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Abstract
Background: Nanoparticles are gaining importance in research especially in the field of
medicine. This study aimed at synthesizing silver nanoparticles from Ocimum
gratissimum and determining their therapeutic potentials against clinical
isolates of Escherichia coli and Klebsiella pneumoniae

Methods: Silver nanoparticles were synthesized by mixing aqueous leaf
extract of Ocimum gratissimum and 1 mM of silver nitrate at the ratio of 1:4,
heated on a sand bath at 60°C for 30 minutes and observed for colour change.
The formation of silver nanoparticles was confirmed by observing the optical
properties of the solution using ultraviolet visible spectroscope. Antibacterial
potency of the synthesized silver nanoparticles against clinical isolates of
Escherichia coli and Klebsiella pneumoniae was assessed using agar well
diffusion techniques.

Results: Aqueous leaf extract of Ocimum gratissimum was able to synthesize
silver nanoparticles as colour changed from dark orange to dark brown. The
synthesized silver nanoparticles of Ocimum gratissimum leaf extract showed
higher activity against the isolates compared to ethanoic leaf extract alone. The
result of two different concentrations of silver nanoparticles against
Escherichia coli showed that at 100 pg/ml and 150 pg/ml an inhibition zone
diameter of 20 mm and 21 mm was observed while in Klebsiella pneumoniae
isolates, an inhibition zone diameter of 18 mm and 20 mm was observed at 100
pg/mland 150 pg/ml concentrations respectively.

Conclusion: This study established the antibacterial potency of Ocimum
gratissimum synthesized silver nanoparticles against clinical isolates of
Escherichia coli and Klebsiella pneumoniae and should be processed further for
use against these infections.

Keywords: Ocimum gratissimum, Silver nanoparticle, Antibacterial activity,
Escherichia coli, Klebsiella pneumoniae
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Introduction

The study of nanoparticles (NPs), its synthesis and
applications have over the years gained more
relevance globally owing to their characteristics,
especially their small size which measures between
1 to 100 nm, relatively large area surface and
reactivity. These characteristics enhance their
therapeutic use in different dosing routes and
dosages. Nanoparticles can be produced from
several sources such as solid phase, liquid phase or
gaseous phase. Among the NPs, Silver
Nanoparticles (AgNPs) have gained the widest
attention in recent times as a result of their unique
properties including physical, optical and electrical
properties as well as their thermal behavour."™
Another important property of AgNPs is their
ability to be synthesized using several synthetic
methodologies such as biological, chemical and
physical methods.” However, their application is
mostly found in biological products, catalysts and
chemical sensors.”™ Of special interest in the
application of AgNPs are the effective usage in
fabrics, biomedical devices and wound treatment
due to their bacteria-repelling-properties and
antimicrobial coating.""'""'*"* These unique
properties are largely influenced by the size, shapes
and methods of synthesis." In the investigation of
antibacterial potency of AgNPs, scientists have
engaged in the study of toxicity properties of
AgNPs on bacterial isolates, colony forming units
(CFU) and most importantly inhibition zone
diameter (IZD)."”"* The large area surfaces of NPs
enhances their ability to interact well with bacterial
cells when compared to other larger particles.” It
has been reported that AgNPs of 5 nm size have
higher antibacterial properties against E. coli, S.
aureus, when compared to larger particles of 7to 10
nm size at similar bacterial concentration.'” The
shape of AgNPs has also been shown to be an
important factor in considering its antibacterial
properties.

The synthesis of AgNPs using several plant extracts
is currently being studied by researchers as a result
of their availability in abundance, simplicity,
antibacterial potency and the high level of
antibiotic resistance phenotype expressed by Gram
. . 19,20,21
negative organisms. Several plant parts, such
as roots, stems, leaves, fruits and seeds have been
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suggested for use in the green synthesis of AgNPs.
Among them, the exploration of leaf extract as a
stabilizing and reducing agent in synthesizing
nanoparticles especially AgNPs is preferred as a
result of their availability, eco-friendly procedure,
minimum use of energy and large consumption
rate. The choice of Ocimum gratissimum popularly
known as scent leaf or basil in the green synthesis of
AgNPs was due to the wide acceptance and usage as
condiment and as a sedative in Nigeria.” It is also
widely used as traditional medicine for the
treatment of various infections, headache,
abdominal pain, cough, cold, and bronchitis.”* The
increasing reports of antibiotic resistant strains and
non-production of newer antibiotics to combat the
ever increasing resistant strains of microorganisms
have led scientists to look for alternative therapies
that are eco-friendly and-readily available with a
high therapeutic potential. The aim of this study
was therefore to synthesize silver nanoparticle from
Ocimum gratissimum and ascertain their
therapeutic potential against clinical isolates of
Escherichia coli and Klesiella pneumoniae
obtainted from in-patients at Alex Ekwueme-
Federal University Teaching Hospital, Abakaliki,
Ebonyi State.

Methodology

Study area and study design

This study was carried out at Alex Ekwueme-
Federal University Teaching Hospital, Abakaliki
(AE-FUTHA), Ebonyi State, Nigeria. AE-FUTHA
is a tertiary care hospital in Abakaliki, Ebonyi State
and serves as a referral hospital to all other private,
mission hospitals and general hospitals in Ebonyi
State. A total of 10 clinical isolates (made up of 5
isolates of Escherichia coli and 5 isolates of
Klesiella pneumoniae were collected from
microbiology laboratory unit of Alex Ekwueme-
Federal University Teaching Hospital Abakaliki
(AE-FUTHA), Ebonyi State and was taken in an
agar slant to the laboratory unit of Applied
microbiology Department of Ebonyi State
University Abakaliki for re-confirmation and
laboratory analysis. This study was carried out over
a period of two months between June and July,
2023.
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Media used: This includes: nutrient agar, nutrient
broth, MacConkey Agar (Merck, German)
Mueller- Hinton agar (Lancashire, UK),
Equipments used: The microscope (Olympus
Optical CO. Ltd, U.K.), Autoclaves (Search Tech,
England), Incubator, UV spectrophotometer,
centrifuge (Lincoln Mark, England), Refrigerator
(Haier Thermoccol), Weighing balance (Atrontec
Electronic Tech Co., Ltd).

Reagents used: Gram staining reagents used
include; Crystal violet, acetone — alcohol
decolorizer, lugol's iodine, neutral red (Hardy Diag.
Gram stain kits and Reagents). Other reagents used
include; distilled water, normal saline, immersion
oil, EDTA salt, oxidase reagent.

Collection of fresh leaves of Ocimum
gratissimum (OG)

Fresh leaves of O. gratissimum (scent leaf) was
bought from market women at Margareth Umahi
international market, Abakaliki, Ebonyi State.
Nanoparticles used: AgNPs was used for this
study by mixing O. gratissimum leaf extract with
silver nitrate solution, followed by monitoring for
colour change.

Preparation of O. gratissimum leaf extract and
1ImM AgNO3

The fresh leaves of O. gratissimum was washed
thoroughly (up to 3 times) with tap water and finally
with distilled water to remove any visible dust
particles. The leaves were then air-dried at room
temperature for 72 hours to remove moisture
contents before it was grinded into fine particles
using electrical blender. The fine particles of O.
gratissimum leaf extract was then taken to
Laboratory unit of Applied Microbiology
Department, Ebonyi State University, Abakaliki for
analysis. Subsequently, a total of 10 grams of O.
gratissimum was transferred to sterile 500 mL
conical flask. Distilled water 200 mL was added to
the flask and heated at 60 °C for about 10 min and
incubated on sand bath for 30 min to facilitate the
formation of aqueous extract. The extract was then
filtered using Whatman No 1 filter paper and the
filtrate stored at 4 °C for further use. Silver nitrate
(AgNO,, Sigma Aldrich, USA), 0.0421 gm was
added to 100 mL of double distilled water and
dissolved thoroughly. The solution obtained was
then transferred to an amber coloured bottle to
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prevent autoxidation of silver.”

Determination and synthesis of AgNPs

The aqueous leaf extract of O. gratissimum and 1
mM of AgNO, was mixed in the ratio of 1: 4 and
heated on a sand bath at 60 °C for 30 min until
change in colour was observed from orange brown
to dark brown colour. The colour change indicated
the formation of AgNPs by O. gratissimum leaf
(OGL) extract to form OGL-AgNPs solution.”

Characterization of biosynthesized AgNPs

The change in colour of O. gratissimum leaf
extract after addition of 1 mM of AgNO, indicated
the formation of AgNPs by O. gratissimum leaf
(OGL) extract to form OGL-AgNPs solution.
Furthermore, the formation of AgNPs was
confirmed by studying the optical properties of the
solution using a UV visible spectroscope (UV
1800V of Shimadzu, Japan).”*’

Standardization of test inoculum

Overnight cultures of the isolates were used for
determination of antimicrobial activity. Each of the
isolates was standardized using colony suspension
method.” The test organisms from nutrient agar
plates, incubated at 37 °C for 24 hours were
suspended in saline solution (0.85 % NaCl). The
density of each isolate suspension was matched
with 0.5 McFarland standards equivalent to give a
resultant concentration of 1.0 x 10°cfu/ml.”

Preparation of McFarland Standard

The 0.5 MacFarland turbidity standard equivalent
was prepared by adding 1ml of conc
tetraoxosulphate (vi) acid (H,SO, to 99 ml of
distilled water. A 0.5 g of dehydrated barium
chloride (BaCl,.2H,0) was dissolved in 50 ml of
distilled water in a separate reaction flask. Then, 0.6
ml of barium chloride solution was added to 99.4 ml
of tetraoxosulphate (vi) acid solution in a separate
test tube and the reaction mixture was properly
mixed to form turbidity equivalent to 0.5
MacFarland turbidity standard. Small portion of the
turbid solution was transferred to test tube similar
to the tube used for preparing the test organism and
stored at room temperature.”
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Antibacterial Activity

The antibacterial assays of the AgNPs against E.
coli and K. pneumoniae was assessed by using agar
well diffusion techniques. The clinical isolates of
E. coli which was obtained from AE- FUTHA was
re-confirmed morphologically and through their
biochemical characteristics as described by
Cheesbrough.” A 0.5 MacFarland standard
equivalent of overnight inoculums of the test
isolates which was previously sub-cultured onto
nutrient agar was inoculated onto the surface of
Mueller -Hinton agar plates by streaking and
allowed for 30 mins for pre-diffusion. Asix (6) mm
diameter cork borer was used to bore 5 holes on the
surface of the Mueller Hinton agar plates
previously streaked with the inoculums. The central
well was loaded with the prepared O. gratissimum
leaf (OGL) extract, followed by distilled water as a
negative control, and two different concentrations
of prepared silver nanoparticles (100 pg/ml and 150
pg/ml) which was inter-switched with the pure
silver nitrate, loaded clockwise from top. The plates
were then incubated overnight at room
temperature. The inhibition zone diameter (IZD)
formed around the wells was measured in mm
using meter rule and results tabulated to compare
the antimicrobial activity of the AgNPs with that of
pure extract and silver nitrate.”

Results

Morphologic, microscopic and biochemical
characteristics of clinical isolates of E. coli and K.
pneumoniae of the 10 clinical isolates of E. coli and
K. pneumoniae collected from AE-FUTHA, a total
of 6 isolates was confirmed as E. coli while 4
isolates was re-confirmed as K. pneumoniae
following culture, Gram stain and biochemical
characteristics of the isolates (Table 1).

Antimicrobial potentials of the synthesized AgNPs
against clinical isolates of E. coli. The
determination of the antibacterial potential of the
synthesized AgNPs against the bacterial isolate of
E. coli showed that there is no observable inhibition
on distilled water (DW) and silver nitrate solution
(AgNO0,). However, the aqueous ethanoic leaf
extract of O. gratissimum was able to inhibit the
growth of the isolated E. coli with inhibition zone
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diameter (IZD) of 18 mm, while the two
concentrations of the synthesized AgNPs had 1ZD
of 20 mm and 21 mm in 100 pg/ml and 150 pg/ml
respectively (Table 2).

Antimicrobial potentials of the synthesized
AgNPs against clinical isolates of K.
pneumoniae

The antibacterial activities of the synthesized OG-
AgNPs against clinical isolates of K. pneumoniae
revealed inhibition of K. pneumoniae isolates with
IZD of 18 mm and 20 mm at the concentrations of
100 pg/ml and 150 pg/ml respectively. The ethanol
aqueous leaf extract of O. gratissimum had IZD of
16 mm. No inhibition was observed in distilled
water and AgNO,(Table 3).
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Table 1: Morphologic, microscopic and biochemical ¢ haracteristics of clinical isolates of
E. coli and K. pneumoniae

Bacterial Morphology GS CAT CT OT IT MT Number
isolate and (%)
(n=10) Confirmed
isolate
EC 1-5 Smooth shinning pink - + - - + + 6(60.0)
colonies on
MacConkey agar.

Lactose fermenter

KP1-5 Pink, mucoid colonies - + + - - - 4(40.0)
with foul smelling
odour on MacConkey
agar. Non -lactose
fermenter.

Key: GS= Gram stain, CAT= Catalase test, CT= Citrate Test, OT= Oxidase Test, [T= Indole
Test, MT= Methyl red test.

Table 2: Antimicrobial potential of the synthesized AgNPs against clinical isolates of E.
coli

Bacterial isolate Inhibition Zone Diameter (mm)
E. coli OGEE DW OG-AgNPs AgNo0; OG-AgNPs
(100 pg/ml) (150 pg/ml)
18 NI 20 NI 21

Key: OGEE= Ocimum gratissimum ethanol extract; DW= Distilled water; OG  -AgNPs=
Ocimum gratissimum-silver nanoparticles, NI= No Inhibition
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Table 3: Antimicrobial potentials of the synthesized AgNPs against clinical isolates of K.

pneumoniae

Bacterial Isolate

Inhibition Zone Diameter (mm)

K. pneumoniae OGEE DW OG-AgNPs AgNO0; OG-AgNPs
(100 pg/ml) (150 pg/ml)
16 NI 18 NI 20

Key: OGEE= Ocimum gratissimum ethanol extract; DW= Distilled water; OG

-AgNPs=

Ocimum gratissimum-silver nanoparticles, NI= No Inhibition

Discussion

In Nigeria, the use of medicinal plants which have
antimicrobial properties has evolved due to
increased antibiotic resistance. The result of
antibacterial potency of aqueous ethanoic leaf
extract of O. gratissimum showed increased
inhibition of E. coli with IZD of 18 mm, while the
AgNO, had 16 mm inhibition against the isolated E.
coli. However, the two concentrations of the
synthesized OG-AgNPs had the IZD of 20 and 21
(mm) at 100 pg/ml and 150 pg/ml respectively
against the isolated E. coli.

This result is in line with the results of other studies
in the literature who also revealed that O.
gratissimum synthensized AgNPs have the ability
to inhibit the growth of microorganisms including
S. aureus, E. coli etc.”™ Tt is therefore important to
utilize this novel plant as a food condiment as well
as exploiting the active ingredients for other health
benefits especially for microbial growth control.
Furthermore, the inhibition of E. coli by ethanoic
extract of O. gratissimum was not unexpected as
report from another study have shown that aqueous
ethanoic extract of O. gratissimum has antibacterial
properties against members of the
Enterobacteriaceae.” Also, the results of other
studies carried out elsewhere,”™” have been
confirmed by the result of this study where they
reported antibacterial properties of O. gratissimum
against four clinical bacteria isolates namely:
Escherichia coli, Proteus mirabilis,
Staphylococcus aureus and Pseudomonas
aeruginosa.
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The result of this study further revealed that both
the ethanoic leaf extract of O. gratissimum and OG-
AgNPs have antibacterial potency against clinical
isolates of K. pneumoniae. Also, studies have
shown that both aqueous and ethanoic leaf extract
of O. gratissimum have an antibacterial activities
against pathogenic strains of microorganisms and
therefore can be used in the treatment of several
diseases.””’ Other studies, have also shown that
medicinal plants and their bioactive compounds are
useful in the treatment or prevention of life-
threatening and chronic diseases including strokes,
arthritis, diabetes and cancer.””” These studies
further support the result of this finding where the
ethanoic leaf extract of O. gratissimum and the O.
gratissimum synthesized AgNPs are able to inhibit
the growth of K. pneumoniae isolates tested with
IZD of 16 mm for the leaf extract of O.
gratissimum, 18 mm and 20 mm for the two
different concentration of OG-AgNPs tested. It is
therefore imperative to state that OG-AgNPs can
further be processed and used for treatment of
bacterial infections especially infections due to E.
coli and K. pneumoniae rather than relying on the
leaf extract alone which have shown a lower IZD in
both isolates of E. coli and K. pneumoniae tested.
The findings of this study present the opportunity of
utilizing the active ingredients of O. gratissimum
for green synthesis of AgNPs which is eco-friendly,
and also can be used for the treatment of bacterial
pathogens.

This study enhances the understanding of the
efficacy of local plants for the synthesis of AgNPs
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which have shown to be very effective in the
treatment of bacterial infections. The use of local
plants in the green synthesis of AgNPs has attracted
interests of various researchers globally owing to
their unique and appealing properties especially
their ability to inhibit microbial growth and
therefore should be explored in Nigeria to control
the menace of antibiotic resistance. However,
despite the overwhelming progress achieved in this
study, it is important that the efficacy of this novel
antibacterial agent be tested on other bacteria
species, viral and fungal pathogens. Also, dosage
and duration of administration needed established.

Conclusion

The ever increasing number of pathogenic strains
of microorganism has generated the need to find
new antibiotic materials and newer ways to combat
these overwhelming bacterial infections. Ocimum
gratissimum are constantly being explored by
scientist and other research community as it is used
as condiments, and traditionally for the treatment of
various ailments. Ocimum gratissimum was used to
synthesize AgNPs. This synthesized OG-AgNPs
inhibited the growth of Escherichia coli and
Klebsiella Pneumoniae isolates. Therefore,
Ocimum gratissimum synthesized silver
nanoparticles should be explored and exploited as
source of new drugs against the increasing number
of antibiotic resistant strains. This study therefore
recommends the use of this novel agent for
treatment of bacterial infections especially as the
green synthesis of OG-AgNPs is eco-friendly and
has been shown to have increased inhibition against
the clinical isolates of E. coli and K. pneumoniae
tested compared to ethanol extract of O.
gratissimum alone.
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