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Abstract: Herein we report the synthesis of zinc oxide nanoparticles (ZnONPs) using Withania
somnifera root extract (WSE) as an effective chelating agent. The microscopic techniques viz., X-ray
diffraction analysis (XRD), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), high-resolution transmission electron microscopy (HRTEM), and selected area electron diffraction (SAED) were employed to analyze the as-obtained ZnONPs. The crystalline planes observed
from the XRD pattern agrees with the hexagonal wurtzite structure of the as-prepared ZnONPs.
The aggregations and agglomerations observed in the SEM images indicated that the size of the
as-prepared ZnONPs was between 30 and 43 nm. The interplanar distance between the lattice fringes
observed in the HRTEM image was found to be 0.253 nm, which is in good agreement with the
(100) plane obtained in the XRD pattern. Furthermore, the anti-breast cancer cytotoxic evaluation
was carried out using the MCF-7 cell line, and the results showed significant cytotoxic effects in a
dose-dependent manner.
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Withania somnifera (L.) Dunal, commonly called winter cherry/Indian ginseng (English) or ashwagandha (Sanskrit) has been widely used in traditional medicinal practices
such as Ayurveda medicinal applications ranging from boosting immunity to increasing
longevity [1,2]. Growing about two feet long into a gray, erect, and hairy evergreen shrub,
W. somnifera is primarily found in the tropical regions of the Americas, Mediterranean,
Africa, and India [3]. The biomedical significance of W. somnifera plant organs is attributed
to the presence of phytochemicals such as lactones and alkaloids [1]. Yang et al. (2013)
suggested the use of W. somnifera as an alternative therapy to prevent breast cancer metastasis if used on a long-term basis. Such advice was based on an in vivo observation in
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rats, where the root extract of W. somnifera was able to inhibit the metastasis with minimal adversity to the animal [4]. In a study conducted by Roy et al. (2013), withferin
A, a steroidal lactone isolated from W. somnifera, demonstrated anti-tumorigenic potential against prostate tumors by inducing cytotoxicity via the metabolic inactivation of a
Cdc2-mediated mitotic catastrophe [5]. Similar conclusions were drawn in another study
where withanone, a W. somnifera alkaloid, disrupted the mitotic procedure by inhibiting
survivin, a protein essential for cancer cell survival and proliferation, by binding at the
BIR5 binding site of the protein [6]. Winters (2006) concluded that the plant constituted
various potent anticancer agents that showed antioxidant and anti-inflammatory abilities
without influencing the therapeutic effects of the traditional antineoplastic agents [7].
Meanwhile, ZnONPs, a versatile drug delivery tool, have recently been reported to
possess significant tumoricidal activity via reactive oxygen species (ROS) generation or
caspase-8 and p53 [8–11]. However, a better understanding of the mechanistic mode and the
resultant cellular consequences is essential. Although the metal oxide is considered by the
USFDA to be a “generally recognized as safe” (GRAS) substance [12], such a categorization
typically applies to substances larger than a micron. Hence it may be deemed necessary
to evaluate the cytotoxicity of the same in both in vitro and in vivo systems. In this study,
we tried to re-evaluate the cytotoxic efficacy of ZnONPs functionalized with W. somnifera
root extract (WSE) in the breast cancer cell line (MCF-7).
2. Materials and Methods
Anhydrous zinc acetate [Zn(OAc)2 ] obtained from S.D. Fine Chemicals Ltd.
(Mumbai, MH, India), solvents were procured from Merck chemical suppliers (RD Chem,
Mumbai, MH, India). Commercial ZnONPs (20–30 nm) were procured from Alfa Aesar
(Austin, TX, USA). Triple distilled water was used throughout the experiments (ELGA
RO water purifier, Elga Veolia, Lane End, UK). Infrared spectra were recorded using the
PerkinElmer spectrometer (PerkinElmer, Salt Lake, OH, USA) version 10.03.09 (KBr pellet
technique). The electronic absorption spectra were recorded on a PerkinElmer Lambda
750 UV-Visible spectrophotometer (PerkinElmer, Salt Lake, OH, USA). Powder X-ray
diffraction patterns was obtained on a Bruker X-ray diffractometer using Cu Kα (1.5406 Å)
radiation (Bruker, Karlsruhe, Germany). Scanning electron microscopy (SEM) images were
recorded on Zeiss microscope (Carl Zeiss, White Plains, NY, USA). Transmission electron
microscopy (TEM) images and selected area diffraction patterns were measured using a
JEOL 2100F FEG microscope at 200 kV after casting a drop of ZnONP dispersion in ethanol
over a Cu grid (Jeol, Akishima, Tokyo, Japan).
2.1. Plant Material Collection and Extraction
Fresh roots of Withania somnifera were collected from Mysuru Gaya Local Area,
Karnataka State (geographical coordinates: 12.319458, 76.6940601, 15.79z). The plant root
authentication was done by a botanist of the Department of Botany, University of Mysore,
Karnataka, India. The specimen voucher number WS201 was given to the selected plant
and was deposited at the herbarium of the JSS Academy of Higher Education and Research.
The root pieces were washed properly with deionized water, shade dried, and then minced
into a coarse powder using a blender. The dried plant material (52.8 g of the whole mass)
was extracted using water as a solvent by a soxhlet apparatus at 60 ◦ C (1:4 w/v). The extract
thus obtained was filtered and dried in a hot air oven to yield the crude extract of the
Withania somnifera root.
2.2. Preparation of ZnONPs
The aqueous root extract of Withania somnifera (0.32 g dissolved in 15 mL deionized
water) was added to an aqueous solution of anhydrous zinc acetate (1 mM, 1.83 g) in 25 mL
of deionized water and the mixture was stirred for 4 h. The formation of a pale yellow
color indicated the formation of WSE + ZnONPs from the above mixture. Furthermore,
this observation also confirmed the involvement of the functional groups viz., hydroxyl,
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amine, carbonyl groups, etc., towards the zinc ion coordination. The material thus obtained
was washed with ethyl alcohol followed by acetone. The product obtained was dried at
100 ◦ C for 10 h.
2.3. In Vitro Anti-Breast Cancer Activity Evaluation
The cell line was obtained from Azyme Biosciences Pvt. Ltd., Bengaluru, India,
who maintain the ATCC cell cultures. The anti-breast cancer cytotoxic effects of WSE,
commercially available ZnONPs, and WSE + ZnONPs (10 µg) were determined on MCF-7
cell lines purchased from American Type Culture Collection (ATCC), Manassas, VA, USA,
using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. The
MCF-7 cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) containing 10%
fetal bovine serum (FBS), 100 IU/mL penicillin, and 100 µg/mL streptomycin in 5% CO2 at
37 ◦ C until confluent. Trypsinization was carried out using a 0.05% trypsin-EDTA solution
for the cellular viability to be checked using a haemocytometer. A total of 100 µL of the
media-diluted cell suspensions containing 10,000 cells/well were plated and incubated in
5% CO2 at 37 ◦ C until confluence. The cells were treated with 2.5, 5, 10, 20, and 40 µg/mL
concentrations of WSE, ZnONPs, and WSE + ZnONPs (10 µg).
2.4. Measurement of % Inhibition Using MTT Assay
The MTT assay was performed as previously performed according to Denizot and
Lang (1986) [13] to check for % inhibition. Upon treatment for 24 h, the cells were fixed
using an MTT reagent (5 mg/mL) to each well and incubated at 37 ◦ C for 1 h, followed by
centrifugation at 3000 rpm for 5 min. Excess dye was removed from the plates by washing
using distilled water and kept for air drying. Following this, 100 µL of DMSO was added
to solubilize the crystal and optical density was read at 570 nm. The percentage inhibition
was calculated using Formula (1), mentioned below:


OD o f sample − OD o f blank
% inhibition = 100 −
× 100
(1)
OD o f control − OD o f blank
The observations made were represented graphically and statistically using the Prism
8 statistical analysis tool (GraphPad Software, San Diego, CA, USA).
3. Results and Discussion
The ZnONP formation was visually noticed during the biosynthesis, where the color
of the solution during the reaction changed from greenish yellow to pale yellow after
adding the WSE to an aqueous solution of zinc acetate.
3.1. Powder X-ray Diffraction Analysis
The crystallinity and the phase distribution of the as-prepared ZnONPs were determined by analyzing the powder XRD spectrum, as depicted in Figure 1. The positions and
the intensities inferred that the as-obtained ZnONPs were in their pure phase, without any
diffraction peaks from impurities [14]. Furthermore, the results suggest that the h k l values
observed at (100), (002), (101), (102), (110), (103), (200), (112), (201), and (004) belonged
to the crystalline planes, which were matched with the standard JCPDS data of 36-1451,
which agreed with the hexagonal wurtzite structure [15]. Furthermore, the average particle
size of the as-prepared ZnONPs was said to be 32 nm, which was calculated (using FWHM)
by Scherrer’s formula, D = kλ/βcosθ [16].
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3.3. Infrared Spectral Analysis
The FT-IR spectra of the leaf extract (Figure 3a) and ZnONPs prepared using the root
extract of Withania somnifera (Figure 3b) revealed that their formation was through chela-
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Figure 2. UV–visible spectrum of the as-prepared ZnONPs, measured in the dispersed form in
ethanol solution showing λmax = 328 nm.
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3.5. Transmission Electron Microscopy (TEM) Analysis
The TEM images of the as-prepared ZnONPs are manifested in Figure 5a. It can be
seen from the TEM results that as-prepared ZnONPs unveiled a mostly polyhedron shape
with a few globular particles ranging from 30 to 45 nm. Furthermore, it can be clearly seen
from the TEM image that the presence of dark shadows, which were due to the secondary
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Separations 2021, 8, 8

7 of 9

gained importance in this regard. However, studies have highlighted the promiscuity
of these nanoparticles, whose bioaccumulation into the ecosystem may be exponentially
hazardous because their interactions with the host immune system is as yet ambiguous [18].
Although regulations suggest that the ZnONPs are GRAS, various studies argue that metal
oxide nanoparticles are capable of inducing toll-like receptor- (TLR) mediated inflammatory
responses apart from depleting the glutathione (GSH) levels, while subsequently acting as a
pro-oxidant immunotoxic agent [17,19–23]. In addition, ZnONPs are reported to modulate
the macrophage response to diseased conditions [20]. Kumar et al. (2019) suggested that
the use of W. somnifera extract as a chemoprotective agent against ZnONPs induced in vivo
toxicity. Furthermore, it was concluded that the plant extract as well as the phytocompound
Withaferin A successfully inhibited ZnONP toxicity and thereby enhanced the immune
response of phagocytic macrophages [24]. Likewise, the current study indicates that the
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ZnONPs prepared using W. somnifera root extract showed greater anticancer activity with
no adverse effect on the host immune system (Figure 6).
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Furthermore, it can be concluded that the ZnONPs prepared using W. somnifera
WSE as well as commercially available ZnONPs, while possibly having no adverse effect
showed greater anticancer activity compared to the individual treatments of WSE as well
on the host immune system. This thereby suggests a viable modification in the current
as commercially available ZnONPs, while possibly having no adverse effect on the host
therapeutic practices involving metal nanoparticles.
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