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ABSTRACT

Acanthus polystachius (Acanthaceae) is a medicinal plant traditionally usede&dment of
diseases in livestock and humans; it alleviates bleedingsteiabing pain, scorpion sigs,
malaria, and vomiting. In view of its traditional uses and the absence of scientific reports, an
attempt was made to exploies phytochemicalsevaluate thie biological activities, and
perform computational studies on the isolated compounds frersdlvent extracts of the
roots ofA. polystachiusin this regard, the dried and pugrized roots of the plant (8@Pwere
extracted with rhexane, chloroformEtOAG and MeOH resulting in extract yields of 1 g,
1.25¢, 2.1 g, and 27.65 g, respectiv@itytochemical screening of thenexane, chloroform,
EtOAg and MeOH extracts revealed the presence of flavonoids, saponins, terpenoids,
alkaloids, phenols, coumarins, and steroids. The essential oil obtained by hydrodistillation
was analyzed using GMS and showed the presence of 37 components, whiéxadecanoic

acid identified as themajor constituent 34.89% of the total componentEtOAc and
chloroform extractswere subjected toepeatedsilica gel column chromatography and four
compounds weresolated andidentified as benzoxazeR(3H) -one, 2, 4dihydroxy(2H)-1,4-
benzoxazi¥B(4H)one, 2hydroxy2H-1.4benzox azi n f -stigna stérol Grdna , and
chloroform. Structural elucidation of these compounds was perfousied UV-Vis, IR, and

NMR speabscopytechniqus, and the obtained data were comued with literature The
radical scavenging activities of thehexane, chloroformEtOAc, MeOHextracts as well as

EO and isolated compoundaere assessed using the DPPH assayd found to inhibit
93.72% with 1Cso 10.20+4for MeoH extract and 85.99% with ICso 33.16+4 for APF-42
isolated compoundThe extracts and isolated compounds were algaluated for their
antimicrobial activities by disc diffusion method against four bacterial straias E. cdi, P.
aeruginosa, E. faecalis and |gyogenes and one fungi C. albical’sof 21.66+0.57 mnby n-
hexane extract an®2.33+0.57 mmby APR29 against E. faecalis APF170 displayed
26.67+00mm against C. albicanghesenverepromising antibacterial and arftingal activities
compared to the standard drsigrhe results obtained from the studypport the traditional

usesof plantagainst mosand provide the scientific basis for future research

Key words - Acanthus polysichius, Biological activityMedicind plants, Phytocemicd

XVii



1.INTRODUCTION

1.1. Background of the study

Antimicrobial resistance (AMR) is a wellnown, growing international problemvith an
estimated4-95 million deaths associated with bacterial AMR in 2019, including 1-27 million
deaths #ributable to bacterial AMRMurray et al, 2022) As a result, it is necessary to search
for novel chemical compounds to treat AMR microorganisms unless progress will cost
approximagly 10 million lives andapproximateyJS$100 trillion per year by 205@uevara,
Santoset al, 2023) AMR in bacterial pathogens is a global challenge leading to high
morbidity and mortality in clinical settinggClifford et al.,, 2018) Escherichia coli,
Staphylococcus aureu§lostridioides difficile and Pseudomonas aeruginosae the most
common pathogens that develop antibiotic resistance and predalgicausethe majority of

nosocomial infections in healthcare settir@almer & Smaldne, 2014)

Various methods, such as creating nemtibiotics in a laboratory (Stanton, 2013), adding
adjuvants to existing antibiotio®’u et al., 2022) implementing policies and guidelines on
antibiotic use (Allen et al, 2014) and creating awareness among the public regarding the
appropriate use of antibiotichave been used to reduce antibiotic resistaii@caet al.,

2015) However, combating r&ibiotic-resistant infections and other bacterial diseads®s
becomea challenge due to the shortage of effective drugs and the limited number of new
antibiotics in the clinical pipelin€-rieri et al, 2017) As a result, there is a pressing need to
develop novel compounds derived from natural products that can functidmgs orlead

compoundsor act ascaffolds for antibacterial treatment.

Noveldrugsand lead compounds can be discovered through various sources, such as chemical
libraries (collections of different compounds having dlikg properties), computational
medicinal chemistry (combining computational methods and medicinal chemistry pripciples
and natural product discovery (isolating bioactive compounds from biological sources),

especialy plants and microorganisr{tsohl, 2018)



Natural products have served as a major source of drugs, agrochemicals, flavorcdragran
ingredients, food additiveand pesticidegOgunnupebiet al., 2020; Siabaret al, 2011)
Throughout human history, plants have been one of the natural products that have been
utilized traditionally fortreating a wide array of diseases and illness&é# now (Panet al,

2014) The reason behind thenduringuse is that plastare easily accessible and affordable,

and the chemicals found in them often exhibit minimal side effects as well ashétee

eficacy compared to their synthet@unterparts(El-Saberet al, 2020; Mazidet al, 2012)

A medicinal plant is any plamtne or more of itpartscontains substances that can be used for
therapeutic purposes or that are precursors for the synthesis of disefs{Sofoworaet al.,

2013) They are used by the vast majority of people in the world (87.5%) to treat health issues
in both developed andevelopig nations(Sanchezt al, 2020) Nowadays, nerly 9,000

plant species are actively used as traditional medicine for therapeutic purposes worldwide
(Mazid et al, 2012) Africa has a rib biodiversity of plant speciesith a significant portion

used in traditional medicin@Brendleret al, 2010) In Ethiopia, about 8% of the population

is dependent on traditional medicine, essentially pléhebie et al., 2017

The medicinal value of plant islue to active compounds produced during secondary
metabolism, which are oftecalled secondary metabolitg®. Singh, 2015)These metabolites
aresynthesizedand concentrated in specific plant species and orfaugarevaet al.,2013)
They servein plants aglefendingagents, attraction of pollinators, signaling and UV radiation
protectors(Makkar et al., 2007) The major classes of secondary metabolites are tannins,
glycosides, flavonoids, alkaloidserpenoids, steroids, quinonaad saponingDeyab et al.,
2016) These metabolites exhibit a wide of biological and pharmacologiopepties(Devi &
Krishnakumari, 2015)Due to theeactivities,compounds isolated from them have been used
to treatinfections and health disordefwink, 2015) In recent years, a large number of studies
have been conducted to explore the antimicrobial activity of natural products with a particular
focus on plants, herbs, and spi¢dajkarimi et al., 2010) Currently, over 1,300 plants have
been identified with defined antimicrobial activities, and over 30,000 antimicrobial

compounds have been isolated from pladtsshi, 2018)



AcanthugqA) polystachius isa mediciral plant in theAcanthaceadamily and is nativeo East
African countries(Demilew et al, 2018) Traditionally, in Rwanda, a decoction of dried
leaves ofA. polystachiushas been used to treat scal{llsshiet al, 2010) It is also reported

as one of the medicinal plants used in managing diseases of thetoegEsstem in Kenya
(Mailu et al, 2020) In Ethiopia, it is usedofr treating malaria, scorpion stings, eye infections,
bleeding, and relief of stabbing pain in different parts of the coyitklehaynanotet al,
2007) The root and leaf crude extracts with methanol have been shown to have strong
antimalarial activityin vitro (Derebe & Wubé&u, 2019; Kifle & Atnafie, 2020 The root
methanol extract has also exhibited an antihyperglycemic effect on diabe{Deatbeet al,
2020. Although A. polystachiusis widely used in traditional medicine, scientific studies on
this plant have focused only on crude extractEherefore sudies are still lacking on the
chemical constituents of the extracts along with their biological tdsgefore|t is important

to conduct studies on phytochemical investigations, biological activitiesc@mg utational
studiesto identify promising aw compounds that can potentially treat human diseases,
including drugresistant infections.

1.2. Statement of the problem

Now daythe prevalence of antibiotiesistant infectionand pharmacological side effects
drugs is a major issue.eBorts showed tha4.95 million people died associated with
antimicrobial resistance globally in 20IMurray et al., 2022) Infection with antimicrobial
resistance leads to serious illnesses, proldnigespital admissions, increases in healthcare
costs and treatment failureadgostar, 2019) The Centres for Disease Control and
Prevention CDC) reported that more than thredlion people in the United Statégcome ill,

and a minimum of 4800 peoplalie due to antibiotizesistant diseases every yéaontrol &
Prevention, 2019) Bacterial strains causing common and severe infections, such as
Staphylococcus aureus, Escherichia coli, Streptococcus pneumoniae, Klebsiella pneumoniae,
and Pseudomonas aerugingshave rapidly developed resistance tahbold and recently
developed antibioticgPrestinaciet al, 2015)



Therefore, it is crucial to searatew drug fron natural products to address these issAes.
polystachiusis one of the most widely used traditional medicines, especially in Ethiopia
(Derebe & Wubetu, 20)9However, despite its traditional uses, there is a lack of prior studies
on the phytochemicatonstituents biological evaluation andomputationalproperties of
compunds from the root extracts &X. polystachius Thus, conducting such study is
significant as it can contribute finding® treat infectious diseases, resolving antibiotic
resistant infections and potentially lead to the discovery of ncueahpounds for g
development.

1.3. Justification of the research

To the best of our knowledgd\. polystachiusis widely distributed in different parts of
Ethiopia and has been traditionally used to treat various disgaseslewet al, 2018) The
scientific evaluation of crude extracts from the leavesAopolystachiushas assured asti
malarial effects and wourdealing potentialKifle & Atnafie, 2020. The methanofroot
extract of the plant has also been reported for its significant antihyperlipidemic and
antihyperglycemic properties and can be a potential source of valuable and effective
antidiabetic drug¢Derebeet al., 2020). Acanthusspecies are mainly used for treatment of
ailments such as, respiratorgrwous, reproductivegastrointestinasystemsurinary tract and

skin infections. Scientific investigations also showed that the aforementioned genus contains
several secondary metabolites and approximately 125 chemical compounds from different
chemical d&asses that were isolated and characterized. The crude and isolated compounds also
possess remarkable pharmacological activiti@atriga et al, 2022) However, the
phytochemical profile oA. polystachiushas been the least studied species of the genus. Thus,
inspired by its traditional medicinal value, we set out to conduct tlsdophemistry andh

vitro antibacterial and antioxidant activities along withiasilico molecular docking study of

isolated compounds from the roots of the plant.



1.4. Scope of the study

Although A. polystachiusis used for the treatment of malarigmiting, scorpion stings,
bleeding, and wound care in different places in Ethiopia, no phytochemical and molecular
docking analyses have been carried out on the crude root extract constituents of the plant.
Therefore, this study aimed to conduct extragtiasolation, characterization, biological
evaluation andcomputational studiesf isolated compounds from the root extractsAof

polystachius.
1.5. Significance of the sudy

Identifying the phytochemical and biological activities of plant constituentsaiitional
medicinal plants helps in drug discovery and development. Therefore, this study is expected to

reveal the following benefis:

U Provides scientific support for the traditional uses by characterizing the chemical
constituents, and avaiing biologl activity of A. polystachius

0 Offers additional knowledge to the medicinal applications of plants

U Delvers information on molecular docking analysis.

U Establsh a scientific basis for the use of these plants.

U Provides baseline information for reseamshwho are interested in further studies.



1.6. Objectives
1.6.1. General dojective

The overall objective of this study was to extract, isolate and characterize the chemical
constituents from the roots @¥. polystachiusandevaluate biologicahctvities along within

silico molecular docking interactions of the isolated compound with selected protein domains.
1.6.2. Specific dyjectives

U To extract dried and pulverized rootsAfpolystachiudby maceration technique using
Methanol followed by pariibning withorganic solvents suadthyl acetate, chloroform
and hexane

U To extract essential oils from the rootsAafpolystachiusby hydrodistillation

U To identify the chemical constituents of the essential oil using-MSC

U To conduct phytochemical scmag tests of the crude extracts usistandard
experimental protocols

U To isolate compounds from the ethyl acetate and chloroform extracts via silica gel
column chromatography

U To characterize the structures of isolated compounds using spectrotdpiaues
(UV-Vis, IR, and NMR)

0 To assess the antioxidant activity of crude extracts and isolated codgpasing the
DPPH assay method

U To evaluate than vitro antibacterial and antifungal activities of crude extracts and
isolated compounds against two grpostive bacteria $treptococcus pyogenasd
Enterococcus faeca)istwo gramnegative bacteriaEscherichia coli, Pseudomonas
aeruginosa and onefungal strain Candida albicansby the disc diffusion method,;

U To study the molecular docking analysis of #helated compounds using AutoDock
version 4.2 software;

U To evaluate thén silico pharmacokinetic parameters, such as dikeness, ADME,

and toxicity profie of the isolated compounds



2. LITERATURE REVIEW

Natural products have played a vital role in modmedicine and folklore for the treatment of
many diseases and illnesses since ancient t{Des et al, 2012) Due to their distinctive
chemical divesity, they exhibit a variety of biological actions and diikg propertie Lautie

et al, 2020) Plantderived nedicinal products have attracted the attention of researchers
around the world for many years due to their minimal side effects and effective efficacy in
treating human health problenfaye et al, 2019) Furthermore, these products may become

important resources for developing new lead camge and scaffold¢Gaim & Shen, 2007)

2.1 The Family Acanthaceaend the GenusAcanthus

The familyAcanthaceaés a large family of dicotyledonous herbs, shrubs, and twinning vines,
and some arepgphyteonly flowering plants. Consisting of 4300 species in 346 ge(i€ran

et al., 2017) It is among theop 12 most diverse families of flowering plants worldwide
(Manzitto et al, 2022) The four main centres of distribution faie8 of Acanthaceaevere
Indonesia and Malaysia, Africa, Brazil, and Central Ame(ka et al, 2017) Some of this
family's pharmacological properties include &@protective, immunomodulatory,
antiplatelet, antiviral, antifungal, afitifammatory, and antipyretic effec{fPatricia et al.,
2022) The genusAcanthusis a robust perennial herb distributed mostly in tropical and

subtropical regions of the world and consists of 30 spékie$an et al.,2023).

2.2. Ethnobotanical Uses ofthe GenusAcanthus.

The different species in the genAisanthushave been used by traditional practitioners for
different ailments(Zohora et al, 2023) The leaves, roots, stems, and seeds of the genus
Acanthusare active for treating different diseaqéhan et al, 2017)Acanthus specieare
commonly used in decoctions, infusions, and poultices to treat conditions affecting the
nervousreproductive, and respiratory systems, including cough, asthma, skioigastinal,

and urinary tract infectio@Patriciaet al.,2022) Among the 29 species identified by World
Flora Online, approximately nine were reported for their usual lusksv (A: abbreviated for

Acanthis). A. arboreus, A. mollis, A. montanus, A. spinosus, A. hirsutus,ciolilis, A.
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leucostachyusandA. ebracteatusre among the species well known by titg itional(WFO

2021).Some common species in the genus are well known for their therapeutic properties all

over the world, as seen in the tableokel

Table 1: Lists d sometraditional uses and parts Atanthus species

Botanical Name| lliness/Symptoms Claimed { Parts Used Reference

of Species Be Treated Traditionally

A .arboreus For snake bite ND (Dharmadaseet al,

2016)

A. Mollis For treaing wounds,psoriasis,| Leaves roots | (Adeyemi et al,
and swollen legs 2005)

A. ilicifolius Forasthma, diabetes, Leaves (Saanyaet al., 2015
ringworm, rheumatism

A. eminens For backache, cough, eye Leaves (Woldemariamet al,
infections, diarrhea, andlema. 2016)

A. hirsutus For wound healingconception Stens and| (Uysal et al, 2018)
and dry cough leaves

Aleucostachyug Treatng toothache, feve| Leaves (Dev et al.,2022)
burns, and wounds

A. sennii Treating scorpion sting Root (Assefaet al, 2016)

A. ebracteatus | Treating conditions ssociated entire plant (Hokputsa et al,
with inflammatiors 2004)

A. polystachius | Treat malaria, cough ar| Leaves (Demilew et al.,
wounds 2018)

ND: information not described in the work




2.2.1. AcanthuspolystachiuDelile

A. polystachiusvas narad by French botanist Alire Raffeneau Delile. In Ethiopia, it is known
by the vernacular namésosoru in Afan Oromo,Nech Koshashilen Amharic, Jawkalain
Gumze, andDendero in Shinasha(Asnake et al, 2016; Chekog¢ et al., 2015; Giday,
Teklehaymanoet al, 2007) It is a shrub or small tree up to 7 metres that is ecologically
widespread and locally cultivated from medium to high altitudes (18T m) in the agro
climatic zones of EthiopidGetaneh, 2011)This species grows slightly larger and has pink

blooms and siky, hairy leavg®ailu et al, 2021)

A. polystachiusgrows in the wild and is native to several East African acgas)t including
Kenya, Uganda, Tanzania, Burundi, Sudan, Rwanda, and Ethiopia. In Ethiopia, it was found in
the northwesternpart of Ethiopia, around Bahir d&@ity and Dilla (Alebie et al., 2017
Demiew et al.,2018)

Several times, the roots arehves ofA. polystachiushave been highly used for different
diseases in livestock and humans in various ethnobotanical g(@ugkole et al., 2015;
Patricia Matost al.,2022) Pounded fresh roots diluted with water are used to treat livestock
atacked by rabiegChekoleet al, 2015) In Kenya, the root part is used to relieve cough
(Mailu et al, 2021) Leafand root decoctions have been employed as a medication with butter
to alleviate bleeding and stabbing pain, as well as scorpion gtksgmkeet al, 2016)
Malaria and vomitinghave also been treated using the leaf por(idsnakeet al., 2016;
Meragiaw & Asfaw, 2014)The roots ofA. polystachiushave also been used to treat inteesti
worms (Giday et al, 2007) In vivo, leaf and root methanol extracts show promising
antimalarial effect{Derebe & Wubéu, 2019; Kifle & Atnafie, 202D Additionally, studies
indicate that methanol crude extracts of leaveshaat woundgDemilew et al, 2018) The

root showedsignificantly reducedyperlipidae miaand hyperglycae miavith methanol extracts
(Derebeet al, 2020Q. Due to its varied ethnobotanical and bgical activiies, the plant was
selected for investigation to identify its active principles that may act as a lead to develop

clinical drugs to fight diseases and drug resistance infections.



Taxonomy

Table 2 Taxonanical Classification ofA. PolystachiuPelie.

Kingdom Plantae
Phylum Magnoliophyta
Class Magnoliopside
Subclass Asterida
Order Lamiales
Famiy Acanthaceae
Genus Acanthus
Species Polystachius

Figure 1:Aerial and Root prts ofA. polystachius

Photo was taken by Hailemikael GebremarianDdla University Botancal and Ecotourism
garden on 04.2/2022
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2.3. Pharmacologicalstudy of the genusAcanthus

In various scientific studies, some extracts and compounds Acanthus specieshowed
different biological and pharmacological activitisspporting some of its ethnomedicinal uses
(Saranyeet al.,2015 The three species that are most commonly utilized for treatments are
montanus, A. ilicifoliusandA. ebracteatgPatriciaet al., 2022) Among the species in this
genus, A. ilicifolius has been the subject of-depth research on its pharmacological
properties. The investigationevealed that acanthus ilicifolius posses a variety of
bioactivities, such as antinffammatory, antieishmanial, antiulcer, antibacterial,
antinociceptie, and osteoblastic activiti€girdauset al, 2013) It has been stated that several
portions of this plant have afiiffammatory and amnosteoporotic propertie€/an Kiem et

al., 2008 Because A. ilicifolius contains alkaloid components, it is utilized as a sedative,
skeletal muscle relaxant, and anticonvulsgdAimer et al, 2004) A. montanuseaves are
believed to have antibacterial and immunologioperties, as well as anthelmintic, anti
inflammatory, and antipyretic properties. Additionally, it exerts peripheral analgesic and
antipyretic effects on both shadrm and longerm inflammatory process€asongale met

al., 2004) Acanthus sennihas antiviral, antifungal, cyioxic, antiinflammatory, antipyretic,
antioxidant, insecticidal, hepatoprotective, and immunomodulatory propéitesefaet al.,
2016) Antioxidant, antihepatotoxic, antibacterial, amay, anticancer, antieed ant,
analgesic, antinflammatory and antifertility activities have been discovered in several

Acanthusspecies(Capanlar et al., 2010)
2.4. Phytochemicalstudies

Phytochemicals are naturally occurring compounds found in medicinal plants in different parts
of plants, such as leaves, flowers, stems, bark, and.rdbey are grouped as primary and
secondary metabolites based on their function in plant metab¢libgis & Lerdau, 2003)
Secondary metabolites have no direderim the growth and development of plants but have
evolved indefense againdtiotic and abiotic stressgdanet al, 2021) Bases on chemical

structure and function classified into polyphenols, flavonoids, terpenoids, alkaloids, and plant
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sterols, which contribute much to the bioactivity exhibited in the benefi€tiaboan health

evolved in combating and preventing disea@éssanthiet al.,2012)

Phytochemical screening was performed on the géuamthususing various extractive
solvents, which has indicated the presence of diverse and novel phytochemical constituents,
such as triterpenoids, alkaloids, saponins glycosides, flavonoids, and s{gvdsisnann &
Liebezeit, 2008)Leaves and roots & . ilicifolius contain alkaloids, phenol, steroids, protein,
resins, steroids, tannins, terpenoids, cardiac glycosides, carbohydrates, saponins, glycosides
and catechol by extraction using different solvents, such as aqueous, hexane, ethanol,
methanol, acetone, and chlorofofAiyer & Manju, 2019; Govindasamy & Arulpriya, 2013;
Poornaet al, 2011) The study alsoavealed the occurrence of alkaloids, terpenoids, saponins,
phenolics, flavonoids, and tannins but the absence of steroids from flowers extracted by
methanol(Firdauset al., 2013) Another study revealed that the plant possesses alkaloids,
steroids, tannins, flavonoids, and reducing sugars, but saponins and gums are absent in crude
methanol extracfAvijit et al, 2012)

A study performed on the qualitative and quantitative determination of the chemical
composition ofA. polystachiusreported the presence of glycosides, phenols, saponins, and
tannins in the aqueous root extracts Af polystachius,but alkaloids, flavonoids, and
terpenoids were not present, while the acetone and methanol root extracts were reported to
contain alkaloids, flavonoids, glycosides, and phenols, along with the presence of saponins
and terpenoids in the methanol root extrabtsyever, saponins, tannins, and terpenoids were

not shown in acetone extrac(#lailu et al, 2021) Studies on A.polystachiusleaves were

found to be positive for the presence of tannins, flavonoids, saponins, polyphe pelso s,
glycosides, and anthraquinones, whereas alkaloids and steroids were(Beseil@w et al.,

2018)

2.4.1. Chemical constituents ofAcanthusspecies

Abundant secondary metabolites were found in the géwasthus,and over 125 chemical
compounds from various chemical classes were identified and isolated, primarilyAfrom

ilicifolius (approximately 80), followedoy A. ebracteatusnd A. montanusspecies from
12



various regions of the species. Among these alkaloids, benzoxazinoids, glycosides, flavonoids,
and triterpenoids are major compounds that are isolated and possesskatde
pharmacological activitiegPatricia et al.,2022;Singh & Aeri, 2013)

Table 3:Parts and compounds isolated from @Genus Aanthus

Alkaloids
S.no| Plans Source Parts of| Isolated Compounds | References
Extracts
1 A. arboreus Entire plant 4-Hydroxy acanthamin| (Amer et al,
2 A. arboreus Entire plant Acanthaminoside 2004)
3 A. llicifolius, Arial parts Acanthicifoline (Wu et al, 2003
A.mollis
4 A. ilicifolius Arial parts Trigonellin (Tanet al, 2016)
A. ilicifolius Leaves Acanthiline A (Caietal, 2018)
6 A.llicifolius Roots 2-benzoxazolinone (Huang et al,
(var.xiamenesig 2014)
7 Allicifolius Root 2-hydroxy-2H-1,4-
(var.xiamenensjs benzoxazir3(4H)-one
8 A. llicifolius Root (2R)-2-O- -d- (Huang et al,
(var.xiamenensis) glucopyranosyR H- 2014)
1,4-benzox azin
3(4H)-one
9 A. llicifolius Root 2R)2-O-b-d- (Kanchanapoom
glucopyranosyH- et al.,2001)
hydroxy-2H-1,4-
benzoxazir3(4H)one
10 | A.ilicifolius Root 2R)}-2-O-b-d
glucopyranosylr-
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hydroxy-2H-1,4-

benzoxazir3(4H)one
Flavonoids
11 | A.llicifolius Leaves Quercetin (Tanet al, 2016)
12 | A.llicifolius Leaves Quercetin3-0O-b-D
glucgoyranoside
13 | A.llicifolius Aerial parts Vitexin (Wu et al.,2003
14 | A.llicifolius Aerial parts Apigenin7-O-b-D
glucuronide
15 | A. spinosus Aerial parts Apigenin7-O (Amer et al, 2004;
Huo et al, 2005)
galactoside
16 | A. spinosus Aerial parts Apigenin7-O (Huo et al., 2005)
glucuronide
17 | A. hirsutus lwiss Luteolin-7-O- (Capanlaret al,
2010)
Aerial parts b-gluco pyranoside
18 | A. wolubilis Aerial parts Schaftoside (Kanchanapom et
al., 2006)
Lignans
19 | A.llicifolius, Aerial parts (+) - Lyoniresinol (Kanchanapoomet
5 al., 2001)
3 WD-b
glucopyranoside
20 | A.llicifolius Aerial parts (-) - Lyoniresinol (Patricia et al.,
5 2022)
A. ebracteatus 3 WO-b
glucopyranosid
21 | A. llicifolius Leaves Acancifoliuside (Van et al.,2008
22 | A. llicifolius Leaves Acteoside
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23 | A. llicifolius Leaves Isoacteosid
24 | A. ilicifolius Leaves Acanthaminoside
Phenols
25 | A.ilicifolius 2,6-Dimethoxyp (Sardar et al,
hydroquinonel-O-b- | 2018)
Aerial parts
glucopyranosyl ester
26 | A. volubilis Aerial parts Canthoside B (Li etal, 2009)
27 | A. llicifolius Aerial parts Cistanoside F (Wu et al, 2003)
28 (Noiarsa et al,
A. volubilis Verbascoside 2010)
Aerial parts
29 Aerial parts . (Noiarsaet al,
A. ebracteatus Leucosceptoside A
2010)
30 , .
A. ebracteatus. Aerial parts Martynoside
31 o _ . (Saranya et al,
A. ilicfolius Aerial parts Campneoside |
2015a)
32 | A.llicfolius Aerial parts licifolioside A (Wu, et al.,, 2003b)
Steroids
33 | A. montanus leaves Stigmasterol (Jonathan&
34 | A. montanus leaves b-sitosterol Okieimen, 2020)
35 | A. montanus leaves cholesterol
36 | A.llicifolius Leaves Campesterol (Patelet al, 2020)
37 | A. llicifolius b-amyrin (Patricia et al.,
2022)
Megastigmane glycosides
38 Aerialparts (Kanchanapoomet
A.ebracteatus Plucheosle B
al., 2001)
39 | A ebracteatus Aerial pars EbracteatosideA
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40 | A.ebracteatus Aerial parts Premnaionoside C
Simple aliphatic compounds
41 | A ebracteatus Aerial parts Ebracteatoside D (Li etal, 2009)
42 o . L (Kanchanapoomet
A. ilicifolius Aerial parts licifolioside C
al., 2001)
43 (Kokpol et al,
A. ilicifolius Root Octacosyl alcohol
1986)
Miscellaneous compoussnds
44 | A.volubilis ) Adenosin (Kanchanapoo net
Aerial parts
al., 2001)
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2.5. Biologicd activities ofthe Genus Acanthus

The genus Acanthusshows various biological activities. Thus, the antimicrobial and
antioxidantextracts and isolated compounds the Acanthus genusvere reviewed in this

literature.
2.5.2 Antimicrobial activity

A review of the literature suggests that tAeanthus genyswhich was gathered in several
places, exhibits varying biological activithcanthus specieare mainly used for diseases of
the espiratory, reproductive, gastrointestinal, urinary tract, and skiotiofes(Patricia et al,
2022) Alcoholic and chloroform extracts of leaves Afilicifolius showedstrong inhibitory
actionagainstB. subtilis, S. aureus, C. albicans, A. fumigataisg A. nigerand moderate
inhibitory action againsP. aeruginosa and P. vulgarisThe MBC and MIC values was
between 0.5 to 3 mg/mL and 2 mg to 4 mg/mL eesjwely for dhloroform extract(Bose &
Bose, 2008)According to Okoli's report, furuncles were effectively treated with the crude root
of A. montanugOkoli et al, 2008). The +butanol fraction ofA.ilicifolius leavesinhibits V.
harveyiin vitro and is potentially active againstibrio cholera, K. pneumoniaand E. coli
(Saranyeet al.,2015. The chloroform extract showed a minimum concentrafMiC) value

of 2-4 mg/ml against skinpathogengGovindasamy & Arulpriya, 2013)

A study performed on the crude extracts of leaveS.@anniby ethanol extracts revealed high
antibacterial activity against staandl strains ofS. aureuswith an inhibition zone of 14+0.6

mm at 25 mg/ml and 17£0.7 mm at 50 mg/ml, and the bud parts also showed high antibacterial
activity againstS. aureusstrains with an inhibition zone of 25.7£0.7. The mean minimum
inhibitory concetrations of 5.2+1.8 and 2.6+0.5 mg/ml were reported for the ethanol extract
of leaves against standard straingotoliand clinical isolates 0%. aureugGeta & Kibret,

2020) 2-Benzoxazolinone and benzoxazinium derivativeé dicifolius exhibited phytotoxic,
antimicrobial, antifeedant, antifungal, and insecticidal activiiyu et al, 2003. 6
Hydroxybenzoxazolinone, (Z3-coumaric acid 40- -D-glucopyranoside an8,5 dimethoxy4-

hydroxy methyl benzoate were identified as the antibacterial compoundsilicifolius

(Ravikumar et al, 2012)
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A study performed on leaves &. polystachiuscompared with a simple ointment base
revealed a significant wouraealing effect in mice infected wit8. aureus The minimum
inhibitory concentration (MIC) of th@xtracts against grapositive Bacillus cereusranged

from 12.5 to 100 mg/mL, and the minimuimhibitory concentration (MIC) of the extracts
against grarnegativeStaphylococcus aureuanged from 12.5 to 200 mg/m{Demilew et

al., 2018) Even though the genudscanthushas such attractive and remarkable study findings,
there ha been no study done on the roots\opolystachiudor phytochemical investigation,
biological activities, and molecular docking properties. Thus, it is important to conduct studies
on the extraction, isolation, characterization, biological evaluati@nramlecular docking of

isolated compounds from root extracts.
2.5.2.Antioxidant activity

Antioxidants are a class of chemical substances naturally found in plants that can prevent or
reduce the oxidative stress of the physiological system of hurf@okin, 2020) An
ilicifolius flower extiact by methanol showed strong antioxidant activiGs¢= 1 7. 51 € g/ mL
(Andriani et al.,2020) A. ilicfolius ethanol extracts of leavehibitedvery strong potential

as an antioxidant 15 of 49.73 + 1.14 pg/ml with ascorbic acid at 29.84 + 0.34 pg/ml and had
medium antioxidant effectfAisiah et al, 2022) The methanol extract of tha&. ilicifolius

flower showed the highest antiradical efficiency (AE=XH13) against DPPH radicals
(Firdauset al., 2013. Stem extract displayed significant free radical scavenging activity
comparable to that of ascorbic afiishaet al.,2012) The roots also showed a mediunsdC

of 59.85ug/ml for antioxidant activityPaul & Ramasubbu, 2017/ lavonoids and phenolic
compounds that were istdal fromA.ilicifolius also showed high antioxidant activity in rats
(Ashaet al, 2012) The A. polytchiusleaves revealed that the crude methanol extracts had
very strong activity withiCsov a | ue s o f (Kile.&3Alhafieg §020nL

2.6 Molecular docking

Molecular daeking is a kind of computational modeling that facilitates the prediction of the
preferred binding orientation of one molecule (e.g., a lig@otnpound)) to another (e.g., a

receptoy when both interact with each other in order to form a stable conjplgarwal &
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Mehrotra, 2016)It is an important component of many drug discovery projects when the
structure of the protein is available. Although it is primarily used as a virtual screening tool,
and subsequently for lead optimization purposes, there are also atippc in target
identification(Cases & Mestres, 2009)There are various kinds of molecular docking
procedures involving either ligand/target flexible or rigid based upoobjestives of docking
simulations. Flexible ligand docking, which incorporates target as rigid molecule. This is the
most commonly used in docking. Rigid body docking, where both the target and ligand
molecules are kept as rigid molecules. Flexible dagkthat involves both interacting
molecules as flexibléMukesh & Rakesh, 2011Molecular docking has two stages: docking
molecules into the target's binding site (pose identification), and predicting how strongly the
docked conformadin bindsto the target (scoringKitchenet al, 2004) Molecular dockag

can predict the optimized orientation of a small molecule or ligand on its target. It can predict
different binding modes of ligand in the groove of the target mold&iieichetet al, 2002)
Additional thisapproaches have also been applied to the studyariy@tokinetic features
(ADMET: Absorption, Distribution, Metabolism, Excretion, and oxicity) ard
pharmacodynamics data (e.g., potency, affinity, efficacy, and select{@gpnardiet al,

2023) Knowledge gained from such investigations may be employed to develop more potent,

selective, and efficient drugs before real experimentation, which decreases resource and cost.
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3. MATERIALS AND METHODS

3.1. Chemicals andSolvents

Analytical grade solvents, chemicals, and reagents used in this study included methanol 99%
(Follium pharmaceuticals),-nexane(99%), dichloromethane (98%)hroform (99%), ethyl
acetate (98%(EtOAcC), Petroleunether(PE),Dimethyl sulfoxide (DMSO), Deuterated DMSO
(DMSO-ds), Deuteratedacetone ((CB)2CO), and Deuterated chloroform (CRETI The
chemicals used werprofloxadn, ketoconazoleyanillin, NeeSQs, DPPH, silica gel (20@00

mesh), FeG| NaCH, HCI, bSQ4, Wagner 6 s r2p and)Magefs reqagerit{HgCh d |

+ Kl).

3.2 Apparatus and Instruments

Mortar and pestleelectrical grinder (Willy), reagent bottle,rotary evaporator (Lasec)
Clevengeitype apparatusMelting apparatus (Japsoabl melting point apparatusprbital

shaker (JEIOTECH)thin layer chromatography (TLC) plate, TLC chamber, capillary tubes,
round bottom flasks, digital electronic balance, UV lamp, beakers, vials, test tubes, measuring
cylinders, ruler, pencil, pipettdVhatman no:1 filter paper, separatory funnel, and conical
flasks UV-Vis Spectrophotometry (Optizen2120uvBpectroscopieslke UV/Visible,
(SYSTRONIC AU2701), infrared (IR) (Agilent Technologies ATIRT 5500) NMR Bruker
BioSpin GmbH (600 MHZ) and Brukeivance 400 MHzGC-MS(Agient 7890B GC)

3.3. Description of the sample ollection Ste

The plant was collected from the Dilla University botanical and ecotourism garden at
longitude and |l atitude of 6A 2406 3s@bodesea8A 18
level, which is located in the Southern Nations, Nationalities and Peoples Region (SNNP),
Gedio Zone The placeis 356 km from the capital of Ethiopia on the main road to Nairobi

Kenya.
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Figure 5 Map of plant collection site
3.4. Collectionand Identification of the plant material

Fresh roots of. polystachiusvere colected and washed with tap water on 04/12/2022. Then,
the samples were packed in a black plastic bag to protect them from direct sunlight contact and
transported from Dila Uwersity Botanical Garden to the ASTdépartment of applied

chemistry laboratory. The plant material was authenticated by botanist Ato Melaku

Wondafrash, and voucher specime(Voucher NoHG001) was deposited in theabbnal

Herbarium, Department dotanyBiology, Addis Ababa University, Addis Ababa, Ethiopia.

3.5. Plant preparation and Extraction

The collected fresh roots @& polystachiusvere dried under shaded open air for one month.
The dried plant materials were powdered withedattrical grindeto smaller particle sizes. A

total of 800 grams ofdried powdered plant material was macerated with 4 L of 99% methanol
and shaken usg an orbital shakewith 100 rotations per minute (RPM) for 72 h three times at
room temperature. The macerated sample filleered by using Whatman +b filter pager and
concentrated at reduced pressumea rotary evaporatoat 40°C at 90120 RPM. The

concentrated methanol extracts were dried at room temperature and succgssiteyed
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with 500 ml of Rhexane, chlorafrm, and ethyl acetate until the solvents in eaxcide extract

were almost colourless. Each concentrated extract resolution was analysed by using thin layer
chromatography0.25 mm thick layer of silica gel GF254 on an aluminum plédgots were
visualizzd under an ultraviolet lamp at 254 and 365 nm wavelengths. Based on TLC resolution
and yield, the extracts were selected for column chromatography

Aur dried roots of Acanthus polystchius 800gm
soaked in 4 L of methanol for 72 hr within
shaking on orbital sheker

' Methanol extract (32g) \l Marca is discarded \

Methanol extrets Methanol extracts washed Methanol extracts pure methanol
washed with n-hexane with chloroform with ethylacetate extracts

seleceted for
column

Figure 6: Schemeflow chart diagram showing extraction procedure

3.6. Hydrodistillation

Air-dried powde roots ofA. polystachius300 gm were subjected to hydrodistillation for 3
hours using a Clevenggype apparatus according foDorsd et al, 2016) The condensate
was collected and extracted with 150 ml dichloromethane (3%) using eegaunnel.To
the combined organic solvent extract, approximatehgd0Dof NaSQOs was added to remove
moisture and then filtered using Whatman nofiller paper. The organic solvent was
concentrated evaporated in a vacuatary evaporatorand the yidds were kept in an amber

glass vial in the refrigerator until analysis.
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3.6.1 Gas Chromatography-Mass Spectrometry (GCMS) Analysis

The essential oil was analyzed by ®4S using an Agilent 7890B GC with Agilent 5977B
mass selective detector [MSD operatedhe EI mode (70 eV). Scan range-400 amu and

scan rate 3.99 scan/sec and an Agilent Chem Station data system. The GC column5wvas HP
Fused silica cafpary with a 5% phenyl 95% poly methyl siloxane stationary phase, length of
30m, internal diameterfd.25 mm, and film thickness of 0.25 um and the carrier gas was
helium at a flow rate of 1.0 mL/min. The detector and injector temperatures were 280 and
250°C respectively. The oven temperature was programmed from 100 to 300°C at 10 °C/min,
held for 5 mirutes and the total running time was 25 min. The volume injected was 0.1 pL of

chloroform solution with a splt ratio of 1:20.

'

Root powder of Aranthi Hydro detllation with Extraction of esemhial
ool with chheofornm

Sobvesl aliminatson
podianac i Cleverger apparais

_1:.'1{

Eswrnal of wih bk

Chrematogaph o EOl OC-M5 Anaby
Sgap ’ J fabrut selvems

Figure 7 Schemediagram of essential oil extraction frofn polystachiugsoot

3.6.2 Compound Identification

An essential 0i(EO) constituent was identified based on a comparison of the name of the
compound, the Confirmation of Acceptance for Studies (CAS) registry number, and the

GC MS analysis procedure wused with the Nat.I
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(NIST), the hemistry Webbook (NIST Chemistry WebBook, SRD 69), and the previously

reported literature
3.7. Phytochemical Screening ests

Preliminary phytochemical screening for each crude extract of the roatspotystachiusvas carried
out to analyse the presengkflavonoids, sapoms, tannins, terpenoids, phengbdkalads, coumarins,
and steroidslt was performed qualitatively using colefiarming and precipitating chemical reagents
on the crude extracts of the plant according to the standard meti&ithbh & Patil (Shaikh & Patil,
2020) and the values are tabulatedriable 8.

Test for Flavonoids Fech test): Each extract (AL) was treated with d&&w drops of 10%

Feck solution and showed a green precipitate presence of flavonoids.

Test for Saponins (Froth formation test)To 1mg of each crude extractmb of distilled
water was added and shaken vigorously. The formation of persistent foam mdiate

presence of saponins.

Test for Tannins ( Br a y me rEéch Ing &f crudg hoiled in 10 mL distilled water for 3
min and then filtered. To each filtrate;43 drops of 10% Fe€lwere added to give a

blue green <colour, which confirms the presen

Test for Terpenoids: (Salkowski test): Each crude extract (0.5mg) was slackened with
chloroform (2 mL) in the test tube, followed by the addition of concentrated sulfudc(&ci
mL) along the side of the test tube using a dropper. A reddish brown colouration of the

interface indicates the presence of terpenoids.

Test for Phenolic (Fec} test): Eachcrude extract (1 gm) was mixed with 5 mL of distilled
water and 5% Fegsuccasively. The formation of a darreen colour indicates the presence

of phenolic compounds.

Test for Alkaloids ( Wa g n e r Bash ektracs (L ing) was mixed with 5 ml of 1% HCI for

5 min in a water bath for 5 min and filtered. Two to five drops of Walgser r eagent (i 0
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potassium iodide) were added. The formation of a brown/reddish precipitate indicates the

presence of alkaloids.

Test for Coumarins (NaOH test): Each crude extract (1 )ngas mixed with 2 ml of 10%

NaOH to formayellow colour, indicahg the presence of Coumarins.

Test for Steroids (Salkowskis test): Each extract (1 mg) was combined with 3 mL of
chloroform and 3 mL of BSCOy, and the formation of the bilayer (red top layer and greenish

bottom layer) revealed the presence of steroids.
3.8. Isolation of Compounds

Isolation of compounds was carried out using column chromatography that was packed with
silica gel (mesh size 26800) as stationary phase. Petroleum ether, ethyl acetate and their
mixture were used as mobile phase. Visualizatibthe spot was achieved by UV _atax

254 nm and 365 nm and spraying of appropriate reagents such as iodine and vanilin.

3.8.1. Column Chromatography Technique

The TLC profiles of théhexanechloroform (CHCd) and ethyl acetate (EtOAckieacts were
found were analysedDepending onthe extractiom yields, the ethyl acetate (Lagnd
chloroform (1 g) extracts were selected for fartpurification. Accordingly, @ of the EtOAc
extract was adsorbed on silica gel dgd subjected to gravigolumn chromatography with an
increasing gradigrof ethyl acetate in petroleum ether as elueAtstal of 177 fractions (10

mL each) were collected, their compositions were analysed using TLC, and invisible
compounds were visualized using vanillin spray. In 30% EtOAc in the PE solvent system,
fractions 41, 42 and 43 had a single spot with aamimpurity. After separate the impurity by
chloroformdecantationfraction 42 with an Rvalue of 0.8 in 30% EtoAc in PEand a yield

of 30 mg was labelled as compound ARE. Fraction F170 also displayed argyle spot on

TLC in 60% EtoAc in PE with a® valueof 0.48. (2Ing) and affordedtompound APFL70.
Fractions 6186 (220 mg) were combined arfdrther usingsilica gel columnchromatography

(30g) viaan increasing gradient solvent system starting from 8@Ac in PE and eluted 57
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fractions. Fraction29 (586 PE in EtOAC) yielded 24ng with an R value of 0.5, showed a

single spot on TLC and gave compound AP®R

Table 4:Fractionation of the EtOA@xtract of the root oA. polystachius

Fraction | Solvent Ration | Remark | Fracton | Solvent Ration | Remark
System System
Fi-Fi2 PE: EtOAc | 90:10 Fieo-Fi70 | PE:EEtOAC | 5195
Fi3-F2z | PE: EtOAc | 85:15 Fi71-F177 | PEEEtOAC | 100
F24F29 | PE: EtOAC | 80:20 Fe1-Fse rechromatographed
Ri-Rs PE:EtoAc | 70:30
Fso-F37 | PE: EtOAc | 75:225 R7-Rie PE: EtOAc | 65:35
Fas-Fsa | PE: EtOAc | 7030 | F-41,42, 4Zodedas APF42
Fas-Fse | PE: EtOAC | 65:35 R17R26 PE : EtOAc| 60:40
Fs7-Fes | PE: EtOAc | 60:40 R:7-Rsg | PE: EtOAC| 5545 | APR29
Fes-F74 | PE: EtOAC | 5545 R39-Ra6 PE : EtOAc| 5050
F7s-Fss | PE: EtOAC | 50:50 Ra7-Rse PE : EtOAc| 45:55
Fss-Fo4 | PE: EtOACc | 4555 | Single spotoded APF170
Fos-Fi01 | PE: EtOACc | 40:60
F102-F109| PE: EtOAC | 3565
F110-F120| PE: EtOAc | 30:70
F121-F131| PE: EtOAC | 25:75
F132-F141| PE:EtOAC 20:80
F142-F1s1| PE: EtOAC 15:85
Fis2-Fi1s9 | PE: EtOAC 10:90

The chloroform extract (1g) was also subjected to silica gel (50 g) column chromatography
following the above similar procedures. A total of 194 fractions were collected. Fractions 41
55 (72 ng) with two spots on TLC were combined and rechromatographed over silica gel (20

g) using the isocratic solvent system PE: EtOAc (9:1) as eluent 40 Fractions each 5 mL and
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fractions 2931 afforded a single spot on TLC (8:2; ¥&lue of 0.6, 35 mg) and codieas
compound APR3L

Table 5:Fractions of the chloroform extracts from rodispolystachius

Fraction | Solvent Ration | Remar | Fraction Solvent Ration | Remark
System k System
F1-Fis PE:EtOAc | 90:10 Fa1-Fss PE:EtOAcC Rematograph
ed
Fie-F2s | PE EtOAc | 85:15 R1-Rao PE: EtoAc | 90:10 | Fyes: single
spotlabeled
(APR-31)

F2ooFs2 | PE EXOAC | 80:20

Fas-Feo | PE EtOAC | 75:25 Fi27-F136 | PE EtOAc | 3565
Fro-Fso | PE EtOAc | 70:30 Fi37-F144 | PE EtOAc | 30-70
Fsi-Feo | PE EtOAc | 65:35 Fia5-Fis1 | PE:EtOAC | 2575
Fo1-Fo7 | PE EtOAc | 60:40 Fis>Fi1s7 | PE: EtOAc| 20-80
Fos-F10s | PE:EtOAC | 5545 Fiss-Fies | PE:EtOAC | 15-85
F1o4-F112| PE: EtOAC | 50:50 Fie7-Fi7s | PE EtOAc | 10-90
Fi13-Fus| PE:EtOAc | 4555 Fi7e-F1ss | PE: EtOAc| 05-95
Fi19-F126 | PE: EtOAC | 40-60 FisefF104 | EtOAC 100

3.8.2 Structural Elucidations

The structures of the isolated compounds were elucidated based on data obtained from
physical properties, such as melting pgiRsvalue colour on TLC and interpretation of data
generated from spectroscopimethods inclding UV/Visible, Infrared (IR) and 1D NMR
spectra.The TH NMR and 13C NMR spectra of compounds APIFO and APR31 were
obtained in CDGlon a Bruker Avance 400 MHz spectrometer from the NMR laboratory,
Addis Ababa University (AAU), Ethiopia. However, inedoneds was also used for the
characterization of compounds ARR and APR29. After all, the chemical structures were

elucidated to match the closest NMR results from the literature.
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3.9. Biological activity tests

In the present study, the antioxidanttibacterial and antifungal activities of the crude extracts
and isolated compounds were tested to determine the biological activity of the rdbts of

polystachiususing different standard methods.

3.9.1 Antimicrobial a ctivity

In vitro, antimicrobial suseptibility tests of essential oils, crude extracts and compounds
isolated from roots oAA. polystachiuswere evaluated by the agar medium disk diffusion
method(Ghasemadehet al, 2015) Antibacterial and antiingal activities were evaluated by
measuring the diameter of clear inhibition zones surrounding the wells according to the
standards of Clinical and Laboratory Standards. The standard bacterial and fungus cultures

were obtained from Oromia Regional Laborgt Adama

3.9.11. Bacterial and fungal Strains A medium (Mueller Hinton Agar) was used for
bacterial and fungal growth, and two grgwsitive bacteriaStreptococcus pyogen@d CC
19615) and Enterococcus faecalinTCC25923), two grarmegative bacteriaEscherichia

coli, ATCC 25922 and®seudomonas aeruginosATCC 27853) and a fungal strai@éndida
albicans ATCC10231) were selected based on their pathogenicity. Ciprofloxacin and
ketoconazole were used as the positive controls PAmMBO was used for theeconstitution of

the sample as well as the negative control

3.9.1.2. Media preparation and inoculation

Mueller Hinton Agar and Potato Dextrose Agar (PDA) medium were used for bacteria and
separately bylissolving the solid media (83 in 1000 mL of distled water. The dissolved
fungus. Each medium was autoclaved at°@fbr 15 minutes. After autoclaving, the medium

was cooled to approximately 50°C. The medium was then poured into sterile Petri dishes and
allowed to solidify. Bacteria and fungus cell selpions were adjusted to 0.5 McFarland
turbidity st and8CFWmnsL atddnocplates psammelianeted of stefile filter
Paper discs were soaked in 1 mL DMSO solution of the crude extracts containing 250 mg/ml,
125 mg/ml,62.5 mg/ml 31.25, ess@hoils, and isolated compounds 0.4 mg/ml, 0.2 mg/ml,
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0.1 mg/ml and 0.05 mg/ml concentrations. Then, the saturated paper discs were placed on the
center of each MHA and PDA plate and incubated in ambient air at 37°C for 16 h for bacteria
and at 27°C foup to 72 h for fungi. After the incubation period, the plates were examined for
inhibition zones. The inhibition zones were compared with those produced bgféhence
ciprofloxacin (30 pg/disk for antibiotics and ketoconazole for antifungal age8&ng/disk).

The resulting diameters of zones of inhibition produced by the plant extracts, isolated
compounds, and standard antimicrobials were measured using a ruler and reported in
millimetres. Each experiment was performed in triplicate, and the average ofinhibition

and standard deviation were calculated. The results are expressed as M + SEM.
3.9.2.Antioxidant activity

3.9.21. DPPH assay:The free radical scavenging power of the crude extracts and isolated
compounds were measured based on the sgmgractivity of stable 2;2iphenyil-

picrylhydra (DPPHpccording to the standard protocols adoptedJgye et al., (Ugyeet al,

2018) Serial dilutions were carried out with 1 mg/mL stock solutions of the plant extract and
isolated compounds to obtain concentrations of 1000, 800, 600,400 0, andhel 00 ¢ ¢
solutions were prepared using methanol as the solvent. Two millilitres from each of the six
diluted concentrations of the samples was mixed with 2 freshly prepared 0.04% DPPH

solutions in methanol.

The mixture was shaken and ibated in an oven at 37°C for 30 minutes. The absorbance of
the resultant solution was measu@d517 nm using UWis spectrophotometry. Ascorbic

acid with a similar concentration of test sample was used as the positive control. The DPPH
radical scavengingctivity of each of the tested crude extracts and isolatedpounds was

reported as a percentage inhibition using the following formula:

P OAABAAIOARBGEGESOL—Fpnim
WhereADb contwolis the absorbance of DPPH solution aXlolsampesis the absorbance of the test

sample (DPPH solution plus sampl&he DPPH radical scavenging activities of the crude

extracs and compounds were also expressed &g te concentration of the test samples to
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give a 50% decrease in the absorbance from that of the control solution calculated by using

Graph Pad Prism.
3.10 Molecular docking study of the isolated compound for ahbacterial activity

Auto Dock Vina was used to dock the selected proteins and compounds into the active site of
proteins. To investigate the mode of interaction between the microbial DNA gyrase enzymes
and isolated compounds in a 3D fashion, the compoweds docked within the binding site

of the protein. The 2D chemical structures of the compounds were drawntbsitihem

Draw 16.0 and assigned with proper orientation. The crystal structure of the receptor
molecules, complex with standard drug and DN&swlownloaded from the protein data bank.

The preparation of the protein and target protein file was carried out as per standard protocols.
Then, the bestlocked conformation between the compounds and the protein was explored
with the docking algorithm praded by Auto Dock Vina.

3.101. In silico Drug Likeness and Toxicity Predictions

Pharmacokinetics (PK) and pharmacodynamics (PD) evaluations play a crucial role in drug
developmen{Garg, Tadesse, & Eswaramoorthy, 20Z2This is one mechanism of knowing
the physicochemical and biopharmaceatinature of the isolated lead compound, which can
be supported by the Lipinski rule (rule of five). The evaluation of pharmacological parameters
such as drugkeness, ADME, and toxicity is paramount in identifying lead compounds of
interest(Anzaet al, 2021) Drug likeness is a prediction that determines whether a particular
pharmacological agent has pesgies consistent with being an orally active d¢Ggrget d.,
2021) Recently, in silico methods that include molecular docking analysis and online
ADMET predictions (SwissADME and ProTdK have facilitated the process of identifying
potential molecules (Garegt al, 2021). Theisolatedcompoundwas isolatedrbm Acanthus
polystachiusroot extract, andthe in silico antibacterialmolecular docking analysis and
pharmacological property predictions, such as dikenpess, ADME, and toxicity, were
performed. The drug likeness of isolated compounds was predictst] len an already
established concept by Lipinskis rule (Fraet al, 1997). The structures of isolated
compounds were converted to their canonical simplified molednfaut lineentry system
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(SMILE). They were submitted tihe SwissADMEools to estimi Insilco pharmacokinetics,

such as the number of hydrogen bond donors, hydrogen bond acceptors, rotatable bonds, and
total polar surface area of a compound. The selection of compounds as drug candidates was
determined by the parameter called the drugescdhe higher the drug score value is, the

higher the compound'shance of being considered a drug candigB&hrouz et al, 2019)
3.11 Statistical data analysis

Antbaderial and antioxidant data obtained by triplicate measurements are reported as the
mean * standard error of the mean (SEM). Graph Pad Prism version 8.0.2 for Windows was

used to perform the analysis. Auto Dock Tools were used for the docking analyses.
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4. RESULTS AND DISCUSSION

4.1 Extraction Yields

The powdered roadf A. polystachiuswhich were extracted by the solteextraction method,
yielded 1g (3.12%), 1.259 (3.9%) and 16.56%) of rhexane, chloroform and ethyl acetate
extracts, respgively (Table 6). Furthermore, the hydrodistillationtbé dried andpowdered

roots of the plant generated approximately 0.68 g (0.22%) of essential oils.

Table 6:Extracts yield of the roots ofA. Polystachius

Type of etract Color fresh Amount (9 Yield (%)
n-Hexane Reddish 1.00 3.12
Chloroform Yelow 1.25 3.90
Ethyl acetate Reddish 2.1 6.560
Essential olil Colorless 0.68 0.22

4.2. GC-MS Analysis of the Essentiabil

The hydrodistillation of the aidried roots ofA. polystachiug/ielded coburlessessential oil

with a pleasant odourThe GGMS analysis of the essential oils revealed a total of 37
compounds comprising approximately 97.6% of theEsters and aliphatic alkanes constitute
23.68% of the total composition each. Alcohols accdont21% of the composition, while

fatty acids make up 18.42%, ranking second and third in terms of relative abundance,
respectively.n-hexadecanoic acid (34.899%)5), nonadecane (15.45%%48), phytol (8.20%)

(47), and 9, 12octadecadienoic acid (Z, Z) .®@®%) @8) were among the major identified
components

n-hexadecanoic acid, which is the major compound, is commonly utilized in the production of
soaps, cosmetics, and release agents. In recent developments, the oily palmitate ester of
hexadecanoic acilas been employed as a leafing release carrier medium in the synthesis

of paliperidone palmitate, a loragting antipsychotic medication used for the treatment of
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schizophrenia(Antonisany et al., 2011) Nanodacanehas revealed mutagenic activities
(Lawal et al., 2015) Phytol reported to possess amilammatory, antifungal and
antiplasmodial properties(McNeil et al.,, 2012) Anti-inflammatoryhepatoprotective
insectcide andNematocidal activitiesvere exhibit from 9, 1Dctadecadienoi@acid(z,z)

(McNell et al, 2012)

The GGMS chromatogram was shown(iAppendix 1) and its components were identified as

shown in Tabler.

o)
/\/\C H /\)\/\)\/\)\/\)\
HO)J\/\C13H27 1ot HO N
45 46 47

Figure 8 Structures of the major oetituents of the E@om roos of A. polystachius

Nonadecane phytol and o-eudesmol were previously reported from the leaf partsAof
dioscoridis grown in Iraq(Abdullah, 2021) 9,120Octadecadienoic acid (Z,Z)onadecane,
linoelaidic acid,n-hexadecanoic acidphytol and hexadecanoic acid rteyl ester were also
identified from leaves ofPhlogacanthus pubinerviusand Phlogacanthus thyrsifloruby
GC MS a rfKaidasasai&Xavier, 2020) Myristic acid, hexahydrofarnesyl acetone and
palmitic acid were extracted byydrodistillation from the leaves oA. schaueriana
(AcanthaceaeMachadoet al, 2017) Even though the chemical composition haseib
reported in differenAcanthaceadamily members, this is the first report of the constituents of
A. polystachiugssential oils from the raoFurther characterizations are necessary to identify
the constituents of thEO of A. polystabius using techigues such as higherformance liquid
chromatography antiMR, which will contribute to a more comprehensive understanding of

its overall chemical composition.
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Table 7: Essential oil composition dlie roots ofA. polystachius

S.N Compound name Molecular formula RT RI % Area| References
1. | E-2-Hexenyl benzoate C13H1602 418 1590 | 2.40 (Andriamaharavo, 2014)
2. | - Capric acid C10H2002 4.98 1368 | 1.67 (Benkaciet al, 2007)
3. | transCarvone C10H140 5 39 1242 | 0.72 (Benkaciet al, 2007)
4. | Cyclotetradecane CiaH2s 6.38 1673 | 0.75 (Liu etal, 2006)
5. | Acorenone B C15H240 712 1700 | 0.23 (Liu et al.,2006)
6. | Pentadecane CisHs2 7 60 1500 | 0.57 (Pino et al, 2011)
7. | Bis(tertbutyl)phend C14H220 778 1513 | 2.00 (C.-x et al, 2006)
8. | Theaspirane B C13H220 8.15 1305 | 0.27 (C.-X etal.,, 2005)
9. | Lauric acid C12H2402 8.96 1565 | 0.49 (Zhaoet al, 2009)
10.| Shyobunol C15H260 8.343 0.49 (Figuéréa et al, 2006)




11.| Cyclohexadecane CieHs2 8.64 1709 | 1.66 (Andriamaharavo, 2014)

12.| Cetam ClsHss .72 1883 | 1.69 (Zenget al, 2007)

13.| Eudesma4,11-dien2-ol C15H240 908 1691 | 0.76 ( Vujetal,i2006)

14.| Isolongifolene CisH24 1391 | 0.71 (Andriamaharavo, 2014)

9.24

15.| o-Eudesmol C15H260 9.30 1629 | 0.66 ( Xu et al.,2009)

16.| UCadinol Ci1sH260 9.3g | 1647 |0.68 | (Zengetal, 2007)

17.| .-Eudesmol C15H260 9.54 1645 | 2.30 (Hazztt et al, 2006)

18.| Nonadecane Ci9Ha0 985 1898 | 15.45 | (Javidra et al.,2005)

19.| Aristol-1(10}en9-yl C20H3202 10.00 0.82 (Hazzit et al.,2006)
isovalerate

20.| 5-Cyclodeceril-ol C15H240 10.32 1694 | 1.29 (Andriamaharavo, 2014)

21.| Myristic acid C14H2802 10.47 1767 | 1.59 (Zenget al, 2007)
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22.| Phenylmethyl benzoate C14H1202 10.69 1753 | 1.02 (Kundakovic et al 2007)
23.| cis-9,cis 12-Octadecadienoig C18H3202 11.31 2095 | 0.34 (Zenget al, 2007)
acid '
24.| Hexahydrofarnesyl acetone CisH360 11.38 1839 | 2.25 (Qin et al, 2022)
25.| Hexadecanoic acid, meth C17H3402 1217 1927 | 1.17 (C.-X. etal, 2005)
ester '
26.| n-Hexadecanoic acid Ci16H3202 12.63 1958 | 34.89 | (Liu etal.,2006)
27.| Methyl (Z,2)y9,12 C19H3402 13.82 2098 | 0.98 (Pripdeevech & Saansoomchai, 20
octadecadienoate; '
28.| [2,2,2]-9,12,15 C19H3202 2100 |1.18 (C. Zhaoet al, 2009)
Octadecadienoiacid methyl 13.88
ester
29.| Phytol C20H400 14.00 2113.9| 8.20 (Andriamaharavo, 2014)
30.| 9,120ctadecadienoic  aci C18H3202 14.20 2113 | 4.72 ( Xu et al.,2009)
z2)- '
31.| Tricosane Ca3Has 15.62 2296 |0.42 (Ogunwandeet al,, 2010)
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32.| 9-Octadecenoic acid,(E) C18H3402 16.35| " 0.18 (Obi & Okwute, 2023)
33.| Pentacosane CasHs2 1791 2497 1 0.79 (Ogunwandeet al, 2010)
34.| Disooctylphthalate C24H3804 18.75| - 1.82 (Zhou et al, 2010)

35.| Hexacosane Ca26Hs4 19.47 2606 | 0.72 (Moronkola et al 2015)
36.| Eicosane CaoHa2 2144 1994 | 1.07 (Ogunwandeet al,, 2010)
37.| Bis(2-ethylhexyl) C24H3804 o 61| 0.53 | (Obi & Okwute, 2023)

isophthalate
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4.3. TLC Analysis of the Extracts of the Root®f A. Polystachius

The methanol extract wasashedsuccessivelyith n-hexane, chloroform, and ethyl acetate.

The extracts we analysed with TLC in different solvent systems by using petroleum ether
and ethyl acetate as mobile phases. Spots were visualized using an ultlawiplat 254and

365 nm wavelengthnd vanillin/H2SOs reagentsThe results of the TLC profile of the'wde

extract demonstrated the presence of different spots which confirmed the existence of different
compounds in the crude extradthe TLC profile (Figure Brevealed similarities between
hexane, chloroform and EtOAc extracts at 40% of EtoAc Bn Howe\er, there is a slight
difference with that of +hexane, which had a less intense spot compared to the chloroform
and EtoAc extracs.The chloroform extract exhibits an intense spot attached to the first
compound Based on the TLC profile and yield, the Et©Axtracts were subjected to silica

gel column chromatography for further isolation of the compound.

PE : EtOAc
3:2

Figue 9 TLC profile of the crude extracts of the rootsfofpolystchius
4 4. Phytochemical Screening

Phytochemicals are the active constituents niyufaund in plants that are responsible for
combating and preventing diseaglesmaret al.,2015; Veluet al, 2018) In the present study,
owed the presence of major phytochemicals, such as flavonoids, saponins, tannins, terpenoids,

alkkaloids, phenols, coumarins, asigroids,in theroots ofA.polystachiugTable §.
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Table 8: Phytochemical screening tife variouscrude extracts oA. polystachius

S.No| Phytoconstituent| Method Extract type
S applied n hexane | CHCk | EtOAC MeOH

1.| Flavonoids Ferricchloride | + - + +

2.| Saponins Froth + + + +
formation

3.| Tannins Braymer|- - + +

4.| Terpenoids Salkowski + + + +

5.| Alkaloids Wagner @+ + + +

6.| Phenolic Ferrc + + - +
chloride

7.| Coumarins NaOHpaper | + - + +

8.| Steroids Salkowski's + - + +

The present study revealed that thehaeol extract of the roots &¥. polystchiusshowed the
presence of flavonoids, saponins, tannins, terpenoids, alkaloids, ghesmimarins and
steroids and the absence of phenols in the ethyl acetate extract. The chloroform extract also
exhibited the pesence of saponins, terpenoids, alkaloids and phenols. However, tannins,
flavonoids, and coumarins showed no indication in the extract. The results of the present study
for the methanol extract were in good agreement with a related report from the frdots o
polystchiusin Kenya, which displayed comparable results except for the absence of tannins
(Mailu et al., 2021) Another report on the leaves and rootsAofpolystchiusfrom Ethiopia
showed the presence of all thereened pytochemicals except alkaloids and steroids, which
was also in good agreement wite findings of this study. Some differences arose due to
certain factors, such as geographical location, climate, biotic interactions, growth conditions,

harvesting time ahextracton techniques employeflloki-Assangaet al, 2015; Pandey,
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Irulappan et al, 2017) The phytochemical screening of the present work also revealed that the
plant contains major compounds possessing plarlmgical activities. Therefore, the

screening results support the traditonal and social claims of the plant.

4 5. Characterization of the Isolated Compounds

In this worktotal four compounds were isolatéloree from the ethyl acetateand one from
chlorobrm extracs andtheir chemical suctures wereelucidated usingJV Vis, IR and NMR
spectroscopidechniques The structuralelucidationof the compounds were also supported

with reported NMR data aklevant literatures
4.5.1 Compound APF-42

Compound AF-42 B0mg, Rf:0.53 in 30% EtOAc in PE) was isolated aswhite crystal
from the EtOAc extractusing 30% EtOAc in PEA vanilin-H2SQOs reagent was appliedn the
TLC platefolowed by heang at110 °Cfor a complete visualization of the sptitshowed
colorless colorThe melting point of the compound was found to be in the range afil@8
140 °C which matches with the reported values 2sbenzoxazolinone(Murty et al, 1984)

PEEtOAC
73

Figure 10: TLC profie of compound APR2

The UV Vi s m&/mpnancMe®OH) of cqdmpound ARB2 (Appendix 2) displayed an
absorption band at 264 nm, revealing that the molecule has a carbonyl (C=0O) group with
chromophores (Y *) dRspectnuiiiniy, cinl) imkBs(Appendixn s . T h
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3) showed an absorption band at 3438%cwhich indicates NH stretching; a sharp band of
medium intensity at 1738 and 1638 showed the presence of carbonyl and amide groups,
respectively. An absorption band at 1481 revealed the presence of an arcnga8ands at

1256 and 1111 cntare due tahe (C-O-C) absorption of the oxazole grouphe data closely
paralel those dbenzoxazeP(3H)}one (Reddyet al.,2014)

ThelH NMR spectrun{600 MHz, (CDs),CO) (Appendix 4) revealed the presence sifnals

of fouraromatic methinprotonsa t U d, H-7)27114 (fid, H-5), 7.13(dd, H-4) and 7.10q

J= 2.1 Hz, H6). The13C NMR (151 MHz, (CD3),CO) spectrum Appendix 5, Table 9

showed a total of seven watésolved carbon signals. Ofthem, four aromatic methines carbons
observedati 124. 40, 110.31, 110. 10;7, CGo6n@5aida2,. 69 we
respectively. Two aromatic quaternary-9carbon
and G8 , respectivel vy, and t2hwas asdignable ta carlbamdteo N a t
(urethang carbonyl. In its DEPT135 spectrum, the compound showed four aromagithimes
signals (=CH) at O 12 20.c&résponding© &105,C6hArdEG. 31, a
7, respectively, which were consistent with tR8€ NMR spectral da. The remaining carbon

signals that did not appear in tB&P T-135 spectrum belong to quaternary carbons. Overall,

the spectral analyses were in cleggeement with the reported values etbé@nzoxazolinone

(Hui-zhen et al, 2022)

Figure 11 Proposed structuref compound APH2



Table: 9H, 13C and DEPT135 NMR spectral data of compouddPF42

Postion | THNMR Experimental 13C NMR IHNMR | 1C Nature
values NMR | of

Experimenta) DEPT- (Hui-zhen et al, | Carbon
values 135 2022)

2 154.83 157 -C-

4 7.14 (d H) 122.69 122.69 7.14 123.4 | -CH-

5 7.13 (dd, H) 110.10 110.10 7.06 110.9| -CH-

6 7.10, @d, H) 110.31 110.31 7.10 110.1| -CH-

7 7.21,0,J=8.0Hz, H | 124.63 124.63| 7.21-7.18| 125.1| -CH-

8 130.90 131.9]| -C-

9 144.65 145.4 | -C-

4.5.2. Compound APF-170

Compound APF-170 (21 mg Rf = 0.48 in 60% EtOAc in PE) was obtained asrown
amorphousubstancdrom E{OAc extract using55% EtOAc in PEThe melting poinbf the

compound wasbtainedin range B8-142 °C

PEEtOAc
23

Figure 12 TLC profile of compound 10

UV ( @ax/nm, MeOH) (Appendix 7) showed absorption bands at 255 nm, indicating

characteristics of aromatic absorption- The
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“* ahtd @lectronic transition$R spettrumifme crclar bony
in KBr (Appendix 8) displayedbroad and sharp absorption bands at 3439 avhich are
characteristic of OH stretching frequencies, respectively. The medium absorption band at 1637
cmt indicates the presence of a carbonyl group. Moreover, the weakpdion bands at 1431

and 1121 cm indicate C=C stretching and-O absorption for aromaticsnd cyclic ethers,

respectively.

The IH NMR spectrum ((CD3)2S=0)400 MHz) @Appendix 9, Table 10) displayed four
aromatic proton signal B5,Z80(n0 HG),.720(m,(Hd),and = 7.
7.04(d,d,J=4.3Hz 1K8),oneo x y me t hi ne p(H, 6)tToeAC-HMR spectiim 6 8
(Appendix 10) (((CD3)2S=03%00 MHz) of the compound reviea eight carbons, of which

four are aromat i c-5,n23.00 (C6)elR4.27 (7) andl 317.845(B)( C
three are quater na3) wo araqubternargf a(rido nia5t8i.cO 7c,ar® o n
141.10 (G9) and 129.23 (10)andoneisanogye nat ed ali phati-2). car bon

The NMR spectral data of compound ARFO were consistent with previous findings
reported for2,4-dinydroxy-(2H)-1,4-benzoxazif3(4H)one (Maciaset al, 2006)

Table 10: *H, 13C and DEPT135 NMR pectral data of compoundPF170with literature

Position | 1H NMR 13CNMR 'H NMR | 13C NMR | Nature
Experimental Experimental of
DEPT-
values values (Matoset al,, 2018) Carbon
135
2 5.68 (s H) 92.49 92.49 5.72(s) | 92.29 -CH-
3 -- 158.07 -- -- 158.74 -C-
4 - - - -
5 7.27(d, J = 7.6| 113.45 113.45 | 7.38 113.02 -CH-
Hz, 1H)
6 7.10(m, 1H) 124.27 124.27 7.12 122.39 -CH-
7 7.07(m, 1H) 123.00 123.00 |7.02 124.20 -CH-
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8 7.04(d, J =4.3|117.54 117.59 7.09 117.02 -CH-
Hz, 1H)

9 -- 141.10 -- 141.11 -C-

10 --- 12923 128.24

1
9 O.__OH
7
Lk
N” 0
> OH
Figure 13: Proposed structuref compound APR170

4.5.3. Compound APR-29

Compound APR29 (24 mg,Rf = 0.5 in 50% EtOAc in PlEwas obtained a#/hite powdes
with a melting point range 0f75180 °C. Thecompound was solublen chloroform and
spraying it in vanillinH2SOs followed by heatingat 110 °Cfor a few minutesshoweda

characteristic colorf@ange from colorlesso slightly yellow.

PEEtQAC
1-1

Figure 14: TLC profie of compound APR9

The UV Vis speAppendixdl) ( Mle ®p) affed abm®B0pnini on b

~

C

whi ch showedt rmahresi't i on of aromatic C=C bonds

reveal®da-nd electronic transitions of t he
absorption band at 405 nm showed the presence of conjugation in the compounds. The IR

(KBr) spectrum of the compound\ppendix 13) showed broad and strong sharp absorption
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bands at 3373 crh indicating GH and N-H stretching frequencies in alcohols andmadary
amides, respectively. Furthermore, the absorption bands at 1660 and 14%3@dthe strong
sharp band at 1030 chindicated the presence of C=0 stretching, aromatig kending and

C-O stretching, respectively.

The 1H-NMR (600 MHz, (C2).CO) (Appendix 14) spectrum showed the presence of six

di fferent proton signal s. Two of t hedpduever e s
to the electronegive group of -2nbecausetigey werea nd t
flanked by two electronegavatoms. The aromatic parts contain four protons, which are 7.03

(m, H-8), 7.02 (m, H7), 7.00 (m, H) and 6.99 (m,-Bl). The 13C NMR spectrum Appendix

15) (Table 11) of compoundAPR-29 revealed the presence of eight welolved carbon

signds, of whichfour were aromatianethamec ar bons observed at 0 118
116.43 assignable t€-5, G6 C,7 and 8. Two aromatic quaternary carbons and one
carbonylcarbonwee al so observed at adrredpdndingdod®, G127 . 83
10 and G3, respectively. An oxygenad aliphatic hydroxylgroup bearingcarbon was also
observed at a 91. 89, -2WheiNMR specérad data svere ip clasd | e t
agreement with the NMR values reported in the literature fbydtoxy-2H-1,4-benzoxazin

3(4H)one, also known as HBOMaciaset al, 2006) This compound was reported from the
genusAcanthaceaean the specied\. ilicifolius and A. mollis. (Bhattarai, Steffensen, Staerk,

Laursen, & Fomsgaard, 2022; Maal, 2022)

Table 11:1H, 13C and DEPT135 NMR spectral data of compound ARB

Position | tH NMR 1B3C NMR IH NMR 13C NMR | Nature
of

(Maciaset al, 2006) Carbon

Experimental | Experimental| DEPT-

values values 135
2 5.59 6, H) 91.89 91.98 5.77(s,H-3) [96.5 -CH-
3 163.07 163.2 -C-
4 8.14(s, H)
5 6.98 M, H) | 116.43 116.13 |6.95 (,H-5) | 116.9 |-CH-
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6 7.00m H) |124.10 123.79 |7.05,H-6) |125.10 |-CH-
7 7.02(m H) |12351 12321 |7.05( H-7) |1242 |-CH
8 7.03(m, H) |11855 11824 |7.11n,H-8) |119.1 [-CH
9 142.00 1422 |-C
10 127.83 1272 |-C

1
. 9 0.2 OH
Lk

510N @]
4

Figure 15 The proposed structure of compoundPA29
4.5.4. Compound APR-31

A compound APF31(25mg,Rf 0.67 20% EtOAc in PE) wasisolatedas white powdefrom
chloroform extracts with 10% EtOAc in PEth melting point 154156 °C.It displayed blue

color whenimmersed in a mixture of vanilimnd H2SOsreagents

The UV spectrum (MeOH)Appendix 17) of compoundAPR-31 showed absorpin atl max
271 nm, indicating the presence mdnconjugatedo | e f i ni ¢ ( G'=*C) e |lgea oturpesn
transition). The IR spectrunm (max, cm?) in KBr (Appendix 18) showed a broad absorption
band observed at 3413 é¢mwhi ch is characteristic of O H
presence of a hydroxyl group. The stgoabsorption band at 2929 dnand the medium
absorption band at 2856 cdnindicate the presence of asymmetric and symmedriel
stretching and aliphatic side chains. A weak absorption band at approximately 1661 cm
revealed the presence of C=C stretghifihe absorption band at 1458-Emas assignable to
the cyclic (CH)n bending absorption frequency, while the band at 1374 snattributable to
OH deforming absorption. The absorption band at 1164 d@ndue to GO (secondary
alcohol) stretching, theyclohexanering vibration at 1050 crhand the GH bending of the
alkene at 963 c.
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TheH-NMR (400 MHz, CDG3) spectrum of compound ARRL (Appendix 19, Table 12

revealed the existence of three6,blefinic met

15 (H22), 5.01 (H23). A broad integration for one proton suggested the presence of a
methine olefinic proton on a carbon bonded to one quaternary and one methyleo@.carb
Doubet s of doublet signals at (@=156Hz1H)(fol H =, 15
22 and H23, respectively, indicating the presence of double bond protons on the aliphatic
chain. An oxymet hine pr ot3 broadvaith mulbbijdies geakv e d a
i ntegrating for one proton. T wo0-19pamdyO6d egHr me t h
18). Overall six methy} nine methylene and eleven methinesevobserved in between 0-69

5.35, which is characteristic of steroid skeleton signals.

The 13C-NMR spectrum in CDGKUOOMHZ (Appendix 20) Compound APR31 showed four
oefinccar bons at-5)and 124.7T8.(6)9whi¢hdndicate thgresence of olefinic

carbonwith a more deshielded signal assignable to the quaternary carbon atltleedbri a nd a't
138.18 (C22) and 129.11 (23), assignable for the olefinic side chain carbon. There was also

the presence of one o0xyg3ccommnaenrtle daydbxylcarbart o m a
group and six met hyl car pb(G-b93and M.BY (&18)t2@ c ar b c
(C-21), 20.91, (€26), 18.82(C-27), and 12.11C-29) were side chains.

Generally, the spectrum of compound AR® shows good agreement with the literature data
reported on the isolation 0b322E stigmastab, 22-dien 3-ol, also known a®-stigmasterol.
(Cayme &Ragasa, 2004; Hazimaét al, 2023)

Table 12'H and!3C-NMR spectral data of compound APH andreported literature

1I3SC NMR IHNMR I3CNMR | IHNMR Natur
Experimental e of
Position | Experimental | DEPT-
135 (Cayme & Ragasa, 2004) | Carb
on
1 37.09 37.25 | 1.83(m, 2H 37.2 1.83 -
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CHg-

2 31.73 31.8 1.49(m, 2H) 31.6 1.49 -
CHz-
71.66 71.8 3.52 (t, 1H) 71.8 3.53 -CH-
4 42.14 4223 | 2.23(m, 2H) 42.27 2.28 -
CHz-
5 140.59 - 140.7 - -C-
121.58 5.35 pr, s, H) 121.7 5.35 -CH-
7 31.73 31.83 | 2.00 m, 2H) 31.9 1.98 -
CHz-
8 31.50 31.6 1.45(m, H) 31.9 1.46 -CH-
9 49.96 50.14 | 0.93(m, H) 50.1 0.94 -CH-
10 36.36 - - 36.5 - -C-
11 21.06 21.23 | 1.49(m, 2H) 21.6 1.45 -
CHz-
12 39.50 40.52 | 1.96(m, H) 39.7 1.97 -
CHo-
13 42.14 -- ---- 42.19 ---- -C-
14 56.71 56.87 | 0.93 (m, H) 56.8 1.03 -CH-
15 24.20 1.08 (m, 2H) 24.4 1.05 -
CHz-
16 28.78 1.69(m 2H) 28.9 1.71 CHe-
17 55.78 1.13 (m, H) 55.9 1.13 -CH-
18 12.11 12.11 | 0.69(s, 3H) 12.04 0.70 -CHs
19 19.25 1.25(s 3H) 19.40 1.01 -CHs
20 40.3% 2.00 (d H) 40.50 2.04 -CH-
21 20.91 21.13 | 1.01(d, J 8 HH| 21.09 1.02 -CHs
3H)
22 138.18 138.97| 514 (dd, J =| 138.34 5.15 -CH-
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15.2, 8.7 Hz

1H)
23 129.11 129.06| 5.02(dd, J=15.2| 129.20 5.02 -CH-

8.7Hz H)
24 51.08 50.19 | 1.59 (m, H) 51.2 1.53 -CH-
25 31.73 31. 1.45 31.9 1.44 -CH
26 2091 0.80(m,3H) 21.2 0.84 -CHs
27 18.82 0.82 (3H) 18.97 0.82 -CHs
28 25.26 2543 | 1.15(d 2H 25.4 1.15 -

CHz-

29 12.11 12. 0. 84 (t, 3H) 12.3 0.80 -CHs

Stigmasterol is a steroid belonging to the class of tetracyclic triterpenes. It is one of the most
common plant sterols and is found in a variety of natural sources, including vegetable fats or
oils from many plants. It is an important component of the cell mem{paret al, 2022)

The human body cannot naturally produce this plant sterol; therefore, it is only available
through foods and diets such as vegetatN&smierloet a., 2015) Stigmasterotrich plant
extracts exhibited effectivendéi-inflammatory and immunomodulatory activities in viVden

et al, 2021) The findings showed thatigma steroholds promise as a potential therapeutic
agent for the treatment or managemehdiabetegNualkaewet al, 2015) It also showed

potential as natural compound for development of anticanceherapy (Antwi et al, 2018)

28 29

Figure 16 The propsed structure of compound AFPRL
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4.6. Biological Activities

Crude extracts andgolatedcompoundsvere evaluatedhe ability of free radicalscavenging

activity, potency and its antimicrobialctivity against pathogenimicrobial

4.6.1 Antimicrobial Activity

Thein vitro antibacterial and antifungal activities of crude extracts, essential oils and isolated
compounds were evaluated using a disc diffusion assgainst the bacteria. Ecoli,P.
aeruginosa, S. pyogenes, E. faecalms fungusC. albicansatdifferent concentrations. All the
extracts and isolated compounds showed different degrees of activity against the bacterial and
fungal pathogensThe resultdabulated in tabled.3, 14, 15showed that all of the test samples
clearly indicate considerable antimicrobial activities against the bacterial species used in the
study. In pringple, it is believed that any seed analyte with an inhibition zone lessrtar

equal to 10 mm is considered to have low antibacterial activity, an inhibition zone between 10
and 15 mm has moderate antibacterial activity, an inhibition zone between 15 and 20 mm has
strong antibacterial activity and an inhibition zone greater tinaagjual to 20 mm is extremely
strong(Paudelet al.,2014) In this study, the antimicrobial activity of the testaimples was

also described on the basis of the aforementioned principle. The antimicrobial activity results
showed that the examined samples exhibited lowxipeme antibacterial activitiesThe
maximum antibacterial activity was recorded for thRexaneextract,with a mean inhibition

zone of 21.66+0.57m, followed by the EtOAc extracts (20.33+0.57) agatbstfaecalis
compared to ciprofloxacin (26.33+£0.57). Chloroform and methanol extracts also displayed
strong activity againdk. faecaliswith inhibition zones of 18.67+ 0.57 and 19.33 + 0.57 mm,
respective). nHexane and chlorofornEtOAc showed inhibition in the range of 14.66+0.57
17.66+£0.57 againdP. aeruginosaat a concentration of 250 mg/ml. Theh@xane extracts
exhibited a strong inhbition r@ againstC. albicans (19.66+0.57), followed by the
chloroform and EtOAc extracts (16.33+0.57, 15.33+0.57) at a concentration of 250 mg/m. A
low inhibition zone was recorded in all extracts agains&theolipathogen, where most of the
extracts showedffective activities againsE. faecalisat a concentration of 250 mg/mlhe
chloroform extract inhibition zone against coli agreed with a study performed on the leaf

A.ilicifolius but differed againd®. aeruginosgRavikumaret al.,2012) Essential oils showed
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maximum antibacterial activity agairfSt pyogenesvithin an inhibition zone of 20.33+0.53.
albicans(19.67+0.57) E. faecali48.33+0.57at a concentratiorof 0.3 mg/ml.

CompoundAPR-29 exhibited maximum antibacterial activity agaiBstfaecaliswith a zone
inhibition 22.33+0.57at 0.4 mg/ml Compound APR31 revealedstronginhibitory effects
againstP. aeruginosg21.3+0.57at a concentration of 0.4 mg/m§. pyogenesias strongly
inhibited by compound APR9 at a concentration of 0.4 mg/ml 19+00 compared with the
standard drug. All compounds revealed a maximum inhibitory effect agaiaditicansat the
highest concentrationCrude extract and isolated compounds showed dteggendent
activities against all pathogen€rudes andcompounds exhibited significant activities on
grampositive andC. albincans.Throughout,A. polystachiushas beendund to be a rich

source of constituents with pot@l antimicrobial activities.

Table 13 Anti-microbial activities of crude extracts Af polytachius

Bacterial [Cont] n-Hexane | Chloroform EtOAcC MeOH Cipro30
Stains Mg/ml pg/Dis
oo 8.67t057 | 0:00 | 11.66:0.57| 11.66%
0.57
125 7+00 7:00 | 9.66:0.57 | 8.33% 0.57
E. col 62.5 NG NG | 700 7+00 16.58+2.13
31.25 NG NG NG NG
250 17x00 | 14.66£0.57| 15.33:0.57| 17.66£0.57
 [125 15.33 +0.57| 12.33+.57 | 12.66%0.57| 14.6:057
P.aerugino =e>g 12+00 | 8.3200 | 800 9:00
sa 3105 9r57 | 7.3%00 | 700 7+00 10.3341.07
250 20.33t0.57| 17.0t1 | 1400 1200 27£00
125 10.66:66 | 1400 |10.33£0.57| 900
62.5 12.33+33 | 11.3300 | 8200 7+00
31.25 10200 | 11.00800 | 700 NG
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S. pyogene;
250 21.66+0.57| 18.66:00 | 20.33+0.57| 19.3+0.57
125 15.33+0.57| 15.33+0.57| 18.66+0.57| 14.3+1.5
62.5 13.33+0.57 NG 1+00 8+00 26.33+0.57
E. faecalis | 31.25 8.33+0.57 NG 13.66£0.57| NG
19.66+0.57| 16.33+£0.57| 15.33+0.57| 8.33+£0.57 | Keta30ng/
250 disk
125 13.66+0.57 14+0 12 +00 7 00 25.33+0.57
C. albicans | 62-5 11.66+0.57| 800 | 700 NG
31.95 13.33+1.15| 7.67+0.57 | NG NG
Table 14 Antibacterial and Antifungal activties of isolated compounds
Bacteria | Conang | APF 42 APF 170 | APR-29 APR-31 | control
strains /mi
0.4 8.6400 | 15.33 +0.57 8+00 10.33+0.57
0.2 7+00 10 £0.57 | NG 8+00
E. coli 01 NG NG NG NG 19.3+0.5
0.05 NG NG 2.3x4.12 NG !
0.4 20.67x 8.33x0.57 | 171 21.3+0.57
0.57
P.aerugin 15 17.332057] NG 15.3+0.57 1300 | 20331
osa 0.1 8.30.57 NG 2.33%4 as |7
0.05 2.3+4 NG NG NG
0.4 18+00 18+00 19+00 18+00
0.2 15.3+£ 0.57| 15.3+0.57 | 16.3+x0.57 14.3£0.57
S 0.1 15.3+0.57 | 15.3+0.57 | 8+00 7+00 25
PYOYENes 555 8200 8100 | NG NG
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0.4 17+00 171 22.33+0.57 | 17.67+0.57
0.2 15+00 15.33:0.57 | 16 11.67+0.57
E. faecalis| 57 7200 8200 | 7200 7z00 | 2"o™L
0.05 NG NG NG NG >7
C. 0.4 20.33+0.5 | Keto30m
albicans 20.67+0.57| 26.6700 |22.33+0.57 g/disc
0.2 16.67+0.57| 15.33+x00 | 16+00 15.67+0.57
0.1 8+00 8.67+00 | 700 2.33+4
005 NG 29.67+0.
NG 7.33+00 NG 57
Table15: Anti-microbial actmties of essential oils from the roots Af polystachius
Concny P.
E. coli | aeruginosa| S. pyogeney E. faecalis C. albicans
0.3 9+00 10.3t0.57 | 20.33:0.57 18.33:0.57 19.67+0.57
0.15 7+00 8.3+0.57 | 16.3t0.57 12.33:00 14.67+0.57
0.075 NG NG 9.3+0.57 10.330.57 11.33+0.57
0.0375 NG NG 7+00 NG 4+4
Cipro30ny/disk | 15+100 | 21.6 £0.57 25+00 27.3:0.57 -
Keto30nmg/disk | - - - - 29.33+0.57

NG: not growth

4.6.2. Antioxidant Activity

The antioxidant activity of the sample was tested agddPPH free radicals. Free radicals are
known D cause oxidative stress, whiplathological manifestationdhaniendra, Jestadi, &
Periyasamy, 2015)Antioxidants have been reported to have the ability to inhibit these
compounds and prevent the occurrence of diseases through scavenging a(Rizhiesnet

al., 2021) The DPPH assay was used to assess the electron transfer reaction to the sample

(Platzeret al., 2021) Furthermore the antioxidant activity of natural extracts and isolated
56



compounds can be categorized based on theirv&lues, namely, very strong (< 50 pg/mL),
strong (50100 pg/mL), moderate (16150 pg/mL), and weak (>150 pg/mi(Priyantoet al,
2023)

The radical scavenging ability of the crude extracts and isolated compouihdpaystachius

was assessed using the DPPH radical scavenging experiment. The DPPH assay measures the
decrease inhe absorbance of DPPH at 517. It is a stable free radical that, when acted upon by
an antioxidant, is converted into 2dphenyil-picrylhydrazine, resulting in a colour change

from purple to pale yellow. The extent of DPPH scavenging activity by ldw pxtract and
compounds can be quantified spectrophotometrically. The percentage of radical scavenging

activity was calculated using the formula mentioned in Section 3.8.1.

The various crude extracts essential odled isolated compounds ofA. polystachus
significantly reduced the DPPHIn Table 16 the DPPH radical scavenging activities (%) of

the crude extracts using different solvents, such-asxane, chloroform, ethyl acetate, and
methanol, at a concentration of 2000 pg/ml were found to be 8945, 91.10, and 93.72,
respectively.In Table 17 Compounds, APH2, APF170, APR29 and APR-31 showed

85.99, 84.04, 81.11 and 66.44 radical scavengatiyities and essential oils revealé®l83 at

a concentration 01000 pg/ml respectively. The poswe control, ascorbic acid, exhibited a
maximum scavenging effect at both low and high concentrations. The scavenging percentages
were 90.84, 91.62, 92.93, 93.98, 94.50, and 95.16 at concentrations of 100, 200, 400, 600, 800,
and 1000 pg/ml, respectively.

These results indicate that the DPPH scavenging activity increased with increasing
concentration of the samples, and the plant was rich in secondary metabolites that are capable
of reducing the DPPH radical. These secondary metabolites include phenolips,gro
alkaloids, flavonoids, and terpenoids. The presence of these constituents was also confirmed
by phytochemical screening. The percentage of scavenging activity was highest in the
methanol extracts, followed by the ethyl acetate and chloroform extrébes.methanol
extracts have comparable scavenging activity with ascorbic acid with the highest

concentration, and this result is also akin to a study performed iiaifolius (Poornaet al,
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2011)This suggests that extracts are rich in phenolic groups that exhibit strong-DPPH
reducing activity. Studies have shown that many polyphenols and flavonoids contribute to
better antioxidant activitiesn plant extracts(Barhé & Tchouya, 20)6The observed
antioxidant capacity was not solely attributed to the phenolic contents but could be attributed

to the presence of other phytochemicals, such as aromatic amines. These compounds possess
the ability to donate hydrogen and electrons, and theirgigtie effects may also contribute

to the overall antioxidant activityAll sample scavenging activities ranged from 10.20+4
33.16%4, which showed very strong antioxidant activities. However, the compound exhibited
lower antioxidant activity than the creicextracts. This may be due to different compounds
having synergistic effects with antioxidant activities. Among the samples, the root methanol
extract exhibited very strong antiradical activity with arsd®©f 10.20£4, which is in fair
proximity to the 1Go value of the experimental standard, ascorbic acid (4.98 pg/ml). Thus, it

has good antioxidant power. In comparison to a previous study, #eeofG@he methanol
extract from the | eaves showed a scavenging
val ue was determined to be 9.37 &g/ mA. Accoa
ilicifolius has shown the highest antioxidant activity in its flower extracts by using a methanol
extraction methodFirdauset al.,2013) The obtained results could be attributed to the presence of
tannins, saponins, alkaloids, phenolic compounds, and other bioactive caispatin lone pairs and

free hydroxyl groups. Therefore, the results show that the plant containing these bioactive compounds

with lone pairs and free hydroxyl groups in the crude extracts has medicinal value and may be utilized
for its antioxidant propeds.
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Table: 16 % Scavenging actvity of crudextracts from roots oA. polystachius

Conc | Ascorbic acid| n-Hexane Chloroform Ethyl acetate | Methanol

wm) |[A % |A % |A [% A (% |A %

1000 |0.037|95.16| 0.08 | 89.27| 0.07| 90.45 | 0.07 | 91.10 | 0.05 | 93.72
800 0.042194.5 | 0.10 | 86.91| 0.09(88.87 | 0.08 | 90.05 | 0.06 | 92.28
600 0.044] 93.98| 0.15 | 80.76| 0.12| 84.29 | 0.09 [ 88.35 | 0.07 | 91.49
400 0.043(92.93| 0.17 | 78.93| 0.15| 80.63 | 0.10 | 86.78 | 0.07 | 90.31
200 0.053|91.62| 0.19 | 77.49| 0.17| 78.14 | 0.13 [ 83.51 | 0.09 | 87.96
100 0.037(95.16| 0.22 | 75.13/ 0.18| 76.44 | 0.14|81.54 | 0.11 | 85.34

ICs0 4.98+4 18.10+4 19.58+4 12.83+4 10.20+4
100 )

-~ Ascorbic
- n-Hexane

=

S > —4— Chloroform

é > —¥- Ethylacetate

T +

iR Methanol

S

70 T T T T 1
200 400 600 800 1000

[Clug/ml

Figure 17:DPPH scavenging activity (%) of A. polystachius extracts and positive reference
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Table17: % Scavengingctivity of isolatedcompoundsand Essential oifrom theroots ofA.

polystachius.

Conc Ascorbic APF- 42 APF-170 APF-29 APF 31 EO
acid
(Hg/mi)
A % A % A % A % A % A %
1000 0.037| 95.16| 0.04| 85.99| 0.05| 84.04| 0.06| 81.11| 0.103| 66.44| 0.07| 78.83
800 0.042| 94.5 | 0.05| 84.3 | 0.07| 77.85| 0.06 | 80.46| 0.108| 64.82| 0.07| 76.90
600 0.044| 93.98| 0.06| 81.11| 0.08| 74.59| 0.07| 78.18| 0.13 | 56.35| 0.08| 74.59
400 0.043| 92.93| 0.07| 76.87| 0.09| 71.01| 0.07| 77.85| 0.15 | 51.79| 0.08| 72.64
200 0.053| 91.62| 0.09| 71.34| 0.10| 68.08| 0.08| 73.62| 0.16 | 48.2 | 0.09| 70.68
100 0.059| 90.84| 0.10| 67.10| 0.11| 64.17| 0.10| 67.75| 0.20 | 34.52| 0.12| 60.91
ICso 4,984 33.16+4 30.53+4 21.84+4 98.1+4 30.11+4

Figure 18: DPPH scavenging activity (%) of isolated compounds and positive reference
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