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ABSTRACT

We report on hydrothermal synthesis of biogenic silver nanoparticles (AgNPs) using aqueous
leaf extract of Alchornea laxiflora for threefold applications in antibacterial screening against
Escherichia coli and Staphylococcus aureus, tyrosinase inhibition of mushroom tyrosine
enzymes with 3,4-dihydroxyphenylalanine as a substrate and photocatalytic degradation of
malachite green dye. The mode of action for the tyrosinase application and kinetics of both the
tyrosinase and photocatalytic activities were provided. The localized surface resonance bands of
the AgNPs were observed within the range of 424 — 435 nm from the electronic spectral
analysis. Fourier transform-infrared studies reveal the functional groups of plant metabolites
such as phenolic compounds and amines on the nanoparticles. The Energy Dispersive X-ray
result reveals the presence of silver and other elemental compositions from the plant extract. X-
ray diffraction result showed a face-centred cubic crystalline structure for the AgNPs. The SEM
analyses reveal that the nanoparticles are spherical in shape with average size range of 20-52 nm.
The AgNPs exhibited a dose dependent tyrosinase inhibition activity with ICso of 20.83 ug/ml
and a competitive mode of inhibition. The results of photocatalytic degradation of malachite
green dye depicted rapid photo inspired degradation of 86 % in less than a min and at reaction
rate of 0.136 min’!. The silver nanoparticles showed enhanced antibacterial activities compared

to the precursors: silver nitrate and aqueous extract of Alchornea laxiflora.
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1.1 INTRODUCTION

About 50,000 tons of dyes are inappropriately discharged into the environment by textile, paint
and other related industries due to incomplete exhaustion of dyes onto different products from
aqueous dyeing processes[1]. This has overtime increased the environmental pollution in most
industrialized cities around the world. More so, these dyes are non-biodegradable under aerobic
conditions, toxic to aquatic life and mutagenic to humans [2]. Under anaerobic situations, azo
dyes can be broken down to aromatic amines that are more toxic than the larger dye molecule
under a process that is kinetically very slow, thereby causing more harm to human and aquatic
animals. In view of these facts, there are efforts to adopt techniques that will either completely
recover the dye molecules from wastewater or mineralize the dyes to oxidation end points like
CO», H,0, NO3", SO4* and CIT1]. Techniques such as flocculation, electrocoagulation, redox
treatment, coagulation, incineration and activated carbon sorption have been successfully
applied; however, due to composition diversity, high colour intensity and toxicity of industrial
wastewater, they have fallen short. Hence, there are enormous pressures on industries to satisfy
stringent environmental measures on disposable industrial wastes as it concerns coloured liquid

wastes [3].

Photocatalytic degradation method has gained lots of attention due to its low cost, high chemical
stability, high rate of degradation and successful mineralization of the dye molecules to non-
toxic oxidation byproducts [4]. Metal nanoparticles and their metal oxide analogs have been
reported as useful inorganic catalysts in the degradation of various organic dye pollutants in the
presence of an illumination source [1]. Several methods are employed in the synthesis of metal
nanoparticles. However, plant mediated synthesis of metal nanoparticles have gained a lot of
interest in recent times due to its ease of synthesis, use of benign reducing and stabilization
agents, distinctive (size, shape and dispersion) properties of the metal nanoparticles obtained
from diverse plant sources and the production of less toxic metal nanoparticles for medicinal and
cosmetic applications [5]. Silver nanoparticles have gained the most attention among other noble
metal nanoparticles due to its high electrical and thermal conductivity, less lethal, wide range of
optical absorption capacity, less expensive, surface enhanced Raman scattering, high chemical
stability, high photocatalytic activity and nonlinear optical behaviour [6]. Biosynthesized silver

nanoparticles have been reported as antimicrobial, water sterilizing, wound healing, lavicidal and



anticancer agents [7]. Besides their medical and pharmacological applications, they are widely
used as catalyst in the photodegradation of organic dye pollutants, imaging agents in biomedical
devices, and as sensors in optical and microelectronic materials [8]. Plant sources such as
Mimosa pigral9], Morindutinctoria, Trigonellafoenum-graecm[10] and
Hypneamusciformis[11]lhave been used to obtain silver nanoparticles with varied
physicochemical properties. Biogenic silver nanoparticles, obtained from various plant sources
have been reported as efficient photocatalysts in the degradation of various organic dyes [5, 12].
However, to the development of photocatalysts that will enthuse fast and efficient degradation
process of organic dye pollutants and also exhibit high chemical stability and low toxicity, has

sustained current research in photocatalysis.

Biogenic silver obtained from extracts of Hovenia dulcis fruit extract [13] and zinc oxide
nanoparticles obtained from brown seaweed of Turbinaria conoides[14] have been reported to
exhibit tyrosinase inhibition. Tyrosinase inhibition is an efficient mechanism in the treatment of
skin diseases of hyperpigmentation such as melasma, freckles, age spots and senile lentigo [15].
Synthetic tyrosinase inhibitors have been associated with some adverse effects such as erythema
and contact dermatitis. Hence, there is need to develop tyrosinase inhibitors from less lethal
materials that are cost effective, non toxic and potent. Very few works have been reported on
tyrosinase inhibition activity of silver nanoparticles, and their mechanism of action is grossly
under reported [15]. In our previous works we investigated the melanogenesis inhibition
potential of biogenic zinc oxide nanoparticles obtained from aqueous extract of Alchornea
laxiflora [16]. The result showed better melanogenesis inhibition compared to that of zinc oxide
nanoparticles of brown seaweed of Turbinaria conoides. However we intend to utilize the
numerous biological potentials of silver nanoparticles and those of Alchornea laxiflora extracts

in antibacterial, tyrosinase inhibition and photodegradation studies.

Alchornea laxiflora i1s a shrub that belongs to the family of Euphorbiaceae that can be found in
the tropical rain forest of countries such as Nigeria, Ethiopia, and Zimbabwe. Phytochemical
screening of aqueous extract of Alchornea laxiflora leaves has shown the presence of
polyphenols, alkaloids and flavonoids. Biological potentials of the plant extract have been
reported as antimicrobial [17] and antioxidant [18] activities. The plant is used traditionally in

the treatment of many diseases such as pile, Dysentery, Malaria, Eczema, Cough and High fever



[19]. The reducing and stabilizing potentials of the phytochemicals of Alchornea laxiflora have
been exploited in plant mediated synthesis of various nanoparticles such as zinc oxide [14] and
copper [20]. The biogenic copper nanoparticle was reported to show high catalytic activity in the
oxidative desulphurization of model oil. The zinc oxide nanoparticles showed good

photodegradation of Congo red dye and tyrosinase inhibition activity [20].

In this study, we intend to report plant mediated synthesis of silver nanoparticles (AgNPs)
obtained from aqueous leaf extract of Alchornea laxiflora. The antibacterial potentials of the
nanoparticles will be investigated, taking advantage of the established antibacterial properties of
silver nanoparticles and the plant extract [17]. We will carry out studies on the degradation of
Malachite green dye solution using the biogenic silver nanoparticles as photocatalyst. In
addition, the tyrosinase inhibition activity of the AgNPs will be investigated and compared to
previous studies. The mode of tyrosinase inhibition will be established using Line-weaver —

Burk model.

2. EXPERIMENTAL SECTION

2.1 Materials: All the chemicals & reagents were analytical grade (AR) and used without
further purification. The fresh plant leaves (Alchornea laxiflora) were collected from Ikwo in
Ebonyi State, Nigeria. Sodium hydroxide, ascorbic acid, sodium phosphate dibasic heptahydrate,
sodium phosphate monobasic monohydrate, Silver nitrate (AgNO3), Mushroom tyrosine enzyme
(25KU), 3,4-Dihydroxy-L-phenylalanine (L-DOPA) and Malachite green dye were obtained
from Sigma-Aldrich.

Apparatus and instrumentation: Microscopic characterization: The surface morphology, size
and elemental composition of the AgNPs were investigated by scanning electron microscope
(SEM) and Energy Dispersive X-ray analysis (EDS) (FEIXL 30, Model). X-ray diffraction
(XRD) was carried out to determine the crystalline nature of the AgNPs using Brukers D8
Discover diffractometer, equipped with a Lynx Eye detector, under Cu-Ka radiation (1 = 1.5405
A). Optical characterization: the Ultraviolet-visible spectra were analyzed with Agilent
Technologies Cary 60 spectrophotometer and the Fourier transform-infrared (FTIR) spectra were

recorded on Agilent Technologies spectrophotometer.


https://www.sigmaaldrich.com/catalog/product/sigma/d9628?cm_sp=Insite-_-caContent_prodMerch_raiOtherymlCtr-_-prodMerch10-1

2.2 Methods

2.2.1. Preparation of aqueous leaf extracts of Alchornea Laxiflora

The leaves of Alchornea laxiflora were freshly collected from Ikwo in Ebonyi State, Nigeria.
They were plucked from the stem and dried for about four weeks at room temperature. The dry
leaves were grinded into fine particles using a blender. 3g of the finely ground leaf particles
were dissolved in 300mL of deionized water in a 500mL flat bottom flask and was heated using
a water bath for about 45min at a temperature of 65°C. The mixture was allowed to cool and
filtered using a mesh cloth. The filtrate was further filtered using whatman filter paper under
vacuum. The resulting leaf extracts of Alchornea laxiflora were stored in an amber bottle and

kept in a refrigerator.

2.2.2. Synthesis of Silver nanoparticles using leaves extract

Silver nitrate salt (10mM) was weighed and dissolved in 99 mL of deionized water. The solution
was heated to ensure complete dissolution. 1mL of the plant extract was added in drops to the
stirring solution of the silver salt. The mixture was magnetically stirred and the formation of the
silver nanoparticles was monitored using UV-Vis spectrophotometer at different time intervals
(5, 15, 30, 45, 60and 90 min). At the end of each reaction, the AgNPs solution was centrifuged
at 4000 rpm for 30 min to make the solution crystal-clear. The effect of volume of the plant
extract on the formation of the silver nanoparticles was also carried out by varying the
concentration of the plant extracts (1.5 and 2 mL) and keeping the concentration of the silver salt

at 10mM [21].

2.2.3. Antibacterial studies

Clinical isolates of different microbial strains were collected from Department of Microbiology,
Alex Ekwueme Federal Teaching Hospital, Abakaliki, Nigeria. The bacteria strains were Gram
negative (Escherichia coli) and Gram positive (Staphylococcus aureus).The microbes were
chosen based on their clinical and pharmacological relevance [22]. Antibacterial screening was
carried out using agar disk diffusion method. The petri plates were prepared using sterile Muller—
Hinton agar(MHA). The inocula of test cultures (10° CFU/mL) were streaked onto the condensed
Muller Hinton agar in petri plates using a sterilized cotton swab, in order to ensure a uniform

thick lawn or layer of growth, and allowed to dry for 15 min. Stock solutions of AgNPs of (0.5,



I, 3, 5, 10ug/mL) concentrationof AgNPs stock solutions was prepared using 100%
dimethylsulfoxide (DMSO) as diluent and the various concentrations were also used for
minimum inhibitory concentration (MIC). The stock solutions (10 pg/mL) of the plant extract,
AgNO3 and standard drug were prepared using double distilled water at the same concentration
as the nanoparticles. Sample dilutions were performed as described by the NCCLS. Blank paper
disks with a diameter of 6.0 mm were impregnated with 25 pL of the AgNPs stock solution.
About 20 pL of 1.25 mg/mL 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT)(Sigma-Aldrich) was added to each plate and observed for a purple colouration after
incubation at 37 °C for 30 min, which indicated microbial growth. The plates were incubated for
24h at 37 °C with the bacteria strains. Control experiments were carried out under similar
condition by using commercially available antibacterial drug (Streptomycin) as the positive
control drug, while dimethylsulfoxide was used as a negative control. The sensitivities ofthe
microbes to the samples were determined by measuring the sizes of inhibitory zones (including
the diameter of disk) on the agar surface around the disks, and values <6mm were considered as
not active against microorganisms. Zones of inhibition were recorded in millimetres and the
experiment was repeated twice. Experimental results were given as mean + S.D. of the two

parallel measurements [23].

2.2.4 Photocatalytic degradation of Malachite Green dye

In the catalytic experiment, 8mg of AgNPs was dispersed into a freshly prepared solution
containing 100mL of deionized water and 1.5mg of Malachite green dye. The solution was
stirred vigorously in the dark for 15 min to ensure equilibration. After that, it was exposed to
illumination from sunlight while stirring. The reaction was monitored by UV-Vis absorption
spectra at different time (0, 5, 15, 30, 45, 60 min) intervals [24]. The percentage degradation
was obtained using the equation:

100
1

(1

Percentage degradation (%) = C — %x

where C is absorbance of blank solution (dye solution) after incubation, S is absorbance of

sample solution (dye and nanoparticles) after incubation.



2.2.5. Tyrosinase inhibition activity

Briefly,100pug/mL of AgNPs was introduced to a reaction mixture containing, 0.1mM of 3.4-
dihydroxyphenylalanine (L-DOPA, 0.8 mL) and 0.1mM of sodium phosphate buffer (1.2 mL,
pH 6.5) and 50uL mushroom tyrosinase. The reaction mixture was incubated for 30 min at room
temperature. Subsequently, the formation of dopachrome was monitored by taking the
absorbance of the mixture at 475nm using UV—visible spectrophotometer. The experiment was
repeated using other concentrations (500pug/mL, 300pg/mL, 200ug/mL and 50pug/mL) of AgNPs
[25].

The percentage of the inhibition of tyrosinase activity was calculated by the following equation:

Tyrosinase inhibitory activity (%) = A — %x % )

where A is absorbance of blank solution after incubation, B is absorbance of sample solution

after incubation.

The extent of inhibition by the test compounds was expressed as the percentage of concentration
necessary to achieve 50% inhibition (ICsp). The effect of the substrate was monitored in the
presence and absence of the AgNPs using different concentrations (0.5, 0.75, 1.25 and 1.5 mM)
of L-DOPA. Ascorbic acid was used as a reference inhibitor and for negative tyrosinase

inhibitor; phosphate buffer was used instead of the inhibitor solution.

3.0. RESULTS AND DISCUSSIONS

3.1. Synthesis

Plant metabolites of aqueous extract of Alchornea laxiflora such as polyphenols, alkaloids and
flavonoids[26] have high reducing capacities that can facilitate the donation of electron to Ag*to
obtain Ag’. The affinity of these metabolites for silver makes them good chelating/stabilizing
agents for stabilization of AgNPs. The hydrothermal synthesis of biogenic silver nanoparticles
using aqueous extract of Alchornea laxiflora and AgNOs was monitored using
spectrophotometric methods to obtain the surface plasmon resonance (SPR) band of silver

nanoparticles. However, change in colour of the reaction solution from dark brown to yellowish



brown after 5 min of reaction time gave early signs of the formation of silver nanoparticles in

accordance to literature reports [27].

3.2. Absorption Spectra/Optical properties of silver nanoparticles

The absorption of Uv-Vis radiation by nanoparticles at different wavelengths provides an
indication of particle size, while the breadth of the peaks signifies the particle size distribution
[13]. In the study, using 2mL of aqueous extract of A.laxiflora showed the appearance of a
surface plasmon band at 435nm in the UV-Vis spectrum at Smin of reaction (AgNPs@ 5min).
The SPR band had hypsochromic shifts to 432nm, 427nmand 424nm at 15min
(AgNPs@15min),30min (AgNPs@30min) and 45min (AgNPs@45min) of reaction respectively.
However, the SPR band was observed to have a bathochromic shift to 427nm at 60min

(AgNPs@60min) as the reaction proceeded (Fig 1).

Figure 1: Effect of reaction time on the optical properties of the silver nanoparticles.

The variation of the SPR band with time could be attributed to change in the physicochemical
characteristics (such as size, shape and surface defects) of the silver nanoparticles as the reaction
time increases. The absorption intensity was highest at 45min of reaction and was taken as the
optimal time for the formation of silver nanoparticles using 2mL of aqueous leaf extract of A.

laxiflora.

The volume of the extract of A.laxifloranin the reaction vessel was reduced to 1.5mL to
investigate the effect of the volume of plant extract on the optical properties of the nanoparticles
(Fig 2). The surface plasmon resonance band was observed at 417nmshowing a hypsochromic
shift at 45mins reaction time. However, the absorption intensity of SPR band was highest for
that of 2mL of plant extract when compared to 1.5mL volume of plant extract used. Hence, it

was adopted as the optical condition for the synthesis of silver nanoparticles using A.laxiflora.

Figure 2: Effect of volume of leaf extract of Alchornealaxifloraon SPR band of the silver
nanoparticles at 45Smin reaction time.



The surface plasmon resonance bands of the silver nanoparticles in this study were within the
range as those reported in literature [28, 29], hence supporting the formation of the biogenic

silver nanoparticles.

3.3.Fourier Transform Spectra

Fourier transform spectroscopic characterization of biosynthesized nanoparticles is used to
establish likely functional groups of plant metabolites that are bound specifically on the surface
of silver nanoparticles which participate in the reduction and stabilization of the nanoparticles.
Fig. 3a and 3b show Fourier Transform Infrared spectroscopy (FT-IR) spectra of aqueous leaf

extract of Alchornea laxiflora and silver nanoparticles.

Figure 3: (a) FT-IR spectrum of aqueous leaf extract of Alchornea laxiflora (b) FT-IR

spectrum of silver nanoparticles (AgNPs@Smin).

The FT-IR results show the presence of hydroxyl groups at 3269 and 3267cm™ in the spectra of
the plant extract and nanoparticles respectively. The hydroxyl groups could be presumably
attributed to the presence of polyphenols, alkaloids and flavonoids metabolites of the plant
extract and which can also be found on the surface of AgNPs as capping agents. An intense peak
was also seen at 1638cm™! in both spectra which is due to stretching vibration of carbonyl group
presumably from alkaloids, flavonoid and terpenoids metabolites on the surface of the silver
nanoparticles. It is presumed that through the interaction of carbonyl and hydroxyl groups of
plant metabolites of A.laxiflora with the surface of the silver nitrate in the absence of other
strong reducing and capping agents, both reduction and stabilization occurred leading to the

formation of silver nanoparticles [13].

3.4. Elemental composition/Energy Dispersive X-ray

Energy dispersive X-ray analysis (EDX) is used to identify elemental compositions on the
surface of the metallic nanoparticles. The result supports the presumptions made from the results
of the FT-IR spectra. The EDX result presented in Figure 4 reveals strong signal in the silver
region thus confirming the formation of AgNPs. The carbon signal could also be attributed to

plant metabolites on the surface of the nanoparticles.



Figure 4: Energy dispersive X-ray of silver nanoparticles(AgNPs@S5min)
The presence of Si is possibly due to carbon coated silica grid used for sample preparation [30].

3.5. Scanning Electron Microscope
The surface morphology and sizes of different silver nanoparticles obtained from different
reaction durations (5, 15, 30 and 45min) were investigated and their scanning electron

microscopic images presented at Fig 5.

Figure 5: Scanning electron microscopic images of different silver
nanoparticles(a).AgNPs@ Smin(b). AgNPs@ 15min (c). AgNPs@ 30min (d).AgNPs@
45min (Scale bar: 100nm).

The results show that the nanoparticles are spherical with an average size of 20nm, 45nm, 47nm
and 52nm at varying duration of reaction of 5, 15, 30 and 45min respectively. This can be

attributed to the increase in the number of nanoparticles and agglomeration[31].

3.6. X-Ray Diffraction
The XRD was used in order to confirm the crystallinity of the biogenic silver nanoparticles

(AgNPs@ 45min). The result was presented in Fig. 6.

Figure 6: X-Ray Diffraction of silver nanoparticles (AgNPs@ Smin)

TheXRD diffraction patterns gavesome well-defined crystalline peaks assigned to the 111, 200,
220, 311and 222 planes. The peaks are characteristic of the face-centred cubic structures of
metallic silver nanoparticles [32]. The XRD sizes of the nanoparticles were calculated using the

Debye—Scherrer equation, eqn (3)
kA

D = (3)

~ Bcose

where Ais the wavelength of the X-ray source (I = 1.5405 A), k isan empirical constant equal to
0.9, B is the full width at half maximum of the diffraction peak and 0 is the angular position. The
observed sizes for different time ranges were from 18-20nm in agreement with the observed size

using SEM for AgNPs@5min.



3.7. Tyrosinase inhibitory activity

The tyrosinase inhibitory activity of the silver nanoparticles against mushroom tyrosinase as a
representative enzyme and L-DOPA as a substrate was investigated and compared to those of the
plant extract and ascorbic acid (standard drug). In a preliminary screening at 100pug/mL, the
silver nanoparticles showed significant inhibition (55%) of tyrosinase L-DOPAoxidation
compared to AgNO3(17%) and plant extract (40%). The results of the screening at other
concentrations of silver nanoparticles (50-500ug/mL) are presented in Fig 7 and show dose

dependent activity with ICso of 20.83ug/mL.
Fig 7: Tyrosinase inhibitory activity of AgNPs

The tyrosinase inhibitory activity of the plant extracts can be attributed to chelation of copper
ions in mushroom tyrosinase by hydroxyl groups of phenolic compounds or flavonoids present
in the extract [33]. The enhanced tyrosinase activity of AgNPs compared to the plant extracts
and AgNOs; could be attributed to the presence of plant metabolites on the surface of the
nanoparticles and an increased surface area for chelation of copper ions in mushroom tyrosinase.
The results of the tyrosinase inhibitory screening in this study for AgNPsarebetter than those
obtained from tyrosinase inhibitory screening for AgNPs and ZnONPsfrom extracts of Artemisia
annua and seaweed-turbinaria conoides, which gave 40% (100mg/mL) and 50% (100pg/mL)
respectively [13, 14]. The results of tyrosinase inhibitory activity of AgNPs (20.83 pg/mL) was
also better than those we had reported for ZnO-NPs (obtained from aqueous leaf extracts of
A.laxiflora) with 1Cso 0f66.28ug/mL [14] and AgNPs (obtained from aqueous leaf extracts of
Euphorbia sanguine) with ICso of 71.96pg/ml [34].The improved tyrosinase inhibition prompted

further investigation of the kinetics of the inhibition and mode of inhibitor-tyrosinase interaction.

3.7.1. Kinetics and type of tyrosinase inhibition
The kinetics of interaction of the silver nanoparticles with mushroom tyrosinase and the mode of
tyrosinase inhibition of the silver nanoparticles were investigated using Line-weaver — Burk

model. The result of the Line-weaver — Burk (double displacement) plot was presented in Fig 8.

Fig 8: Line-weaver — Burk (double displacement) plot



The results showed that in the absence of the nanoparticles, maximum velocity (Vmax) of the
enzyme was calculated to be 0.32mM/min, while the affinity of the enzyme (Km) for L-DOPA
was found to be 1.071mM. Km is described as the concentration that will be able to saturate
50% of the enzyme. On the introduction of an inhibitor (50ug/L of the AgNPs), the Vmax of the
reaction was found to be 0.319mM/min while the Km was calculated to be 2.01mM. The result
clearly showed that the Vmax of the reaction was not affected by the presence of the inhibitor
but Km was increased compared to the former. This type of occurrence is typical of competitive
mode of inhibition where the inhibitor and substrate compete for the active site of the enzyme.
The mechanism of action involves the biogenic AgNPs inhibiting the substrates from binding to
the active site of the mushroom tyrosinase enzyme, thereby preventing tyrosinase L-DOPA

oxidation.

The inhibition constant Ki of the AgNPs (inhibitor) represents the concentration at which 50%
of the tyrosinase enzymes would have transformed to enzyme — inhibitors complex form. The
inhibition constant (Ki) was calculated using the lineweaver — Burk plot for the competitive plot

equ (4) and (5)

Vinax![S]
T (el @
_ m 7]
o= e Wt wa (i) ®

The inhibition constant was calculated as 0.289mM. The initial velocity (Vo) of the enzyme was
calculated at the substrate concentration of 0.1mM to be 0.027mM/min in the absence of an
inhibitor. However, in the presence of the AgNPs, it decreased to 0.00017mM/min, giving a
relative activity of 0.006 and a percentage fractional inhibition of 99.37 %. Hence, the

biosynthesized silvernanoparticles have good inhibitory effect on tyrosinase enzyme [33].

3.8. Photocatalytic activity of the silver nanoparticles
The photocatalytic degradation of malachite green (MG) dye solution was done in the presence

and absence of the silver nanoparticles and under solar radiation. The adsorption spectrum of the



malachite dye in aqueous solution shows adsorption max at 622nm due to n—n* transition[35].
The relative absorbance of band at 622nm is plotted as a function of time to evaluate the

reduction reaction rate (Fig. 9) in the presence of silver nanoparticles.

Figure 9: Absorption spectra of MG at different time intervals

The decreasing trend of the absorption intensity indicates the degradation or mineralization of
malachite green dye in the solution. During the degradation process, the intense green colour of

MG solution faded and eventually became colourless with time.

Fig 10 shows that on exposure of the dye solution containing AgNPs to solar radiation, 86%
degradation was achieved in less than a min. The catalytic process proceeded in a much slower
rate afterwards to achieve 94% in 60min of illumination from sunlight. In the absence of AgNPs
the degradation process of MG proceeded very slowly compared to that obtained in the presence
of AgNPs. In 24hrs, 20% degradation of the dye was obtained. Hence, the increase in rate of the
degradation process in the presence of AgNPs can be attributed to the photocatalytic ability of

the nanoparticle.

Figure 10: Percentage degradation of MG with time

The results obtained from the photocatalytic study was an improvement to those reported in
literature: Madiha and Nida (2018) reported 70% degradation of malachite green after 120
minutes using copper nanoparticles; Fairuzier al (2018) reported 92% degradation of methylene

blue using silver nanoparticles; [32, 36, 37].

3.8.1. Photocatalytic kinetics
The photo-degradation kinetic data of MG using AgNPs was analyzed with the linear forms of
first order and second order kinetic models. The equations for rate laws of the first order and

second order kinetic models, as well as, their half-lives are shown in equations (6-9) [36].

ln% = kyt (6)

t

—— ==yt (7)



ty, =0 ®)
1
tl/z = K2Aq (9)

Where Ay is initial absorbance; A: is absorbance at time t; k; and ko are rate constants for first

order and second order reactions respectively; ti/2 is half-life.

Figure 11a shows the kinetic plot for the first order reaction, where In Ao/A; was plotted against
time. A plot of 1/A«-1/Ao against time can be seen in figure 11b representing the second order

kinetic model.

Figure 11a: First order kinetics for degradation of MG
Figure 11b: Second order Kkinetics for degradation of MG

The correlation coefficient, R? for the second order kinetic model was 0.9787, which was
slightly higher than that of the first order of 0.9702. This implies that second order kinetic model
gave the best fit for the photo-degradation of MG dye solution using AgNPs in the study. Tolia
et al (2012) reported that pseudo-second order model gave the best fit for the photo-degradation
of malachite green using doped and undoped ZnS nanoparticles [38]. Rate constants obtained for
first order reaction and second order reaction are 0.0152min™! and 0.136mM™! min! while the

half-lives for both are 45.60min and 40.18min respectively.

3.8.2. Mechanism of Photocatalytic activity

The mechanism of photocatalysis for silver nanoparticles in the degradation of dye molecules
involves the excitation of electrons from the valence band to the conduction band of the silver
nanoparticles on absorption of energy under solar radiation. The excitation of electrons to
higher energy states creates electron holes. The excited electrons interact with molecular oxygen
in water and generate free radicals. The free radicals interact with the dye molecules causing
reduction to occur, and thus, lead to mineralization of the dye to less hazardous byproducts.
Subsequently, the electron holes created accept electrons from the adsorbed dye molecules and

thereby oxidize them to byproducts like CO>, H>O and so on[39, 40].



3.8.3. Antibacterial studies

The antibacterial activities of aqueous leaf extract of A.laxiflora, AgNPs and AgNOs3 were
studied using Gram negative (Escherichia coli) and Gram positive (Staphylococcus aureus)
isolates. The samples exhibited antibacterial properties at a concentration of 10ug/mL. The
zones of inhibition exhibited by the leaf extract against the test bacteria ranged between 12mm
and 24mm for E.coli and S.aureus respectively. The AgNPs showed improved zones of
inhibition compared to the plant extracts and AgNO3 at 20mm and 28mm for E.coli and S.aureus
respectively. Streptomycin showed zones of inhibition in the range of 24mm and 30mm for
E.coli and S.aureus strains respectively. The MIC of AgNPs against test bacteria strains ranged
between lug/mL and 3ug/mL for the Escherichia coli and Staphylococcus aureus isolates
respectively. The variation in the antibacterial activity of the samples against the two isolates
could be partly due to differences in cell wall composition of the strains which affect cell
permeability of the samples.

The results of the antibacterial screening of the AgNPs were better than those reported in
literature for AgNPs obtained from aqueous extract of gum kondagogu and corn leaf waste
of Zea mays with MIC of 2 and 10ug/mL; and 50 and 12.5ug/mL for E.coli and S.aureus

respectively.

4.0 CONCLUSION

In the present study, silver nanoparticles were synthesized by making use of aqueous leaf extract
of A.laxiflora. The AgNPs showed good antibacterial potentials against E.coli and S.aureus
isolates with MIC of 0.5pug/mL and 3ug/mL respectively. A photocatalytic efficiency of 86%
dye degradation was achieved in less than a min for the degradation of malachite green dye
solution, at a rate of 0.136min"' under a second order kinetics. Also, the AgNPs exhibited a dose
dependent tyrosinase inhibition activity with ICso of 20.83ug/ml in a competitive manner with
the substrate. The study achieved threefold purpose silver nanoparticles using a simple, eco-

friendly and economic plant mediated process.
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Figure 1

Effect of reaction time on the optical properties of the silver nanoparticles.
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Figure 2

Effect of volume of leaf extract of Alchornea laxiflora on SPR band of the silver nanoparticles at 45min

reaction time.
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Figure 3

(@) FT-IR spectrum of aqueous leaf extract of Alchornea laxiflora (b) FT-IR spectrum of silver
nanoparticles (AgNPs@45min).




Figure 4

Energy dispersive X-ray of silver nanoparticles(AgNPs@45min)
(a) (b)

Figure 5

Scanning electron microscopic images of different silver nanoparticles(a).AgNPs@ 5 min(b). AQNPs@ 15
min (c). AGNPs@ 30 min (d).AgNPs@ 45 min (Scale bar: 100 nm).
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Figure 6

X-Ray Diffraction of silver nanoparticles (AgNPs@ 5min)
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Figure 7

Tyrosinase inhibitory activity of AQNPs
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Figure 8

Line-weaver — Burk (double displacement) plot
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Absorption spectra of MG at different time intervals
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Figure 10

Percentage degradation of MG with time
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Figure 11

a: First order kinetics for degradation of MG b: Second order kinetics for degradation of MG



