÛ v bunûãné stûnû bakterií. Nûkteré slou-
ãeniny pfiírodního charakteru mají i více mechanismÛ
úãinku najednou a kombinací rÛzn˘ch silic dochází
k synergismu a zesílení antibakteriální aktivity4).

Bakteriální buÀky mÛÏeme obecnû rozdûlit dle struk-
tury bunûãné stûny pomocí Gramova barvení do dvou
velk˘ch skupin, a to na gram-pozitivní, které se barví
do tmavû fialova a na gram-negativní, které se pomocí
Gramova barvení zbarvují za pouÏití safraninu do ãer-
vena5).

Dal‰í dostupné studie uvádûjí vût‰í antibakteriální
efekt silice ke gram-pozitivním bakteriím neÏ ke gram-
negativním. Vnûj‰í bunûãná membrána gram-negativ-
ních bakterií má schopnost získat hydrofilní charakter,
kter˘ brání kontaktu povrchu bakteriální buÀky
s hydrofobní sloÏkou silic. Rozdílnû reagují gram-pozi-

tivní bakterie, kde bunûãná membrána vykazuje lipofilní
vlastnosti. Silice mohou s povrchem takové bakterie
snadno interagovat a tato interakce vede k poru‰ení bak-
teriální membrány, zmûnû iontové propustnosti, k l˘ze
a smrti patogenní buÀky6).

Gram-pozitivní bakterie mají v bunûãné stûnû silnou
vrstvu peptidoglykanu, která je protkaná kyselinou lipo-
teichoovou, bunûãná stûna gram-negativních bakterií
obsahuje jen málo peptidoglykanu bez kyseliny lipotei-
choové, ale velmi silnou vrstvu lipoproteinÛ a poly -
sacharidÛ, která znesnadÀuje prÛnik silic do buÀky. Anti-
bakteriální pÛsobení silic tedy závisí na druhu
patogenního mikroorganismu a na jeho bakteriální stû-
nû7).

Silice s antibakteriální aktivitou k multirezistentním
bakteriím

Rostoucí rezistence mikroorganismÛ k bûÏnû dostup-
n˘m antibakteriálním látkám pfiedstavuje v˘zvu pro vûd-
ce celého svûta najít alternativní zpÛsoby léãby infekcí
zpÛsoben˘ch odoln˘mi bakteriemi. Mezi nejãastûji tes-
tované bakterie patfií hlavnû methicilin rezistentní Stap-
hylococcus aures (MRSA), kter˘ mÛÏe zpÛsobovat
závaÏná onemocnûní, jako jsou pneumonie, sepse, endo-
karditida nebo meningitida zejména u hospitalizovan˘ch
pacientÛ. Tabulka 1 uvádí nûkteré silice, u kter˘ch byla
objevena aktivita proti tomuto mikroorganismu. Mezi
dal‰í nebezpeãné bakterie patfií Enterobacter aerogenes,
Escherichia coli a Pseudomonas aeruginosa. Citlivost
tûchto patogenÛ se znaãnû zvy‰uje pfii pouÏití kombina-
ce bûÏnû uÏívan˘ch lékÛ jako beta-laktamová antibioti-
ka, chloramfenikol a chinolony s geraniolem8).

Silice z Melaleuca alternifolia (Myrtaceae) obsahuje
kromû jin˘ch sloÏek antibakteriálnû aktivní terpinen-4-
-ol, kter˘ vykazuje aktivitu proti MRSA, a mohl by tak
pfiedstavovat zajímavou alternativu léãby koÏních infek-
cí zpÛsoben˘ch touto bakterií. Tato látka v‰ak musí b˘t
podávána jen ve vy‰‰ích koncentracích, které jsou schop-
ny vyvolat siln˘ bakteriostatick˘ nebo baktericidní efekt,
protoÏe pouÏití koncentrací, které jsou pfiíli‰ nízké
k po‰kození bakteriální buÀky, vede ke vzniku odolnosti
vÛãi této silici a v˘sledn˘ antimikrobiální efekt se sniÏu-
je. Tato silice je dle studií velmi dobfie sná‰ena, av‰ak
chybí informace o její systémové farmakokinetice
a farmakodynamice u lidí9).

Silice s antibakteriální aktivitou k bakteriím
zpÛsobujícím koÏní infekce

Mezi mikroorganismy, které nejãastûji zpÛsobují rÛz-
né koÏní infekce, patfií hlavnû Propionibacterium acnes,
Propionibacterium granulosum a Stapylococcus epider-
midis. Mezi silice pÛsobící proti tûmto bakteriím patfií
hlavnû linalool, �α-terpineol, limonen15).

Djabou et al. v roce 2013 publikovali studii zab˘vají-
cí se sloÏením silice pûti druhÛ rodu Teucrium
(T. marum, T. massiliense, T. chamaedrys, T. scorodonia
a T. flavum). Zajímavé je, jak je sloÏení silice diametrál-
nû rozdílné v pfiípadû jednoho rostlinného rodu. Slabou
antibakteriální aktivitu ke koÏním patogenÛm vykazují
v‰echny zkoumané druhy rodu Teucrium, nejsilnûji v‰ak
pÛsobí Teucrium massiliense20). Pfiehled vybran˘ch rost-
lin a silic uvádí tabulka 2.
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Tab. 1. Silice s antibakteriální aktivitou k MRSA

âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Asteraceae

Tanacetum chiliophyllum Kafr (32,5) 500,0 MRSA

Chamazulen (9,2)

1,8-Cineol (1,6) 10)

Myrtaceae

Cleistocalyx operculatus γ�-Terpinen (5,8) 4,0 MRSA

Globulol (5,6)

cis-Linalool oxid (5,2) 11)

Myrtaceae

Eucalyptus globulus 1,8-Cineol (47,2) 85,6 MRSA 12)

Melaleuca alternifolia Terpinen-4-ol (4,3) 1,5–3,0 MRSA 13)

Lamiaceae

Lavandula stoechas � α-Fenchon (39,2) 31,2 MRSA

myrtenyl acetát (9,5)

α�-Pinen (6,1) 14)

Salvia rosifolia � α-Pinen (49,0) 125,0 MRSA 15)

Kafr (60,8) 

Thymus vulgaris Tymol (48,1) 18,5 MRSA 12)

Zataria multiflora Tymol (38,7) 0,3–1,0 MRSA 16)

p-Cymen (10,2)

Lavandula angustifolia Linalyl acetát (37,0) * MRSA 14)

Linalool (29,5)

Lavandula latifolia 1,8-cineol (28,5) * MRSA 14)

Linalool (38,8)

Lauraceae

Cinnamomum ospholeum Cinnamaldehyde (76,0) 250,0 MRSA

Neral (12,82)

1,8-Cineol (11,3) 17)

Meliaceae

Toona sinensis Caryophylen (13,2) 2000,0 MRSA

� β-Caryophylen (10,2) 18)

Rutaceae

Zanthoxylum tingoassuiba α�-Bisabolol* * MRSA 15)

Citrus hystrix Citronelal (80,0) 2200,0** MRSA 19)

Silice s antibakteriální aktivitou k Helicobacter pylori
Helicobacter pylori je gram-negativní bakterie koloni-

zující Ïaludek mnoha lidí. Na jedné stranû mÛÏe tato
kolonizace probíhat bez pfiíznakÛ, ale na stranû druhé
mÛÏe zpÛsobit velmi nepfiíjemné zdravotní problémy
jako Ïaludeãní vfiedy a gastritidu37).

Tyto komplikace jsou bûÏnû léãeny inhibitory proto-
nové pumpy v kombinaci s antibiotiky. Mezi inhibitory
protonové pumpy pouÏívané v souãasné dobû v âeské
republice patfií omeprazol, lansoprazol, pantoprazol
a esomeprazol a mezi antibiotika pouÏívaná k eradikaci
se pouÏívají kombinace amoxicilinu a klaritromycinu,
pfiípadnû nitroimidazolÛ (metronidazol, ornidazol).

Ov‰em hlavnû u pacientÛ z vyspûl˘ch zemí souãasná léã-
ba selhává a celosvûtovû jsou hlá‰eny pfiípady, kdy je
Helicobacter pylori k této léãbû rezistentní38). V tabulce
3 jsou shrnuty nadûjné silice, které in vitro vykazují anti-
bakteriální aktivitu k této bakterii.

Silice s antibakteriální aktivitou k bakteriím
zpÛsobujícím zubní kaz

Kariogenní mikroorganismy v dutinû ústní pfii pfiebyt-
ku kariogenního substrátu, zejména nízkomolekulárních
sacharidÛ, produkují organické kyseliny, zejména laktát
a pyruvát. PÛsobí-li kyseliny dostateãnû dlouho na zubní
tkáÀ, dochází k demineralizaci. Na povrchu zubu se
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Tab. 2. Silice s antibakteriální aktivitou k bakteriím způsobujícím kožní infekce

âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Asteraceae

Schinus molle α�-Phellandren (25,9) 63,00 Stapylococcus epidermidis 21)

� β-Myrcen (11,1)

Limonen (11,7) 

Apiaceae

Mutellina purpurea Sabinen (8,6) 625,00 S. epidermidis

� β-Elemen (9,2)

� α-Bisabolol (5,5) 22)

Sphallerocarpus gracilit � α-Asaron (33,1) 640,00 S. epidermidis

� γ-Terpinen (25,6)

p-Cymen (17,4) 23)

Asteraceae

Tanacetum chiliophyllum Kafr (32,5) 250,00 S. epidermidis

Chamazulen (9,2)

1,8-Cineol (1,6) 10)

Asteraceae

Chrysanthemum trifurcatum Limonen (20,9) 62,50 S. epidermidis 24)

γ�-Terpinen (19,3)

1,8-Cineol (10,6)

β�-Pinen (8,8) 

Boraginaceae

Cordia curassavica 4-Methyl,4-ethenyl-3- 250,00 S. epidermidis 25)

(1-methyl ethenyl)-1-(1-

methyl methanol) 

Cyclohexan (37,3)

�β-Eudesmol (19,2) 

Juglandaceaea

Juglans regia α�-Pinen (15,1) 15,62 S. epidermidis

β�-Pinen (30,5)

(E)-Caryophylen (15,5) 26)

Rutaceae

Citrus matsudaidai Limonen (81,6) 0,31 Propionibacterium acnes

10,00 S. epidermidis 27)

Citrus obovoidea Limonen (83,4) 0,31 P. acnes

2,50 S. epidermidis 27)

Fortunella Japonka Limonen (61,6) * P. acnes

S. epidermidis 15)

Aracauriaceae

Araucaria cunninghamii �α-Pinen (16,2) 250,00 S. epidermidis

Beyeren (34,6) 28)

Araucaria heterophylla 13-Epi-Dolabradien (42,7) 250,00 S. epidermidis

Beyeren (22,2)

Rimuen (13,7) 28)

Lamiaceae

Salvia urmiensis Benzyl benzoát (60,3) 5,30 S. epidermidis

Linalool (2,2) 29)

Salvia bracteata Caryophylen oxid (16,6) 50,00 S. epidermidis

Caryophylen (4,1)

Pulegon (3,9) 30)
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âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Salvia rubifolia �γ-Muurolen (11,8) 50,00 S. epidermidis

� α-Pinen (7,1)

�γ-Cardinen (5,5) 30)

Ocimum basilice Methyl chavicol (16,3) 5,00 P. acnes

Citral (16,4)

Cinnamát (21,6) 31)

Thymus quinquecostatus p-Cymen-3-ol (50,4) * Propionibacterium granulosum

p-Cymen-2-ol (24,1) 0,50 P. acnes 15)

Teucrium massiliense 6-Methyl-3-heptyl 800,00 S. epidermidis

acetát (19,1)

3-Octanyl acetát (7,0)

Pulegon (6,9) 20)

Lauraceae

Cinnamomum ospholeum Cinnamaldehyde (76,0) 250,00 S. epidermidis

Neral (12,82)

1,8-Cineol (11,3) 17)

Pinaceae

Abies koreana Bornyl acetát (30,4) * P. acnes

Limonen (19,2) S. epidermidis 15)

Myrtaceae

Syzygium aromaticum Eugenol (63,6) 0,31 P. acnes

� β-Caryophylen (13,7) 32)

Myrtaceae

Leptospermum petersonii Citronelal (11,4) 2000,00 S. epidermidis

Citronelol (17,5) 1000,00 P. acnes

Neral (19,7)

Geranial (34,7) 33)

Leptospermum scoparium Eudesma-4(14)-11-dien (11,6) 4000,00 S. epidermidis

α�-Selinen (10,4) 1000,00 P. acnes

Methyl cinnamát (12,6) 33)

Kunzea ericoides � α-Pinen (37,6) 8000,00 S. epidermidis

p-Cymen (13,5) 4000,00 P. acnes 33)

Melaleuca linarrifolia 1,8-Cineol (77,4) 250,00 S. epidermidis

�α-Terpineol (7,7) 34)

Poaceae

Cymbopogon nardus Citral (16,4) 0,60 P. acnes

� β-Myrcen (11.1)

Geraniol* 31)

Schisandraceae

Schisandra chinensis Ylangen (50,1) 0,13 S. epidermidis

β�-Himachalen (10,8)

α�-Bergamoten (9,5) 35)

Zingiberaceae

Alpinia purpurata � β-Pinen (13,9) ‹10,00 S. epidermidis

Linalool (9,6)

� α-Terpineol (7,2) 36)
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Tab. 3. Silice s antibakteriální aktivitou k Helicobacter pylori

âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Lamiaceae

Satureja bachtiarica Tymol (27,9) 0,035 Helicobacter pylori 37)

Carvacrol (45,5)

p-Cymen (4,4)

Thymus caramanicus Carvacrol (68,9) 14,400 H. pylori 38)

Origanum minutiflorum Carvacrol (29,2) 46,000 H. pylori

o-Cymen (5,9) 39)

Sideritis italica Kaur-15-en (20,1) 25,100 H. pylori

�β-Cubeben (12,6) 40)

Anacardiaceae

Sclerocarya birrea Terpinen-4-ol (35,83) 0,060 H. pylori

Aromadendren (13,63) 41)

Myrtaceae

Plinia cerrocampanensis α�-Bisabolol (42,8) 62,500 H. pylori 15)

Eucalyptus grandis Alloocymen, �-Pinen* 1,560 H. pylori 42)

Myrtus communis α�-Pinen (57-60) 0,010–2,500 H. pylori 43)

1,8-Cineol (33) 

Apiaceae

Apium nodiflorum Limonen (27,7) 12,500 H. pylori

p-Cymen (23,1) 15)

Asteraceae

Dittrichia viscosa 3-methoxy cuminyl  * H. pylori

isobutyrát (40,0) 44)

Rutaceae

Citrus lemon Limonen (70,8) 25,000 H. pylori 45)

� β-Pinen (13,5) 

vytváfií zubní plak, kter˘ je sloÏen ze slin, bakteriálních
metabolick˘ch produktÛ, zbytkÛ potravy a bakterií. Mezi
bakterie tvofiící plak patfií Streptococcus mutans, Strepto-
coccus sobrinus, Streptococcus cricetus a Streptococcus
pyogenes. Schopnost syntetizovat extracelulární polysa-
charidy glukany za pfiítomnosti sacharózy pomocí gluko-
syltransferas umoÏÀuje velmi pevnou adhezi tûchto mik-
roorganismÛ na zubním povrchu a tvorbu plaku46).

Nûkteré silice mají schopnost inhibovat rÛst tûchto
mikroorganismÛ a pfiedcházet vzniku biofilmu. Nûkteré
silice mají dokonce vût‰í úãinnost neÏ chlorhexidin, kte-
r˘ se pouÏívá jako antimikrobiální látka pfii prevenci
zubního kazu. Konkrétnû se jedná o silice rostliny
Rosmarinus officinalis (Lamiaceae) a Mentha piperita
(Lamiaceae), kde je hlavní sloÏkou silice menthol
(47,5 %), kdy hodnota MBC (minimální baktericidní
koncentrace) byla pro Satureja mutans 4krát niÏ‰í neÏ
MIC (minimální inhibiãní koncentrace) chlorhexidinu
a pro Satureja pyogenes 2krát niÏ‰í neÏ hodnota MIC
chlorhexidinu15).

Nikoliç et al. provádûli studii pûti rostlin z ãeledi
Lamiaceae, kde byla porovnána MIC silic z rostlinn˘ch
drog (Mentha piperita, Mentha pulegium, Lavandula
angustifolia, Satureja montana a Salvia lavandulifolia)

s MIC Hexoralu (obsahující chlorhexidin) a MIC Strep-
tomycinu. Silice mûly mnohem men‰í hodnotu MIC neÏ
Hexoral, kde byla MIC 650,0 µg/ml pro Satureja pyoge-
nes a 1560,0 µg/ml pro Satureja mutans. Nejúãinnûj‰í
byla silice ze Satureja montana, kde hodnota MIC pro
Satureja mutans byla 60,0 µg/ml a pro Satureja pyogenes
166,7 µg/ml. Îádná z testovan˘ch silic ov‰em nedosáhla
niÏ‰í hodnoty MIC neÏ Erytromycin, kde se hodnota
MIC pro Satureja mutans rovnala 20,0 µg/ml, pro Satu-
reja pyogenes 40,0 µg/ml47).

V tabulce 4 jsou shrnuty silice, které se mohou podílet
na pfiedcházení vzniku zubních kazÛ.

Silice s antibakteriální aktivitou k Mycobacterium
tuberculosis

Mycobacterium tuberculosis je gram-pozitivní pato-
gen zodpovûdn˘ za vznik tuberkulózy. Tuberkulóza
(TBC) je jednou z nejsmrtelnûj‰ích infekãních onemoc-
nûní na svûtû. Mnohdy je brána jako nemoc minulosti,
protoÏe ve vyspûl˘ch zemích má incidence onemocnûní
klesající tendenci. Hlavním problémem se stávají rozvo-
jové zemû napfiíklad v Africe, kde je TBC vedle malárie
jednou ze tfií nejãastûj‰ích pfiíãin úmrtí HIV pozitivních
jedincÛ. KaÏd˘ rok onemocní touto nemocí 8 milionÛ
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Tab. 4. Silice s antibakteriální aktivitou k bakteriím způsobujícím zubní kaz

âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Lamiaceae

Hyptis pectinata � β-Caryophylen (28,3) 200,0 Streptococcus mutans

Caryophylen oxid (28,0) 15)

Mentha piperin Menthol (47,5) 603,3 S. mutans

Menthon (21,7) 630,0 S. pyogenes 47)

Mentha pulegium Pulegon (68,7) 630,0 S. mutans

Piperiton (14,7) 620,0 S. pyogenes 47)

Lavandula angustifolia Linalool (40,3) 1191,7 S. mutans

Borneol (13,1) 1208,3 S. pyogenes 47)

Satureja montana Tymol (44,6) 60,0 S. mutans

p-Cimen (13,4) 116,7 S. pyogenes 47)

Salvia lavandulifolia Kafr (29,1) 630,0 S. mutans

1,8-Cineol (20,3) 620,0 S. pyogenes 47)

Ocimum suave Methyl-eugenol (82,7) 190,0 S. mutans 48)

Asteraceae

Achillea ligustica Virdiflorol (14,5) 39,0 S. mutans

Terpinem-4-ol (13,0) 15)

Myrtaceae

Eucalyptus globulus 1,8-Cineol (71,1) 13,0 S. mutans

α�-Pinen (8,3) 49)

Eucalyptus urograndis 1,8-Cineol (36,2) 25,0 S. mutans

� α-Pinen (17,5) 49)

Myrtaceae

Melaleuca linarrifolia 1,8-Cineol (77,4) 250,0 S. mutans

� α-Terpineol (7,7) 34)

Eugenia calycina Spathulenol (21,4) ›400,0 S. mutans

Bicyclogermacren (19,3)

β�-Caryophylen (8,6) 50)

Ranunculaceae

Nigella sativa p-Cymen (49,48) 2130,0 S. mutans

α�-Thujen (18,93 4250,0 S. oralis 51)

Phyllanthaceae

Phyllanthus muellerianus Isoelemicin (36,4) 126,0 S. mutans

Caryophylen oxid (22,5) 108,0 S. pyogenes 52)

Verbenaceae

Lippia origanoides Carvacrol (38,6) * S. mutans 53)

Tymol (18,5) 

Araucariaceae

Araucaria cunninghamii �α-Pinen (16,2) 250,0 S. mutans

Beyeren (34,6) 28)

Araucaria heterophylla 13-Epi-Dolabradien (42,7) 500,0 S. mutans

Beyeren (22,2)

Rimuen (13,7) 28)
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pacientÛ na celém svûtû a pfiibliÏnû 2–3 miliony pacien-
tÛ zemfie.

Zdrojem nákazy TBC je v dne‰ní dobû ve vût‰inû pfií-
padÛ infikovan˘ jedinec vyluãující patogenní mykobak-
terie. Branou vstupu infekce je vût‰inou d˘chací ústrojí,
velmi vzácnû trávicí trakt nebo poranûná kÛÏe. U velké
ãásti infikovan˘ch osob se onemocnûní nemusí projevit
a dotyãn˘ je pfiena‰eãem. AÏ kdyÏ se oslabí imunitní
systém, napfiíklad pfii HIV nebo ve stáfií, dostaví se kli-
nické pfiíznaky onemocnûní.

Nemoc nejãastûji postihuje plíce, ale mÛÏe postihnout
i jiné ãásti tûla, napfiíklad kosti, moãové ústrojí a nervov˘
systém. Mezi nejãastûj‰í pfiíznaky onemocnûní patfií neu-
ti‰iteln˘ ka‰el, vysoké teploty, bolesti na hrudi, úbytek na
váze.

V souãasné dobû byl evidován v˘skyt rezistentních
a multirezistentních kmenÛ, proti kter˘m nezabírají bûÏ-
nû dostupné léky. Proto je nutné hledat nové slouãeniny,
které by mohly v budoucnu pomoci v boji s tímto smrtí-
cím patogenem54). Tabulka 5 shrnuje pfiírodní látky z fiad
silic, které vykazují antibakteriální aktivitu k Myco -
bacterium tuberculosis.

Lall a Meyer testovali asi 180 rostlin z jiÏní Afriky,
které by mohly b˘t pouÏity v boji proti Mycobacterium
tuberculosis. Asi u 30 % se projevila urãitá antibakteri-
ální aktivita proti tomuto mikroorganismu. Mezi tûmito
drogami byly i rostliny obsahující jako úãinné látky sili-
ce. Antibakteriální aktivitu prokázala napfiíklad silice

z Foeniculum vulgare (Apiaceae) obsahující hlavnû anet-
hol, silice z Heteromorpha trifoliata (Apiaceae) obsahu-
jící hlavnû α�-pinen a germacren D, silice z Artemisia
afra (Asteraceae) obsahující 1,8-cineol, α i β�-thujon
a kafr, silice ze Senecio quinquelobus (Asteraceae) obsa-
hující 1,8-cineol, silice z Myrothamus flabeliformus
(Myrothamnaceae) obsahující kafr, �α-pinen a 1,8-cineol.
U extraktÛ v˘‰e uveden˘ch siliãn˘ch drog v‰ak doposud
nebyla stanovena MIC a není zatím ani publikováno
detailní sloÏení silice a hlavní úãinná sloÏka. Víme v‰ak,
Ïe prokazují antibakteriální aktivitu k Mycobacterium
tuberculosis, a mohou tak b˘t pfiedmûtem dal‰ího zkou-
mání55).

Synergick˘ efekt nûkter˘ch silic v kombinaci
s antibiotiky

Velk˘ poãet silic vykazuje siln˘ synergick˘ efekt
s bûÏnû pouÏívan˘mi antibiotiky. Ke stanovení synergic-
ké antimikrobiální aktivity in vitro se v praxi pouÏívá
frakãní inhibiãní koncentrace (FIC). FIC pro látku
A vypoãítáme jako pomûr MIC (A + B)/MIC (A) a FIC
pro látku B pomûrem MIC (B + A)/MIC (B). Pro vyjá-
dfiení stupnû synergismu se pouÏívá Index frakãní inhi-
biãní koncentrace (FIC

i
), kter˘ se rovná souãtu FIC (A)

+ FIC (B). Dle hodnoty FIC
i

urãíme míru synergismu,
úpln˘ synergismus (FIC

i
≤ 0,5), parciální synergismus

(0,5 < FIC
i

≤ 0,75), bez efektu (0,75 < FIC
i

≤ 2) nebo
antagonismus (FIC

i
> 2).
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Tab. 5. Silice s antibakteriální aktivitou k Mycobacterium tuberculosis

âeleì / název rostliny Hlavní sloÏka MIC Testovaná Zdroj

silice (%) (µg/ml) bakterie 

Myrtaceae

Myrtus communis � α-Pinen (57-60) * M. tuberculosis

1,8-Cineol (33) 43)

Lamiaceae

Thymus vulgaris Tymol (79,2) 500,0 M. tuberculosis 55)

Tymol (79,2) 400,0 M. tuberculosis 56)

Chenopodiaceae

Chenopodium ambrosioides Ascaridol** 500,0 M. tuberculosis

Carvacrol** 55)

Euphorbiaceae

Croton pseudopulchellus Linalool** 100,0 M. tuberculosis

Caryophylen oxid** 55)

Anemiaceae

Anemia tomentosa Epi-presilphiperfolan-1-ol (30,6) 100,0 M. tuberculosis 15)

Verbenaceae

Lantana fucata β�-Elemen (27,1) 100,0 M. tuberculosis

Germacren D (11,6) 15)

Lantana triforia Germacren D (45,1) 80,0 M. tuberculosis 15)

Rutaceae

Swinglea glutinosa � β-Pinen (49,6) 100,0 M. tuberculosis 15)

Asteraceae

Achyrocline alata Tymol (24,0) 62,5 M. tuberculosis 15)
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Silice ze Zataria multiflora (Lamiaceae) s hlavní sloÏ-
kou tymol (38,7 %) vykazuje synergismus s va n -
comycinem k MRSA s FIC

i
(0,185) a k MRSA s FIC

i

(0,320). Smûs silice a vancomycinu by tedy mohla vést
k v˘voji nové úãinné antibakteriální kombinace k léãbû
MRSA16).

Dal‰í studie ukázala synergick˘ efekt silice z Thymus
maroccanus (Lamiaceae) s hlavní sloÏkou carvacrol
(76,35 %) s nûkolika bûÏnû uÏívan˘mi antibiotiky (cip-
rofloxacin, gentamicin, pristinamycin, cefixim) proti
rÛzn˘m patogenÛm (Escherichia coli, Salmonella sp.,
Enterobacter cloacae, Klebsiella pneumoniae, Vibrio
cholerae, Pseudomonas aeruginosa, Bacillus subtilis,
Bacillus cereus, Micrococcus luteus, Staphylococcus
aureus). Kombinace silice s ciprofloxacinem vykazuje
u v‰ech patogenÛ úpln˘ synergismus, kombinace
s gentamicinem vykazuje úpln˘ synergismus kromû
patogenÛ Salmonella sp., Vibrio cholerae a Micrococcus
luteus, kde je synergismus parciální. Parciální synergis-
mus vykazuje kombinace s pristinamycinem u Vibrio
cholerae, Pseudomonas aeruginosa a Staphylococcus
aureus. Bez efektu zÛstala kombinace s cefiximem
u Enterobacter cloacae, Klebsiella pneumoniae
a Micrococcus luteus. Îádná z kombinací nevykazuje
antagonismus a hodnoty MIC jsou aÏ 16krát men‰í neÏ
hodnoty samotné antimikrobiální látky57).

Diterpeny silice z Lycopus europaeus (Lamiaceae) mají
aditivní antibakteriální efekt v kombinaci s tetracyclinem
k Staphylococcus aureus. Totarol, ferulenol jako hlavní
sloÏky silice z Ferula communis (Apiaceae) pÛsobí syner-
gicky s hydrazidem kyseliny iso nikotinové na patogeny
rodu Mycobacterium (M. in tracellulare, M. smegmatis,
M. xenopei, M. Chelonei). Kyselina isopimaricová z Pinus
nigra (Pinaceae) pÛsobí s reserpinem aditivnû proti
MRSA58). U rostliny Pelargonium graveolans (Gerania -
ceae) s hlavní sloÏkou silice citronellolem a geraniolem se
zkoumal synergick˘ efekt s Norfloxacinem, testováno
bylo pût bakteriálních kmenÛ (Bacillus cereus, Bacillus
subtilis, Escherichia coli, Staphylococcus aureus ATCC
6538 a Staphylococcus aureus ATCC 29213). U tfií z pûti
bakteriálních kmenÛ tato kombinace vykazuje úpln˘
synergismus, a to u Staphylococcus aureus ATCC 29213
s indexem FIC

i
0,38, u Staphylococcus aureus 6538

s indexem FIC
i

0,37 a u Bacillus cereus s indexem FIC
i

0,50, u zbyl˘ch dvou bakteriálních kmenÛ se jedná
o synergismus ãásteãn˘59).

Velmi v˘hodná je také kombinace Amoxicilinu a silice
z Tetraclinis artuculata (Cupressaceae) s hlavní sloÏkou
oleje �α-campholenalem (16,34 %) a trans-pinocarveo-
lem (15,45 %). Toto spojení silice a antibiotika vykazuje
nejvy‰‰í aktivitu proti Listeria monocytogenes (FIC

i
=

0,5), Staphylococcus aureus (FIC
i
= 0,2) a Salmonella

enterica (FIC
i
= 0,5), proti Escherichia coli a Pseudo -

monas aeruginosa nevykazuje tato kombinace efekt Ïád-
n˘, ale proti Ïádnému testovanému bakteriálnímu kmenu
není prokázán antagonismus60). Dal‰í velmi v˘znamn˘
aditivní antibakteriální efekt vykazuje spojení silice
Lippia origanoides (Verbenaceae) s aminoglykosidy
neomycinem a amikacinem. Kombinace byla zkou‰ena
na MRSA a v˘sledky jsou obdivuhodné, spojení silice
s neomycinem sníÏilo hodnotu MIC 10krát MIC
2500 µg/ml klesla na MIC 248 µg/ml a kombinace

s amikacinem sníÏila minimální inhibiãní koncentraci
ze 788 µg/ml na 78 µg/ml61).

Závûr

Rezistence bakterií k dostupné léãbû se stává globál-
ním problémem. Je proto velmi dÛleÏité zamûfiit se na
studium a v˘voj nov˘ch úãinn˘ch léãiv. Jednou z variant
je studium pfiírodních látek, které se pro své léãivé úãin-
ky pouÏívaly jiÏ v dobách, kdy lidstvo nemûlo ani povû-
domí o tom, co je to bakterie ãi úãinná látka. Rostliny
obsahují velké mnoÏství sekundárních metabolitÛ, které
vyuÏívají mimo jiné i k ochranû proti infekcím.

Cílem této práce bylo vyhledání nejnovûj‰ích poznat-
kÛ o antibakteriální aktivitû silic. Jednotlivé silice jsou
sefiazeny do tabulek a na základû hodnot MIC a MBC
mÛÏeme orientaãnû porovnávat jejich aktivitu. Velké
mnoÏství silic vykazuje antibakteriální úãinek proti rÛz-
n˘m pÛvodcÛm infekãních onemocnûní. Studie se v‰ak
zab˘vají hlavnû aktivitou in vitro, a tak tyto pfiírodní
slouãeniny, neÏ dostanou své místo ve farmakoterapii,
ãeká je‰tû dlouhá cesta testování. Problémem není jen
nedostatek informací o toxicitû, farmakodynamice
a farmakokinetice, ale také znaãná nestabilita silice. Tím
se zvy‰ují nároky na extrakci, skladování a uchovávání.

Silice v porovnání s dostupn˘mi antibiotiky vût‰inou
vykazují niÏ‰í antibakteriální aktivitu, ale jelikoÏ ãasto
mají odli‰n˘ mechanismus úãinku, vykazují úãinek
i k rezistentním bakteriálním kmenÛm. Spousta studií
prokazuje synergick˘ efekt silice s bûÏnû uÏívan˘mi
antibiotiky, coÏ by mohlo vést ke sníÏení jejich spotfieby
a zmen‰ení rychlosti nárÛstu bakteriální rezistence.

Práce byla podpofiena grantov˘m projektem IGA âZU Praha, FÎP-

20154247/2015.

Stfiet zájmÛ: Ïádn˘.
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Recenzované dielo je uãebnou pomôckou na v˘uãbu
organickej chémie pre ‰tudentov farmácie a obsahuje
sedem kapitol. 

V prvej kapitole autori popisujú prácu v chemickom
laboratóriu, v druhej chemickú literatúru, v tretej izolaã-
né techniky, v ‰tvrtej sa zaoberajú identifikáciou a cha-
rakterizáciou vlastností organick˘ch zlúãenín, piatu tvo-
rí preparatívna ãasÈ, ‰iesta je venovaná príprave
bezvod˘ch rozpú‰tadiel a siedma problematike chladia-
cich zmesí. Celkove je v Àom popísaná príprava 231 zlú-
ãenín. 

Anal˘za obsahu ukazuje, Ïe dielo je napísané nielen
logicky, struãne a jasné, ale keìÏe sa zaoberá prípravou

organick˘ch zlúãenín potrebn˘ch pre prípravu lieãiv,
ktoré majú presné návody na ich prípravu, je napísané
tak, Ïe text spæÀa hlavne kritérium spoãívajúce v tom, Ïe
jednotlivé návody sa dajú reprodukovaÈ. 

Cennou devízou tohto textu je ìalej, Ïe autori v plnej
miere dodrÏali kritéria kladené na názvoslovie organick˘ch
zlúãenín a ich klasifikáciu, definície jednotliv˘ch fyzikál-
no-chemick˘ch vlastností, analytick˘ch metód potrebn˘ch
na objasnenie a potvrdenie ich chemickej ‰truktúry.
Veºk˘m kladom je skutoãnosÈ, Ïe autori pri popise niekto-
r˘ch syntéz pouÏili viaceré moderné katalyzátory, separaã-
né techniky a v‰etky beÏné identifikaãné metódy. 

I keì je dielom primárne urãené pre v˘uãbu na farma-
ceutick˘ch fakultách, som pevne presvedãen˘, Ïe je ho
moÏné vyuÏiÈ i na prírodovedeck˘ch a chemick˘ch
fakultách. 

J. âiÏmárik 

NOVÉ KNIHY 

Lukáã M., Devínsky F. Organická syntéza, Laboratórny

manuál. Bratislava: Univerzita Komenského 2015, 144 s. ISBN

978-80-223-3913-1
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Summary

In the last few decades, Hibiscus sabdariffa L.
(Malvaceae; H. sabdariffa) has gained much attention in
research field because of its potentially useful bioactivity
as well as a great safety and tolerability. For decades,
microbial, parasitic and cancer diseases remain a serious
threat to human health and animals as well. To treat such
diseases, a search for new sources such as plants that
provide various bioactive compounds useful in the
treatment of several physiological conditions is urgently
needed, since most of the drugs currently used in the
therapy have several undesirable side effects, toxicity, and
drug resistance. In this paper, we aim to present an
updated overview of in vitro and in vivo studies that show
the significant therapeutic properties of the crude extracts
and phytochemicals derived from H. sabdariffa as
antimicrobial, antiparasitic, and anticancer agents. The
future directions of the use of H. sabdariffa in clinical
trials will be discussed.
Key words: Hibiscus sabdariffa L. • antimicrobial agents
• cancer preventive agents • antiparasitic drugs • natural
products

Souhrn

V posledních nûkolika desetiletích si získal Hibiscus

sabdariffa L. (Malvaceae, H. sabdariffa) velkou pozornost
v oblasti v˘zkumu kvÛli svému potenciálu biologické
aktivity stejnû jako pro svou velkou bezpeãnost
a sná‰enlivost. Po celá desetiletí zÛstávají mikrobiální,
parazitární a rakovinotvorná onemocnûní váÏnou hrozbou
pro lidi a zvífiata. K léãbû tûchto chorob je velmi nutné
naléhavû hledat nové zdroje – rostliny, které poskytují
rÛzné biologicky aktivní slouãeniny pouÏitelné pfii léãbû
nûkter˘ch onemocnûní, protoÏe v souãasné dobû vût‰ina
lékÛ pouÏívan˘ch pfii léãbû má nûkolik neÏádoucí vedlej‰í
úãinkÛ, toxicitu a rezistenci. V tomto ãlánku se snaÏíme
pfiedstavit aktualizovan˘ pfiehled o in vitro a in vivo

studiích, které ukazují v˘znamné léãebné vlastnosti
surov˘ch extraktÛ a fyto chemikálií – odvozené z H.

sabdariffa jako anti  mikro biální, protiparazitické a proti -
nádorové látky. MoÏnosti vyuÏití a zkoumání H. sabdariffa

v klinick˘ch studiích budou teprve diskutovány.
Klíãová slova: Hibiscus sabdariffa L. • antimikrobiální
látky • protinádorové látky • protiparazitické látky •
pfiírodní látky

Introduction

Hibiscus sabdariffa L. (Malvaceae; H. sabdariffa) is
a medicinal plant which has a long history of herbal and
edible uses across the world and is mainly cultivated in
tropical and subtropical regions of Africa and Asia1–3). It
is an annual or perennial plant or woody-based shrub with
serrate leaves, red calyces and red stems3, 4). The
phytochemical and pharmacological activities of various
parts of H. sabdariffa have been evaluated including
antioxidant, antidiabetic, anti-inflammatory, anti micro -
bial, and anticancer properties5–7). Nowadays, cancer,
microbial, and parasitic diseases have become a global
concern worldwide, since these diseases have threatened
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human and animal health8–12). This review aims to provide
a brief overview of the in vitro and in vivo studies that
present the therapeutic potential of H. sabdariffa extract
(HSE) and its bioactive substances in the treatment of
cancer, bacterial, fungal, and parasitic diseases.

Phytochemical profile

H. sabdariffa has a long tradition as it contains a rich
bioactive profile responsible for its therapeutic efficacy
such as anthocyanins, flavonoids, polysaccharides, and
organic acids including malic, ascorbic, hydroxycitric,
and Hibiscus acids13–15). Furthermore, HSE is rich in
minerals such as iron and calcium with a low content of
glucose, and 18 volatile compounds were identified via
GC and GC-MS analyses16). It has been reported that
H. sabdariffa seeds contain a large amount of
polyunsaturated fatty acids, tocopherol, and the major
fatty acids of seeds were found to be oleic 37.92%,
linoleic 35.01% and palmitic 19.65% acids16, 17). Another
studies have explored that 1g of aqueous extract of
H. sabdariffa contains anthocyanins (56.5 mg/g
delphinidin-3-O-sambubioside and 20.8 mg/g cyanidin-
-3-O-sambubioside), 3.2 mg/g quercetin, 2.1 mg/g rutin
and 2.7 mg/g chlorogenic acid, while ethanol was
revealed as the best solvent for the extraction of
anthocyanins (ranged from 17.3 to 32.2 mg of cyanidin-
-3-glucoside/g dry weight in the pigmented varieties)18, 19).

Antimicrobial and antiparasitic properties

Numerous studies have described the potential use of
HSE and its phytochemicals as significant antimicrobial
and antiparasitic agents in the treatment of various
infections.

Antibacterial activities

Recently, Alshami and Alharbi20) explored the effective
potential of HSE to prevent recurrent urinary tract
infections (UTIs). HSE was found to exhibit bacteriostatic
effect with potent inhibition of the growth of six
Escherichia coli (E. coli) and two Klebsiella pneumoniae

isolates (collected from patients with recurrent UTIs) and
remarkable inhibition of biofilm production of all isolates.
MIC (Minimum Inhibitory Concentration) values ranged
from 0.5 to 4 mg/mL, and MBC (Minimum Bactericidal
Concentration) ranged from 8 to 64 mg/mL. The
effectiveness of aqueous extracts of H. sabdariffa were
investigated for antimicrobial activity against E. coli and
Staphylococcus aureus (S. aureus) strains in
a microbiological medium and ultrahigh-temperature-
processed milk with various fat percentages. The results
showed that extracts treated by heat revealed higher
antimicrobial activity than in microbiological medium21).
A methanol extract of H. sabdariffa was found to inhibit
effectively the growth of E. coli O157:H7 (at
a concentration of 10%) isolates from food, veterinary,
and clinical samples, as determined by disk diffusion
method22). Liu et al. reported that aqueous extract of H.

sabdariffa and H. sabdariffa protocatechuic acid (PCA)
at a concentration of 5 mg/mL inhibited notably the
growth of methicillin-resistant Staphylococcus aureus

(MRSA), Acinetobacter baumannii, Pseudomonas

aeruginosa, and Klebsiella pneumoniae. In addition, PCA
(in a dose-dependent manner) exerted higher antibacterial
activity against tested pathogens in broth than in human
plasma. Moreover, the antibacterial effect was
independent from temperature, when treated by a heat23).
The antibacterial effects of aqueous and ethanol extracts,
and PCA of H. sabdariffa were examined against food
spoilage bacteria Bacillus cereus, Salmonella

typhimurium DT104, E. coli O157:H7, Listeria

monocytogenes, and S. aureus. MICs of aqueous, ethanol
extracts, and PCA against tested bacteria were in the range
of 112–144, 72–96, and 24–44 µg/mL, respectively. The
results revealed that ethanol extract exhibited greater
antibacterial effects than aqueous extract24). Jung et al.16)

evaluated the antimicrobial properties of aqueous and
ethanol extracts of H. sabdariffa against Bacillus subtilis,
S. aureus, and E. coli. The results showed that ethanol
extract against Bacillus subtilis and S. aureus explored
higher activity than that of aqueous extract, while aqueous
extract at concentrations of 25 and 50 mg/mL inhibited
potently the growth of E. coli via the paper disc method.
Olaleye25) investigated in vitro the inhibitory effect of
aqueous-methanol extract of dried H. sabdariffa calyx
against nine bacterial pathogens such as Clostridium

sporogenes, S. aureus, Bacillus stearothermophilus,
Micrococcus luteus, Serratia mascences, E. coli,
Klebsiella pneumoniae, Pseudomonas fluorescens, and
Bacillus cereus. The inhibitory effect was observed
potently against all tested pathogens. Several studies have
also demonstrated that HSE exerted antibacterial activity
against bacteria causing oral cavity infections such as.
Streptococcus mutans with MIC value of 2.5 mg/mL,
while at concentrations ranging from 96–152 µg/mL
exhibited also significant inhibitory activity against
Campylobacter coli and Campylobacter fetus, which
contaminate beef, pork, and chicken meat26, 27). The crude
extracts of H. sabdariffa seeds were tested for inhibitory
activity against three types of Gram-negative bacteria
species Enterobacter, Salmonella, and Shigella. The
higher antibacterial activity was observed against
Salmonella sp. at a concentration of 200 mg/L28).

Antifungal activities

The anticandidal activity of methanol extract of H.

sabdariffa fruit (at a concentration of 10 mg/mL) was
evaluated against six pathogenic Candida species such as
C. albicans, C. glabrata, C. guilliermondii, C. krusei, C.

parapsilosis and C. tropicalis. The inhibitory activity was
detected only against C. albicans29). El-Nagerabi et al.30)

examined the inhibitory effect of aqueous extract of H.

sabdariffa calyx at concentrations of 5, 7.5, 10 and
12.5 g/100 mL on the growth and aflatoxin B1 production
by two fungal strains Aspergillus parasiticus (CBS 921.7)
and Aspergillus flavus (SQU 21). The results indicated
that no inhibitory effect was observed on the growth of
both fungal strains, while the inhibition of aflatoxin B1
production by the different concentrations of H.

sabdariffa calyx ranged between 91.5–97.9% and
87.1–93.3% for A. flavus and A. parasiticus strains,
respectively. In addition, the study confirmed the
metabolic effect of aqueous extract of H. sabdariffa calyx
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on aflatoxin biosynthesis pathway of both Aspergillus

species, and a beneficial use in food industry as an
effective biocontrol and non-toxic biopreservative agent.

Antiparasitic activities

Human lymphatic filariasis, a vector-borne disease, is
distributed in tropical, subtropical regions, causing
a public health problem. Saxena et al.31) determined
antifilarial activity of ethanolic extract of H. sabdariffa

leaves by in vitro motility and MTT methods. The results
showed that the extract affected both the adult worms and
microfilariae of Brugia malayi. The butanol fraction
exhibited remarkable inhibitory effect, which was related
to anthocyanin-glycosides. Animal trypanosomosis,
a parasitic disease is still the main factor of decreasing the
growth of livestock in Africa. Umar and colleagues32)

investigated in vivo the effect of aqueous extracts of H.

sabdariffa calyces on the heamatological profile and
organ pathological changes in Trypanasoma congolense-
infected rats. The results showed that consumption of the
extract (9.94 mg/100g/day) enhanced the pathological
changes in blood and organs of T. congolense-infected
rats.

Anticancer activity

The crude extracts and isolated substances from H.

sabdariffa were found to be potential cancer
chemopreventive agents. For instance, Hibiscus

anthocyanins (HAs) exhibited an ability to promote
cancer cell apoptosis, particularly in gastric cancer and
leukemia, while PCA was found to suppress the
carcinogenic action of various substances in different
tissues of rat models in vivo33, 34). Tsai and co-workers35)

have recently evaluated the protective effect of HAs on
N-nitrosomethylurea (NMU)-induced leukemia of rats in
vivo. The results indicated that oral administration of HAs
(0.2%) significantly suppressed progression of NMU-
-induced leukemia by approximately 33.3% in rats.
Several studies have also evaluated the effectiveness of
HAs including delphinidin-3-sambubioside on human
leukemia cells. Interestingly, HAs effectively induced
apoptotic cell death in human promyelocytic leukemia
cells via the p38-FasL and Bid pathway, and ROS-
-mediated the mitochondrial dysfunction pathway36, 37).
Lo and colleagues38) also reported that HAs induced
apoptosis of the proliferating smooth muscle cell via
activation of P38 MAPK and p53 pathway. PCA,
a phenolic acid was found to exert in vitro protective
effects against cytotoxicity and genotoxicity of
hepatocytes induced by tert-butylhydroperoxide (t-BHP).
Mechanism of PCA’s protective effect may be related to
its ability to inhibit DNA repair synthesis caused by
t-BHP and by scavenging free radicals as well39). Tseng et
al.40, 41) presented in two studies that PCA exhibited
remarkable inhibition of 12-O-tetradecanolyphorbol-13-
-acetate (TPA)-induced skin tumor formation in female
CD1-mice and the survival of human promyelocytic
leukemia HL-60 cells. In their studies, they revealed that
the mechanism by which PCA utilized anticancer
activities is due to its ability to induce antitumor activities
through DNA fragmentation, GI arrest, apoptosis, and

decreasing reactive oxygen species (ROS). The apoptosis-
inducing activity was implicated with the phosphorylation
and degradation of RB and the suppression of Bcl-2
protein. Lin and colleagues42) studied the apoptotic effect
of PCA on human gastric carcinoma (AGS) cells. The
results suggested that the apoptotic effect may be
mediated via p53 signaling and p38 MAPK/FasL cascade
pathway. Olvera-Garcia and co-workers43) reported that
PCA inhibited the mutagenicity of 1-nitropyrene and
checked the proliferation of HeLa cells, both in a dose-
response manner in human stomach adenocarcinoma AGS
cells. In addition, the effect of Hibiscus sabdariffa extract
induced cytotoxicity and apoptosis of the cancer cells in
dose-dependent manner through JNK/p38 signaling
cascade-mediated apoptosis. Saeed at al.44) reported that
ethanolic extract of H. sabdariffa exerted moderate
proliferative activity in cell-culture using estrogen-
responsive breast cancer cell lines (MCF-7). Moreover,
the results revealed that H. sabdariffa extract was found
to be the richest in quercetin and daidzein as
phytoestrogens among the other tested plants used in the
study. Lin et al.45) studied the anticancer properties of H.

sabdariffa leaf extracts against various human prostate
cancer (CaP) cells in vitro and in vivo. The study explored
that anti-apoptotic activity was mediated via both intrinsic
(Bax/cytochrome c-mediated caspase 9) and extrinsic
(Fas-mediated caspase 8/t-Bid) pathways and by
inhibiting the growth of prostate tumor xenograft in
athymic nude mice as well. The results suggested that leaf
extracts contained higher amounts of polyphenolic
compounds than extracts from calyces and hence,
Hibiscus polyphenolic compounds provide effective
anticancer agents. Chiu and co-workers46) evaluated in
vitro anticancer activity of Hibiscus leaf polyphenolic
(HLP) extract in melanoma cells. It has been found that
HLP is rich in epicatechin gallate (ECG) and other
polyphenols. The results explored that anticancer effect
of HLP was associated with ECG by inducing the
caspases cleavages, Bcl-2 family proteins regulation, and
Fas/FasL activation in A375 cells. The apoptotic activity
was determined by DAPI stain, cell-cycle analysis, and
acidic vascular organelle (AVO) stain. Eventually, the
study suggested that HLP could be a potential
antimelanoma agent.

Conclusion and future directions

In summary, H. sabdariffa exerted various beneficial
activities with no remarkable genotoxic effects as well as
great tolerability. Hibiscus sabdariffa was found to be
a great target as a source of many chemotherapeutic
agents useful in food industry and drug discovery
development. The most bioactive compounds in HSE that
have been found to have significant therapeutic properties
against microbial, parasitic and cancer diseases were
PCA, HAs, and polyphenols. In this review, we
summarized exclusively the potential use of HSE and its
phytochemicals in the treatment of the most serious
diseases which affect human and animal health such as
cancer, bacterial, fungal, and parasitic diseases. H.

sabdariffa has been examined both in in vitro and in vivo

studies but more robust, randomized, and controlled
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clinical trials with well-characterized HSE preparations
would be needed in future research to confirm the
therapeutic potential.
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