Pontederiacrassipes biosynthesised Silver
nanoparticles (AgNPs),characterisation and activity
against multidrug-resistant microbes

ABSTRACT

Introduction:Pontederiacrassipes (water hyacinth)has been singled out as one of the major causes
of enormous economic and ecological losses to tropical water systems and habitats. Almost
impossible to eradicate, the ominous species is characterized by rapid multiplication, giving rapid and
extensive spread that can choke entire rivers and water bodies. However, vast, diverse bioactive
secondary metabolites are found in P crassipes which exhibit an expansive assortment of
antibacterial properties used in traditional medicine. The rapid emergence of Multi Drug Resistant
(MDR) pathogens to common drugs is a pandemic of global proportions. Global health institutions are
calling for a coordinated, global action plan to develop new biomaterials to combat the rising threat by
MDRstrains and improve treatment outcomes and save lives. This study proposes consumption of the
water hyacinth lily species through a novel, material biosynthesis approach not only to manage the
aquatic infestation but to develop advanced multifunctional, anti-microbial Silver nanoparticles through
bio-reduction and capping of Silver salts targeted at MDR microbes.

Methodology: After screening for active phytoconstituents ofP.crassipes. The Biosynthesis of Novel
AgNPs mediated by phenolic, antibacterial lyophilized hydro-ethanolic extracts from P crassipesas
both bioreduction and capping agents was investigated. The resultant AgNPs characteristics,
toxicological profiles and the antibacterial effects on 10 common microbes including MDR bacterial
strains were evaluated.

Observations and results: TEM revealed that cubic and spherical nanometricAgNPs structures were
successfully synthesized with particle size range from 10-60nm. With an average zone of inhibition of
29mm and an MIC of 6.25 pug/ml .The nanoparticles were efficacious against selected MDR strains
and common infectious bacterialstrains tested.In-vivoacute oral toxicity evaluations confirmed
thesafety of P crassipes.

Conclusion: BiogenicP.crassipesmediated AgNPs are feasible, safe and efficacious and have
immense potential for optimization into efficient broad spectrum MDR antibacterial agents.

Key words: Pontederiacrassipes, Water hyacinth, antibacterial resistance,Biosynthesis, Silver
nanoparticles,Polyphenols.

1 INTRODUCTION

1.1 PontederiaCrassipes

PontederiaCrassipes, a native plant species of the Amazon basin has been naturalized in tropical and
subtropical regions, invading water bodies and water systems in more than 80 countries, including
allterritories in Southern Africa with catastrophic consequencesl. The water hyacinth has been
singled out as one of the major causes of enormous economic and ecological losses to tropical water
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systems and habitats®. This monocotyledonous free-floating, aquatic, notoriously invasive plant is
listed as one of the 10 severest weed plants in the world by the International Union for Conservation
of Nature (IUCN). Almost impossible to eradicate, the Species Specialist Group (ISSG), has also
included this noxious species among the top 100 in the Global Invasive Species Database® *. The
University of Florida (UF/IFAS) Assessment, lists the species as prohibited and it is reg|steredW|ththe
Florida Exotic Pest Plant Council (FLEPPC) as a Category | invasive species due to its ability to
invade and displace native plant communities®. The ominous species is characterised by rapid
multiplication, giving rapid and extensive spread that can choke entire rivers and water bodies®. The
highly adaptive plant has remarkable tolerance to pH and wide variations in nutrient and temperature
conditions. Incredibl%/ it has a capacity to reproduce both sexually and asexually using seeds and
stolon’s respectively”. Scientific reports indicate that it can treble its biomass in just 20 days under
ordinary growth conditions. Another interesting report indicated that in just 8 months, 10 specimens
of the water hyacinth were able to multiply to over 600,000 individual plants with titanic coverage’s®. It
is this coverage that has disastrous consequences on the food web, affecting water quality as well as
providing habitats for various pathogens parasites and vectors of endemic diseases including malaria
and helminths in tropical countries® The huge Pontederiacrassipes mats choking water bodies’ create
problems including high demand on water oxygen and high nutrients consumption, which have
deleterious effects on species diversity™ ®. These worrying mats do not only obstruct light but
challenge navigation through the affected water bodies as well. Various studies have reviewed or
proposed technological devices and protocols including multi modal approaches to manage the
relentless spread of this plague in tropical countrles most of which have limited practical use and
offer very insignificant reprieve to the scourge Traditionally, local authorities and other agencies have
regarded this menacing plant species as an intolerable pest to be eradicated from water bodies by all
mear(ras necessary including, physical, chemical and biological methods with disappointing success
rates’.

Interestingly, various researchers allude to the vast diverse bioactive secondary metabolites found in
P crassipes which exhibit an expansive assortment of pharmacological properties with favourable
untapped use in biomedical applications™ ® 5 6.and 7 g ability to proliferate in polluted waters point to an
ability to absorb and rearrange the morphology of heavy metal complexes acting as a sorbent®.
Traditionally the plant infusions and extracts have been used for gastrointestinal conditions including
dysentery and diarrhoea, helminthic parasitic infections, digestive disturbances and flatulence. The
antioxidant, antimicrobial, antltumor anti-inflammatory and wound healing attributes of this plant have
extensively been reported

Most of the reviews on the potential utilisation of the water hyacinth have mostly been limited to
phytoremediation, bioenergy sources and stock feeds production. Its pharmacological applications
and its ability to bio reduce and cap metallic oxides giving opportunities for conjugated nano-
composites based on its pharmacological characteristics and phytoconstituents profiles for
enhanced biomedical applications have been barely reviewed. This study proposes consumption of
the water hyacinth plant species through a novel, material biosynthesis approach not only to manage
the infestation but to develop advanced multifunctional, anti-microbial platforms by bio-reduction and
capping of anti-microbial metallic complexes from silver by the various phenolic phytoconstituents of
the species to develop new biomedical materials for pharmaceutical application.

(@) | “(b) (c)
Fig 1: (a) P.crassipes plant specimens floating on water (b) The Umguza Dam in Bulawayo
Zimbabwe in 2016 before P. crassipesinfestation (¢) The Umguza dam in Bulawayo Zimbabwe
after invasion by P.crassipes in 2022



1.2 Anti-bacterial resistance

Antimicrobial agents were medically popularised and first commissioned at the beginning of the
Second World War in the 1940s as treatments for various serious bacterial infections. Penicillin was
one of the most successful pioneering anti-bacterialagents which proved essential in combating
bacterial infections among soldiers during the war®. Incidentally, the celebrations over of these new
medical bacterial panacea was cut short when in the 1950s penicillin resistance emerged as a threat
to treatment outcomes®. Since then, constantly emerging resistant bacteria strains continue to plague
the health delivery systems eroding much of the progress achieved with antibiotics and rewinding the
health benefits realised over the past 80 years in antimicrobial research and development. Bacterial
antimicrobial resistance (AMR), a phenomenon that occurs when adaptations in bacteria mechanisms
render the treatments less effective is a global crisis which has in many sectors been described as
one of the leading public health threats of the modern world™®. Frightening forecasts by the UK
government commissioned “Review on Antimicrobial Resistance” forecast that AMR related fatalities
could account for up 10 million yearly deaths before 2050 . The Antibiotic resistancepandemic has
been attributed by most researchers to a number of causes including: development of antibiotic
resistance genes among populations,the careless and inappropriate prescription of drugs, abuse and
sub-use as well as the duality use of most antibiotics in humans and agriculturelz. With regards to
antibiotic overuse, as early as 1940s, Sir Alexander Fleming warned the world regarding antibiotic
overuse. The argument is that the overuse of antibiotics is the main driver behind the evolution of
multidrug resistance®®. Various epidemiological studies have also confirmed the directcorrelation
between antibiotic use and the rise of resistant bacteria strains. The inappropriate prescription of
drugs especially antibiotics also exacerbate the rapid development of resistant bacteria. Studies
conducted in the U.S concluded that diagnosis, choice and duration of the antibiotic treatment course
is often incorrect in up to 50% of treatment clinical cases™. Globally, antimicrobials for human use
are also used as drugs and supplements in livestock. The best example from the developing world is
the Multi drug administration treatment for helminthisiasis withalbendazole and mebendazole which
are originally veterinary drugs since the 1970s. In the developed world, studies confirm that over 80%
of the antibiotics used in healthcare in the U.S. are also used in animals, mostly as prophylaxis to
prevent infection and as growth supplements® '°. These antimicrobial supplementsinadvently find
their way systemically through food consumption. These phenomena are compounded by the stalled
research and development of new antimicrobial agents due to structural and regulatory barriers’.
Oligopolistic mergers among multinational pharmaceutical companies have substantially restricted
diversity of antimicrobial agents in healthcare and development of new molecules. For those still
involved in drug discovery research and development of antimicrobials, obtaining regulatory
approvalis an insurmountable barrier'® ** %, The huge challenges in obtaining regulatory approval
reported include among other things, bureaucracy, dossier irregularities and lack of clarity on
procedures as well as the complications and expense of running clinical trials".

1.3 Natural Antibacterial plant Polyphenols

Plants have adapted to survive in almost all natural habitats of the earth. With regards to the various
challenges posed by the different environments, plants have adapted to deal with, as well as to heal
from herbivorous attacks and pests including various forms of microbial attacks®’. Advances in
forensic and analytical sciences have revealed that this capacity to survive is consequent of their
ability to synthesise numerous arrays of metabolites. An individual plant species is believed to be able
to synthesise up to 10 000 different metabolites®®. These biologically active metabolites is the survival
package sustaining plants amidst environmental threats and stresses.

Plants synthesise2 main sub groups of metabolites. Primary metabolites are phytochemicals
developed to sustain the plant growth, proliferation and subsistence. Primary metabolites include
carbohydrates, proteins, vitamins and many other physiologically functional molecules. On the other
hand, the secondary metabolites are the specialised functional phytochemicals developed by the
plant for self-protection, preservation and survival in the environment. The secondary metabolites
subgroup, which is of interest to this study are the ones that are referred to as phytochemical
compounds®. Numerous studies have scientifically validated that phytochemicals have toxicological,
pharmacological and physiological effects on the cells of mammals including humans and various
microbiota. They can be loosely classified into 4 coherent groups : Phenolics which include
flavonoids and tannins: volatile terpenes in all their configurations from mono to polyterpenes; non



protein amino acids and other nitrogen containing compounds; Sulphur containing compounds
including lectins®>.

The proved lethality potential of some of the secondary metabolites to pathogenic bacteria species
including some microbial’s that are resistant to traditional antibiotics have put them at the forefront in
the battle against multidrug resistant bacterial specieszﬁ. Different plants produce varying levels and
different types of phytochemicals depending on the most prevalent threats in their domain of origin so
as to guarantee their survival®’. It is with this background that most plants with significant
pharmacologically relevant phytochemicals have found cardinal uses in traditional medical practices
as antimicrobial and anti-oxidant treatments.

1.4 Biosynthesised metallic nanoparticles from polyphenols

The increasing drug-resistance to most antibiotics has necessitated the development of new
antimicrobial agents and alternative technology based treatments with improved treatment
outcomes. Over the past few years advances in nanotechnology have ushered in new nano-scale
biomaterial platforms with optimised antimicrobial actions towards most multidrug resistant
pathogens. Metallic nanopatrticles present advanced nanotechnological antimicrobial platforms, with
high efficacies and advanced mechanisms of action’®. The microcidal properties of Nano metric
metallic oxides from various sources have been investigated and among the various synthesis
techniques, biosynthesised metal nanoparticles present safer and easy one pot processed low
dimensional structures for various microcidal applications. Biosynthesis as a novel alternative method
has been inspired by the concerns regarding the synthesis of colloidal nanomaterials, such as those
involving harmful solvents and toxicologically unsafe precursor chemicals which give rise to the
production of unsafe toxic by-productszg. This eco-friendly, synthesis technique employs biological
living systems including, plants, yeasts, bacteria and viruses as bio-reducing and stability imparting
capping agents. Biosynthesised metallic nanoparticles present a dynamic, safe and efficacious
substitute to chemically-produced antimicrobial nano platforms3°.

Fabrication of novelnano-composites through bioreduction of metallic salts by pharmacologically
active polyphenols of known clinical value from medicinal plants is attracting increasing interest due to
their potential to harness the medicinal properties of the natural pol%/phenolic extracts and conjugate
them to the inherent amplified properties of the metallic oxides®". Biosynthesised metallic nano-
composites promise enhanced therapeuticcompetencies in comparison with the simple natural
polyphenols. In experimental modelsmetallic nano-compositesdemonstrate remarkableaugmented
treatment outcomes due to the additive or synergistic dual activities of the constituents®. The ability to
control and fine-tuneresultant desired properties through varying fabrication conditions including pH,
temperature, concentration and rate of reaction adds a valuable dimension to their practicality in
therapeutics. The same fabrication conditions can also determine size and shape of the metallic
nanoparticles which has a gigantic effect on phase aggregation as well as therapeutic, bio and
chemical equivalence. In the presentinvestigationwe presentthe bio inspired fabrication of metallic
nanoplatformsof known antimicrobial agent,ionic silver by the pharmacologically active polyphenolic
antimicrobial constituents of Pontederiacrassipes. We further investigate the morphologyand toxicity
profiles as well as the amplified antibacterial effects on multidrug resistant microbes.

2 Materials and methods

2.1 Materials, equipment and facilities

All chemicals, cell cultures, associated reagents, equipment and facilities for the in-vivolaboratory
animal toxicity assays and the antibacterial inhibition determinations were obtained from the
University of Zimbabwe College of health sciences laboratories, Harare, Zimbabwe. For the green
synthesis and the nanoparticles characterisations, all chemicals and equipment were availed by the
University of California, Los Angeles, Department of Chemistry and biochemistry.Los Angeles, CA
90095, USA.

2.1.1 Plant material preparation
Whole PontederiaCrassipesplants were collectedfrom LakeChivero, 30 km South-West of Harare,
Zimbabwe (17.9117° S, 30.7875° E). The plants were authenticated taxonomically by the national
herbarium technical officers in Harare, Zimbabwe. The plants were washed under running water and
the leaves were detached from the stems and tubers. The leaves were then solar dried naturally for
20 days in the shade. The dried leaves were ground into a powder using a coffee grinder. The powder
was then stored in a tightly closed jar awaiting both hydro and ethanolic solvent extraction.



2.1.2 PontederiaCrassipesleaf
hydro-ethanolicextract
preparation

In a 2000 ml round bottom flask, 300g of PontederiaCrassipesdried leaf powder was added to 900ml
of a 30:70 hydro-ethanolic solution (70% ethanol) and left to cold extract for 3 days with daily 5 minute
shakings twice a day. The obtained extract was filtered using filter paper (Whatman no. 1) into a
suitable conical flask through a Buchner funnel. The resultant supernatant was then evaporated under
low pressure (Rotavapor® R-200, Buchi, Switzerland), and subsequently followed by
lyophilization(Lyovapor |-200, Buchi, Switzerland) under 120Pa pressure and a temperature of —20°C.
The lyophilized extract crystals were kept in a refrigerator at 4°C.

2.2 Phytochemical screening

In a 200ml round bottomed flask, 10g of the Ilyophilized hydro-ethanolic extracts of
PontederiaCrassipeswere dissolved in 100g of distilled water and subjected to various phyto-
screening techniques to confirm the presence or absence of relevant phytoconstituentsof
pharmacological interest to this study. The following qualitative tests were conducted on the extract
liquor:

2.2.1 Tests for alkaloids
The presence of alkaloids was determined through the Mayer’s test. To 5 ml of the lyophilized extract
liquor in a test tube, two drops of Mayer's reagent were added. The presence of alkaloids was
determined by the development of a white creamy precipitate at the bottom®.

2.2.2 Tests for tannins and
phenolics
The presence of tannins in the extract was determined by the ferric chloride test. To a test tube,2-3
drops of ferric chloridewas addedto 5 ml of the prepared extract liquor. The test sample was observed
for the presence of catechic tannins signalled by the development of a green-blue colour or a blue-
black colourdevelopment which indicates the presence of Gallic tannins™®.

2.2.3 Test for flavonoids
The presence of flavonoids was determined by means of the alkaline reagent test. To 5ml of the
lyophilized liquor in a test tube, 2 to 3 drops of a 50 % NaOHIlye were added. The developmentof a
deep yellow colour which gradually pales to a colourless hue after the addition of 3 to 4 drops of dilute
HCL, confirms the presence of flavonoids®*.

2.2.4  Test for terpenoids
To confirm the presence of terpenoids. To a test tube with 5ml of the extract liquor, 2 or 3 granules of
tin metal in 2 ml thiongl chloride solution were added. The formation of a pink colour indicates the
presence of terpenoids™.

2.25 Tests for steroids
The presence of steroids in the hydro-ethanolicextractof PontederiaCrassipeswas confirmed by
adding 5 ml of chloroform to 5 ml of the extract liquor in a test tube,followed by the addition of 1 ml of
concentrated H,SO4. The development of a reddish brown colour indicates the presence of sterols in
the extract.*®

2.2.6  Test for saponins
To determine the presence of saponins in the test sample, the simplified foam test was used. In a
100ml measuring cylinder, 5ml of the extract liquor was added to 30ml distilled water, the mixture was
shaken for 2 minutes and the development of at least 1 cm head of foam inthe test tube confirmsthe
presence of saponin537.

2.2.7 Detection of proteins and
amino acids
The detection of proteins and amino acids was done using Millon’s Test. In a test tube with 5ml of the
extract liquor, 2ml of Millon’sreagent was added and the test tube contents were heated in a water



bath at 70°C for 5 minutes. The test tube was then cooledand 2 to 3 drops of sodium nitrite
wereadded. The presence of proteins and amino acids is observed by the formation of a white thermo
chromicprecipitatewhich turns to a crimson red upon heating®

2.2.8 Detection of carbohydrates
The Molisch’stest was used to determine the presence of carbohydrates in the Iyophilisedextract. In a
test tube,to 5 ml of the extract liquor,2 to 3 dropsof alcoholic a-naphthol solution was added. The
presence of carbohydrates is detected by the development of aviolet ring at thejunctionsg'

2.2.9 Detection of glycosides
The modifiedBorntrager'sassay was used to determine the presence of glycosides. 5ml of the extract
liquor was mixed with 5ml of dilute hydrochloric acid. The mixture was subsequently treated with3ml
ferricchloride solution and immersed in a water bath at 80°C for 10 minutes. After cooling, extraction
was done with 10ml of benzene. The resultant benzene layer was decanted and treated with 5ml
ammonia solution.The mixture was observed for the development of a pink colour which signals the
presence ofanthranol glycosides™.

2.2.10 Acute oral toxicity evaluation
and treatment schedule

The acute oral toxicity profiling of PontederiaCrassipeswasinvestigated through a modified OECD
technical guideline 425 protocol*.In this study femalelaboratory albino rats were used. As per
protocol requirements, the animals weighed approximately +225g and were aged between 8 to 10
weeks old. The rats were introduced into the experimental housing conditions 7 days before the
commencement of the experiments so that they can acclimatise to the environment. The rats were fed
a standard commercial rodent diet and water ad libitum*".

The modified investigation carried out consisted of single ordered dose progressions“. The test and
control animals were dosed, in sequence, at 2 day intervals. The first animal received a dose below a
randomly selected estimated LD50. After dosing the first animal, the next animal was given an
increased dose which was double the first one based on the determined toxicity susceptibility
observations on the condition of the previous animal dosed over the 2 day observation interval. Based
on our assumption that Pontederiacrassipes was most likely non-toxic due to its prevalence in
communal water sources and reported traditional medicinal uses without any reported adverse effects
by the users, the starting dose investigated was 250mg/kg body weight and the limit dose was
2000mg/kg body weight, 12 female nulliparous female rats were used in this study. To facilitate
precise identification of the individuals, the participating rats were marked prior to the investigations.
Also prior to the first dose, the participating animals were fasted pellets for 18 hours but had access to
water. The PontederiaCrassipeswas orally gavaged in the following different concentration in a
distilled water solution in 4 different doses of: 250, 500, 1000, and 2000 mg/kg body weight, A
contracted veterinary specialist with no vested interests in the study observed the animals for
mortality and in the absence of mortality they were investigated for any changes in behaviour and
clinical signs and symptoms of toxicity every hour up to the first 12 hours on day 1 and thereafter,
everyday up to day 14 of the investigations.

2.3 Biosynthesis of Silver Nanoparticles

The green synthesis route was followed for the biogenic fabrication of the augmented
PontederiaCrassipesAgNPsthrough bioreduction of AgNOs; by the extract liquor’s polyphenolic
phytoconstituents. For the synthesis, 100ml of a 1 mM solution of silver nitrate was prepared using
distilled water. For the bioreduction of Ag+ ions, 20 mL PontederiaCrassipesextractliquor was added
drop wise into the100 mL of 1 mMaqueous solution of AQNO; and heated to between 60-80°C for 1
hourin an Erlenmeyer flask.The reaction variables including reactants concentration (silver nitrate,
and lyophilised extract), reaction time, medium pH, reaction temperature, were monitored and
optimized for the one pot synthesis of AgNPs. The reaction was monitored at pH1, 3, 7, and 10, and
optimization was achieved by adjustments with 0.1 N HCIl and 0.1 N NaOH accordingly. The resultant
nanoparticles were observed from0 to 2 hours at 15 minute intervals and overnight for optimal
synthesis ofAgNPs. The synthesis of silver nanoparticles was monitored attemperatures of 25, 50,
and 100°C. Theconcentration of AgNOswas optimized at different concentrations from 0.50 to 3.0 mM.
The concentration ratio of the lyophilised plant extract to the AgNOswas also varied and the synthesis



and reaction parameters were observed at various lyophilised extract to the metallic salt solution
ratios. The supernatant with the AgNPs solution was centrifuged for 30 minutes at 8,000 rpm
(Sigma3K30). the resulting precipitate was washed with ethanol and the resultant after decanting the
supernatant was lyophilised (lyophilizer: Christ Alpha 1-4 LD) to reveal crystalline AgNPs.

2.3.1 Transmission electron

microscopy (TEM) analysis of

AgNPs.
The biosynthesisedAgNPs were analysed by TEM for their size and shape. Drops of the AgNPs
suspension wereplacedon a carbon-coated copper gridcovered with a formvar film, which were then
allowed to dry by evaporation in air. After drying the samples werethen subsequently loaded onto the
specimen holder. The TEM measurements were conducted at a voltage of 100 kV (A LEO912 AB
OMEGA transmission electron microscope). Dynamic light scattering was used to determine the size
distribution or average sizes ofsynthesized silver nanoparticles. The TEM was used to obtain images
of the synthesized nanoparticles and determine their size. Nanoparticles samples were diluted 1:10
and 1:100 before being dropped onto the copper grids.

2.4 Antibacterial Activity Test.

2.4.1  Test microorganisms
The bacterial species; S.triphimurium, P.Aeruginosa,B. subtilis, M. luteus,streptococcus and
pseudomona, multi drug resistant strains ® of gram positive Streptococcus pyogenes and meticillin

sensitive  Staphylococcus  Aureus as well as gram  negative Escherichia  coli
andKlebsiellapneumoniae were obtained from the University of Zimbabwe Department of medical
microbiology in Harare, Zimbabwe. The antibacterial, evaluation laboratory

studieswereperformedaccording to CLSI guidelines.

2.4.2 Determination of the zone of
inhibition
A modified,simplified Kirby-Bauer test*” was configured and used in this study to determine and
compare the susceptibility or resistance of the chosen pathogenic bacteria to the
PontederiaCrassipesAgNPs, Colloidal AgNPs as well as crudePontederiaCrassipesthrough zone of
inhibition observations and MIC determination through serial dilution techniques.

2.4.3  Zone of inhibition MIC test
requirements
¢ Mueller-Hinton agar plates
e Sterile swabs and forceps
e Pure bacterial cultures

e Samples of PontederiaCrassipes mediated AgNPs, lonic silver, PontederiaCrassipesextract
liquor

2.4.4  Zone of inhibition
measurement and MIC
determination test protocol

Bacterial inoculum suspensions were spread uniformly on solidified Muller-Hinton Agar (MHA) using
sterile swab®. The bacterial strains used in the first study to confirm the broad spectrum antibacterial
effects of Pontederiacrassipes were S.triphimurium, P. Aeruginosa, Bacillus subtilis, Micrococcus
luteus, streptococcus and pseudomona. The second evaluation used multi drug resistant strains ® of
grampositive. Streptococcus pyogenes and meticillin-sensitive Staphylococcus aureus as well as
gram negative Escherichia coli and Klebsiellapneumoniaealongside their susceptible reference stains
denoted by R in the tests.

In the procedure: To the Mueller-Hinton agar plates, swabs ofthe pure bacterial cultures were evenly
spread over and 2 -3 drops of the test samples were placed in the media plate using sterile forceps.
The petri plates were incubatedfor 24hours at36°C with controlled humidity. After the incubation
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period and diffusion of the test samples, the clear area (zone of inhibition) around the point of
introduction of the samples was observed and measured. The size of the zone of inhibition is directly
proportional to the antibacterial activity.

For the determination of MICs the same experimental set up was used. Serial dilutions of the test
materials with distilled water was done and the minimum concentrations of the test materials needed
to inhibit the ability of the microorganism’s ability to produce any visible growth in the agar plates was
noted. In this simplified modified method, the lowest concentration of the antimicrobial agents (in
pa/ml) which prevented the appearance of visible growth of the microorganisms within a 24 hour
period were determined as the MIC.

3 Results and discussion

Table 1. Phytochemicals presentin Pontederiacrassipes hydro-ethanolicand distilled extracts

Test Presence in hydro-ethanolic Presence in distilled water extract
extract

Alkaloids ++ +
Phytosterols + -
Flavonoids +++ +
Saponins - -
Proteins and Amino Acids + +
Fixed oils and fats - -
Phenolic compounds +++ +
Tannins ++ +
Carbohydrates ++ +
Glycosides + +
Terpenoids + +

(-) Indicates absence, (+) Indicates presence, (+++) indicates strong presence.

The preliminary phytochemical analysis of the leaf extract revealed the presence ofseveral primary
metabolites includingcarbohydrates, proteins and amino acids (Table 1). This correlates well with
other studies which have identified the heteropolysaccharides L-galactose, D-xylose and others in
P.crassipes®” % ?*. Studies have also confirmed the presence of hemicellulose, triacylglycerol’s and
glycolipids. Other investigations have identified various amino acids including leucine and glutamine.
This heavy presence of primary metabolites is perhaps the reason behind the lily’'s ecological
resilience, high capacity for propagation and multiplication in aquatic systems®* however for the
purposes of this study, it is the presence of various pharmacologically interesting secondary
metabolites that captures our attention. The crude extract showed strong presence of phenolic
compounds in both the hydro-ethanolic extract as well as the hydro-extract’®. Quantitative studies by
other researchers isolated simple phenols represented mostly by 2 (and 4)-methylresorcinol,
catecholand resorcinol. Polyphenolic acids detected in the plant leaves by comparative studies
include, petioles, 5p—hydroxybenzoic (parabens),and gentisic,and p-coumaric, Gallic and salicylic
acids4® %6 @ 4 Al these listed phenolic acids which are known to have considerable
pharmacological activity are also believed to be the ones responsible for the bioreduction and capping
of AgNO; in the biosynthesis process.Our analysis also revealed the strong presence of flavonoids
and their glycosides. This collaborates well with other studies that have identified flavonoids including
tricin, luteolin, kaempferol and quercetinzs’ ?® Flavonoids are widely known in the medical world for
their medicinal benefits, including antibacterial, antiviral, antifungal, anticancer, antioxidant and anti-
inflammatory attributes® *” *®. The alkaloids, saponins, terpenoids and Phytosterols present in the
crude extract all point towards a plant with high medicinal application potential and alsorelates well
with its high adaptability to different harsh environments including water with high toxin levels as well
as resilience to parasites®. The presence of these metabolites substantiate the traditional use of
Pontederiacrassipesas an antibacterial agent in traditional medicine and also suggest its potential use
in biosynthesis of nano-platforms from metallic salts.

3.1 Acute oral toxicity evaluation

The test results and observations from the toxicity profiling substantiate that the hydro-ethanolicleaf
extract of Pontederiacrassipes is safe for internal use up to the standardised toxicity cut off dose of
2000mg/kg body weight. The behavioural factors under assessment which include, signs of
restlessness among the study animals, painful response to touch, urine characteristics and urination



frequency, skin texture, morphology and colour, fur condition and erection, as well as food and water
intake were periodically journalised by an experienced veterinary specialist (Table 2). No adverse
observations were noted with regards to symptoms and signs of toxicity for all the parameters under
review and no deaths were recorded for the entire duration of the testing period.

Table 2: Observations for behaviour and appearance of rats during studies

Observed parameter Dose ofPontederiaCrassipesin mg/kg body weight

250mg 500mg 1000mg Control

Food intake Normal Normal Normal Normal

Water intake Normal Normal Normal Normal

Death Alive Alive Alive Alive

Breathing Normal Normal Normal Normal
Diarrhoea Not observed Not observed Not observed Not observed

Urination Normal Normal Normal Normal

Skin colour Normal Normal Normal Normal
Drowsiness Not observed Not observed present Not observed
Erection of Fur Not observed Not observed Not observed Not observed

3.1.1 Behavioural pattern and
LD50.

In the absence of viable and technically appraisednon animal alternatives, the use of animals in
research still continues as the cornerstone of safety studies. The rise in animal rights activism,has
raised concerns regarding moral issues, cruel methodology and translational science issues for
decades now. It is therefore imperative that animal studies should be reviewed by Local Animal Ethics
Committees so as to safeguard research animals and guarantee that they are treated in respect of
the 3Rs (Replace, Reduce, Refine) principlesso. Despite these concerns no alternative method has
been able to approximate the complete effects of metabolites and their fate in living systems.Scientific
safety studies seek to understand organism's metabolic responses to toxins and drugs in order to gain
a fuller knowledge of the metabolism of drugs inside the organisms and non-animal alternatives fall
short of such capacities5l. It is on these basis that we conducted animal studies after seeking
approval from a local ethics board and the studies were conducted under strict adherence to the 3Rs
as well as international protocols and guidelines.
The OECD technical guideline 425 with minor modifications was used in this study. As per the
guideline, only healthy adult animals were used. The females chosen for the study were nulliparous
and non-pregnant. The rats were specifically bred for such studies and the ages which were already
known were between 8-12 weeks as required by the guidelines. The animals were all fasted before
dosing overnight with only water provided for them. Before commencement of dosing, the animals
were weighed and checked for any adverse health indications. The up and down test study of the
Pontederiacrassipes extracts was carried out using rat models at doses of 250, 500, 1000 and
2000mg/kg body weight. The rats were continuously monitored during the experiments for changes in
body weight and other observable indicators of poor health effects.
As reported above there were no deaths and no withdrawals from the study due to adverse health
symptoms of participating animals. There were no noted changes observed in all rats for
allcategories. The study concluded that Pontederiacrassipes wastoxicologically safe at 2000mg/kg
body weight and therefore LD50 is concluded to be beyond 2000mg/kg body weight. With reference
to the Hodge and sterner classification for toxicity, the hydro-ethanolicleaf extract of
Pontederiacrassipesis classifiedas nontoxic.

3.1.2 Bodyweight observations.
As part of the observations for toxicity signs, the body weights of the animals under test were
monitored during the study period. The weights for all animals in the five groupswere taken weekly for
the test period starting on the initial day and every 7" day thereafter until day 21. In all the recorded
weights, all 4treated groups did not exhibit statistically relevant or significant aberrations in body
weight in comparison with the control group.
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Figure 2: Observations for rat’s weights over the experimental period

Underlying health conditions and physical stress is usually accompanied by irregularweight changes
in animals®'.Uncharacteristic and unexplained gains or losses in weights are indicative of internal
changes in metabolism and failure of the homeostatic processes. Loss or appetite and failure to feed
is directly related to adverse health conditions latent or otherwise® ®2. The initial weights for all the
rats selected for the study were within specifications for 8 to 10 week old laboratory rats.
Interpretations of the observations confirmedthe expected gradual weight increase over a progressive
three week period of normal feeding expected fromnormal healthy animals. The body weight changes
among the groups and the control were not statistically significant. The normal progressive bodyweight
increasesobserved and the continued normal feeding appetite is a confirmation of the absence of any
toxicity effects on the rats from Pontederiacrassipesand correlates well with the absence of any
deaths among the animals under the tests. This gives confidence thatPontederiacrassipesleaf
extracts do not interfere with the normal metabolism and health of the animals.

3.2 Biosynthesis and characterisation of Pontederiacrassipesmediated AgNPs

For our purposes, the greensynthesis of AQNPs from the leaf extract of Pontederiacrassipes provided
a safer, economical 1 pot, sustainable and eco-friendly method. In this investigation, the polyphenols
in the leaf extract werethe reducing and capping agents for the synthesis of AgNPs.The change in
colour which was observed from dark brown to reddish brown indicated the formation of AgNPs. The
colour change, which is due to the excitation of surface plasmonvibrations, was notedto have
spectroscopicconfirmation of AGNPs formation®. The UV-Visible spectrum confirmed peeks between
400-500nm which is the expected UV-Visible absorption maximum range for AgNPs. The
polydispersed range of the observed peaks might confirm the varied polyphenols in the P.crassipes
extract. TEM analysis revealed that theobtained AgNPs were primarily a mixture of cubic and
spherically configured structures (Fig 3). Their size ranged from 10 to 60nm and DLS confirmed that
average size of the nanoparticles was 35.5nm.
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Figure 4: LCMS images of PontederiacrassipesAgNPs chromatograms for the crude extract
above and the supernatant below after nanoparticle fabrication.

LCMS chromatograms (Fig 4) of the crude extract and the supernatant after the synthesis reveal the
disappearance of many peaks at elution times 3.34, 5.41, 5.43, 6.10, 6.10, 6.31 and 6.82. These
peaks indicate the major phytoconstituents consumed in the synthesis process. No new major peaks
emerged in the LCMS supernatant which confirms the complete removal of the developed AgNPs.
Further work is imperative to identify the exact participating polyphenols involved in the bioreduction
and capping noted by these chromatograms.

3.3 Anti-bacterial assays

In the antibacterial tests against susceptible common microbes, both the Iyophilised
Pontederiacrassipesas well as Pontederiacrassipes mediated AgNPsexhibited
considerableantibacterial effects. The lyophilised plant extract was slightly lower in activity when
comparable to the commercial drug used as standard. However the AgNPs exhibitedantibacterial
effect much higher than the commercial drug. (Table 3). The commercial drug was ineffective against
multidrug resistant strains (Table 4). PontederiaCrassipesAgNPs were effective against multidrug
resistant strains and their effect on these and their susceptible reference strains was not significantly
different. The developed nanomaterials had comparable MICs to the commercially sourced colloidal
AgNPs used as the standard (Table 5).
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Table 3: Antibacterial zones of inhibition for P.crassipes, P crassipesAgNPs as well as
penicillin on common microbes

Test Sample  pg/ml Inhibition zone in diameter (mm)
S.triphimurium P. Aeruginosa M.Luteus  Streptococcus B subtilis Pseudomonas
P Crassipes 25 17+0.9 18+0.3 16+0.6 17+0.5 16+0.8 17+0.7
P C (AgNPs) 25 27+0.7 28+0.8 28+0.4 29+0.7 29+0.7 30+0.7
Penicillin - 18+0.7 18+0.7 18+0.7 18+0.7 18+0.7 18+0.7

*All values are mean + standard deviation of 3 determinations, S.triphimurium =Salmonella entericaserovar Typhimurium, P. Aeruginosa
=Pseudomonas aeruginosa, B subtilis =Bacillus subtilis, M. luteus = Micrococcus luteus

Table 4: Antibacterialactivity zones of inhibition for P.crassipes, P crassipesAgNPs as well as
penicillin on multidrug resistant strains

Test Sample ug/ml Inhibition zone in diameter (mm)

Gram positive bacteria Gram negative Bacteria

MRSA® MSSAR S.Pyogen®  E.coli® E.coliR K.pne®
P Crassipes 25 18.03%0.7 19.24+0.3 17+0.5 21.18+0.9 22.30+0.5 23.22+0.7
P Crassipes (AgNPs) 25 27.24%0.5 28.45+0.8 28.45+0.4 29.35+0.5 29.68+0.1 30.56.+0.6
Penicillin - - 18.56+0.2 - - 18.24+0.8 -
Colloidal silver - 27.24+0.0 28.45+0.8 28.45+0.4 29.35+0.6 29.20+0.7 31.52.+0.6

*All values are mean + standard deviation of 3 determinations, ® =the multidrug resistant strain, R =Reference strain (susceptible), S.
pyogenes= Streptococcus pyogenes, MSSAR =meticillin-sensitive Staphylococcus aureus, MRSA =meticillin resistant Staphylococcus aureus
E.coli =Escherichia coli, K.pne =Klebsiellapneumoniae

Table 5: Minimum inhibitionconcentrations for P.crassipes, P crassipesAgNPs as well as
penicillin on multidrug resistant strains

Bacterial strain Minimum inhibitory concentrations pg/ml
P. Crassipes extract P. Crassipes with AgNPs Colloidal AgNPs
MRSA® 28 6.25 6.25
S.Pyogen® 25 6.25 4
E Coli® 28 6.25 4
K. pneumoniae® 30 6.25 6.25

The antibacterial activity of the lyophilised hydro-ethanolicextract obtained at 25 pg/ml is much better
than those reported in many studies. The PontederiacrassipesAgNPs also possessed comparable
zone of inhibitions to colloidal AgNPs. There was not much difference in antibacterial activities of
AgNPs between the bacterial strains,despite the structural differences in bacterial morphologies
between gram positive and gram negative types. The present results show slightly higher antibacterial
efficacies most likely due to the complimentary antibiotic effect from the Pontederiacrassipesabundant
secondary metabolites. The synergistic effect from the association of metallic nanoparticles with
pharmacologically active polyphenols in the extract against Multidrug resistant bacteriapoints to new
perspectives and safer optionsin the treatment of drug resistant infectious diseases.This will also go a
long way in alleviating the weaknesses associated with colloidal AgNPs as antibacterial agents
including toxicity, high cost, low solubility, and side effects. These results therefore disclose the
immense opportunity in curtailing anti-bacterial resistance by associating natural antibiotics and
antibacterial metallic oxides through safe biosynthesised optimised nano-conjugates which can even
be further functionalised to enhance activity due to the known versatility of multifunctional green
synthesised nano platforms.
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4 Conclusions

The current investigation informs, confirms,and validatesthe potential for optimising
antibacterialaffectivityof polyphenol rich plant extracts through biosynthesis of amplified metallic salts
nanoparticles as arsenal for multidrug resistant strains of bacterial strains. The
Pontederiacrassipesmediated AgNPs synthesised in this simple, affordable, low risk (nontoxic
structures) processexhibited appreciable antimicrobial responses here, that are scientifically valid
enough to draw reliable affirmations and conclusions that, biogenicPontederiacrassipesAgNPs are
feasible, safe and efficacious and presage a suitable vehicle in the journey towards the development
of new and more efficient Multi drug resistant antibacterial agents.
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