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Objectives. The use of antibacterial drugs for the treatment of infections has been on for several decades but not without some
challenges such as resistance. Research on natural products is on-going to mitigate this challenge. The aim of this study was to
synthesize silver nanoparticles (SNPs) with aqueous and methanol extract of Ehretia cymosa leaf and to explore its antibacterial
potentials in semisolid dosage delivery system as topical antibacterial cream and ointment. Methods. E. cymosa leaf was extracted
by macerating in distilled water and methanol. The extracts were used to synthesize SNPs. SNPs were characterized and confirmed
by visual observation, UV-visible spectroscopy, FTIR, atomic absorption spectroscopy, scanning electron microscopy, and energy
dispersive X-ray spectroscopy. SNPs were used to formulate cream and ointment, and the antibacterial activity of the formulations
was evaluated against Staphylococcus aureus and Escherichia coli. Results. Absorption band was observed at 450 nm for aqueous
extract SNPs and 420 nm for methanol extract SNPs due to surface plasmon resonance. SNPs were agglomerated with the irregular
size of 55nm and 90 nm. The formulations had acceptable physicochemical properties with good drug-excipient compatibility.
The antibacterial activity of cream formulations had a significantly (p < 0.0001) higher antibacterial activity compared to ointment
formulations. Both formulations with SNPs had higher antibacterial activity than ciprofloxacin. Conclusion. Cream and ointment
formulations loaded with green synthesized E. cymosa leaf extract SNPs present a potential for a more efficient and effective
antibacterial drug delivery to ameliorate the impact of antibacterial drug resistance.
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1. Introduction

The world’s need for antibacterial drugs has continued to
grow exponentially since the 20™ century when antibacterial
infections were discovered; they have been put to use suc-
cessfully in the treatment of infectious diseases [1, 2]. The
combined positive impacts of these “Miracle Products”
coupled with advances in immunizations and other proper
environmental conditionings such as sanitation, housing,
and food have resulted in a dramatic drop in deaths from
diseases that sometime ago were widespread and often fatal
[3]. However, the continued usage of these products has led
to the challenge of increasing resistant pathogenic organisms
which limits the effectiveness of these products in the
treatment of infectious diseases [4, 5]. Infections caused by
these resistant microorganisms do not respond to hitherto
antibacterial drugs that have been used to eliminate them
previously; these have resulted in prolongation of these
organisms on their host; consequently, the organisms be-
come very virulent [6]. More people will likely be affected by
these resistant strains since it will have become widely spread
and actively circulating in the community. Second and third
generation antibiotics have been used promptly to mitigate
the development of resistance but it is not hundred percent
effective [7]. With this situation at hand, there is a need for
continual research into new antibacterial drugs.

Historically, natural products have been used in tradi-
tional medicine successfully for centuries in the treatment of
diseases [8-12]. Several studies are available in the literature
comparing antimicrobial properties of natural products with
commercially available synthetic drugs [13-17].

Ehretia cymosa (E. cymosa) is a deciduous shrub in the
family Boraginaceae. The leaves are simple, broad in shape,
glossy, and dark green in colour [18]. The leaves and other
parts of the plant have been reported to be used traditionally
for the treatment of measles, diarrhea, epilepsy, convulsions,
spasm, venereal diseases, dry cough, respiratory infections,
asthma, malaria, tonsils, mental problems, typhoid, wounds,
and aphrodisiac [19-23]. Pharmacological studies of the
crude extracts or individual compounds from E. cymosa
confirmed antioxidant, antiinflammatory, antiallergic, an-
tibacterial, and antitubercular activities, as well as antisnake
venom property [24]. The antibacterial activity of the ethanol
extract of the plant on Gram-negative and Gram-positive
bacteria was reported by Sarkodie et al. [25].

Biomolecules present in plant extracts and microor-
ganisms can be used to reduce metal ions to metal nano-
particles (MNPs) in a single-step and biosynthetic process
[26]. Biosynthesis of MNPs has always been more beneficial
economically because it requires less energy and is more eco-
friendly; therefore, it will be free of toxic contaminants as
required in therapeutic applications (Madkour, 2018). Re-
cently, it was established that biosynthesis of nanomaterial-
based antimicrobials is effective against a wide range of
microorganisms and also to combat the emergence of
multidrug resistant [27]. Silver nanoparticles (SNPs) are
obtained by the reduction of silver ion to silver atom, and it
has been reported to possess the ability of preventing the
development of drug resistance because of its high
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antibacterial efficiency [28-30]. Creams and ointment are
semisolid preparations intended for topical application to
the skin or mucous membrane usually for local or systemic
use. They possess numerous advantages including ease of
access, self-administration, noninvasiveness, and reduced
adverse reaction over other dosage forms.

The objective of the study was to characterize SNPs
synthesized with aqueous and methanol extract of E. cymosa
leaves and to explore its antibacterial potentials in the
semisolid dosage delivery system as topical antibacterial
creams and ointment.

The hypothesis that guides the study is how to explore
natural products in developing an efficient and effective
antibacterial drug delivery product that will prevent the
development of antibacterial drug resistance.

2. Materials and Methods

2.1. Medicinal Plant Collection and Identification.
E. cymosa plant leaves were collected in May 2019 from the
wild in Ibadan, Oyo State, Nigeria, and identified at the
Forest Research Institute of Nigeria (FRIN), Ibadan, with
voucher No. 112440.

2.2. Bacterial Strain. Bacterial strains Staphylococcus aureus
(S. aureus ATCC 25923) and Escherichia coli (E. coli ATCC
25922) and a total of 20 clinical isolates were collected from
Ogun State University Teaching Hospital (OOUTH),
Sagamu (Ten (10) isolates each of S. aureus and E. coli,
respectively).

2.3. Extraction of the Crude Extract. E. cymosa leaves were
dried and milled into powder with a blender (Model 857
Williamette Industries, Bowing Green Kentucky USA). The
powdered leaves (400 mg) were then extracted by macerating
separately in 2,400 mL of distilled water and methanol, re-
spectively, for 72 h. The filtrates were concentrated to dryness
with a rotary evaporator (Buchi Model R210, Switzerland).

2.4. Phytochemical Screening. Phytochemical screening of
the crude extract was performed to test for the presence of
alkaloids, tannins, saponins, glycosides, steroids, antraqui-
nones, flavonoids, and steroids using standard methods
[31, 32].

2.5. Preparation of Culture. Two samples of typed culture of
E. coli and S. aureus and ten (10) clinical samples each for
E. coli and S. aureus were collected from Ogun State Uni-
versity Teaching Hospital (OOUTH) Sagamu Microbiology
Laboratory Department. The microorganisms were collected
as probable samples of S. aureus and E. coli submitted for
medical investigations. The microorganisms were further
confirmed by standard biochemical tests and morphological
studies. The microorganisms were cultured on nutrient agar
from where their microbial suspensions were made using
sterile relevant broths at a concentration that was adjusted to
0.5 McFarland standards, of approximately 10° CFU/mL.
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2.6. Antimicrobial Activity of Crude Extract. The method
used by Sarkodie et al. [25] was adapted. Three different
concentrations of sterile solutions of the plant extract were
prepared (10, 15 and 20 mg/mL) using water and methanol,
respectively. Molten agar stabilized at 45°C was then seeded
with 0.1 mL inocula of the 24 hour nutrient broth cultured of
the test organism, and then the mixtures were properly
mixed. The resultant mixture was aseptically transferred into
a Petri dish and allowed to set. Thereafter, a 10 mm cork
borer was used to bore 6 holes in the agar equidistant from
each other. The holes were filled with 200 L of the respective
concentrations of the test extract, distilled water (as the
negative control), and 2 mg/mL ciprofloxacin infusion (as
the positive control). The Petri dishes were then incubated at
37°C for 24 h. This experiment was repeated in triplicate for
S. aureus (ATCC 25923) and E. coli (ATCC 25922). The 3
different concentrations of both the aqueous and the
methanol extracts were tested.

2.7. Synthesis of Silver Nanoparticles. About 0.1 g of the
powdered extract was dissolved in 100 mL of distilled water
at 60°C for 1h to give 0.1% W/V concentration; it was
allowed to cool and then filtered with Whatman No. 1 paper.
The filtrate was centrifuged at 4000rpm for 15min.
Thereafter, 1 ml of the centrifuged filtrate was transferred
into 40mL of 1mM aqueous silver nitrate solution in
250 mL Erlenmeyer flasks and incubated for 72h. The
mixture was observed for colour change every 24 h. After
incubation, the mixture containing the biosynthesized SNP
was centrifuged and the pellets obtained were freeze-dried
and stored [33].

2.8. Characterization of E. cymosa-Synthesized Silver
Nanoparticles

2.8.1. Visual Observation. SNPs synthesized were observed
visually for colour change every 24 h for 72 h as the synthetic
reaction progresses.

2.8.2. UV-Visible Spectroscopy Analysis. The synthesis of
E. cymosa SNPs was monitored by measuring the absorption
spectra in the wavelength range of 300-700 nm using the
T90+ UV/Vis spectrometer, and the spectrum was recorded,
and the maximum absorption wavelength was determined.

2.8.3. Fourier Transform Infrared (FTIR) Spectroscopy
Analysis. SNPs synthesized were also characterized by
Transform infrared (FTIR) spectroscopy using the Perki-
nElmer spectrum spectrometer version 10.03.02 to detect the
biomolecules responsible for the biosynthesis of the SNPs.

2.8.4. Atomic Absorption Spectroscopy (AAS) Analysis.
The concentration of silver ions (Ag") as the synthetic re-
action progresses was examined by atomic absorption
spectroscopy (AAS Model 200 series Buck Scientific, USA)
to confirm its conversion into silver atom Ag" nanoparticle.
A standard solution of 10 ppm of silver nitrate solution was

analyzed with AAS initially before adding the crude extracts
of E. cymosa leaf. The concentration of the silver ion in the
reaction solution after adding the crude extract was analyzed
every 24h for 72h.

2.8.5. Scanning Electron Microscopy (SEM) and Energy
Dispersive X-Ray Spectroscopy (EDX) Analysis. The size,
morphology, and elemental analysis of SNP was conducted
using Phenom Pro X (Phenom-World BV, Netherlands)
SEM/EDX. The microscope is fitted with a CeB6 electron
source and a 4-segment back-scattered electron detector at
a resolution of <10nm. A silicon drift detector is fitted for
EDX analysis at energy resolution of Mn Ka <137 V.

2.9. Antibacterial Activity of SNP. Three different concen-
trations of synthesized SNP were obtained using different
concentration of the crude extract (10, 15, and 20 mg/mL).
Molten agar stabilized at 45°C was then seeded with 0.1 mL
inocula of the 24 h nutrient broth cultured of the test organism.
The mixture of the agar and organisms were properly mixed.
The resultant mixture was aseptically transferred into a Petri
dish and allowed to set. Thereafter, a 10 mm cork borer was
used to bore 6 holes in the agar equidistant from each other.
The holes were filled with 200 4L of the respective concen-
trations of the test extract, distilled water (as the negative
control), and 2 mg/mL ciprofloxacin infusion (as the positive
control). The Petri dishes were then incubated at 37°C for 24 h.
This experiment was repeated in triplicate for S. aureus (ATCC
25923) and E. coli (ATCC 25922).

The experiment was carried out using both the aqueous
and methanol SNP.

2.10. Preparation of Formulation

2.10.1. Cream Preparation. Thirty (30) grams of emulsifying
ointment was heated on a water bath at 60°C. 0.1g of
chlorocresol was dissolved with the required quantity of
distilled water in a beaker heated at 60°C. At same tem-
perature of 60°C, chlorocresol solution was added into the
emulsifying ointment with vigorous stirring then followed
by the addition of different concentrations (1, 2, and 3%) of
the crude extract or the SNP. Similar procedure was used to
formulate 1% ciprofloxacin creams.

2.10.2. Ointment Preparation. Five (5) grams of wool fat,
hard paraffin, cetostearyl alcohol, and required quantity of
white soft paraffin were melted together in a crucible dish at
70°C with continuous stirring. Before the melted mixture
sets, different concentrations (1, 2, and 3%) of the crude
extract or SNP were added and stirred. Similar procedure
was used to formulate 1% ciprofloxacin ointment.

2.11. Evaluation of Formulations

2.11.1. Physical Evaluation of Formulations. The physical
properties of the formulations such as the texture, homo-
geneity, colour, and washability were evaluated by visual



examination. Small quantity of both the cream and ointment
was rubbed between the thumb and index finger to de-
termine their texture and homogeneity [34, 35].

2.11.2. pH Determination. About 500 mg of the cream
formulation was mixed with 50 mL of water in a beaker. The
ointment formulation was heated on water bath at 60-70°C
[35]. The pH of the formulations was determined by using
a pH meter (pH600 digital pocket sized, Milwaukee). The
determinations were carried out in triplicate.

2.11.3. Spreading Time Analysis of Formulations. Two glass
slides were compressed with a uniform weight of the creams/
ointments for 5min. The time required for the upper glass
slide to move over the entire length of the lower glass slide
was recorded as the spreading time [36].

2.11.4. Viscosity of Formulations. Brookfield viscometer
(Model-DV-11 + Pro, Brookfield Eng. Labs Inc Middleboro,
MA, USA) was used to measure the viscosity of the for-
mulated creams and the ointments. The spindle size used
was number 6 at 20 rpm, 50 rpm, and 100 rpm at 25°C [37].

2.11.5. Dye Test. The dye test was performed using amaranth
solution. The dye was mixed with the cream and ointment. A
drop of each of the mixture was placed on a microscope slide
and covered with a cover slip. It was then examined using
a light microscope, Model CX21FS1, Olympus Corporation.
If the drop appears red in a colourless background (con-
tinuous phase), the formulation is water-in-oil type and on
the hand, if the drop appears colourless in a red background,
the formulation is oil-in-water type [38].

2.11.6. Compatibility Studies. The method described by
Adeleye et al. [39] was used. FTIR spectroscopic was used to
analyze the synthesized SNP and the medicated creams/
ointment formulation by the KBr method with PerkinElmer
Spectrum spectrometer version 10.03.02 to detect any re-
markable shift in absorption peaks.

2.12. Determination of the Antibacterial Activity of the
Formulations. The test samples, namely, ACO1, ACO2, and
ACO3 represented 1%, 1.5%, and 2% aqueous crude extract
ointment, respectively; MCO1, MCO2, and MCO3 repre-
sented 1%, 1.5%, and 2% methanol crude extract ointment,
respectively; ASO1, ASO2, and ASO3 represented 1%, 1.5%,
and 2% aqueous SNPs ointment, respectively, and MSO1,
MSO2, and MSO3 represented 1%, 1.5%, and 2% methanol
SNP ointment, respectively; Cipro represented 1% cipro-
floxacin (positive control) tested against E. coli and S. aureus
typed/clinical samples. Microorganism culture was prepared
as stated in Section 2.5, and the antibacterial activity of the
formulations was determined using the method described by
Sarkodie et al. [25].
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2.12.1. Agar Diffusion Method. The cream and ointment
samples were tested for their antibacterial activities. The agar
diffusion method was used for antibacterial screening as
follows: a sterile Mueller-Hinton agar medium was used for
the antibacterial assay. The media were prepared and
allowed to solidify in the plates, and then 0.1 mL of the
microbial suspension (10° CFU/mL) was streaked over the
surface of the medium using a sterile glass spreader. The well
was made by using cork borer (6 mm) under aseptic con-
ditions, and then each of the samples was put in each well.
The plates were then incubated for 24-48 hours at 37°C in
order to get reliable microbial growth. The resultant mi-
crobial inhibition zones were measured using a ruler.

2.12.2. Determination of Minimum Inhibitory Concentration
(MIC). MIC was determined for the E. cymosa leaf crude
extracts which were extracted by water/methanol (ACC and
MCC) and the water/methanol crude extract loaded with
E. cymosa leaf extract mediated-SNPs (ASC and MSC) for
both E. coli and S. aureus typed/clinical samples by broth
dilution method as described by Cheesbrough [40].

2.13. Statistical Analysis. The experimental data were
expressed as the mean + standard error of mean, and the
statistical significance of the antibacterial properties of the
formulations was evaluated by Student’s t-test and one-way
analysis of variance followed by Tukey’s post hoc test with
GraphPad Prism 5 version 5.01 software. Values with
P <0.05 were considered to be statistically significant.

3. Results

3.1. Phytochemical Screening. The phytochemical screening
of the extracts of E. cymosa leaf showed the presence of
alkaloids, tannins, saponins, glycosides, anthraquinones,
and flavonoids in the aqueous extract while alkaloids, tan-
nins, saponins, glycosides, anthraquinones, flavonoids, and
steroids are present in the methanol crude extract.

3.2. Antibacterial Screening of the Crude Extract. The zone of
inhibition of the antibacterial activity of the aqueous and
methanol crude extract of E. cymosa leaf as presented in Table 1
revealed a significantly increase in activity (p <0.0001) with
increase in concentration of the extracts. However, methanol
extract showed significant higher activity (p <0.0001) com-
pared with aqueous extract. The positive control had signifi-
cantly higher activity (p < 0.0001) on both organisms than both
extracts.

3.3. Synthesis of Silver Nanoparticles. The mixture of E. cymosa
leaf with silver nitrate solution resulted in colour change
from light green to brown with the aqueous extract while
there was a colour change from oxblood to greyish green with
the methanol extract which was visually observed indicating
the synthesis of SNPs. The intensity of the colours deepened
as the reaction time progresses (Figures 1(a) and 1(b)).
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TaBLE 1: The zone of inhibition (mm) obtained with different concentrations of E. cymosa crude extracts in aqueous and methanol solvent.

Crude extract Concentration (% w/v)

Microorganisms

S. aureus ATCC 25923 E. coli ATCC 25922

DS

AC1 1
AC2 1.5
AC3 2
MC1 1
MC2 1.5
MC3 2
CI 1

12.8+£0.11 10.2+£0.04
13.5+0.03 10.9+£0.59
14.1+£0.20 11.4+0.02
13.9+£0.30 10.8 +0.14
15.3+0.12 11.9+0.10
17.4+0.07 13.8£0.05
21.2+0.03 19.1+0.06

Note. DS: distilled water (negative control), AC1, AC2, and AC3: 1%, 1.5%, and 2% aqueous crude extract, MC1, MC2, and MC3: 1%, 1.5%, and 2% methanol
crude extract, respectively, and CI: 2 mg/mL ciprofloxacin infusion (positive control).

Aq. Extract

Met. Ext+AgNO,

Met. Extract

(0 hr)

Aq. Ext+AgNO, (24 hr)
(@

Met. Ext+AgNO, (24 hr)  Met. Ext+AgNO, (48 hr)

(b)

Aq. Ext+AgNO, (48 hr) Aq. Ext+AgNO, (72 hr)

Met. Ext+AgNO, (72 hr)

FIGURE 1: Progressive colour changes as evidence of synthesis of silver nanoparticles. Synthetic progress of SNPs with (a) aqueous extract

and (b) methanol extract. Aq, aqueous; Met, methanol.

3.4. UV-Visible Analysis. The UV-Vis absorption spectra of
the synthesized SNPs as shown in Figures 2(a) and 2(b)
revealed peak absorption wavelength of E. cymosa aqueous
and methanol leaf extract which are 450 nm and 420 nm,
respectively.

3.5. Fourier Transform Infrared (FTIR) Spectroscopy Analysis.
The FTIR spectra of the aqueous and methanol extract SNPs
are shown in Figures 3(c) and 3(f), respectively. There is
a noticeable peak around 3400 cm™" which is attributed to the
stretching frequency. A little broadness observed in these
peaks is due to the intermolecular hydrogen bonding. The
prominent peak around 1620cm™' is due to the -C=O

(carbonyl) stretching frequency while the peak observed
around 1050 cm’is due to -C-O- bonding frequency. The result
of this study is in agreement with previous work [41, 42].

3.6. Atomic Absorption Spectroscopy (AAS) Analysis. A
steady decline in the silver ion concentration in the presence
of the aqueous and methanol extracts-silver nitrate solution
mixture was observed as a function of time. Lowest con-
centrations of 0.83 ppm and 0.04 ppm were recorded after
72h of reaction for aqueous extract-silver nitrate solution
and methanol extract-silver nitrate solution, respectively.
This indicates a faster bioreduction rate of reaction for
methanol extract than the aqueous extract component.
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FIGURE 2: UV-Vis spectrum of (a) aqueous extract SNP and (b) methanol extract SNP.
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3.7. Scanning Electron Microscopy (SEM) and Energy Dis-
persive X-Ray Spectroscopy (EDX) Analysis. The particle sizes
and morphologies of the SNPs are shown in Figure 4. The
particle sizes ranged between 50 and 100 nm as a result of
agglomeration of the particles, and the methanol SNP
particle sizes were smaller when compared with that aqueous
extract SNP. The particles were aggregated as a cluster with
an irregular shape. Figures 5(a) and 5(b) show the EDX
spectrum of the SNPs revealing silver as the major element
present in the nanoparticle. The aqueous and methanol
extract SNPs have silver element weight concentration of
51.26% and 66.43%, respectively. Other elements present in

1

both extract SNPs are potassium, oxygen, nitrogen, calcium,
carbon, and sulphur.

3.8. Antimicrobial Activity of Silver Nanoparticles. The zone
of inhibition of the antibacterial activity of the aqueous and
methanol extract SNPs of E. cymosa is presented in Table 2.
There was a significant increase in antibacterial activity
(p <0.0001) of both the aqueous and methanol extract SNPs
with increase in concentration. Methanol extract SNPs
generally showed significant higher activity (p<0.0001)
than aqueous extract SNPs. Although the positive control
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(a) (b)
FIGURE 4: SEM micrographs of (a) aqueous extract SNPs and (b) methanol extract SNPs.
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FiGUure 5: EDX spectrum of (a) aqueous extract SNPs and (b) methanol extract SNPs.
TaBLE 2: The zone of inhibition (mm) obtained with different concentrations of the synthesized silver nanoparticles.
. . . Microorganisms
Silver nanoparticle Concentration .
S. aureus ATCC 25923 E. coli ATCC 25922
DS — —
AS1 1 15.9+0.30 14.8 +0.43
AS2 1.5 16.4+0.70 15.7+0.33
AS3 17.6 +0.35 16.5+0.19
MS1 1 18.4+0.16 16.2+0.67
MS2 1.5 22.0+0.12 18.3+0.02
MS3 2 23.1+0.27 19.7 +0.11
CI 1 21.2+0.03 19.1 £0.06

Note. DS: distilled water (negative control), AS1, AS2, and AS3: 1%, 1.5%, and 2% aqueous SNPs, MS1, MS2, and MS3: 1%, 1.5%, and 2% methanol SNPs,
respectively, and CI: 2 mg/mL ciprofloxacin infusion (positive control).



had higher activity on both organisms than aqueous extract
SNPs, the methanol extract SNPs had comparative activity
against E. coli ATCC 25922 and significantly higher activity
against S. aureus ATCC 25923.

3.9. Physical Evaluation of Formulations. All the formula-
tions prepared with aqueous crude extract were white in
colour, all those formulated with aqueous SNPs were light
brown, and those formulated with ciprofloxacin were white.
All the formulations prepared with methanol crude extract
were light brown in colour, all those formulated with
methanol SNPs were light green, and those formulated with
ciprofloxacin were white. The formulations were soft and
smooth in texture, homogenous in appearance, easy to
apply, and easy to wash except the ointment formulations.

3.10. pH of Formulations. The pH of the formulations as
presented in Tables 3 and 4 was between 5.2+0.10 and
6.8+ 0.51. The pH of the ointment formulations was rela-
tively higher than the pH of the cream formulations.

3.11. Spreading Time of Formulations. The spreading times of
the formulations were found to be in the range of 7.6 +0.09
and 18.2+2.22 for the cream formulations and 13.1 +0.62
and 28.8 + 1.86 for the ointments formulations as presented
in Tables 3 and 4.

3.12. Viscosity of Formulations. The viscosities of the cream
and ointments formulations are shown in Figure 6. The
viscosities of both formulations decreased with increase in
shear speed. The viscosities of ointment formulations were
higher than viscosities of cream formulations.

3.13. Dye Test. The cream formulation appeared in a red
background indicating an oil-in-water type formulation
while the ointment formulation appeared in a colourless
background indicating a water-in-oil type formulation.

3.14. Compatibility Studies. The positions of the characteristic
peaks in the FTIR spectra as shown in Figure 3 were con-
sidered to analyze the compatibility between the synthesized
SNPs with the cream and ointment bases. Figures 3(a) and
3(b) are the spectra of ointment and cream formulated with
aqueous extract SNPs, respectively, while Figures 3(d) and 3(e)
are the spectra of ointment and cream formulated with
methanol extract SNPs, respectively. The result revealed no
obvious significant shift in the positions of the characteristic
peaks in the spectrum of the synthesized SNPs with the cream
and ointment bases.

3.15. Antimicrobial Activity of the Formulations. The anti-
bacterial activity of the formulations was analyzed from the
zones of inhibition obtained from the wells on plate. The zone
of inhibition of the cream and ointment is presented in Tables 5
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TaBLE 3: pH and spreading time of cream formulations.

Formulations pH Spreading time (sec)
CB 54+0.12 18.2+2.22
ACC1 5.6%0.65 17.9+£0.78
ACC2 5.8+0.02 16.3+1.47
ACC3 5.9+0.00 14.0£3.05
MCC1 55%0.14 14.3+1.63
McCcC2 59+0.07 13.7+0.80
MCC3 5.7x0.02 11.7+0.14
ASC1 6.2+0.16 11.4+4.42
ASC2 6.0+0.30 10.8 £3.07
ASC3 5.8+0.05 9.5+5.71
MSC1 5.9+0.08 9.3+£2.22
MSC2 5.6x0.21 8.9+2.80
MSC3 5.2+0.10 7.6£0.09
CC 6.4+ 0.62 13.5+1.63

Note. CB: cream base (negative control), ACC1, ACC2, and ACC3: 1%,
1.5%, and 2% aqueous crude extract cream, respectively, MCC1, MCC2, and
MCC3: 1%, 1.5%, and 2% methanol crude extract cream, respectively,
ASC1, ASC2, and ASC3: 1%, 1.5%, and 2% aqueous SNPs cream, re-
spectively, MSC1, MSC2, and MSC3: 1%, 1.5%, and 2% methanol SNPs
cream, respectively, and CC: 1% ciprofloxacin cream (positive control).

TaBLE 4: pH and spreading time of ointment formulations.

Formulations pH Spreading time (sec)
OB 6.3+0.62 28.8+1.86
ACO1 6.2+0.02 25.9+3.22
ACO2 6.5+0.17 24.6£6.03
ACO3 6.8+0.13 229+1.27
MCO1 6.6+0.22 22.2+3.16
MCO2 6.8+ 0.51 21.4£0.10
MCO3 6.7£0.16 21.2+£0.73
ASO1 6.5+0.11 18.9+2.27
ASO2 6.3+0.32 18.1£5.14
ASO3 6.1£0.72 16.6+£1.04
MSO1 6.0+0.27 15.0 +2.30
MSO2 6.1+0.09 15.7 +2.02
MSO3 59+0.24 13.1£0.62
CO 6.8+0.18 22.3+4.31

Note. OB: ointment base (negative control), ACO1, ACO2, and ACO3: 1%,
1.5%, and 2% aqueous crude extract ointment, respectively, MCO1, MCO?2,
and MCO3: 1%, 1.5%, and 2% methanol crude extract ointment, re-
spectively, ASO1, ASO2, and ASO3: 1%, 1.5%, and 2% aqueous SNPs
ointment, respectively, MSO1, MSO2, and MSO3: 1%, 1.5%, and 2%
methanol SNPs ointment, respectively, and CO: 1% ciprofloxacin ointment
(positive control).

and 6, respectively. For both formulations, there was significant
increase in antibacterial activity with increase in concentration
of the extract and SNPs. The antibacterial activity of the cream
formulations was significantly (p < 0.0001) higher than that of
the ointment formulations.

3.15.1. Minimum Inhibitory Concentration. The MIC results
showed that the minimum concentration of the formulated
E. cymosa leaf loaded SNPs, the positive control drug (cipro-
floxacin), and the aqueous extract that is needed to inhibit the
test microorganisms is the same. A decrease value as low as four
fold of the concentration was required by the methanol extract
loaded creams. This is presented in Tables 7 and 8.
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4. Discussion

The phytochemical analysis of the aqueous and methanol
extracts of E. cymosa leaf showed the presence of alkaloids,
tannins, saponins, glycosides, and flavonoids, while only the
methanol extracts indicated the presence of steroids. The
presence of these phytochemicals in crude extracts of plants
accounts for their biological activity as antibacterial agents
[39, 43], and they may also be involved in the reduction of
silver ions to silver nanoparticles by acting as reducing and
stabilizing agents [44-46].

The synthesis of SNPs was observed visually as the colour
of the reaction mixture changed indicating the formation of
SNPs [47, 48]. UV-visible spectrophotometric analysis was

then used to confirm the synthetic reaction. Absorption
band was visible in regions of 300 nm-700 nm, and peak
absorbance was observed at 450 nm for aqueous extract
SNPs and 420 nm for methanol extract SNPs due to surface
plasmon resonance (SPR) of the SNPs. The SPR absorption
band due to free electrons from metal nanoparticles results
in the mutual vibration of electrons of nanoparticles in
resonance with light wave [49]. This band corresponds to the
absorption of SNPs in the region of 400-450nm. The
synthesized SNPs were consequently confirmed by the UV-
visible spectrophotometric analysis with absorption peaks of
420 nm and 450 nm.

FTIR spectroscopy was used to identify the functional
groups responsible for the reduction and capping of silver
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TaBLE 5: The zone of inhibition (mm) obtained with different concentrations of the E. cymosa for the crude extracts and silver nanoparticles
loaded cream formulations.

Strains of microorganisms used
% concentration of

Drugs tested R . S. aureus E. coli
the active ingredients
Clinical isolates ATCC 25923 Clinical isolates ATCC 25922

CB 0 24+0.12 2.1£0.10 2.2+0.20 2.0£0.08
ACC1 1 7.5+0.16 7.2+0.16 4.8+0.15 4.8+0.15
ACC2 1.5 7.4+0.15 7.2%0.10 5.0£0.32 4.8+0.32
ACC3 2 9.2+0.05 8.9+0.25 5.9+0.05 5.6+0.82
MCC1 1 8.8+0.21 8.4+0.90 5.6+0.28 54+0.10
MCC2 1.5 10.4+0.22 10.5+£0.22 71x0.17 6.9x0.16
MCC3 2 12.2+0.30 11.9+0.35 8.6+0.30 8.7+0.30
ASC1 1 12.4+0.13 12.0+£0.22 8.8+0.56 8.6+0.42
ASC2 1.5 13.0£0.20 13.1+£0.82 9.5+0.08 9.5+£0.08
ASC3 2 14.8+£0.18 14.2+0.44 10.2+£0.46 10.1+£0.10
MSC1 1 14.6+0.15 14.4+0.50 11.0£0.51 10.9+0.50
MSC2 1.5 15.7+£0.72 15.0+£0.10 11.6 £0.80 11.5+0.32
MSC3 2 17.5+0.61 17.2+0.50 12.8 £0.07 12.5+0.15
CC 1 14.8 £ 0.08 14.6 £0.26 12.2+0.17 12.2+0.26

Note. CB: cream base (negative control), ACC1, ACC2, and ACC3: 1%, 1.5%, and 2% aqueous crude extract cream, respectively, MCC1, MCC2, and MCC3:
1%, 1.5%, and 2% methanol crude extract cream, respectively, ASC1, ASC2 and ASC3:1%, 1.5%, and 2% aqueous SNPs cream, respectively, MSC1, MSC2, and
MSC3: 1%, 1.5%, and 2% methanol SNPs cream, respectively, and CC: 1% ciprofloxacin cream (positive control).

TaBLE 6: The zone of inhibition (mm) obtained with different concentrations of the E. cymosa for the crude extracts and silver nanoparticles
loaded ointment formulations.

Strains of microorganisms used
% concentration of

Drugs tested o . S. aureus E. coli
the active ingredient
Clinical isolates ATCC 25923 Clinical isolates ATCC 25922

OB 0 — — — —
ACO1 1 54+0.13 5.2x0.15 2.9+0.15 2.8+0.05
ACO2 1.5 6.6+0.09 6.2+0.12 3.0+ 0.61 2.8+0.30
ACO3 2 7.9x0.21 7.6£0.06 42+0.12 4.0+£0.22
MCO1 1 7.5+0.33 7.4+0.24 4.6+0.17 4.3+0.10
MCO2 1.5 8.1+0.26 8.0+0.12 6.1+£0.30 5.8+0.21
MCO3 2 9.4+0.18 9.2+0.16 7.4+0.08 7.3+£0.14
ASO1 1 9.1+0.33 8.9+0.27 6.7 £0.42 6.5+0.05
ASO2 1.5 10.4+0.17 10.2+0.35 7.4+0.31 7.3£0.60
ASO3 2 12.2+0.32 121+£0.21 8.2+0.18 8.1+0.26
MSO1 1 12.6 £0.15 12.5+0.53 8.1+0.63 7.9£0.30
MSO2 1.5 13.2+0.22 13.0+0.16 9.5+£0.12 9.3+£0.34
MSO3 2 14.5+0.62 14.4+£0.40 10.3+£0.16 10.1+0.10
CO 1 12.5+£0.13 12.3+0.08 10.6 +0.06 10.2+£0.22

Note. OB: ointment base (negative control), ACO1, ACO2, and ACO3: 1%, 1.5%, and 2% aqueous crude extract ointment, respectively, MCO1, MCO?2, and
MCO3: 1%, 1.5%, and 2% methanol crude extract ointment, respectively, ASO1, ASO2, and ASO3: 1%, 1.5%, and 2% aqueous SNPs ointment, respectively,
MSO1, MSO2, and MSO3: 1%, 1.5%, and 2% methanol SNPs ointment, respectively, and CO: 1% ciprofloxacin ointment (positive control).

TaBLE 7: Minimum quantity of the test sample loaded into the ointments that are required to inhibit the test microorganisms.

Minimum inhibitory concentrations (% ug/ml)

Test sample S. aureus E. coli

Clinical isolates ATCC 25923 Clinical isolates ATCC 25923
ACO 0.031 0.675 0.125 0.125
MCO 0.031 0.031 0.675 0.675
ASO 0.016 0.016 0.016 0.016
MSO 0.008 0.016 0.016 0.016
CO 0.016 0.016 0.016 0.016

Note. ACO: aqueous crude extract ointment; MCO: methanol crude extract ointment; ASO: aqueous SNPs ointment, MSO: methanol SNP ointment, and CO:
ciprofloxacin ointment (positive control).
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TaBLE 8: Minimum quantity of the test sample loaded into the cream that is required to inhibit the test microorganisms.

Minimum inhibitory concentrations (% ug/ml)

Test sample S. aureus E. coli C. albicans

Clinical isolates ATCC 25923 Clinical isolates ATCC 29196 Clinical isolates ATCC 10231

CB 2 2 2 2 2 2

ACC 0.016 0.016 0.031 0.031 0.008 0.008
MCC 0.008 0.008 0.016 0.016 0.004 0.004
ASC 0.008 0.008 0.008 0.008 0.004 0.004
MSC 0.002 0.002 0.008 0.008 0.002 0.002
Cipro 0.016 0.016 0.016 0.016 0 0

Keto 0 0 0 0 0.008 0.008

Note. ACC: aqueous crude extract cream, MCC: methanol crude extract cream, ASC: aqueous SNPs cream, MSC: methanol SNPs cream, and CC:

ciprofloxacin cream (positive control).

ions into nanoparticles. The main functional groups present
in both aqueous and methanol SNPs are carboxylic acid (O-
H), phenol (C-O), and carbonyl (C=0).

The atomic absorption spectroscopy analysis showed
a decrease in concentration of silver ion as reaction time
progresses indicating the conversion of silver ion into SNPs.
This decrease further confirmed the formation of SNPs.
Methanol extract of E. cymosa was more efficient in the
synthesis of SNPs than the aqueous extract probably due to
the presence of steroid in methanol extracts acting as a more
efficient reducing and stabilizing agents [50]. The antibac-
terial activity of the biosynthesized SNPs showed that
S. aureus was more sensitive than E. coli which is in
agreement with the previous report by Abdel-Raouf et al.
[51] which reported that Gram-positive bacteria are more
sensitive than Gram-negative bacteria to SNPs. The mech-
anism of bactericidal activity of SNPs is most likely due to
the attachment of SNPs to the cell wall and the generation of
free radicals [52]. SNPs disturb the permeability of the
membrane by penetrating to the cell membrane and causing
intracellular ATP leakage and cell death. The silver ions
released from SNPs act as reservoir causing antibacterial
activity of SNPs [53].

SEM micrographs indicated that SNPs obtained from
E. cymose extract occur as agglomerated cluster with ir-
regular morphology. SEM analysis from a previous report
shows that SNPs exhibited agglomeration [54]. Our pre-
pared SNP from E. cymosa extract is consistent with liter-
ature. The methanol SNPs have smaller individual average
size estimated to be 55nm compared to aqueous extract
SNPs individual average size estimated to be 90 nm due to
the chemical reduction using methanol extract as
a surfactant [55].

It has been established by EDX spectroscopy that SNPs
generally show characteristic absorption peak in the range of
2.5-4keV due to SPR [49, 56]. In the present investigation,
SNPs showed absorption peak within this range revealing
the existence of elemental silver and confirming the silver
character of the synthesized nanoparticle. However, meth-
anol extract SNPs showed a stronger absorption peak and
elemental concentration by weight compared with aqueous
extract SNPs. The results of EDX spectroscopy support the
results of UV-visible spectrophotometric analysis and the
atomic absorption spectroscopy analysis, all confirming the

formation of SNPs by both aqueous extract and methanol
extract of E. cymosa.

The formulations were soft and smooth in texture, ho-
mogenous in appearance, and easy to apply and easy to wash
except the ointment formulations that is not easy to wash
due to its water-in-oil nature. The pH of the formulations
was within the usual pH range of the skin indicating
compatibility with the skin.

The viscosities of both formulations decreased with
increase in shear rate due to structural breakdown of bonds
which is regained after shearing stops as expected [57].
Viscosity and spreading time have a direct relationship; the
lower the viscosity, the lower the spreading time. The vis-
cosity and spreading time of both formulations were sat-
isfactory; however, they were higher in the ointment
formulations.

Drug-excipient compatibility testing is a necessary
preformulation procedure during the development of new
drug delivery systems to ensure safety, bioavailability, and
stability of the drug product [46, 58, 59]. FTIR spectroscopy
was used in this investigation. Shift in peak position, dis-
appearance of a peak, or appearance of new peak is an
indication of incompatibility of the drug with the excipient
[59]. As shown in Figure 3, there was no significant shift in
the position of the absorption peak of the pure SNPs when
compared with the formulations and also there was no
disappearance of a peak or appearance of new peak con-
firming compatibility of SNPs with the excipient.

The aqueous and methanol crude extract of E. cymosa
leaf was screened for antibacterial activity as a pre-
formulation parameter against S. aureus (ATCC 25923) and
E. coli (ATCC 25922) to ascertain its activity. The methanol
extract exhibited a significantly higher antibacterial activity
than the aqueous extract. This may likely be due to the
quality of the phytochemicals present in these extracts.
Sarkodie et al. [25], Bagaje et al. [60], and Sori et al. [61] in
their studies confirmed the antibacterial activity of E. cymosa
plant. The same trend was observed with the antibacterial
activity of aqueous extract SNPs and methanol extract SNPs
against S. aureus (ATCC 25923) and E. coli (ATCC 25922).
The methanol extract SNPs exhibited a significantly higher
antibacterial activity than the aqueous extract SNPs. The
reason for this may be correlated to the particle size of the
methanol extract SNPs (55nm) being smaller than the
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particle size of aqueous extract SNPs (90 nm). Several reports
have established the antibacterial effects of nanoparticles
being dependent on size [62-64]. This nanosize has the
advantage of increase in specific surface area and penetra-
bility into bacterial cell. The antibacterial activity of SNPs is
significantly higher than the crude extracts. This also may be
as a result of the size of the materials and also because silver
itself naturally possess antimicrobial activity. There are
several silver formulations available from time immemorial
used in medicine for the treatment of microbial infections
and other diseases [65-68]. From the results of the anti-
bacterial activity of the formulations, cream formulations
had higher antibacterial activity compared to ointment. This
may be attributed to the lower viscosity and spreading time
of the cream as result of the presence of water in the cream
formulation. It has been reported that viscosity of semisolid
topical products may directly influence their drug delivery
[69]. Another factor that may have contributed to the high
antibacterial activity of the cream is the composition of the
ingredients used in formulation of the products. The cream
base used in this study is aqueous cream base while the
ointment base used is simple ointment base. The hydro-
philicity or hydrophobicity nature of the cream base or
ointment base, respectively, may be highly implicated in the
antibacterial activity of these products [70]. The aqueous
cream base due to its hydrophilicity will allow faster and
better diffusion of the active ingredient to exert its activity. In
contrast, the hydrophobic nature of the simple ointment
base will retard the diffusion of the active ingredient.

The small antibacterial activity observed with the cream
base could possibly be due to the presence of 0.1% chlor-
ocresol in the cream base. This is expected since chlorocresol
is used in most cosmetics and topical products as a pre-
servative at a maximum concentration of 0.2% [71]. In-
terestingly, the antibacterial activity of the cream and
ointment formulations was significantly higher when
compared (p<0.05) to the positive control antibiotic-
ciprofloxacin.

In this study, the biological method was used to syn-
thesize SNP. The chemical and physical methods of silver
nanoparticle synthesis had been practiced for decades, but
their formation was found to be expensive and it also in-
volved the use of various toxic chemicals for their synthesis
[72]. The biological methods are preferred because they are
easier, more reliable, and nontoxic in nature [73].

Gudikandula and Charya Maringanti [72] reported that
the reducing agents for the biological methods are collection
of enzymes, such as nitrate reductase which were reported to
play predominant roles but for chemical synthesis, it consists
of chemical solutions such as polyol, N2H4, NaBH4, sodium
citrate, and N,N-dimethyformamide [74]. Furthermore, in
the case of chemical synthesis methods, a stabiliser (sur-
factant) is added to the first solution to prevent the ag-
glomeration of silver nanoparticles, whereas in this
experiment no stabilizing agent was added [75]. The ex-
periment was also carried out at normal environmental
conditions so we could testify to the eco-friendly experience,
and there were no major concern against the safety of the
researchers. In similar experiment, it was reported that
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nanoparticles synthesized from biological means showed
better antimicrobial activity against pathogenic bacteria
comparatively with the chemical synthesis [72]. As discussed
above, our experiment also showed susceptibility against
both typed and clinical cultures of E. coli and S. aureus. The
clinical cultures were collected from patients attending OOU
Teaching Hospital in Sagamu, Ogun State, Nigeria. Due to
these advantages, Gudikandula and Charya Maringanti [72]
suggested that nanoparticles with biocompatibility and
antimicrobial potency may be exploited for several bio-
medical applications including development of catheters,
topical antimicrobial gel formulations, food packaging in-
gredients, food processing equipment, and so on. The past
few decades has witnessed many synthetic methods of
producing silver nanoparticles. The major challenge with the
physical and chemical methods is that highly toxic and
expensive chemicals are needed, some of which are difficult
to use on large scale; these cause the biosynthesis of
nanoparticles very difficult; some of these toxic substances
are also been absorbed into the final product [76]. The green
synthesis approach that was used in this study is one of the
solutions being advocated to overcome this limitation. The
biological synthesis of AgNPs has been reported to exhibit
desirable properties, some of which includes as high yield,
solubility, and stability [77].

Nanotechnology involves precise manipulation of ma-
terials at molecular level, and there have been a number of
ethical and safety issues that have been raised. Studies about
the safety and possible measures to reduce its impacts are
still ongoing. However, it has been reported that silver has
low toxicity when used in medical applications such as
wound stitches, tracheostomy, surgical equipment, and bone
prosthesis. At the same time, due to their small size, SNPs
exhibit different chemical, physical, and biological proper-
ties to bulk materials so the toxicity may be negligible.
However, there is need for further research on the safety and
toxicity of SNPs [78].

The mechanism of action of E. cymosa in this study could
be as reported by Brandelli et al. [79]; SNPs are able to exert
their effect on microbial cells by generating membrane
damage, oxidative stress, and injury to proteins and DNA. In
another similar study, Shaikh et al. [80] explained further
that SNPs generate ions that interfere with the cell granules
of the bacteria leading to the formation of condensed
particles. Burdusel et al. [81] also stated that SNPs interact
with the bacterial membrane and penetrate the cell, thus
producing a drastic disturbance regarding proper cell
function, structural damage, and cell death.

5. Conclusion

The phytochemicals in the aqueous and methanol crude
extracts of E. cymosa were responsible for the reduction of
silver jons to SNPs. The green synthesized SNPs of both
solvent were confirmed by various characterization pa-
rameters. The methanol crude extract and methanol extract
SNPs displayed a higher antibacterial activity than the
aqueous crude extract and aqueous extract SNPs. The for-
mulated cream and ointment loaded with the SNPs had
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acceptable physicochemical properties with good drug-
excipient compatibility. The antibacterial activity of cream
formulations had a significantly (p <0.0001) higher anti-
bacterial activity compared to the ointment. The cream and
ointment formulations had higher antibacterial activity in
comparison with ciprofloxacin.

Cream and ointment formulations loaded with green
synthesized E. cymosa leaf extract SNPs present a potential
for a more eflicient and effective antibacterial drug delivery
to ameliorate the impact of antibacterial drug resistance.
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