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INTRODUCTION

Cancer is characterized by unregulated cell growth with
a high propensity to invade and metastasize surrounding cells
as well as tissues through lymphatic system and bloodstream
[1]. This aggressive disease claims the lives of over 10 million
people annually and among the various types of cancers, lung
cancer and melanoma ranking as most lethal [2]. A distinguis-
hing feature of cancer cells, in contrast to somatic cells, is its
capability to replicate and disseminate throughout the body.
The release of various factors by cancer cells into their micro-
environment alters the functionality of surrounding cells [3].
The mortality rate associated with lung cancer and melanoma
is notably high, attributed to uncontrolled cancer cell growth
in lung and skin tissues, leading to metastasis and infiltration
into vital organs, such as the brain. Current cancer treatments
encompass chemotherapy, hormonal therapy, immunotherapy,
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radiation therapy and surgery [4]. Drawbacks of conventional
chemotherapy include poor drug bioavailability in tumor tissues,
high risk of potential side effects, non-specific targeting, very
low therapeutic indices, requirements of high dosage and multi-
drug resistance [5]. In response to these challenges, researchers
have explored nanoscaled structures for their potential anti-
cancer properties [6,7]. These investigations aim to overcome
limitations associated with traditional chemotherapy and pave
the way for more effective and targeted cancer therapies.

Therapeutic approaches involving the encapsulation of
herbal compounds in nanomaterials and the targeted delivery
of drugs to specific tissues have demonstrated efficacy in indu-
cing cell death in cancer targets [8,9]. Nanoparticles have attra-
cted significant attention in nanomedicine. Therapeutic efficacy
of nanoparticles is contingent on factors such as particle size,
target cell culture time, metal concentration within targeted
cell and physico-chemical properties of the nanoparticles [10].



Additionally, bi- or multi-metallic nanoparticles exhibit distin-
ctive physico-chemical properties characterized by synergistic
effects with heightened functionality. These nanoparticles offer
increased reactive sites, enhanced efficiency with enhanced
stability, making them particularly intriguing for therapeutic
applications [11].

Gold (Au)-zinc oxide (ZnO) bimetallic nanoparticles have
garnered substantial attention in due unique properties arising
from the combination of gold and zinc oxide [12]. The bimetallic
nature of these nanoparticles imparts distinctive characteristics
that find applications across various fields. Au-ZnO nanopar-
ticles can be utilized in photocatalytic applications for environ-
mental remediation and water treatment. The synergistic effects
of gold and zinc oxide enhance the photocatalytic activity under
light irradiation [13]. Surface of Au-ZnO nanoparticles can
be functionalized to enable drug delivery that allow controlled
and target release of therapeutic agents in the body. These nano-
particles show promise in cancer therapy [14]. Unique optical
properties of gold nanoparticles make them suitable for photo-
thermal therapy, while the antibacterial properties of zinc oxide
contribute to enhanced therapeutic efficacy. These nanoparticles
exhibit noteworthy utility in various fields, serving as effective
components in gas sensors, biosensors, photovoltaic systems,
light-emitting diodes, antimicrobial coatings and contributing
significantly to environmental remediation [15].

Kigelia africana (Lam.) Benth. (sausage tree) is a medi-
cinal plant native to sub-Saharan Africa. Its fruit, bark, leaves
and roots, have been traditionally used for medicinal purposes.
Scientific studies have explored the pharmacological signifi-
cance of Kigelia africana, revealing a range of potential health
benefits [16]. The literature proved that various parts such as
leaf [17-19] stem [20], root [21] and fruit [22] are significantly
utilized for fabrication of nanoparticles. The authors reported
various pharmacological applications of the nanoparticles such
as antioxidant and antibacterial activity. Further the applica-
bility of Kigelia africana mediated nanoparticles as germi-
nation enhancer as well as growth promoter was reported. The
elaborative literature review suggests that no author explored
the anticancer applicability of nanoparticles synthesized using
Kigelia africana. Hence this study aimed to explore the anti-
cancer applicability of Au-doped ZnO nanoparticles fabricated
using aqueous root extract of Kigelia africana.

EXPERIMENTAL

Collection of plant material: The roots of Kigelia africana
along with its areal parts were collected in Seshachalam Hills
situated in Tirupati, India. Collection of plant was performed in
agreement with international guidelines [23]. The plant specimen
collected were identified by Dr. Ch. Srinivasa Reddy, Department
of Botany, SRR & CVR Government Degree College, Vijayawada
and issued SRR-CVR/2023/PI/01 as specimen number. The
root specimens were washed carefully on a running tap water
followed by distilled water for complete removal of soil particles.
Then the specimen was blotted with filter paper followed by
air drying to reach constant weight. Then the specimen was
grinded using a mechanical grinder and the powder was pres-
erved in an air tight amber colour bottle for further use.

Root extract preparation: An accurately weighed 2 g
of root powder was placed in a 250 mL glass beaker contain
100 mL distilled water. The beaker was heated with moderate
stirring at 70 ºC in a magnetic stirrer. Then content was cooled
and pure extract was collected by filtration and preserved for
experimental use.

Fabrication of Au-doped ZnO nanoparticles: ZnO nano-
particles were fabricated by adopting procedure reported in
literature [24] utilizing Zn(NO3)2 as metals precursor and aqueous
root extract of K. africana as eco-friendly reducing agent. Initially
root extract was mixed 3 h followed by adding Zn metal pre-
cursor (2 g). The mixture was boiled at 60 ºC till the formation
of thin deposit and then it was bring to room temperature. The
formed thin deposit was separated by filtration and white ZnO
nanoparticles powder was collected by calcination for 1 h at
800 ºC.

The Au doping on synthesized ZnO NPs surface was per-
formed as per Fageria’s procedure [24]. In brief, 10 mL of HAuCl4

solution (0.01 M) was mixed with 1 % aqueous solution of
synthesized ZnO NPs. To a mixture, 0.2 mL orthophosphoric
acids was added, continues stirring for 4 h to generate purple
deposit of Au-doped ZnO NPs and was collected by filtration,
wash with distilled water and dried in an air oven. The collected
Au-doped ZnO NPs were preserved in an Amber colour air tight
container and the % nanoparticles yield was evaluated by using
the following formula:

Experimental weight of 

Theoretical weigh

NPs
Yield

t of NPs
 (%) 100= ×

Characterization of nanoparticles: Au-doped ZnO NPs
synthesized in this study using aqueous root extract of Kigelia
africana were characterized utilizing double-beam UV-visible
spectrophotometer (JASCO International Co. Ltd., Japan) in
200-800 nm scan range for identifying and confirming the
characteristic peaks corresponds to the formation of nano-
particles. Nanoparticle formation and identification of phyto-
chemical groups were examined through Fourier transform
infrared (FTIR) analysis on Bruker (USA) instrument operating
within the 4000-500 cm-1 range. The structural characterization
of the nanoparticles was conducted through transmission elec-
tron microscopy (TEM) and energy-dispersive X-ray spectro-
scopy (EDX). TEM studies conducted on a Jeol JEM 2100
instrument at 120 keV. Before analysis, the nanoparticles under-
went thorough washing with methanol and were subsequently
affixed to carbon-coated copper grids. Crystal size and elemental
composition were assessed using a Jeol 6390LA scanning electron
microscopy (SEM) instrument paired with OXFORD XMX-N
EDX, operating with a Tungsten lamp at an accelerating voltage
of 0.5 to 30 kV. X-ray diffraction (XRD) experiment conducted
on a Bruker D8 Advance EDX instrument, utilizing CuKα radi-
ation. The nanoparticles underwent multiple washing with
ethanol to prevent sodium chloride crystallization. The scan
range for XRD analysis was set at 2θ of 20-100º.

Cytotoxicity or anticancer efficiency of ZnO NPs: Cyto-
toxicity or anticancer efficiency of Au-doped ZnO NPs were
assessed by MTT assay against human lung cancer (A549) cells,
melanoma cancer (A375) cells and skin or epidermoid cancer
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(A431) cells as per procedure reported by Naiel et al. [25]. Briefly,
in a 96 wells tissue culture plate, 1 × 105 cells/mL of selected
cell lines was added at 100 µL/well concentration separately.
The plates incubated for 24 h at 37 ºC. Then in each well 100
µL of synthesized Au-doped ZnO NPs at 1, 10, 50, 100, 250
and 500 µg/mL concentration was added. Simultaneously 4
and 8 µg/mL concentration of doxorubicin treated as positive
control and few wells kept untreated negative control for all
studied cell lines. Then plates treated with nanoparticles, positive
and negative control were incubated at 37 ºC with 5% CO2 at
72 h. After incubation, in each well 15 µL of MTT solution
was added, incubated for 4 h and then 200 µL of DMSO was
added. Absorbance was determined at 560 nm and % survival
rate was evaluated with formula:

Absorbance of experimental samp
Survival rate

Absorbance of contr

le

ol
 (%) 100= ×

Dose response curve was derived by plotting % inhibition
versus concentration of sample. The Au-doped ZnO NPs
require for inhibiting half the concentration of cell lines was
treated as 50% cytotoxicity (IC50) concentration and was deter-
mined by adopting Probit analysis. Further, the biocompatibility
of the synthesized nanoparticles was evaluated against normal
cells (WI-38) in the same procedure described for cancer cell
lines.

Antioxidant activity: DPPH (2,2-diphenyl-1-picryl-
hydrazyl) assay as reported by Naiel et al. [25] was utilized for
evaluating antioxidant efficiency of Au-doped ZnO nanoparticles
fabricated in this study. The procedure briefly, 1 mL of DPPH
(0.1 mM in methanol) solution was mixed with 3 mL of synthe-
sized Au-doped ZnO in concentration range of 1 to 100 µg/
mL. Simultaneously procedure was repeated by replacing nano-
particles with ascorbic acid as standard. The solutions were
mixed vigorously and kept undisturbed for 30 min at room
temperature. Absorbance of reaction mixture was evaluated
at 517 nm against blank (without sample). The DPPH radical
inhibition efficiency was evaluated using formula:

Absorbance of control Absorbance of te
DPPH scavenging effect

Absorbance of cont

st
 (

rol
%) 100

−= ×

RESULTS AND DISCUSSION

This study targeted to fabricate Au-doped ZnO NPs utilizing
active phytochemical constituents of Kigelia africana aqueous
root extract. The pH of the reaction mixture was adjusted in
pH range of 4 to 10 for producing high yield of nanoparticles
with less time and based on results pH 9 was proved to be best
for producing high quantity of nanoparticles that takes very
less formation time than other pH values studied. The nano-
particles achieved were stable and were studied for functional
and structural characterization.

Fig. 1 illustrated the optical absorption spectroscopy results
of synthesized Au-doped ZnO NPs. The result clearly visualizes
the presence of two absorption bands at 361 nm and 569 nm.
Band at 361 nm represents and confirms ZnO NPs whereas 569
nm corresponds to Au NPs. The band at 361 nm was observed
for the ZnO NPs synthesized in the study with high absorption
intensity whereas the Au-doped ZnO NPs visualizes a signifi-
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Fig. 1. UV-visible light absorption spectra of Au-doped ZnO nanoparticles.
Inset visualizing the (αEp)2 against Ep plot used for calculating the
band gap (Eg) of nanoparticles

cant decrease in absorption intensity. This may be attributed
due to Au presence in ZnO NPs. The UV-visible absorption
results noticed for synthesized nanoparticles were in correlation
with results reported in literature [26].

The absorption spectra of nanoparticles were utilized for
evaluating optical band gap and were treated as factor for exhi-
biting interactions with biological tissues. Nanoparticles with
specific band gap energies can be used for imaging, drug delivery
and therapeutic applications, taking advantage of their unique
optical properties. The given equation was utilized for evalua-
ting band gap:

αEp = K (Ep – Eg)1/2

In above equation, α represents absorption coefficient,
Ep will be discrete photo energy, Eg is band gap energy which
was calculated by adopting Tauc classical approach and K is
constant.

The band gap of ZnO NPs was observed to be 3.2 eV and
the doing of Au reduce the band gap and exhibit a band gap of
2.8 eV. This decrease in band gap may be due to the replace-
ment of ZnO with Au in the crystal lattice of nanoparticles.
The band gap results of ZnO NPs and Au-doped NPs observed
in this study were in correlation with the reported values [27,28].

The XRD carried to identify crystallinity of Au-doped
ZnO NPs synthesized in this study. As represented in Fig. 2,
the XRD spectrum shows reflection peaks at 31.92º, 34.37º,
36.24º, 47.50º, 56.72º, 63.01º, 67.93º and 69.18º confirmed
the planes of (001), (002), (101), (102), (110), (103), (112)
and (201). The polycrystalline structure of nanoparticles was
confirmed by observing most pronounced peak at 36.24º (101
plane). The Scherrer’s formula was applied for evaluating the
crystal size (D) of nanoparticles.

K
D 100

cos

λ= ×
β θ

where k represents constant shape factor, λ is the X-ray wavel-
ength, β is the full width half maximum, and θ corresponds to
Bragg’s angle.

Crystal size of Au-doped ZnO NPs was confirmed in 27-
38 nm with 34 nm as average size. There is no additional or
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Fig. 2. XRD spectrum of Au-doped ZnO NPs fabricated with Kigelia
africana aqueous root extract

unassigned peaks observed in XRD pattern suggest best purity
of formed nanoparticles. Diffraction planes observed for the
synthesized nanoparticles was in argument with the standard
JCPDS card no. 36-1451 and the findings were well correlated
with the literature [29].

Elemental profile of Au-doped ZnO NPs was evaluated
by performing EDX studies. In EDX spectra (Fig. 3), peak
corresponds to Au and Zn were detected with a % composition
of ~24.74 % and ~52.16 %, respectively suggest that Zn was
confirmed as major element in the formed nanoparticles. Apart
from Zn, peak representing oxygen (~ 5.38) was detected and
confirmed that the nanoparticles were in oxide form and peak
corresponds to carbon (~ 11.52%) was detected may be due
to the plant derived biomolecules involved in nanoparticles
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Fig. 3. EDX spectrum of Au-doped ZnO nanoparticles fabricated with
Kigelia africana aqueous root extract

fabrication. In addition to these peaks, peaks representing Cu
was detected may be due to copper grid used for EDX experi-
ment study [30]. There is no peaks identified peaks corresponds
to other elements suggest that nanoparticles were impurities
free and confirms high purity.

The surface morphological futures and size of  Au-doped
ZnO nanoparticles was evalauted using SEM and TEM anal-
ysis. The results proved that Au-doped ZnO NPs were mostly
isometric in nature and less agglomerates formed during drying
and hence exhibited little narrow particle size distribution. The
nanoparticles were oval to spherical shape with 20-40 nm size
range and average particles size was close to 34 nm. Fig. 4
represents SEM, TEM and particle size distribution results of
Au-doped ZnO NPs fabricated in this study. The size of Au-
doped ZnO NPs was further investigated and confirmed to be
an average of 34 nm with polydispersity index (PDI) of 0.43.
The zeta potential of the nanoparticles was further evaluated
to prove the stability of formed nanoparticles and results suggest
that nanoparticles were negatively charged with a zeta potential
of -9 mV (Fig. 5). The negative charges of nanoparticles import
high stability to the particles due to the powerful repulsion in
between the nanoparticles.

FT-IR experiment was conducted to identify the involve-
ment of plant driven functional groups in the nanoparticles
formation. The intense peaks identified at 3461 and 3295 cm–1

corresponds to hydroxyl (OH) groups, which may be due to
the presence of the phenolic and alcoholic compounds. The
peak projected at 2911 cm–1 represents C-H stretching group
whereas the vibrational peak visualized at 1651 cm–1 and 1551
cm–1 were correspond to the H–O–H bending vibrations. The
functional groups representing aromatic skeletion in the formed
nanoparticles was proved by observing band at 2049 cm–1 (C-H
bend.), 1308 cm–1 (C-O str.) and 1551 cm–1 (C=C arom.). The
identified peaks confirmed the existence of phytochemicals,
including flavonoids, terpenoids and phenolics, in root extract
(Fig. 6). These compounds played the substantial role in both
reduction and stabilization processes of Au-doped ZnO NPs.
Consistent with earlier studies, these results are corroborated
by additional findings [31,32].

(b) 

Fig. 4. Au-doped ZnO nanoparticles fabricated using aqueous root extract of Kigelia africana (a) SEM image and (b) TEM micrographs at
two different magnification levels
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Fig. 6. FT-IR spectrum of Au-doped ZnO nanoparticles fabricated using
aqueous root extract of Kigelia africana

Cytotoxicity studies: The MTT assay was performed to
evaluate the anticancer efficiency of synthesized nanoparticles
against three different cell lines such as human lung cancer
(A549) cells, melanoma cancer (A375) cells and skin or epider-
moid cancer (A431) cells. Simultaneously the anticancer effici-
ency of 4 and 8 µg/mL strength of standard doxorubicin and
untreated cells was studied respectively as positive and negative
control. As demonstrated in Fig. 7, nanoparticles as well as
aqueous plant root extract exhibit dose dependent activity, which
is in argument with finding reported previously [25,33,34].

The dose–response curve was utilized for evaluating analyte
concentration of nanoparticles that inhibit cancer cell growth

to half which was designated as IC50 expressed in µg/mL. The
IC50 concentration of 206.13 µg/mL, 152.73 µg/mL and 295.49
µg/mL was achieved for A549, A375 and A431, respectively
(Table-1). These nanoparticles exhibit remarkable cytotoxic
potential towards melanoma cancer (A375) cells and at 500
µg/mL concentration, the cancer cells count reached almost
zero. Among the cancer cells studies, the nanoparticles exhibit
high activity against melanoma cancer (A375) cells followed
by lung cancer (A549) cells and epidermoid cancer (A431) cells.
The IC50 concentration was observed to be significantly high
than aqueous root extract, which was used for the fabrication
of nanoparticles. This suggest that the metal at nano compo-
sition with root extract significantly enhances the cell growth
inhibition and shown potential anticancer activity. Various
studies also proved the potential anticancer applications of plant
extracts and extract mediated nanoparticles [25,34-36], which
approves the findings in this study.

TABLE-1 
IC50 CONCENTRATIONS (µg/mL) NOTICED IN % CELL 

VIABILITY STUDY OF PHYTOSYNTHESIZED Au-DOPED  
ZnO NANOPARTICLES AND AQUEOUS ROOT EXTRACT  

OF Kigelia africana AGAINST CANCER CELL LINES 

IC50 concentration (µg/mL) 
Cancer cells Au-doped  

ZnO NPs 
Root extract 

Lung cancer (A549) cells 206.13 428.68 
Melanoma cancer (A375) cells 152.73 369.73 
Epidermoid cancer (A431) cells 295.49 554.39 
 

The cytotoxic effect of synthesized Au-doped ZnO nano-
particles was studied against normal cells (WI-38) for evalu-
ating its biocompatibility. There is no inhibition of normal
cell growth was observed till 250 µg/mL concentration indic-
ating the non-toxic ability of nanoparticles against normal cells.
The normal cells have the ability to fight against reactive oxygen
species (ROS) that originate from the external source. Various
studies reveals that at relatively low concentration ROS are non-
toxic to normal cells as well as erythrocytes [37] and statement
was in argument with this study results.

The anticancer activity of Au-doped ZnO NPs involves a
multifaceted mechanism that capitalizes on the unique prop-
erties of both gold and zinc. The presence of Zn in nanoparticles
can lead to ROS generation within cancer cells. The elevated
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Fig. 7. The % cell viability results of Au-doped ZnO nanoparticles and aqueous root extract of Kigelia africana against cancer cell lines against
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levels of ROS can induce oxidative stress, damaging cellular
components and triggering apoptotic pathways [25,34].

Antioxidant activity: Antioxidant profile of Au-doped
ZnO NPs was evaluated by performing DPPH radical scaven-
ging assay. As presented in Fig. 8, the synthesized nanoparticles
shows remarkable scavenging than aqueous root extract. The
dose dependent scavenging activity was observed in concentra-
tion range of 1 to 100 µg/mL. Highest DPPH radical inhibition
of 83.69 % was recorded for synthesized nanoparticles at 100
µg/mL, which was close to standard (93.18 %) and significantly
high than aqueous root extract (58.46 %). The IC50 concentra-
tion was found to be 43.75 µg/mL for synthesized nanoparticles
whereas the IC50 concentration of 33.95 µg/mL and 81.10 µg/mL
was recorded for standard and aqueous root extract, respectively.
These results suggest that Au-doped ZnO NPs exhibit signifi-
cantly enhanced antioxidant activity.
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Fig. 8. DPPH radical scavenging activity of Au-doped ZnO nanoparticles in
comparison with aqueous root extract of Kigelia africana and standard
ascorbic acid

Mechanism: The fabrication and enhanced pharmaco-
logical activities of nanoparticles involves a complex and multi-
faceted mechanism that dependent on bioactive constituents.
The phytochemicals such as polyphenols, flavonoids, terpenoids
and alkaloids are extracted from the roots of Kigelia africana.
These compounds possess functional groups that can serve as
reducing and capping agents in nanoparticles formation. These
phytochemicals facilitates the reduction of Zn metal ions to
zero-valent metallic state by transferring electrons from bio-
active compounds to the metal ions. The reduced Zn atoms
undergo nucleation, forming the initial nuclei of nanoparticles
[38,39]. As the reaction progresses, these nuclei grow into larger
nanoparticles. The doping of Au facilitates formation of Au-
doped ZnO NPs [40].

Conclusion

This study demonstrated an effective application of aqueous
root extract of Kigelia africana as reducing, capping and stabil-
izing agent for fabrication of Au-doped ZnO NPs. The Au-doped
ZnO NPs was formed due to involvement of phenolics, flavo-

noids and terpenoids from the aqueous root extract of Kigelia
africana. Root extract and extract mediated Au-doped ZnO
NPs were studied for its cytotoxic ability against three different
cancer cells such as lung (A549), melanoma (A375) and epider-
moid (A431). The dose dependent cancer cell growth inhibition
was observed for synthesized nanoparticles against cell lines
with IC50 concentration of 206.13, 152.73 and 295.49 µg/mL
was achieved for A549, A375 and A431, respectively. These
nanoparticles exhibit remarkable cytotoxic potential towards
melanoma cancer (A375) cells. The IC50 concentration in DPPH
radical scavenging activity was calculate to be 43.75 µg/mL,
33.95 µg/mL and 81.10 µg/mL for Au-doped ZnO NPs, standard
ascorbic acid and aqueous root extract respectively suggest
that the nanoparticles have remarkable antioxidant efficiency.
Ths, it was concluded that the Au-doped ZnO NPs fabricated
with aqueous root extract of K. africana as cost effective and
eco-friendly alternative in the biomedical applications.
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