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ABSTRACT

In this study, we report on the biosynthesis of gold nanoparticles (AuNPs) by using Callistemon
citrinus (C. citrinus) seed extract as both reducing and capping agent as well as its
characterization. Likewise, the in vitro antiparasitic activities of both biosynthesized gold
nanoparticles and crude seed extract of the plant were evaluated. The formation of
biosynthesized AuNPs was confirmed by a color change immediately when the seed extract
was added to the gold chloride (Ill) solution. Characterization of the AuNPs was done using

ARTICLE HISTORY
Received 25 September 2018
Accepted 10 January 2019

KEYWORDS
AuNPs; TEM; SEM; FTIR;
antiplasmodial;

" . X L . . A antitrypanosoma;
analytical tools like ultraviolet-visible spectroscopy, X-ray diffraction, scanning electron cytotoxicity; Callistemon
microscopy (SEM), energy dispersive X-ray (EDX), transmission electron microscopy (TEM) and citrinus

Fourier transformed infra—red (FTIR). FTIR showed an absorption peak at 230 nm consistent
with the absorption band for gold nanoparticles, the morphology and composition of AuNPs
was ascertained by SEM and EDX micrographs; uneven spherical-shaped nanoparticles was
established by SEM analysis, and an average particle size of about 37 nm was confirmed by the
TEM analysis. The crude seed extracts exhibited antitrypanosoma activities with an IC50 of
11.06 pg/mL. Both the crude seed extract and AuNPs were inactive against plasmodial parasite,
while the antibacterial assay showed that AuNPs is potent against gram positive and gram
negative bacterial strains.

Add HAWCL, 4H,0

JN .

AuNPs

1. Introduction for this is that green routes of nanoparticles synthesis

In the last ten years or more, metal nanoparticles have
triggered serious interests among researchers as a
result of their well-defined physical, chemical and bio-
logical properties. Natural products like biodegradable
polymers (chitosan), bacteria, fungi and extracts of
different plant genus are now adopted as stabilizing
and reducing agents to serve as an alternative to the
inorganic synthesis of nanoparticles (7-3). The reason

are eco-friendly, simple, economical and comparatively
reproducible (4, 5).

Gold nanoparticles biogenesis via plant extracts is
becoming more accepted due to their compelling anti-
bacterial activity, low-risk for clinical research and the
ease of gold salt reduction, the technique is straightfor-
ward, one step approach and it is profitable for large
scale production.
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Gold nanoparticles possess electrical and harmonious
optical characteristic, in addition to this, they display
Surface Plasmon Resonance (SPR) which is employed in
drug conveyance, trace detector and diagnostic probes.
Gold nanoparticles through biogenic route possess
superb biocompatibility and non-toxicity. Shapes of
gold nanoparticles such as nanoprisms, nanotriangles,
nanoplates, nanowires, nanocages, nanospheres, nanos-
tars, nanobelts etc. have been reported, their shape and
size have a great impact on their properties particularly
optical properties (6, 7). More attractive optical character-
istic is exhibited by triangular shaped nanoparticles than
the spherical shaped (8).

Gold nanoparticles have transformed the field of
medicine owing to its extensive application in direct
drug delivery, imaging, analysis and curative purposes
which is brought about by the enormously small size,
solidity, tunable optical, non-cytotoxic, appreciative
uppermost layer, physical and chemical properties of
the gold nanoparticles (7, 9).

The synthesis of gold, nickel oxide and mercuric oxide
nanoparticles using Callistemon viminalis have been
reported (70, 17), in addition to this, the use of silver
oxide and silver nitrate to prepare nanoparticles
mediated by C. citrinus have also been documented
(12-14).

The secondary metabolites embedded in plant such
as terpenoids, tannins, flavonoids, proteins, amino
acids, enzymes may be responsible for the bio-reduction
of Au®* ions into metallic Au' nanoparticles. HAuCl,.
4H,0 + extracts from plant Au NPs + by-products (75).

Callistemon citrinus (Curtis) Skeels (Myrtaceae), a com-
monly available plant in Eastern Cape of South Africa has
a lot of therapeutic importance. It is known to be a rich
source of compounds with bioactive components since
it produces different secondary metabolites with impor-
tant biological activities (76). Formation of strong antiox-
idant agents and free radicals are major expressions
observed from the growth of this plant in different
environment, this is made possible as a result of harsh
growth conditions and combination of high oxygen con-
centration and light (77).

In previously published works, the antinociceptive,
anti-inflammatory (78, 19), antimicrobial (76, 20), antioxi-
dant (76, 21), antifungal (22, 23), cytotoxicity (22) and
antihyperglycemic properties (70) of this plant were
reported. Compounds with immense diversity like ster-
oidal glycoside, triterpenoids (24), flavonoids (25), terpe-
noids (76), saponins and steroids (26) were isolated from
this plant, in addition to this, the plant has been found to
be very rich in phenolic content (76). Nanoparticles have
been synthesized from Callistemon genus like C. viminalis
(10, 27, 28).

This study reports on the synthesis and characteriz-
ation of gold nanoparticles by the reduction of
aqueous HAuCl, using the seed part of C. citrinus
extract. This biosynthesized AuNPs was studied for its
antimalarial activity against chloroquine sensitive (3D7)
strain and their antitrypanocidal potential against trypa-
nosoma brucei brucei (T.b brucei). The cytotoxicity of the
AuNPs was also examined against HeLa (human cervical
carcinoma cells) cell line.

Interestingly, no study to the best of our knowledge
has reported the bio-synthesis of gold nanoparticles
using C. citrinus seed extract with their antiplasmodial,
antitrypanocidal and antimicrobial properties.

2. Materials and methods
2.1. Materials

Gold (lll) chloride (HAuCl,) solution was purchased from
Merck, South Africa. All other reagents used in this study
were of analytical grade.

2.2. Characterization

To determine the potential of the bio-synthesized nano-
materials towards plasmodial, trypanocidal and
microbial strains, we carried out the characterization of
the materials with different equipments. For instance,
X-ray diffraction was obtained with Bruker D8 advanced
x-ray diffractometer (XRD) in other to determine the crys-
tallinity and size of the materials. The vibration of the
materials was observed using Perkin-Elmer Universal
ATR 100 Fourier Transformed Infra-Red spectropho-
tometer (FT-IR). Scanning electron microscope (SEM)
and Electron diffraction spectrophotometer (EDS)
images were obtained using JOEL JSM-6390 LVSEM.
These provide information on the morphology and com-
position of the materials. The shape and particle size of
the samples were confirmed by means of Transmission
Electron Microscope (TEM) with model: JOEL 1210 trans-
mission electron microscope at 100 kV accelerating
voltage. Perkin-Elmer Universal absorption spectropho-
tometer was used to collect the absorption spectra of
the materials.

2.3. Preparation of the plant extracts

The fresh seed of C. citrinus was air dried for about 21
days at room temperature, the dried seed was further
pulverized using a mechanical blender (Polymix, PX-
MFC 90D), 30 g of the grinded sample was added to
250 mL of distilled water, the mixture was shaken on
an orbital shaker at 200 rpm for 24 h, it was filtered via



Whatman no 1 filter paper, the filtrate obtained was lyo-
philized into dry powder, kept in a centrifuge tube with a
cover and preserved in the refrigerator at 4°C pending
the time it was needed for the nanoparticles synthesis.

2.4. Synthesis of gold nanoparticles

The formation of gold nanoparticles was achieved by
adding 12.5 mL of the plant extract to 90 mL of Gold
() Chloride solution (0.001M), the mixture was incu-
bated for 6 h with continuous stirring and the reaction
was carried out in the dark to prevent unnecessary
photochemical reactions. At the expiration of 6 h incu-
bation time, the mixture was centrifuged at 15,000 rpm
for 15 min at room temperature, the pellet obtained
from the centrifuge process was washed twice with dis-
tilled water and air dried, and the obtained AuNPs was
used for the different assays below.

2.5. Antimalarial assay

The in vitro antimalarial activity of the AuNPs was evalu-
ated by measuring the malaria parasite viability (Plasmo-
dium falciparum strain 3D7) using parasite lactate
dehydrogenase (pLDH) method described by Makler
et al. (29). Briefly, the AuNPs was dissolved in dimethyl
sulfoxide (DMSO) to obtain a stock solution of 20 mg/
mL, 50 pg/mL from the stock solution earlier prepared
was mixed with the parasite cultures in a 96-well
plates, the resultant mixture above was incubated at
37°C in a CO, incubator for a period of 48 h. After the
incubation period was completed, 20 uL of the culture
was removed from all the wells and mixed with approxi-
mately 125 pL of a mixture of nitrotetrazolium blue chlor-
ide (NBT) /phenazineethosulphate (PES) and Malstat
solutions in a new 96-well plate. A purple color will be
generated if parasite lactate dehydrogenase (pLDH) is
present.

The absorbance of the mixture in the new 96-well
plates was recorded at 620 nm so as to estimate the
amount of pLDH in each well plate. Finally, if the
sample is able to bring down the parasite viability to
less than 20% for the single concentration assay, the
dose-response assay will be embarked on to ascertain
the 1C59 (50% inhibitory concentration). Chloroquine
(20 uM) was employed as a positive control in this study.

2.6. Antitrypanocidal activity

The antitrypanosoma single concentration assay was
also carried out in the same way antimalaria assay was
done. In a nutshell a single concentration of 50 pg/mL
of the sample acquired from the stock solution of
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20 mg/mL was added to the in vitro T.b brucei culture
in a 96-well plates, the mixture was subjected to 48 h
incubation and the amount of parasite that can survive
the drug contact were quantified by mixing resazurin-
based reagents capable of being reduced to resorufin
by living cells.

The resorufin can be quantified in a multi-well fluor-
escence plate reader because it is a fluorophore
(Excseo/Emsgp). The result of the antitrypanosoma assay
was checked in line with cell cytotoxicity. Pentamidine
(a known drug for the management of trypanosomiasis)
was used as a positive control drug standard.

2.7. Antibacterial activity

The zone of inhibition of the AuNPs was examined by
agar well diffusion method as illustrated by Collin et al.
(30); this method has been earlier described in our pre-
vious work Larayetan et al. (76). Briefly, the microbial cul-
tures were inoculated in nutrient broth (Oxoid) and
incubated for about 24 h at 37+0.1°C. Adequate
amount of Muller Hilton Agar (Oxoid) were dispensed
into spotlessly clean petri dishes and allowed to
congeal under aseptic situation by means of a sterilized
cork borer, 6 mm diameter wells were uniformly distrib-
uted in the newly prepared and solidified Mueller Hilton
agar (Oxoid) inside the petri dishes, thereafter, the bac-
terial culture was adjusted to 0.5 McFarland turbidity
standard and the test microbes (0.1 mL) were inoculated
using a sterilized swab on the outer surface of the solid
medium in each of the petri dishes. Different concen-
trations of the AuNPs prepared from the stock (15.625-
62.5 mg mL™") were introduced into each of the wells
and labeled correctly. The inoculated petri dishes were
incubated at 37°C for 24 h. The whole petri dishes were
subsequently checked for zones of growth inhibition sur-
rounding the individual wells and the average diameter
of these zones was measured in millimeters.

2.8. Cytotoxicity assay

The cytotoxicity of the synthesized AuNPs was evaluated
against Hela (human cervix adenocarcinoma) cells by
Keusch et al. method (37) with some modifications. In
order to resolve maybe the samples were cytotoxic,
they were incubated in duplicate along with 1x 10*
Hela cells per well allotted in a 96-well plate for 48 h
at 37°Cin a 5% CO, incubator.

Cells that remained alive after exposure to the drug
were resolved by applying resazurin-based reagent to
the mixture of extract and the Hela cells, the living cells
reduced resazurin into resorufin and this was quantified
in a fluorescence multi-well plate reader. The percentage



64 L. ROTIMI ET AL.

(%) cell viability was calculated from the resorufin fluor-
escence in compound treated wells relative to untreated
controls (32).

2.9. Statistical analysis

Data analysis was carried out with the aid of origin soft-
ware statistical computing system. This statistical
package put into consideration the adjustment of the
regression coefficient square, R? (33).

3. Result and discussion
3.1. Characterization

FTIR was employed for the determination of the func-
tional groups on plant extract and AuNPs biosynthesized
material (Figure 1).

The FTIR spectra of AUNPs showed vibration frequen-
cies at about 1680 and 3400 cm™" attributed to carbonyl
stretch and N-H stretch vibrations respectively arising
from amide bonds from protein. These stretching fre-
quencies indicate that amino acid residues and protein
peptides can effectively bind to the surface of metals
thereby functioning as a coating agent on the surface
of the nanoparticles (preventing agglomeration) as well
as serving as reducing agent. The reducing ability
ensured that a peak was observed at about 500 nm
attributed to Au-O band. This Au-O band is however
not observed in the spectra of the plant extract
(Figure 1). Similar observation was reported by Abdel-

Raouf et al. (34).

C-O

- Plant Extract

T (%)

T I T I T I T I T I
3600 3000 2400 1800 1200
Wavenumber (cm'1)

-
600

Figure 1. FTIR spectra of plant extract and gold nanoparticles.

T (%)

The successful synthesis of gold nanoparticles was
confirmed by the change in color of the reacting solution
brought about by the reduction of Au (lll) to Au (I) in Gold
() Chloride solution followed by scanning with UV-
visible spectrophotometer. The UV-visible spectropho-
tometer measurement (Figure 2) showed an absorption
band at 225 nm for gold nanoparticles formed by plant
extract reduction. This band has been demonstrated to
be the absorption band for gold nanoparticles with
sizes ranging from 1 to 50 nm in previously reported
study (35).

In order to determine the morphology and compo-
sition of the synthesized material, SEM and EDS micro-
graphs of the bio-synthesized gold nanoparticles were
recorded (Figure 3(A & B)). Irregular spherically shaped
nanoparticles were seen to have been formed from
the SEM micrograph (Figure 3(A)). Although few
agglomerations of the particles were observed which
could be as a result of the uneven distribution of the
plant extract in solution, the particles formed were
still well dispersed. EDS micrograph (Figure 3(B))
showed that pure AuNPs were obtained after the
bio-reduction of gold chloride salt. This result con-
forms to the observations reported in the work of Thir-
umurugan et al. (36).

TEM image of AuNPs was observed to ascertain the
morphology and size of the synthesized material
(Figure 3(CQ)). It was revealed that a spherical shaped
material was mainly formed. Other than these
shapes, small amount of triangular and rectangular
nano-shaped material was also formed. This result con-
forms to the result obtained when chemical method is

- AuNPs

N°H

Au-O
O-H

c=0-"

T I T I T I T I T I T I
3600 3000 2400 1800 1%00 600
Wavenumber (cm™)
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T T T T 1
200 220 240 260 280 300
Wavelenght (nm)

Figure 2. Absorption spectra of gold nanoparticles.

used to synthesize AuNPs. For instance, AuNPs
obtained by the reduction of HAuCl, with cetyl tri-
methyl ammonium bromide (CTAB) shows that upon
examination of the material under TEM, different
shapes of the synthesized material were obtained
(37). Size determination obtained from the average of
the measurement of the diameters of the individual
particles by the instrument indicates that an average
particle size of around 37 nm was obtained for this
bio-synthesized material.

XRD analysis of the gold nanoparticles observed from
26 values between 20° to 100° (Figure 4) indicates that
AuNPs was synthesized. Strong diffraction peaks at 26
values of 38.5° characteristics of AuNPs was observed

200 nny
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Figure 4. XRD spectra of AuNPs mediated by C. citrinus.

in the diffractogram. Also, diffraction peaks at 26 values
of 44.4°, 64.5° and 77.5° confirms the successful synthesis
and the crystalline nature of the material. Furthermore,
employing the Scherrer formular (38), the size of
35.5 nm was obtained for the synthesized nanoparticles;
this result complements the data obtained for the size
of this material using the transmission electron micro-
scope. Similar result was reported in previously pub-
lished paper (39).

3.2. Antiplasmodial properties

The antiplasmodial activity of the gold seed nanoparticle
was also examined, the % viability at (91.58 + 8.04%)
were discovered to be inactive as they were not able
to bring reduction of pLDH to less than 20%.

15kV X150  100pm UFH-SEM

T T T A AL T
a 1 2 3 4
Full Scale 928 cts Cursor: 0.000

Figure 3. Images of AuNPs under (A) SEM (B) EDS and (C) TEM.

keV,
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3.3. Antitrypanosomal and cytotoxicity activities

The gold synthesized nanoparticles from the seed extract
of C. citrinus was investigated with T.b brucei assay, it was
revealed that the percentage (%) viability at 50 ug/mL
was (103.19+0.56%) and this value was not able to
bring a considerable reduction to about 20% of the try-
panosome parasites and are considered inactive, but
the crude seed from which it was synthesized was able
to reduce trypanosome parasites to (0.54+0.01%)
which was considered very active (714). The crude seed
was further subjected to dose-response test to ascertain
the concentration of the compound needed to kill 50%
of the parasites in the culture. It was discovered from
the dose-response curve that the ICso of the crude
seed was 11.06 pg/mL (Figure 5). An existing literature
document by Bero et al. (40) stated that ICsq value of <
20 ug/mL are considered as good or very potent, while
ICso of between 20-60 ug/mL are considered as fair
and the 1C50> 100 pg/mL is termed not active. Based
on this observation the crude seed showed very good
activity against trypanosome parasites.

The AuNPs (seed) was tested against HeLa (human
cervix adenocarcinoma) cells at an exact concentration

of 50 pg/mL. It was found that the synthesized gold
(seed) nanoparticle was not cytotoxic since it was not
able to reduce the viability of Hela cells to below 50%
(89.66 + 1.55%), one can reliably establish from the
above result that the killing of the parasite cultures
was not as a result of general cytotoxicity of the seed
AuNPs.

3.4. In vitro antibacterial activity

The aqueous extract of the seed of C. citrinus plant brought
about the reduction of gold ions; this may be due to the
presence of high amount of eucalyptol with a-terpineol
and terpinen-4-ol present in the seed as reported by Lar-
ayetan et al. (76). The in-vitro antibacterial potency of the
synthesized gold seed nanoparticles were evaluated
against three gram negative and four-gram positive bac-
terial strains (Escherichia coli 0157:H7:ATCC 35150, Vibro
alginolyticus DSM 2171, Salmonella typhi ACC, Staphylococ-
cal enteritis ACC, Staphylococcus aureus ACG, Listeria lvanovii
ATCC 19119 and Mycobacterium smegmatis ATCC 19420). It
was discovered that the AuNPs has a broad spectrum of
activity against the bacteria strains.

Trypancsome assay

120+

100 - -
A - xi
|
: - Pentamidine
20+
=
= 60
]
- -
-
204
B %
0~
T ¥
-] -4 3 2 1 1 2 3 4

log (pM tor Pentamidine, pg mL for samples)

Figure 5. Dose-response curve for trypanosome assay X1: (Crude seed).

Table 1. Zone of inhibition of the synthesized AuNPs from C. citrinus and the standard drug.

Positive control Ciprofloxacin

Microorganism concentration (mg mL h) Au Seed nano (mg mL j) Dimethyl Sulfoxide (DMSO) (Negative Control)
62.5 31.25 15.625 62.5 31.25 15.625

Gram negative bacteria strains

E. coli 0157:H7:ATCC 35150 350+40 300+40 180+09 150+30 120+30 7.0+30 0.4 mL VG
Vibroalginolyticus DSM 2171 330+£20 250+20 130+04 130£20 120£50 9.0 £ 40 0.4 mL VG
Salmonella typhi ACC 350+£10 320+06 180+3.0 150+05 9.0x£10 70+20 0.4 mL VG
Gram positive bacteria strains

Staphylococcal enteritis ACC 400+50 320+£10 170+£02 200+£05 13.0£0.1 9.0 £ 04 0.4 mL VG
S. aureus ACC 200+£20 150+£00 11.0+£20 200£40 100£10 8.0+ 20 0.4 mL VG
Listeria Ivanovii ATCC 19119 350+£60 300+02 220+10 150+£20 120+20 100+1.0 0.4 mL VG
M. smegmatis ATCC 19420 350+£60 320+£00 240+10 130£00 11.0£10 9.0+ 0.3 0.4 mL VG

Zone of inhibition (millimeter), ACC (AEMREG CULTURE COLLECTION), ATCC (AMERICAN TYPE COLLECTION CENTER), values are mean + SD, n=3, VG (Visible

growth).



The recorded inhibitory effect was highest for Staphy-
lococcal enteritis ACC and S. aureus ACC (20.0 £0.5 and
20.0+ 0.4 mm) at a concentration of 62.5 mg/mL and
was found to compete favorably well with the standard
drug used as positive control while the lowest inhibitory
action of (13.0+2.0 & 13.0+ 0.0 mm) was documented
for Vibro alginolyticus DSM 2171 and M. smegmatis
ATCC 19420. The highest inhibitory effect on gold seed
nanoparticle AuNPs was contrary to our previous work
on silver seed nanoparticles(AgNPs) were it was docu-
mented that the AgNPs from the seed had one of the
least inhibitory activity of 15.0+4.0 on S. aureus ACC
(14). The smaller size of the AuNPs coupled with the
large surface area could be responsible for the enhanced
membrane permeability and subsequent cell damage
(41) (Table 1).

4. Conclusion

AuNPs was successfully synthesized from the seed
extract of C. citrinus. It was tested against plasmodial, try-
panosoma parasites as well as some bacterial strains. The
size determination via TEM analysis indicate an average
size of about 37 nm and SEM analysis showed that
most of the nanoparticles synthesized were irregular
spherical shaped. Interestingly, the synthesized AuNPs
was also found not to be cytotoxic to Hela cells,
although it was not active against plasmodial and trypa-
nosomal parasites, but it was able to inhibit all the bac-
terial strains used confirming the usage of the seed
plant as an excellent source for naturally occurring cyto-
toxic and antimicrobial drugs.

Acknowledgements

Applied and Environmental Microbiology Research Group
(AEMREG) University of Fort Hare South Africa is appreciated
for the antimicrobial analysis. SAMRC, Microbial Water Quality
Monitoring Centre and Govan Mbeki Research and Develop-
ment Centre both at University of Fort Hare, South Africa as
well asKogi State University, Anyigba Nigeria are also appreci-
ated for their Financial Support.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes on contributors

Larayetan Rotimi received his Ph.D. in Chemistry at the Univer-
sity of Fort Hare, South Africa. Dr Larayetan has co-authored
more than 13 publications in reputable and scientific journals.
He is a member of South African Chemical Society and Chemi-
cal Society of Nigeria. He has presented several papers at
national and international conferences. He received the best

GREEN CHEMISTRY LETTERS AND REVIEWS . 67

oral presentation (2017) at the 3rd African International Bio-
technology and Biomedical conference held in Kenya. His
research interests are on natural product, biogenic synthesis
of nanoparticles and organic synthesis.

Mike O. Ojemaye holds a Ph.D. degree in Chemistry. He is pre-
sently a Post-Doctoral Research Fellow at the South Africa
Medical Research Council; Microbial Water Quality Monitoring
Centre at the University of Fort Hare, South Africa. His research
interests are in the area of Bio-Inorganic, Material and Environ-
mental Chemistry. He has eight published articles and has pre-
sented several papers at national and international conferences
and seminars. He is a recipient of the South Africa Medical
Research Council study support (2015-2017). He also served
as Quality Assurance Executive for five years. He is a member
of the South African Chemical Institute, South African Catalysis
Society and Associate member of the Royal Society of Chem-
istry, UK.

Professor Omobola O. Okoh holds a Ph.D. degree in Chemistry
and she’s a Professor in Pure and Applied Chemistry Depart-
ment, University of Fort Hare. Her research interests are in the
fields of Analytical and Environmental Chemistry, Natural Pro-
ducts and Kinetic Studies of Bioactive Compounds, Nanotech-
nology and Renewable Energy. She has published over 30
articles in accredited journals and has presented several articles
in national and international conferences.

Alexander Sadimenko is a Professor of Chemistry. He has taught
and conducted research in different universities including
Rostov State University, Addis Ababa University, National Uni-
versity of Lesotho and University of Fort Hare. His area of
specialization is in Physical Chemistry and has published over
200 research articles and several papers presented at national
and international conferences and seminars. He has also super-
vised and graduated several doctoral and master students. Prof
Sadimenko was responsible for the designing of a new curricu-
lum on Pure and Applied Chemistry at the University of Fort
Hare in 2003. He serves as a referee for Elsevier and Kluwer jour-
nals in Chemistry and Applied Chemistry. He is a member of the
Electrochemical Society of South Africa as well as the Catalysis
Society of South Africa.

Prof Anthony I. Okoh holds a Ph.D. degree in Microbiology. He
served as Head of the Department of Biochemistry and Micro-
biology at the University of Fort Hare (UFH) from 2009 to 2015.
He is currently the Leader of the Water Research Niche Area of
the university; Director, SAMRC Microbial Water Quality Moni-
toring Centre; and the Deputy Dean of the Faculty of Science
and Agriculture in the same University. His research interests
fall within the aegis of Applied and Environmental Microbiology
including water/wastewater quality, emerging pollutants, reser-
voirs of antibiotic resistance and bioactive compounds of
health and biotechnological importance. He has published
over 330 journal articles and graduated 41 Ph.D. and 57
Master's degree students. He is a recipient of the UFH Vice-
Chancellor Emerging Researcher Award; the Vice-Chancellor
Senior Researcher Medal; and Achievers Award of the Biotech-
nology Society of Nigeria. Prof Okoh also served as President of
the prestigious South Africa Society for Microbiology (2011-
2013). He is a member of the Academy of Science of South
Africa (ASSAF); Fellow of the Water Institute of Southern
Africa; and Fellow of the prestigious African Academy of
Sciences (AAS); and currently has an h-index of 41 and i-10
index of 145.



68 L. ROTIMI ET AL.

References

M
)
3)

9)
(10

an

Ahmed, S,; Ahmad, M,; Swami, B.L,; Ikram, S. J. Radiat. Res.
Appl. Sci. 20164, 9 (1), 1-7.

Ahmed, S.; Ahmad, M.; Swami, B.L; lkram, S. J. Adv. Res.
2016b, 7 (1), 17-28.

Krishnaswamy, K.; Vali, H.; Orsat, V. J. Food Eng. 2014, 142,
210-220.

Kulkarni, N.; Muddapur, U. J. Nanotechnol. 2014, 1-8.
Mittal, J.; Batra, A,; Singh, A,; Sharma, M.M. Adv. Nat. Sci.
Nanosci. Nanotechnol. 2014, 5 (4), 043002.

Cao G. Imperial College Press. Nanostruct. Nanomater. 2004.
Thakor, AS.; Jokerst, J, Zavaleta, C; Massoud, T.F.
Gambhir, S.S. Nano Lett. 2011, 11 (10), 4029-4036.
Ganeshkumar, M,; Sastry, T.P.; Kumar, M.S.; Dinesh, M.G.;
Kannappan, S.; Suguna, L. Mater. Res. Bull. 2012, 47 (9),
2113-2119.

Huang, X, El-Sayed, M.A. J. Adv. Res. 2010, 1 (1), 13-28.
Kumar, P.; Singh, P.; Kumari, K.; Mozumdar, S.; Chandra, R.
Mater. Lett. 2011, 65 (4), 595-597.

Sone, B.T,; Fuku, X.G; Maaza, M. Int. J. Electrochem. Sci.
2016, 11, 8204-8220.

Ravichandran, S.; Paluri, V.,; Kumar, G.; Loganathan, K,
Kokati, V.B.R. J. Exp. Nanosci. 2016, 11 (6), 445-458.
Paosen, S.; Saising, J.; Septama, A.W.; Voravuthikunchai,
S.P. Mater. Lett. 2017, 209, 201-206.

Larayetan, R; Mike, 0.0; Omobola, 0.0; Anthony I.O.
J. Mollig., 2018, doi:10.1016/j.molliq.2018.10.020.
Thakkar, K.N.; Mhatre, S.S.; Parikh, R.Y. Nanotechnol. Biol.
Med. 2010, 6 (2), 257-262.

Larayetan, R.A.; Okoh, 0.0.; Sadimenko, A.; Okoh, A.l. BMC
Complementary Altern. Med. 2017, 17 (1), 292.
Rajasulochana, P.; Krishnamoorthy, P, Dhamotharan, R.
J. Chem. Pharm. Res. 2012, 4 (1), 33-37.

Oyedeji, 0.0,; Lawal, O.A; Shode, F.O,; Oyedeji, A.O.
Molecules 2009, 2,14 (6), 1990-1998.

Sudhakar, M.; Rao, C.V.; Rao, AL, Ramesh, A, Srinivas, N.;
Raju, D.B.; Murthy, B.K. East Cent. Afr. J. Pharm. Sci. 2004,
7 (1), 10-15.

Seyydnejad, S.M.; Niknejad, M.; Darabpoor, |.; Motamedi,
H. Am. J. Appl. Sci. 2010, 7 (1), 13.

Kim, J.H.; Byun, J.C; Hyun, C.G,; Lee, N.H. J. Med. Plants Res.
2009, 30; 3 (11), 914-920.

Cock, L.E. Pharmacogn. Commun. 2012, 2 (3), 50-57.
Dongmo, B.N.; Dongmo, P.M.; Ngoune, L.T.; Kwazou, N.L,
Zollo, P.H.; Menut, C. Asian J. Exp. Boil. Sci. 2010, 1,907-914.
Ahmed, F.; Rahman, M.S.; Al Mansur, M.A,; Rashid, M.A.
J. Pharm. Sci. 2016, 15 (1), 1-5.

Cuong, N.M; Khanh, P.N; Duc, H.V; Huong, T.T; Kim, Y.C; Long,
P.Q; Kim, Y.H. Vietnam J. Sci. Technol. 2016, 12, 54(2), 214.
Goyal, P.K; Jain, R; Jain, S.; Sharma, A. Asian Pac. J. Trop.
Biomed. 2012, 1,2 (3), $1906-9.

Sone, B.T.; Manikandan, E.; Gurib-Fakim, A, Maaza, M.
J. Alloys Comp. 2015, 25 (650), 357-362.

Das, AK,; Marwal, A.; Sain, D.; Pareek, V. Inter. Nano Lett.
2015, 7,5 (3), 125-132.

Makler, M.T.; Ries, J.M.; Williams, J.A.; Bancroft, J.E.; Piper,
R.C.; Gibbins, B.L; Hinrichs, D.J. Am. J. Trop. Med. Hyg.
1993, 48 (6), 739-741.

Collins, C. H.; Lyne, P. M,; Grange, J. M.; Falkinham, J. O.
Collins and Lyne's Microbiological Methods, 8th Ed.
Arnold, London. 2004. 168-186.

Keusch, G.T.; Jacewicz, M,; Hirschman, S.Z. J. Infect. Dis.
1972, 125 (5), 539-541.

Cos, P, \Vlietinck, AlJ; Berghe, D.V,
J. Ethnopharmacol. 2006, 106 (3), 290-302.
Ojemaye, M.O.; Okoh, 0.0.; Okoh, A.l. Sep. Purif. Technol.
2017, 183, 204-215.

Abdel-Raouf, N.; Al-Enazi, N.M.; Ibraheem, I.B.M. Arabian
J. Chem. 2017, 10, S3029-53039.

Henglein, A. J. Phys. Chem. 1993, 97, 5457-5471.
Thirumurugan, A,; Ramachandran, S; Tomy, N.A,; Jiflin, G.J.;
Rajagomath, G. Korean J. Chem. Eng. 2012, 29, 1761-1765.
Li, N,; Zhao, P.; Astruc, D. Angew. Chem. Int. Ed. 2014, 53,
1756-1789.

Nuffield, X-Ray Diffr. Methods, QD 945.

Vijayakumar, R.; Devi, V.; Adavallan, K, Saranya, D. Low
Dimension. Syst. Nanostruct. 2011, 44, 665-671.

Bero, J.; Beaufa, C,; Hannaert, V.; Hérent, M.F.; Michels, P.A.
Phytomedicine 2013, 20 (3), 270-274.

Kasthuri, J,; Kathiravan, K.; Rajendiran, N. J. Nanopart. Res.
2009, 71 (5), 1075-1085.

Maes, L.


https://doi.org/10.1016/j.molliq.2018.10.020

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Characterization
	2.3. Preparation of the plant extracts
	2.4. Synthesis of gold nanoparticles
	2.5. Antimalarial assay
	2.6. Antitrypanocidal activity
	2.7. Antibacterial activity
	2.8. Cytotoxicity assay
	2.9. Statistical analysis

	3. Result and discussion
	3.1. Characterization
	3.2. Antiplasmodial properties
	3.3. Antitrypanosomal and cytotoxicity activities
	3.4. In vitro antibacterial activity

	4. Conclusion
	Acknowledgements
	Disclosure statement
	Notes on contributors
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


