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SUMMARY  

The evolution of microbes in response to conventional antimicrobials leads to antimicrobial 

resistance (AMR) and multidrug resistance (MDR), which are global threats to public health. 

Natural products are possible solutions to this massive challenge. In this study, the 

phytochemical composition and antimicrobial and antioxidant potential of A. polystachyus 

extracts were investigated.  Phytochemical extraction was done using maceration with 

methanol (99.9%). Phytochemical analysis was conducted using standard methods to test the 

presence of phenols, flavonoids, alkaloids, tannins, sterols and terpenoids, and glycosides. 

Chemical profiling of the leaf extracts and essential oil were performed using gas 

chromatography-mass spectrometry.  The anti-biofilm, antimicrobial, antioxidant, and 

antiquarian sensing activities were determined by using standard techniques. The result of the 

phytochemical components indicated the presence of alkaloids, flavonoids, phenols, sterols 

tannins, and terpenoids but the absence of glycosides in the extract. GC-MS analysis of 

methanol extract and essential oil detected 74 and 20 compounds, respectively. The major 

compounds identified in methanol extract and essential oil were beta-sitosterol acetate 

(16.06%) and Stearyl alcohol (25.38%) respectively. The antioxidant activity of the extract 

and essential oil ranged from 48.3 to 84.2 and 45.6 to 82 % RSA, respectively. The results of 

the antimicrobial activity of the extract revealed a high inhibition zone against Acinetobacter 

baumannii (12.3 ± 0.33), Pseudomonas aeruginosa (12.8 ± 0.33), and Staphylococcus aureus 

(18.6 ± 1.2), respectively. The MIC, MBC/MFC and MBIC values for extract were 0.5-1.0 

mg/mL, 2-4 mg/mL, and 0.5-1.0 mg/mL; and for EO were 0.31-0.62 µL/mL,1.25-2.5 µL/mL, 

and 0.31-0.62 µL/mL, respectively, indicating inhibition potential as well as inhibition of 

biofilm formation. The tolerance test values indicated bactericidal activity against most 

strains and bacteriostatic/fungistatic activity against A. baumannii, E. faecalis, and C. 

albicans, respectively. The anti-quorum sensing activity of the extract achieved by Pyocyanin 

inhibition assay on P. aeruginosa showed 51.6% inhibition at 500 µg/mL. These results 

suggest that the extract and essential oil derived from A. polystachyus leaves are potent, 

valuable, cost-effective antioxidants and antimicrobials. Both extracts and their components 

may effectively combat pathogenic and resistant microbes.  

Keywords: A. polystachyus, antimicrobial resistance, antioxidant, antibacterial, antifungal, 

biofilm, quorum sensing 
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                                                CHAPTER ONE 

                                            1. INTRODUCTION  

1.1. Background and justification 

In modern medicine, antimicrobial treatment is one of the main approaches, which is used to 

combat infectious diseases caused by pathogenic microorganisms (Hugo, et al., 1998). However, 

the massive emergence and re-emergence of resistance against conventional antimicrobials pose 

a serious global threat to treating infections, which is a growing concern to human, animal, and 

environmental health (Walesch, et al., 2023). In 2017, the World Health Organization (WHO) 

recognized antimicrobial resistance (AMR) as a major threat to global health in response to the 

massive increase in populations of multidrug-resistant strains (Jones, et al., 2008; Bengtsson, et 

al., 2018; WHO, 2017). The plausible causes of AMR include the excessive use of antibiotics 

against animals and humans, easy accessibility to antibiotics (over-the-counter), increased 

international travel, poor sanitation, and release of non-metabolized antibiotics or their residues 

into the environment through manure or feces (Jones, et al., 2008). These factors contribute to 

genetic selection pressure for the emergence of multidrug resistance (MDR) microbes (Walesch, 

et al., 2023).  

MDR and AMR give rise to infections such as hospital-acquired, urinary tract infections (UTIs), 

ulcerative skin, lungs, ears, eyes, and catheters leading to increased medical costs, morbidity, 

and mortality. Several clinically relevant bacteria such as E. coli, K. pneumonia, S. aureus, P. 

aeruginosa, methicillin-resistant Staphylococcus aureus (MRSA), Acinetobacter spp., 

Enterobacter spp., Proteus spp., and others cause infections, AMR, and MDR (De Oliveira, et 

al., 2020; Mulani, et al., 2019). S. aureus is considered the most notorious ñsuperbugò (e.g., 

MRSA, CA-MRSA Community-associated methicillin-resistant Staphylococcus aureus). It is a 

nasal commensal of humans and can cause skin infections (DeLeo and Chambers, 2009). A. 

baumannii and P. aeruginosa are MDR opportunistic pathogens that may grow in niches with 

high antibiotic pressure where several other bacteria may not survive (Lye, et al., 2012). AMR 

and MDR patterns in Gram-negative and Gram-positive bacteria give rise to infections that are 

either difficult to treat or impossible to cure with conventional antimicrobials (De Oliveira, et 

al., 2020; Walesch, et al., 2023). 
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A biofilm is a collection of microorganisms that adhere to a surface and create a matrix of 

extracellular macromolecular substances composed of microorganisms and extracellular 

polymeric substances (EPS) (Branda, et al., 2005; Zhou, et al., 2020). EPS are organic polymers 

involved in bacterial interaction with their environment and are mainly comprised of 

polysaccharides, proteins, extracellular DNA (eDNA), and lipids (Di Martino, 2018). Both G-

positive and G-negative bacteria can form biofilms. The formation of biofilms occurs in two 

stages: the planktonic stage and the adherent stage. Biofilms are highly resistant to the host's 

immune system and antibacterial agents. Microbes inside biofilms can withstand 10-1000 times 

higher concentrations of antibiotics than cells in their plankton form (Høiby, et al., 2010). 

Antibiotic treatment can eliminate planktonic cells; however, it is difficult to treat biofilms 

(Khan, et al., 2020).  

The increased dosage required to treat biofilm-forming microbes directly translates into an 

increased cost of treatment. The formation of biofilm and quorum sensing are the significant 

factors contributing to AMR and MDR (Branda, Vik, et al., 2005;  Mukherjee and Bassler, 

2019). Biofilm related to MDR significantly influences hospital settings and the emergence of 

MDR. Biofilms are currently estimated to be responsible for more than 65% of nosocomial 

infections and 80% of all microbial infections (Magana, et al., 2018). Various mechanisms have 

been recognized for antimicrobial resistance by forming biofilms. Most notably, reduced 

permeability to antibiotics by the formation of a barrier, detoxification mechanism that produces 

enzymes to render the antibiotic inactive by disrupting or altering the antibiotic structure, 

reduction of intracellular concentration of antibiotics by drug efflux pumps, and drug 

sequestration by specific proteins that prevent the binding of antibiotics to their targets have 

been well documented (Branda, et al., 2005; Simoes, 2011; Hamde, et al., 2022).  

Quorum sensing (QS), an important cell-cell communication system, plays essential roles in 

regulating biofilm formation, virulence gene expression, drug efflux pumps, and plasmid 

transfer (Simoes, 2011; Mukherjee and Bassler, 2019). The communication between cells in QS-

regulated systems was carried out by the production of QS signals in the form of diffusible auto-

inducers (molecules), such as N-acyl Homoserine lactone (AHL) in Gram-negative bacteria and 

auto-inducing peptide (AIP) in Gram-positive bacteria (Mukherjee and Bassler, 2019). These 

signal molecules function via interaction with specific enzymes and receptorīactivator proteins. 

For example, many Gram-negative bacteria use similar Lux I-type synthases and Lux R-type 
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activator proteins (Rutherford and Bassler, 2012; Deryabin, et al., 2019). Therefore, developing 

antibiofilm agents and anti-QS inhibitors is crucial for developing antimicrobials; however, the 

difficulty in maintaining the pace of antibiotic discovery with the emerging and re-emerging 

resistant pathogens has mounted the current massive challenge to contain and treating infections 

(Rutherford and Bassler,2012; Mulani, et al., 2019). Therefore, there is an urgent need to search 

for and discover novel alternate treatment strategies to combat AMR and MDR. Several 

approaches have been developed including antibodies, vaccines, antimicrobial peptides (AMPs), 

probiotics, plant natural products, and Nano-biotechnology (Mengistu, et al., 2023; Walesch, et 

al., 2023).  

Natural products derived from plants and microbes have received particular attention (Atanasov, 

et al., 2021). The natural products in different parts of plants are comprised of alkaloids, 

essential oils (EOs), flavonoids, lectins, phenols, polypeptides, saponins, steroids, tannins, 

terpenoids, etc. These molecules are medicinally bioactive and exert antimicrobial action via 

different mechanisms that target various cellular processes. Flavonoids are complex with 

extracellular and soluble proteins and cell walls leading to antimicrobial activity (Hernández, et 

al., 2000). Fatty acid esters in EO possess antibacterial properties (Casillas-Vargas, et al., 2021). 

Saponins are responsible for the leakage of proteins and enzymes from the cell (Zablotowicz, et 

al., 1996). Steroids associate with membrane lipids and cause leakage from liposomes to show 

bactericidal action (Epand, et al., 2007), Tannins are involved in the inhibition of cell wall 

synthesis (Trentin, et al., 2013). Terpenoids weaken the membranous tissue leading to the 

dissolution of the cell walls (Cowan, 1999), and several peptides are also known to be efficient 

antimicrobials (Atanasov, etal., 2021). Therefore, plant-derived natural products provide a wide 

array of compounds that may facilitate reducing and eradicating the load of pathogenic bacterial 

populations for treating infections (Atanasov, et al., 2021).  

EO have excellent therapeutic potential; however, the EO of this flowering plant species has yet 

to be explored. Therefore, in the present study, methanol extract (MeOH) and (EO) were 

prepared from the leaves of A. polystachyus Delile and investigated the qualitative (biochemical 

methods) and quantitative (gas chromatography-mass spectra (GC-MS)) phytochemical 

composition and evaluated the potential of the extracts for antioxidant, antibacterial, antibiofilm, 

and anti-quorum sensing properties. We expect that the results presented here will appreciate the 

medicinal potential of A. polystachyus Delile and contribute toward combating pathogenic and 
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resistant bacteria responsible for causing fatal diseases. The GC-MS analysis is a valuable 

method that has increasingly been applied to medicinal plants for nonpolar components, volatile 

EO, fatty acids, and alkaloids. GC-MS is a helpful technique for the compositional analysis of 

phytochemicals in extracts. 

A. polystachyus Delile is a shrub belonging to the family Acanthaceae and native to Burundi, 

Ethiopia, Kenya, Rwanda, Sudan, Tanzania, and Uganda. This species grows at medium to high 

altitudes (1000-3200 m) in different parts of Ethiopia and is characterized by pink flowers and 

soft, hairy leaves (Kifle and Atnafie, 2020). The Acanthaceae family is pharmacologically 

important for antifungal, anti-inflammatory, antipyretic, antioxidant, antiviral, antimalarial, 

insecticidal, hepatoprotective, immunomodulatory, and antiplatelet activities (Okoli, et al., 

2008; Olatunji, et al., 2022). A. polystachyus Delile has been investigated for antimalarial and 

wound healing activities (Demilew, et al., 2018; Kifle and Atnafie 2020);  however, there is 

only one report regarding its antimicrobial potential (Mailu, et al., 2021). To the best of our 

knowledge, the inhibition of biofilm formation and quorum sensing by this plant species has 

been investigated. Furthermore, a detailed analysis of the composition of extracts of this 

important medicinal plant has yet to be elucidated. The knowledge and understanding of the 

constituents of extracts are essential to elucidating the mechanisms of action. In most reported 

studies, solvents such as methanol, water, and acetone have been used for extraction from leaves 

and roots. 
 

1.2. Statement of the Problem 

Among many underdeveloped countries today, microbes are thought to be the primary cause of 

disease and mortality, particularly in humans. E. faecalis, S. aureus, S. pyogenes, A. baumannii, 

P. aeruginosa, and E. coli, are the most common bacterial pathogens. Despite the discovery of 

new antibiotic kinds in recent years, the prevalence of antibiotic resistance among many 

bacterial diseases has significantly increased. According to the WHO report, bacteriaï

antibacterial drug combinations resistance for E. coli/3
rd

 generation cephalosporin, E. coli/ 

fluoroquinolones, and Methicillin-resistant S. aureus (MRSA) is 85, 90, and 86, respectively. 

High rates of MRSA imply that treatment for suspected or verified severe S. aureus infections, 

such as common skin and wound infections must rely on second-line drugs in many countries, 

and that standard prophylaxis with first-line drugs for orthopedic and other surgical procedures 
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will have limited effect in many settings. Second-line drugs for S. aureus are more expensive; 

also, they have severe side effects for which monitoring during treatment is advisable, 

increasing costs even further. High proportions of resistance to 3
rd

 generation cephalosporins 

reported for E. coli; means that treatment of severe infections likely to be caused by these 

bacteria in many settings must rely on carbapenems, the last resort to treat severe community 

and hospital-acquired infections. These antibacterial are more expensive, may not be available in 

resource-constrained settings, and are also likely to further accelerate the development of 

resistance (Organization, 2014).  

The global problem of antimicrobial resistance is particularly pressing in developing countries, 

where the infectious disease burden is high and cost constraints prevent the widespread 

application of newer, more expensive agents (Okeke, et al., 2005). The antibacterial activity is a 

prominent quality of these extracts. Continual development of bacterial resistance toward 

various antibiotics can cause grave and potentially life-threatening infections by Gram-positive 

and Gram-negative bacteria and has stimulated the development of new antimicrobial drugs to 

treat these types of bacterial resistance (Sathya & Shoba, 2014). In addition to antibiotic 

resistance, prolonged antibiotic use may kill bacteria beneficial to health. Excessive use of 

antibiotics may disturb the intestinal microflora and lead to the proliferation of pathogenic 

bacteria such as Clostridium (Ofosu, 2016). 

Although A. polystachyus has been demonstrated as one of the medicinal plants widely 

dispersed in different parts of Ethiopia and has been traditionally used in the treatment of 

different diseases, there is a lack of sufficient studies regarding its antimicrobial, antioxidant, 

and antibiofilm activity for combating antimicrobial resistance (AMR). 
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1.3. Objective of the Study 

1.3.1. General Objective 

V To investigate and analyze various phytochemicals from A. polystachyus and leaf 

extracts and evaluate their antibacterial, antioxidant, and antibiofilm activities against 

selected pathogenic antibiotic-resistant bacterial species. 

1.3.2. Specific Objectives 

V Analyze the phytochemical composition of the leaf extract of A. polystachyus. 

V Analyze the EO composition of leaf extract of A. polystachyus 

V Evaluate the antibacterial activity of the crude methanol leaf extract of A. 

polystachyus Delile. against Gram-positive and Gram-negative human pathogens  

V Determine Minimum inhibitory concentration (MIC) and Minimum bactericidal 

concentration (MBC) of methanol leaf extract of A. polystachyus Delile. 

V Evaluate the antioxidant activity of the methanol leaf extract of A. polystachyus 

Delile. Using DPPH assays. 

V Evaluate the antibiofilm activity of the methanol leaf extract of A. polystachyus 

Delile by Micro titer plate biofilm assay. 

V Evaluate the inhibition of Quorum sensing (QS) of methanol leaf extract of A. 

polystachyus Delile. 

     1.4. The Scope of the Study 

    The study was conducted at Adama Science and Technology University. It was 

concentrated on the phytochemical screening of A. polystachyus, as well as the 

antioxidant and antimicrobial activities of the pathogenic bacteria species, which are 

responsible for various human diseases. Many bacterial species today are resistant to 

drugs. The antibiofilm impact of phytochemical compounds, however, makes it 

possible for bioactive compounds extracted from medicinal plants to suppress resistant 

microbial species. 
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1.5. Significance of the Study 

This research is expected to provide information and some knowledge about A. polystachyus by 

extracting various phytochemicals from the leaf part of this plant as well as provide its 

effectiveness in antioxidants. Provide scientific support to traditional uses of the plants to treat 

infectious diseases like antibacterial, antibiofilm, and Quorum sensing (QS) activities.  

The other significance that this research expected is to give a scientific explanation for 

traditional use claims of this medicinal plant in Ethiopia. Moreover, the study provides baseline 

information for future pharmacological studies and the researchers who are interested in 

conducting further work on the area. 
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                                           CHAPTER TWO  

                                  2. LITERATURE REVIEW  

2.1. Medicinal plants 

Medicinal plants are any plants that, in one or more of their organs contain substances that are 

used for therapeutic purposes or precursors of the synthesizing of valuable drugs. These 

substances are important in preventing and treating various ailments and diseases, which are 

considered beneficial in the health care system. They contain promising molecules used by the 

population of the world to meet their primary healthcare system (Nigussie, et al., 2021). These 

natural compounds as known as secondary metabolites (phytochemicals) have no direct 

contribution to their growth, development, and metabolism (Equar, et al., 2018). Ruther then 

play a role play in defense against plant enemies (biotic and abiotic stresses), and pollution, 

provides the ability to survive stress and UV rays, and also contributes to the color, flavor, and 

aroma concerning the plan (Balamurugan, et al., 2019). They are classified into major groups 

including phenols (45%), terpenoids (10%) steroids (27%), and alkaloids (18%) (Saxena,  et al., 

2013). 

Plant-derived natural compounds or bioactive compounds have a paramount role in mitigating 

oxidative stress due to their antioxidant activity (Ahmed, et al., 2019; Mahmood, et al., 2019). 

Because various crude plant extracts have a high oxidative capacity and high concentration of 

phenol compounds ( Dessalegn, 2020). In our body, various biochemical reactions can generate 

an unbalanced quantity of free radicals that results in oxidative damage of lipids, proteins, and 

other important biomolecules by creating abnormal physiological conditions. This oxidative 

damage was responsible for the development of several illnesses such as cancers, diabetes, 

cardiovascular disorders, neurodegeneration, aging, and others (Khanal, et al., 2020). Natural 

antioxidants have an indispensable role in repairing the damage caused by the reactive oxygen 

species (ROS) by converting free radicals into harmful molecules by radical chain reaction 

(Wang, et al., 2013).  
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                    Figure 1: Photochemistry of medicinal plants (Saxena,  et al., 2013).  

These compounds possess different biological properties within plants that contribute to treating 

a wide spectrum of diseases including cancers, neurological disorders, chronic inflammation, 

and lesions, particularly due to diabetes, cardiovascular diseases, and wounds  (Nigussie, et al., 

2021). Medicinal plants have a vital role in antimicrobial activities. Medicinal plants have in-

vitro antimicrobial activities or properties because of rich in various secondary metabolites, such 

as terpenoids, tannins, flavonoids, and alkaloids (Górniakh, et al., 2019). 

2.2. Phytochemicals  

Phytochemicals are bioactive compounds that are naturally active occurring in plants naturally 

occurring in plants and provide health benefits for human beings. They protect plants from 

damage or several environmental hazards and diseases and provide color, flavor, and aroma. 

More than 4500 phytochemical compounds have been identified and 350 of them are studied in 

detail (Koche, et al., 2016). They are divided into classes based on their functional protective 

role, physical, and chemical characteristics (Saranya & Divyabharathi, 2019). Different major 

classes of these compounds are described as follows: 
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      Figure 2: A major component of secondary metabolite found in the plant leaves. 

2.2.1. Alkaloids 

Alkaloids are a natural product and their name is derived from alkaline which describes a 

nitrogen-containing base. These compounds are naturally synthesized by animals, bacteria, 

fungi, and plants. However, alkaloids are primarily found in plants, especially in flowering 

plants, and metabolite by-products that are derived from amino acids (Naseem, et al., 2014). In 

the early 19
th 

century among natural bioactive compounds isolated from medicinal plants, 

alkaloids were the dominant compound and were known as vegetable alkalis with a bitter taste 

(Saxena, et al., 2013). 

Alkaloids are used as local anesthetics and stimulants such as cocaine (Pang, et al., 2012). 

Which have numerous biological and pharmacological activities including antimicrobial, 

insecticidal, antimalarial, antihypertensive, antiarrhythmic effects, and anticancer action 

(Saxena, et al., 2013; Wink, et al., 2004). Many alkaloids also have stimulant properties due 

to caffeine and nicotine. Quinine and morphine are used as analgesic and antimalarial 

drugs respectively (Pang, et al., 2012). 
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                           Quinine                                                             Morphine 

 

     Hygrine                                        Coniine                                       Isopelletierine 

           Figure 3: Structures of some important alkaloids (Naseem, et al., 2014). 

2.2.2. Flavonoids 

Flavonoids are also known as bioflavonoids polyphenolic antioxidant compounds that exist 

everywhere in nature. The majority of them identified as vegetables, fruits, tea, coffee, and fruit 

drinks. They have been present as methylated derivatives, aglycones, and glucosides (Atmani, et 

al., 2009). Flavonoids have obtained various attention from scientists because of their wide 

biological and pharmacological activities. Scientists are interested in flavonoids due to their 

broad range of biological and pharmacological properties, such as anti-inflammatory, 

antimicrobial,  antitumor activities, cytotoxicity, enzyme inhibition, vascular activity, etc. (Lin 

& Weng, 2006). Nonetheless, the antioxidant activity is one of the most significant and potent 

characteristics of various families of flavonoids. These compounds' capacity for a kind of action 

depends on their molecular makeup, where the hydroxyl groups are located, and other attributed 

features in chemical structures (Tapas AR, et al., 2008). 

 

        Flavanonol                                         Isoflavone                                   Flavan-3-ols 

 

Figure 4: Representative Chemical structures of some flavonoids (Atmani, et al., 2009). 

2.2.3. Glycosides 

Glycosides are the condensation product of sugars that chemically contain carbohydrates 

(glucose) and non-carbohydrates (aglycon or genin) that exist within the cell cap. They are 
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classified into diverse classes based on the linkage between sugar (glycogen) and aglycon 

moieties like oxygen, carbon, sulfur, or nitrogen and also based on the chemical nature of 

aglycon molecules such as alcohol, aldehyde, or steroids. These phytochemicals are essential for 

the treatment of various illnesses by acting on gustatory. For instance, anthracene glycosides are 

used for the treatment of skin diseases and chalcone glycosides have an anticancer activity or 

anticancer agents (Hartwig, et al., 2012; Pereira, et al., 2009). 

                          

                  Figure 5: Structure of glycosides (Hartwig, et al., 2012; Pereira, et al., 2009). 

2.2.4. Phenolics  

Phenols are the largest group of secondary metabolites that widely exist in plants. They are a 

vast and varied class of the plant's chemical components (Walton, et al., 2003). Phenols are 

chemical compounds with an aromatic hydrocarbon group attached to a hydroxyl group (-OH). 

There are three most important groups of dietary phenolics include flavonoids, phenolic acids, 

and polyphenols. Phenolics are used as a defensive compound and have several qualities that 

help people by protecting them from different diseases. Their antioxidant qualities are especially 

important in avoiding diseases that are caused by free radicals (Saxena, et al., 2013). 

           

       Cinnamic acid         Ferulic acid                    Sinapic acid                Caffeic acid 

                     Figure 6: Phenolics Chemical structures (Saxena, et al., 2013).  
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2.2.5. Saponins 

Saponins are secondary metabolites widely distributed in plants. They are an important group of 

glycosides which are containing one or more sugar chains on a triterpene or steroid aglycone 

backbone also called a sapogenin.  They form stable foam such as soap in an aqueous solution 

and their name is derived from the Latin word 'SOPA', which means the plant consisting of the 

frothing agent when diluted in an aqueous solution (Saxena, et al., 2013; Naseem, et al., 2014). 

These include various compounds with structural diversity which are reflected in their biological 

and physiochemical properties such as contributing to the number of traditional practices such as 

soaps, fish poison, pes, and molluscicides as well as industrial applications. In addition, plant 

extract containing saponins has served as surface active, detergents, and foaming agents in the 

industry and is widely used in food. However, traditionally considered anti-nutritional and in 

some cases limited their use due to their bitter taste (Troisi, et al., 2015). Moreover, these 

compounds also have several health benefits because their structural variety acts as an 

antioxidant to impair protein digestion and uptake of the vitamins and minerals in the gut, also 

as antiviral and fungal (Shi, et al., 2004; Juang & Liang, 2020). 

                   

 

                Figure 7: General structure of Saponins (Troisi, et al., 2015). 

2.2.6. Steroids 

Steroids are secondary metabolites with diverse structures and biological functions. They are 

organic compounds with four cyclohexane rings and are derived from cholesterol. Various 

group of synthetic steroids plays a crucial role in medicinal value through their use as 

contraceptive drugs (Lopez, et al., 2014), cardiovascular agents (Rattanasopa, et al., 2015), 

antibiotics, anesthetics, and anti-inflammatory (Aav, et al., 2005).In addition, steroid 
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compounds have been used to reduce stress, reduce cholesterol levels, activate the immune 

system, treat tumor cells in cancer cases, and improve memory and learning (Visweswari, et al., 

2013). 

                             

Figure 8: Structure of some naturally occurring steroids (Rattanasopa, et al., 2015). 

 

2.2.7. Tannins 

Tannins are toxins that have the potential to reduce the growth and survivorship of many 

herbivores when added to their diets. They also serve as a repellent to feeding a wide variety of 

animals. Additionally, due to interaction with salivary protein, they can enhance unpleasant, 

harsh, and astringent sensations in the mouth of the human and can activate herbivores' digestive 

enzymes by binding with protein (Chappell & Hahlbrock, 1984). They are divided into two main 

categories: namely hydrolysable tannins and condensed tannins. Hydrolysable tannins are 

heterogeneous polymers containing phenolic acids, especially simple sugars, and gallic acid.  

The condensed one is formed by the linkage of flavonoid units and common constituents of 

woody plants that can be hydrolyzed to anthocyanidins through treatment with strong acids. Due 

to this referred to as proanthocyanidins. Tannins are secondary metabolites compounds that have 

shown various biological activities such as anti-inflammatory, antimicrobial, and antiseptic 

activity,  against diarrhea and stomachache (De Bruyne, et al., 1999; Dolara. et al., 2005). They 

are employed in several industries such as in the dyestuff industry as caustics for cationic dyes 

and production of drink and food industry to clarify wine, beer, and fruit juices. 

                                                               Tannins 

        

 

 

                



  

 15 

  

               Hydrolysable Tannins                                                      Condensed Tannins 

             Figure 9: Types and the basic structure of Tannins (Dolara. et al., 2005). 

2.2.8. Terpenoids 

Terpenoids are a class of natural products that have been derived from five-carbon isoprene 

units and classified into several classes according to the number of isoprene units (Langenheim, 

1994). Terpenes are boundless and mainly or especially distributed in plants as constituents of 

essential oil. These natural products have several commercial applications such as flavor and 

fragrances in foods and cosmetics. Also important for the quality of agricultural products, served 

as the flavor of fruits and fragrances of the flowers like linalool. Various plants produce volatile 

terpenes to attract pollinators such as insects. As several preliminary investigations have shown 

they play a vital role as signal compounds and growth regulators of plants. Terpenoids have 

exhibited potential medicinal properties, such as antibacterial, anti-cancer activities, 

anticarcinogenic, anti-inflammatory, antimalarial, anti-ulcer, antiviral, hepaticidal, and inhibition 

of cholesterol synthesis, (Dudareva, et al., 2004; Langenheim, 1994; Mahato & Sen, 1997). 

 

       Limonine                          Citral                           Camphor              Abietic acid   

Figure 10: Structures of some Terpenoids (Dudareva, et al., 2004). 

2.3. Botanical description of Acanthaceae Family   

Acanthaceae also referred to as the Acanthus family, is a family of dicotyledonous flowering 

plants in the Lamiales order that includes almost 250 genera and about 4000 species, the 

majority of which are tropical herbs, shrubs, twining vines, and epiphytes. Only a few species 

are found in temperature regions, with the majority of them being found in Indonesia, Malaysia, 

Africa, Brazil, and Central America. Typically, leaves are opposite and stipule-free. Flowers are 

bisexual, zygomorphic to sub-actinomorphic, and typically arranged in racemes or panicles with 

terminal or axillary (Chang, 2017). Some significant members of this family of plants are used 

to treat edema, pneumonia, antidiarrheal, malaria, wounds, cough, and eye infections (Khan, et 
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al., 2017). The researchers were attracted to investigate the many genera and species of this 

family because of its medical significance. Antifungal, anti-inflammatory, antioxidant, anti-

platelet, antipyretic, antiviral, cytotoxic, hepatoprotective, insecticidal, and immunomodulatory 

aggregation properties are all present in the Acanthaceae family (Assefa, et al., 2016). 

Acanthaceae family plants phytochemical examination revealed the presence of several 

phytochemicals including benzenoids, flavonoids, glycosides, naphthoquinone, phenolic, and 

triterpenoid compounds. These substances contribute significantly to numerous biological 

processes and fight a variety of fatal diseases (Awan, et al., 2014). 

2.3.1. Genus Acanthus  

The bulk of the species belonging to the Acanthus genus, which is a part of the Acanthaceae 

family, are found in tropical and subtropical climates on all seven continents. The name 

Acanthus comes from the Greek word "Acanthus," which describes a thorn or thistle and refers 

to some species' thorny leaves. Typically, the opposing leaves of these shrubby or herbaceous 

plants lack stipules and are arranged in a basilar rosette. They typically feature a bilabial or 

unilabiate corolla and two or four epipetalous stamens (Matos et al., 2022). Acanthus is a genus 

of flowering plants belonging to the family Acanthaceae. The Acanthus family is large with 

some 2500-3000 species in about 250 genera. The family is distributed in subtropical and 

tropical habitats mainly around Africa, Brazil, Central America, and Indo-Malaysia. The 

Acanthaceae family possesses antifungal, anti-inflammatory, antioxidant, antipyretic, antiviral, 

cytotoxic, insecticidal, hepatoprotective, immunomodulatory, and anti-platelet aggregation 

activities (Assefa,  et al., 2016).   

2.3.2.  A. polystachyus Delile  

A. polystachyus Delile is a shrub or small tree up to 7 meters which is ecologically widespread 

and locally cultivated from medium to high altitudes (1000-3200m) in Moist and Wet Kolla, 

Weyna Dega and Moist Dega agro-climatic zones of Ethiopia (Raina, et al., 2008). This species 

has pink flowers, and soft, hairy leaves and grows slightly larger. A. polystachyus Delile is 

native to Burundi, Ethiopia, Kenya, Rwanda, Sudan, Uganda, and Tanzania.  

A. puberscens (Oliv) Engl is used in traditional medicine for the treatment of gonorrhea and 

syphilis in Tanzania (Moshi,  et al., 2010). The root extracts of A. puberscens (Oliv) Engl 
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exhibited weak antibacterial and antifungal activity. Using the brine shrimpôs lethality test 

ethanol and aqueous extracts were virtually non-toxic to brine shrimp larvae, but the 

dichloromethane extract exhibited mildly toxic effects. The brine shrimp lethality test (BST) was 

used to predict the presence of cytotoxic activity in the extracts. An 80% ethanol extract from 

the leaves exhibited antifungal activity a weak antibacterial activity and also antiviral activity 

against the poliovirus and measles viruses (Vlietinck, et al., 1995). The root extracts of A. 

puberscens exhibited weak antibacterial activity against Gram-positive (S. aureus, S. agalactiae, 

and S. faecalis) and Gram-negative bacteria (S. typhi and P. aeruginosa) and antifungal activity 

against Candida albicans. The roots are used for the treatment of gonorrhea and syphilis. The 

decoction of the leaves is used for the treatment of anthrax, gastroenteritis, and pneumonia. It is 

also reported that preparation of the dried leaves is used externally as a remedy for scabies in 

Rwanda (Moshi, et al., 2010).  

In Ethiopia, A. polystachyus Delile is traditionally used for treating scorpion stings with root 

decoction given orally and to treat bleeding and stabbing pain leaf paste is applied. The leaves 

are used as a medicine with butter and applied to wounds (Teklehaymanot, et al., 2007). The 

leaves are powdered and mixed with butter pasted on the wound and exposed to sunlight for a 

few minutes to treat wounds. The root is crushed, squeezed with water & taken orally at night to 

treat trachoma (Bussmann, et al., 2011; Gebeyehu, 2016; Teklehaymanot, et al., 2007). The root 

is also used for treating malaria and intestinal worms. The roots are powdered and mixed with 

cold water are given orally to the Dog as a vaccine (Chekole,  et al., 2015; Teklehaymanot, et 

al., 2007). 

Table 1: Taxonomical Classification of A. Polystachyus Delile.  

 

                   Kingdom                                    Plantae                                     

Phylum  Tracheophyte  

Class   Magnoliopsid   

Order  Lamiales  

Family  Acanthaceae  
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Genus  Acanthus  

Species   Polystachyus  

   

2.3.3. Ethnobotanical Uses of Acanthus species   

Only a few species in the genus Acanthus have been described based on research on traditional 

uses. Only nine of the 29 species recognized by World Flora Online were reported for their usual 

uses: A. arboreus, A. hirsutus, A. ilicifolius, A. leucostachyus, A. mollis, A. montanus, A. 

spinosus, and A. ebracteatus are among the species (Matos et al., 2022). Some common species 

in this genus are well known for their therapeutic properties all over the world, as seen in the 

table below.  

Table 2: Some medicinal plants of Acanthus species and parts of use.  

Species  Traditional uses  Parts of used   Ways preparation  Reference   

A. arboreus  For snake bite  NM  Applied on effect 

area   

(Ameret, et al., 2004)  

A. ebracteatus  Treating conditions 

associated with  

inflammation  

Whole 

parts  

plant  

Decoction  (Hokputsa, et al., 2004)  

A.  eminens   For backache, 

cough, eye 

infections, wounds, 

antidiarrhea, and 

edema.  

  leaves  Infusions  (Woldemariam, et al., 

2016)  

A. hirstu as an expectorant, 

for wound healing, 

and constipation 

Stem 

and leaf 

NM (Uysal, et al., 2018) 
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A.  ilicifolius  For asthma, 

diabetes, hepatitis, 

ringworm,  

rheumatism    

 

Leaves   

Decoction   and 

soaking in water for    

external  

(Saranya, et al., 2015)  

A. leucostachyus  Treating toothache, 

fever, small-scale 

cuts, burns, and 

wounds  

leaves  Pest   (Dev, et al., 2022)  

A. Mollis  To treat wounds, 

psoriasis, abrasions, 

and swollen legs  

Leave 

root  

Applied as poultice, 

gargle, and 

decoction  

(Adeyemi, et al., 2005)  

A. polystachyus 

Delile 

Treat malaria, cough 

wounds heal  

leave  Decoction   (Demilew, et al., 2018)  

A. sennii  Treating scorpion 

sting   

root  Decoction  (Assefa, et al., 2016)  

 NM: not mentioned 

2.4. Pharmacological study of Acanthus species  

The principal ailments treated with Acanthus species are respiratory, neurological, and 

reproductive system disorders, and gastrointestinal, urinary, and skin conditions. The three 

species that are most commonly utilized are A. ebracteatus, A. ilicifolius, and A. montanus 

(Matos, et al., 2022). Among the species of this genus, A. ilicifolius has undergone substantial 

pharmacological research. According to the study, A. ilicifolius exhibits considerable 

bioactivities including antibacterial, anti-inflammatory, anti-leishmanial, anti-nociceptive 

activity, anti-ulcer, and osteoblastic effects (Firdaus, et al., 2013; Islam, et al., 2012). It has been 

stated that several portions of this plant have anti-inflammatory and anti-osteoporotic properties 

(Van, et al., 2008). Due to the presence of benzoxazolinone, A. ilicifolius is utilized as an 

anticonvulsant, hypnotic, and skeletal muscle relaxant; an alkaloid with CNS depressive effect 

has also been observed (Amer, et al., 2004). A. montanus leaves are believed to have 
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antibacterial and immunologic properties, as well as anti-inflammatory, anthelmintic, and 

antipyretic properties. Additionally, it exerts peripheral analgesic and antipyretic effects on both 

short-term and long-term inflammatory processes (Asongalem, et al., 2004). Acanthus sennii has 

antifungal, anti-inflammatory, antioxidant, antipyretic, antiviral, cytotoxic, hepatoprotective, and 

immunomodulatory, insecticidal, properties (Assefa, et al., 2016). Analgesic, antibacterial, 

anticancer, anti-feedant, antifertility, anti-hepatotoxic, anti-inflammatory, antioxidant, and 

antiviral, activities have been discovered in several Acanthus species (Çapanlar, et al., 2010). 

There were discovered to be Aliphatic alcohol, alkaloids, benzoxazinoids, flavonoids, 

glycosides, lignans, megastigmanes, phenylethanoids, and saponins among this genus' 

constituents (Kanchanapoom, et al., 2006). The alcohol-extracted root and leaves of Acanthus 

ilicifolius showed high inhibitory effects against Bacillus subtilis, Staphylococcus aureus, 

Candida albicans, Aspergillus fumigatus, and Aspergillus Niger, and moderate inhibitory effects 

against Pseudomonas aeruginosa and Proteus Vulgaris (Bose & Bose, 2008). 

Table 3: Bioactive Phytochemicals in Medicinal Plants. 

Main groups of compounds Classification Biological function 

Cellulose, hemicellulose, gums, 

mucilageôs, pectinôs, ligninôs 

NSA (non-starch 

polysaccharides.) 

Water holding capacity, delay in 

nutrient absorption, binding 

toxins and bile acids 

Terpenoids, alkaloids, phenolics  

 

Antibacterial & 

Antifungal  

Inhibitors of micro-organisms, 

reduce the risk of fungal 

infection 

Polyphenolic compounds, flavonoids, 

carotenoids, tocopherols, ascorbic 

acid 

Antioxidants Oxygen free radical quenching, 

inhibition of lipid peroxidation 

Carotenoids, polyphenols, curcumine, 

Flavonoids 

Anticancer Inhibitors of tumor, inhibited 

development of lung cancer, 

anti-metastatic activity 
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Reductive acids, tocopherols, 

phenols, indoles, aromatic 

isothiocyanates, coumarins, flavones, 

carotenoids, retinoids, cyanates, 

phytosterols 

Detoxifying 

Agents 

Inhibitors of procarcinogen 

activation, inducers of drug 

binding of carcinogens, 

inhibitors of tumorigenesis 

Alkaloids, terpenoids, volatile flavor 

compounds, biogenic amines  

 

Other Neuropharmacological agents, 

anti-oxidants, cancer 

chemoprevention 

Researchers are now devoted to the progress of innocent or harmless biologically active plant-

derived compounds to employ for the development of novel drugs (Gaire & Subedi, 2011). The 

involvement of these drugs in medical practice has shown that they are relatively non-toxic, 

safe, and even free from serious side effects (Górniak, et al., 2019). As a result, various 

scientific studies are attracted to the antimicrobial and antioxidant activities of plant extracts in 

order to explore an alternative therapy against different types of a pathogen (microbes) and 

oxidative reactions (Marasini, et al., 2015). 

 

2.5. Antioxidant  

An antioxidant is a molecule capable of inhibiting the oxidation of other molecules. On the other 

hand, an antioxidant is defined as a substance that directly scavenges ROS or indirectly acts to 

up-regulate antioxidant defenses. In terms of food, an antioxidant is any substance that presents 

in low concentration when compared to that of an oxidizable substrate and is significantly able 

to inhibit the oxidation of that substrate. However, later defined as any substance that prevents 

or removes oxidative damage to a target molecule (Halliwell, et al,. 1995).  

An antioxidant is the constituent of plant materials that act as radical scavengers and contribute 

to converting radicals to less reactive species. Various types of antioxidants are found in dietary 

sources like vegetables, fruit, and tea (Mandal, et al., 2009). This plays a crucial role both in the 

food system and the human body to mitigate oxidative processes and the harmful effect of ROS 

(Çakmakçi, et al., 2015). Antioxidant compounds can improve shelf-life by retarding the process 

of lipid peroxidation and scavenging or inhibiting free radicals which are the major reasons for 
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the deterioration of food and pharmaceutical products at the time of processing and storage 

(Halliwell, 1996). In the food system, the involvement of nutritional antioxidant molecules is 

also able to prevent the formation of secondary lipid peroxidation products by maintaining the 

color, aroma, and texture of the food product during storage (Çakmakçi, et al., 2015).  

Furthermore, antioxidants also can protect the human body from free radicals and ROS effects. 

They delay the progression of chronic diseases, cancer, and age-related diseases such as 

coronary heart disease and prevent the radical chain reactions of oxidation when added to food 

(Gulcin, 2020). Phenols and flavonoids are the major bioactive compounds of these natural 

sources which are responsible for their health benefits. 

Antioxidant capacity is the overall ability of an organism or food to catch free radicals and 

prevent their harmful effects. One of the most regularly detected biological activities in plant 

extracts is antioxidant behavior. In order to determine the antioxidant capabilities of various 

plant parts and their derivatives, a variety of tests have been routinely used (Bondet, et al., 

1997). These are DPPH (2, 2 diphenyl-1-picrylhydrazy), FRAP (ferric reducing antioxidant 

power), ORAS (oxygen radical absorption capacity), and ABTS. Among them, DPPH is 

discussed below. 

2.5.1. DPPH free radical scavenging antioxidant activity 

2, 2-diphenyl-1-picrylhydrazyl is a stable free radical with a purple color, which shows 

hydrogen acceptor ability towards antioxidants. Hence, it is commonly used in DPPH assay for 

measuring the antioxidant activity of different natural samples such as wine, fruits, herbal tea, 

etc. It involves the use of free radical, DPPH which is widely used to test the ability of 

compounds to act as free radical scavengers or hydrogen donors and to evaluate the antioxidant 

activity (Granato, et al., 2018; Sudhakar, et al., 2018). The reduced DPPH-H is formed when a 

free radical scavenger pairs the odd DPPH radical electron with hydrogen. Up on reacting with 

antioxidants, produces corresponding hydrazine DPPH-H and it becomes a pale yellow color 

(Bondet,  et al., 1997). A strong absorption spectrum is caused by the DPPH free radical's odd 

electron at 517 nm. DPPH assay has various advantages over other assays, like simple, rapid, 

inexpensive, antioxidant of a complex biological system can be quantified, assay results are 

reproducible and have better sensitivity than other radical scavenging methods, multiple samples 
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can be screened and thermally unstable compound can be measured efficiently. Since radical 

scavenging is measured at room temperature. The below scheme shows DPPH free radical 

accepts hydrogen from antioxidant compounds. 

              Figure 11: Reaction of DPPH with Antioxidants 

2.6. Biofilm 

Biofilm is a collection of microorganisms whose cells adhere to a surface, creating a matrix of 

extracellular macromolecular substances composed of microorganisms and extracellular 

polymeric substances (EPS). In most biofilms, microorganisms make up less than 10% of the 

dry matter, while matrix can make up to 90% or more. EPS is primarily composed of 

polysaccharides, proteins, extracellular DNA (e DNA), and lipids, most of which are produced 

by the organism itself the stability of the matrix is ensured by non-covalent bonding between 

EPS (Di Martino, 2018). The architecture of biofilms is influenced by many factors, including 

hydrodynamic conditions, concentration of nutrients, bacterial motility, and intercellular 

communication as well as exopolysaccharides and proteins. Various natural antibiofilm agents 

including phytochemicals, bio-surfactants, antimicrobial peptides, and microbial enzymes have 

different mechanisms of action against interfering with biofilm formation (Mishra, et al., 2020).  

Biofilm-related multi-drug resistance (MDR) has a high impact on hospital settings and the 

emergence of MDR. Biofilms are currently estimated to be responsible for more than 65% of 

nosocomial infections (hospital-acquired infection or a health-care associated infection) and 

80% of all microbial infections (Jonnalagadda & Deshabathini, 2016; Magana, et al., 2018). 

Microbial biofilms can lead to a wide variety of microbial infections in human health, including 

Urinary Tract Infection, Catheter Infections, Middle Ear Infections, Plaque Formation, 
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Gingivitis, and Contact Lens Plaque Predominant bacterial species that cause MDR including P. 

aeruginosa, S. aureus, E. coli, S. epidermidis, and S. viridans has also been found to coexist 

with S. aureus in the lungs of cystic fibrosis patients and on wounds (Abraham, et al., 2012).  

2.6.1. Biofilm formation process 

Microorganisms mostly exist in the environment in the form of biofilms. Almost all bacteria 

(Gram-positive or Gram-negative, pathogenic or non-pathogenic) can form biofilms ( Zhou, & 

Cai, 2018). The developmental stages leading to biofilm formation appear to be conserved but, 

every species forms a unique multicellular community. The biofilm formation process can 

generally be divided into four main phases (Fig 1): (i) initial attachment, (ii) division into 

microcolonies and production of extracellular matrix, (iii) maturation and cell proliferation, (iv) 

aging and dispersal ( Zhou, & Cai, 2018; Magana, et al., 2018). Biofilm formation is mainly 

regulated by QS, the signaling molecules used for QS can be very different (Schilcher & 

Horswill, 2020).  

 

 

 

 

 

 

 

Figure 12: Biofilm formation developmental stages. Planktonic bacterial species attach to 

biotic/abiotic. Adherent bacteria grow as multicellular communities and form microcolonies 

that proliferate and mature. This microbial infrastructure leads to the development of mature 

Biofilms. Finally, biofilms act as bacteria Reservoirs that are brought back into the 

environment by biofilm diffusion and colonize new surfaces adapted from (Magana, et al., 

2018).  
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2.6.2. Inhibition of biofilm formation.  

Targeting the attachment of bacterial cells and the development of biofilm structure is an ideal 

strategy (way) for inhibition of biofilm formation. QS Plays a key role in the formation of 

biofilm Natural Anti-biofilm agents. There are various natural anti-biofilm agents including 

phytochemicals, bio-surfactants, antimicrobial peptides, and microbial enzymes that have 

different mechanisms of action i.e. via interfering in the quorum-sensing pathways (Mishra, et 

al., 2020).  

          

 

 

 

 

 

 

 

 

    

Figure 13: Flowchart review of natural antibiofilm agents adapted from (Mishra, et al., 2020). 

Natural compounds obtained from plants with potent antibiofilm properties are broadly 

classified into phenols, essential oils, terpenoids, lectins, alkaloids, polypeptides, and 

polyacetylenes. Phenols are a group of compounds consisting of seven subclasses including 

coumarins, flavones, flavonoids, flavonols, quinones, phenolic acids, and tannins (Yong, et al., 

2019). Flavonoids quercetin plants are known for their pharmacological effects such as 

reducing the production of Pyocyanin and inhibiting the biofilm formation in P. aeruginosa. 

according to (Ouyang, et al., 2016), which significantly inhibited biofilm formation and 

production of virulence factors including Pyocyanin, protease, and elastase at a lower 

concentration than those for most previously reported plant extracts and substances. 

Administration of the flavonoids to P. aeruginosa alters transcription of quorum sensing-
















































































