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ABSTRACT

Little is known about biogenically synthesized Zinc oxide nanoparticles (ZnONPs) from Isodon rugosus. Syn-
thesis of metal oxide NPs from essential oil producing medicinal plants results in less harmful side effects to the
human population as compared to chemically synthesized NPs. In this article, we report biogenic synthesis of
ZnONPs from in vitro derived plantlets and thidiazuron (TDZ) induced callus culture of Isodon rugosus. Synthe-
sized NPs were characterized using UV-spectra, XRD, FTIR, SEM and EDX. Furthermore, the NPs were evalu-
ated for their potential cytotoxic (against HepG2 cell line) and antimicrobial (against drug resistant Staphylococ-
cus epidermidis, Bacillus subtilis, Klebsiella pneumoniae and Pseudomonas aeruginosa) activities. Pure crystal-
line ZnONPs with hexagonal and triangular shapes were obtained as a result of callus extract (CE) and whole
plant extract (WPE), respectively. ZnONPs showed potent cytotoxic and antimicrobial potential. The antimicro-
bial and cytotoxic activities of ZnONPs were found to be shape and surface bound phytochemicals dependent.
CE mediated hexagonal ZnONPs showed superior anti-cancer and antimicrobial activities as compared to WPE
mediated triangular shaped ZnONPs. It is concluded that biogenic ZnONPs have incredible potential as
theranostic agents and can be adopted as useful drug delivery system in next generation treatment strategies.

Keywords: Nanotoxicity, ZnONP, pH, surface adaptation, characterization, Isodon rugosus

Abbreviations: ZnONPs: Zinc oxide nanoparticles, CE: Callus extract, WPE: Whole plant extract, C-ZnONPs:
Callus derived zinc oxide nanoparticles, W-ZnONPs: Whole plant derived zinc oxide nanoparticles, MS: Mu-
rashige and Skoog medium, TDZ: Thidiazuron, TPC: Total phenolic content, TFC: Total flavonoid content, DW:
Dry weight, PGRs: Plant growth regulators, UV-vis: Ultra violet-visible, FTIR: Fourier-transform infrared,
XRD: X- ray diffraction, SEM: Scanning electron microscopy, EDX: Energy dispersive X-rays, HepG2: Human
hepatocellular carcinoma cell line, DMEM: Dulbecco's Modified Eagle's medium, SRB: Sulforhodamine B,
TCA: Trichloroacetic acid, ROS: Reactive oxygen species, DMSO: Dimethyl sulfoxide, CFU: Colony forming
unit
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INTRODUCTION

In recent years, chemotherapy, radiation
and surgery are among the main strategies to
treat cancer. The problem with such strate-
gies is they are highly uneconomical. Pro-
duction of nanomedicine through green route
is an economic alternative to the aforemen-
tioned strategies (Gowda et al., 2014). Plant
extracts have the potential to produce nano-
particles (NPs) having specific size, shape,
and composition. Green nano-biotechnology
utilizes the reducing and stabilizing agents
present in the plant extracts through an alter-
native bottom-up approach that results in
formulation of stable and biocompatible NPs
(Parveen et al., 2016). Bio-synthesis of NPs
follows three main phases: selection of suit-
able solvent, a benign and eco-friendly re-
ducing agent and nontoxic capping agent.
Alteration in the aforementioned agents re-
sults in controlled synthesis for preparation
of NPs with specific morphological features.
Controlled synthesis of zinc oxide (ZnO)
NPs with unique features like selectivity, cell
imaging, bio-sensing, drug/gene delivery and
enhanced cytotoxicity may serve as an alter-
nate anticancer strategy (Lewinski et al.,
2008; Sur et al., 2010). ZnONPs have been
categorized as “GRAS” (generally recog-
nized as safe) substance by FDA owing to
their biocompatible nature, thus, making
them applicable for drug delivery (Jamdagni
et al., 2016). ZnONPs possess properties of
semiconductors due to their components (Zn
and O) which belong to d-block (2™ group)
and p-block (6™ group) of the periodic table,
respectively. The logic for this is that
ZnONPs have high band gap (3.37 ¢V) and
exciton binding energy (60 meV) (Neumark
et al., 2007). Therefore, it can tolerate de-
tectable electric fields, adequate tempera-
tures, and high power activities.

The efficacy of ZnONPs has been evalu-
ated both independently and in complexes
with organic compounds. Conjunction of
NPs with cells biologically activates the cel-
lular proteins to minimize the toxicity (Ab-
basi et al., 2017; Riaz et al., 2018; Balaji and
Gothandam, 2016; Huang et al., 2007). The

generation of cellular reactive oxygen spe-
cies (OH, Oz, HO2) from the surface of
ZnONPs is believed to be a major compo-
nent of its cytotoxicity, yet the mechanism of
cytotoxicity is not fully understood. Over-
production of these highly active free radi-
cals has been shown to instigate oxidative
stress in macrophages which in turn elicit
apoptosis due to insufficient anti-oxidative
protective mechanism (Willet, 2002).

Previous studies investigated the in vitro
cytotoxicity of ZnONPs by exploiting varie-
ty of mammalian cell lines (Xia et al., 2008;
Yuan et al., 2010; Heng et al., 2011). More-
over, the impact of shape and size of
ZnONPs on their cytotoxic potential has also
been explored. Nagarajan and Kuppusamy
(2013) studied ZnONPs with different
shapes (hexagonal and triangular) regardless
of their specific surface area. Practically,
variations in capping agents (secondary me-
tabolites) bound to the surface of NPs, influ-
ence their physiochemical action within cell
culture media resulting in different levels of
cytotoxicity (Bogutska et al., 2013). Alterna-
tively, surface charge ratio of NPs also play
considerable role in cytotoxicity, as positive-
ly charged NPs were shown to possess a
higher cytotoxicity. Outer layer of the cancer
cell holds negatively charged phospholipids
(Abercrombie and Ambrose, 1962). The
electrostatic interaction between positively
charged ZnONPs and negatively charged
phospholipids on cell surface affects cellular
uptake and intracellular localization of
ZnONPs (Rasmussen et al., 2010; Sultana et
al., 2017).

Hepatocellular carcinoma (HCC) is the
fifth most common malignant tumor, with a
poor survival rate of 10 % (overall 5 years).
HepG2 (Human hepatocellular carcinoma)
cell line has been used extensively to study
HCC and drug metabolism due to its pheno-
typic stability (Hanley et al., 2008). Shelf-
life of conventional single drug moiety is
usually limited to few minutes and requires
repeated injections (Wang et al.,, 2009).
However, capping of NPs strengthen shelf-
life of the drugs up to several hours, thus in-
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creasing their availability to target cancer
cells. The objective of the current study was
to assess the in vitro cytotoxic potency of bi-
ologically synthesized hexagonal and trian-
gular ZnONPs against HepG2 cell line and
drug resistant bacteria.

MATERIAL AND METHODS

Preparation of Isodon rugosus plant extract

Isodon rugosus seeds, acquired from the
Plant Cell Culture Laboratory, Department
of Biotechnology, Quaid-e-Azam University,
Islamabad, were germinated under sterile
conditions. Callus culture was established on
MS medium (Murashige and Skoog, 1962)
and maintained in growth room at 25+2 °C
for 16/8 hrs (light/dark) photoperiod. After
40 days, explants fragments were shifted to
MS medium supplied with various concen-
tration of TDZ (1, 2, 3, 4, 5 mg/l) for callus
induction (Figure 1A). Extract of Callus
(CE) and in vitro derived whole plant (WPE)
was prepared by adding 10 g of freshly har-
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vested callus and plant sample separately in-
to 500ml flask. 100 ml of distilled water was
added to each flask and boiled. After over-
night incubation at 40 °C, the broth was fil-
tered carefully. These extracts were further
used for the bio-reduction of Zn" to Zn".

Biological synthesis of ZnONPs

Synthesis of NPs depends on type and
concentration of plant extract, metallic salt,
response time, pH and temperature (Dwivedi
and Gopal, 2011). Zinc Acetate Dihydrate
(C4H6O4Zn) was used as a precursor solvent.
0.02 M solution of zinc acetate (50 ml) was
mixed with 1 ml sample extract separately
(1:50) and was stirred constantly. pH of the
medium was maintained at 12 by adding 2M
Sodium Hydroxide (NaOH) drop-wise. The
reduction was attributed to phenolics, terpe-
noids, polysaccharides and flavones present
in the extract. White and pale precipitates
were seen for CE and WPE, respectively.
The resulting precipitates were washed three

o B . . E=ER~
g ? 3
- g g
Eo/_ L] i E
i ' . %

Figure 1: (A) Thidiazuron induced callus from stem explant, (B) Estimation of phenolic and flavonoid
content in callus extract, (C) UV-Vis spectral analysis of ZnONPs, (D) Optical observation of biogeni-
cally synthesized ZnONPs using Isodon rugosus extract, (a) Thidiazuron induced callus extract, (b")
reaction mixture of callus derived ZnONPs, (€) plant extract, (é) reaction mixture of plant derived
ZnONPs. After completion of the reaction, presence of white precipitate indicates the synthesis of

ZnONPs.
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times (first with ethanol and then twice with
distilled water). Samples were centrifuged at
6000 rpm for 15 min and incubated over-
night at 60 °C for drying. The powdered
samples of ZnONPs obtained after drying
were stored until further use.

Detection of phytochemicals

The Folin—Ciocalteu reagent (FCR)
method, also called the gallic acid equiva-
lence method (GAE), was used to measure
the total phenolic content in CE and WPE
(Singleton et al., 1999). This reagent does
not only measure phenolic content but is also
used to measure any reducing substance in
the sample extract. Folin’s reagent assist to
detect amine and sulfur containing com-
pounds, which are mainly involved in reduc-
tion and stabilization of NPs. In brief, 20 pl
of sample extract (CE and WPE) was mixed
with 90 pl of FC reagent. After 5 min of in-
cubation, sodium carbonate (NaxCOs3, 6 %
w/v) was added. Absorbance was measured
(in triplicates) at 725 nm (Huang et al.,
2007).

To measure the level of flavonoids in CE
and WPE, we followed the Willet’s method
of estimation with some alteration. 20 pl ali-
quot of sample extract was mixed with 10 pl
of potassium acetate (1 M) and 10 pl of 10 %
Aluminium chloride (AICl3). Samples were
incubated for 30 min, followed by addition
of 160 pl distilled water. Absorbance was
detected at 415 nm (Thermo Fisher Scien-
tific, model 4001/4). Quercetin was used to
make the calibration curve. Calculation of
TFC was carried out in triplicate (Willet,
2002).

Structural and optical characterization of
ZnO NPs

Characterization of the synthesized NPs
for their configuration, diameter and surface
modification was performed by XRD, EDX
and SEM analysis. Optical properties of
ZnONPs were characterized through HALO
DB-20 UV-absorption spectra with the
wavelength range of 300-700 nm. Samples
were sonicated for 30 min and the aqueous

solution was subsequently evaluated at room
temperature for the optical band gap. Crys-
talline nature of powdered samples was
evaluated by X-ray diffraction analysis
(Shimadzu-6000), operating at 30 kV and 40
mA. Elemental compositions and size of the
synthesized NPs was characterized using
SEM (SIGMA model, MIRA3 TESCAN)
operated at an accelerating voltage of 10 kV
and EDX detector. All the apprehensible
functional groups involved in capping and
reduction of ZnO NPs were identified using
FTIR (Bruker V70).

In vitro cytotoxicity screening against
HepG2 cell line

Cell culture

Human hepatocellular carcinoma cells
(ATCC HB-8065) were cultured in DMEM
containing 10 % Fetal calf serum (FCS),
supplemented with 2 mM L-glutamine,
I mM Na-pyruvate, 100 U/mL penicillin,
100 pg/mL streptomycin at 37 °C in a hu-
midified 5 % CO2 atmosphere. Cell harvest-
ing was done with 0.5 mM trypsin/EDTA at
room temperature for 1 min.

Cell viability assay

ZnONPs as well as CE and WPE were
evaluated for their cytotoxic activity against
HepG2 cell line through SRB assay as previ-
ously described by Arooj et al. (2015). Na-
noparticles were suspended in deionized wa-
ter and extracts were dissolved in DMSO for
cytotoxicity screening. HepG2 cells (> 90 %
confluency) were seeded in a 96-well plate at
a density of 12000 cells/well and allowed to
adhere for 24 hrs at 37 °C. Subsequently,
cells were treated with 200 pg/ml NPs as
well as callus and plant extract for 24 hrs.
Cells were fixed by adding 50 % pre-chilled
TCA and incubated at 4 °C for 1 hr, followed
by rinsing with deionized water thrice. The
resulting plates were then air dried and cells
were stained with 0.01 % SRB dye followed
by incubation for 30 min at room tempera-
ture and washing with 1% acetic acid for the
removal of unbounded dye. Untreated cells
and DMSO were used as negative and doxo-
rubicin (34 uM) was used as positive control
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in the experiment. Blanks representing back-
ground optical density consisted of sample
only and media only controls. Photographs
were taken using Olympus CK2 light micro-
scope equipped with digital camera. Experi-
ment was repeated twice with triplicates for
each sample. SRB dye was solubilized by
adding 100 pl of 10 mM Tris (pH 8) into
each well at room temperature for 5 min.
Absorbance values were analysed at 565 nm
wavelength using Microplate reader (Platos
R 496, AMP) (Supplementary Table 1). Per-
centage viability relative to untreated sample
was calculated by using the following formu-
la:

Cell viability (%) =

Absorbance of sample—Absorbance of sample control

Absorbance of untreated cells—Absorbance of media only

100

Percentage inhibition was calculated by
formula:

Cell inhibition (%) = 100 - Cell viability (%).

Microbial susceptibility test

Investigation of four multiple drug re-
sistant bacterial strains i.e., Bacillus subtilis
(ATCC 6051), Pseudomonas aeruginosa
(ATCC 9027), Klebsiella pneumoniae
(ATCC 70068) and Staphylococcus epider-
midis (ATCC 12228) was carried out for bi-
ocidal activities of ZnONPs. Microbial sus-
ceptibility testing was performed by agar
disc diffusion technique. Bacterial broth was
evenly dispensed on nutrient agar plate at
density of 1x10% CFU/ml, previously re-
freshed in shaking incubator at 37 °C, 200
rpm in nutrient agar broth (Oxo0id-CMO0003).
Zinc Acetate Dihydrate (2 mM) and Amoxi-
cillin (standard antibiotic) (10 pg/ml) were
added in the experiment as negative and pos-
itive controls respectively. Samples were
dissolved in deionized water prior to experi-
ment. Each sterile filter disc placed on cul-
ture plate, was loaded with 10 mg/ml of
sample and incubated for 24 hrs at 37 °C.
Zones of inhibition (mm) were measured af-

terwards. Antibacterial assay was performed
in triplicates.

Statistical analysis

All statistical measurements were per-
formed in triplicates and analysed by Pareto
analysis of variance (ANOVA) with Dun-
cans multiple range test (Duncan, 1955).
Values in text and in figures were statistical-
ly analysed as mean = SD (standard devia-
tion). All the graphical analyses were done
by using OriginPro software. The probability
was considered to be significantly different
at the level of P<0.05 (95 %).

RESULTS AND DISCUSSION

Phytochemical investigation

A number of primary and secondary me-
tabolites (phytochemicals) have been report-
ed to perform primal role in the reduction of
metal ions to NPs. The selection of plants for
the purpose of NPs biosynthesis is mostly
based on their capacity to produce important
secondary metabolites that plays their re-
spective role as capping and reducing agents.
These capping and reducing agents stabilize
the NPs, thus helping them to avoid agglom-
eration. Ponarulselvam et al. (2012) selected
Catharanthus roseus for the evaluation of
vincristine and vinblastine as phyto-reducing
agents. Both were selected due to their po-
tential nematicidal activities. Similarly, Akh-
tar et al. (2016), reported that plectranthoic
acid inhibits proliferation of prostate cancer
cells by the activation of 5'’AMP-activated
kinase (AMPK). Present study reveals the
maximum production of TPC (11.3mg g
DW) and TFC (0.54 mg g'' DW) when treat-
ed with TDZ (2.0 mgL™") in case of CE. The
TPC and TFC for WPE were 6.1 mg and 0.5
mg g! DW, respectively (Figure 1B). Pres-
ence of sufficient amount of TPC and TFC
shows that Isodon rugosus can prove effi-
cient in ZnONPs biosynthesis.

UV-Vis analysis of ZnO NPs

Optical characterization of the ZnONPs
was carried out using UV-Vis absorption
spectrophotometer in the range of 300-700
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nm. Figure 1C shows characteristic spectra
of ZnONPs synthesized using CE and WPE
of Isodon rugosus. Dispersed ZnONPs ab-
sorbed the radiations approximately at 362
nm in case of CE mediated ZnONPs (C-
ZnONPs) and 382 nm in case of WPE medi-
ated ZnONPs (W-ZnONPs). Narrowing of
the peaks confirms the reduction of zinc ace-
tate into ZnONPs. Indramahalakshmi (2017)
and Jamdagni et al. (2016) also reported sim-
ilar characteristic peaks for ZnONPs. The
band gap energy of C-ZnONPs and W-
ZnONPs was 3.692 keV and 3.691 keV re-
spectively, representing characteristic ab-
sorption peaks of ZnONPs. This may be due
to the presence of different fractions of sec-
ondary metabolites in both CE and WPE,
which in turn resulted in shape variation in
ZnONPs. Similar findings were previously
reported by Manokari et al. (2016).

XRD results

X-ray diffraction determines phase purity
(crystalline nature), structural properties,
thickness of thin films and the atomic ar-
rangement of amorphous materials. In XRD,

X-rays penetration provide information
about overall structure of the material under
observation. Diffraction pattern given in
Figure 2A and 2B shows several peaks in the
range of 30-80° which corresponds to 100,
002, 101, 102, 110, 103, 200, 112, 201, 004
and 202 crystal planes, respectively. The da-
ta revealed crystalline hexagonal structure of
ZnONPs.

SEM and EDX results

SEM images of the biosynthesized
ZnONPs are shown in Figure 2 (C, D). It is
observed that alkaline pH results in shape-
dependent synthesis of ZnONPs. Higher pH
results in availability of large number of
functional groups for capping and stabiliza-
tion of NPs. The exact mechanism, however,
is difficult to grasp due to involvement of
large amounts of diverse phyto-reducing me-
tabolites. Current study revealed that C-
ZnONPs were irregular hexagonal shaped
(Figure 2C) while W-ZnONPs were roughly
triangular (Figure 2D). The stability and
morphology of ZnONPs were increased by
the combined effect of pH and reducing
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Figure 2: XRD and SEM analysis of ZnONPs where (A) XRD image of C-ZnONPs, (B) XRD image of
W-ZnONPs, (C) SEM image of C-ZnONPs and (D) SEM image of W-ZnONPs

Abbreviations: C-ZnONPs: callus derived naoparticles, W-ZnONPs whole plant derived nanoparticles
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agents (primary and secondary metabolites
of samples extract). Previous findings sug-
gested that the adjustment of pH was com-
pulsory for the stability of ZnONPs. The cur-
rent findings are well supported by the find-
ings of Song et al. (2009) and Amin et al.
(2012). Ghodake et al. (2010) reported simi-
lar findings that alkaline pH is responsible
for hexagonal and triangular shaped NPs. Al-
tering pH results in modification of the sur-
face charge upon the secondary metabolites
which alternatively affects their binding ca-
pacity and reduction potential of metal ions
during the synthesis of NPs (Kumar and

Full Scale 6139 cts Cursor; 0.000 ke

Yadav, 2008; Pereira et al., 2015). Sathish-
kumar et al. (2010) confirmed that alkaline
pH plays a major role in shape and size vari-
ations of NPs. Additionally, alterations in
shape and size of NPs may also occur due to
other parameters like reaction time, salt con-
centration, localization of NPs, and change
in functional molecules.

The chemical composition of ZnONPs
was confirmed by EDX-ray spectrum. The
EDX profile exhibits strong signals of zinc
and oxygen in both C-ZnONPs and W-
ZnONPs (Figure 3A, B), (Table 1).

Full Scale 6139 cts Cursor: 0.000 ke

Figure 3. EDX analysis ZnONPs showing the purity of zinc and oxygen ions in the samples (A) C-

ZnONPs, (B) W-ZnONPs

Table 1: Atomic percentage of zinc and oxygen in ZnONPs as obtained from EDX analysis

EDX analysis of CE and WPE

Element Weight Atomic %
Hexagonal ZnO NPS

OK 24 41 56.89
ZnK 75.59 43.11
Peaks possibly omitted : 0.275,1.745.3.692 keV

Triangular ZnO NPs

OK 21.89 53.37
ZnK 78.11 46.63
Peaks possibly omitted : 0.274,1.739, 3.691 keV

Total 100
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FTIR analysis

The FTIR spectra of ZnONPs (CE/WPE)
was observed in the range of wave-numbers
500-3500 cm™ to identify the functional
groups involved in the reduction and cap-
ping/stabilization of the synthesized NPs
(Figure 4). FTIR analysis confirmed the
presence of Zn-O bond in both C-ZnONPs
and W-ZnONPs due to the presence of peaks
at 893.71 cm™! and 886.04 cm ™!, respectively
(Pinto and Nazareth, 2016). ZnONPs showed
broad bands at 3375.54 cm! (C-ZnONPs)
and 3377.88 cm™! (W-ZnONPs) which was
attributed to the stretching vibrations of hy-
drogen bond (O-H) as reported by Thiruma-
valavan et al. (2013). Spectra at 1216.79
cm ! (C-ZnONPs) and 1216.81 cm™' (W-

ZnONPs) confirm C-N stretch bond of ali-
phatic amines. Peaks at 2360.81 c¢m™' (C-
ZnONPs) and 2359.57 cm™' (W-ZnONPs)
represent asymmetric C=0O stretching
(Shaikh et al. 2017).

These findings clearly demonstrate the
attachment of primary and secondary metab-
olites to the ZnONPs. Electrostatic forces be-
tween the negatively charged groups of or-
ganic molecules and positively charged zinc
ions are responsible for the binding of these
functional groups. This interaction makes
these NPs a perfect candidate for various ap-
plications such as drug delivery (Wang et al.,
2013) and study of biological interactions
(Song et al., 2009).
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Figure 4: FTIR spectra of powdered samples of (A) C-ZnO NPs, (B) W-ZnO NPs
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In vitro cytotoxicity screening against
HepG2 cell line

Suforhodamine B assay was used to
screen in Vitro cytotoxicity of extracts and
NPs using HepG2 cell line. lonic strength
and pH of NPs depend upon formation of
hydroxyl (OH") ions which directly influ-
ence the repulsion and attractions of particles
(Peng et al., 2017). Cells were treated with
200 pg/ml of ZnONPs (C-ZnONPs and W-
ZnONPs), CE and WPE for 24 hours. Our
results suggested that CE showed slightly
higher cytotoxicity (29.47 %) as compared to
WPE (31 %). Morphological changes were
also observed in both samples i.c., cells be-
came long and fibrous. On the other hand,
cell viability in C-ZnONPs was lower (23.92
%) as compared to W-ZnONPs (35 %).
Morphologically, cells became small and
round upon treatment of C-ZnONPs while
long and fibrous cells were observed in the
presence of W-ZnONPs. Najim et al. (2014)
also reported morphological changes induced
by cytotoxic ZnONPs on different cell lines
(U937, SH-SYSY, differentiated SH-SYS5Y,
and Hs888Lu). Morphological changes in
cells may affect their metastatic process in-
cluding substrate attachment, migration and
invasion (Brandhagen et al., 2013). DMSO
(1 %), used as a negative control showed
slight cytotoxicity and doxorubicin (positive
control) showed high cytotoxicity at 34 uM
concentration (Figures 5, 6).

Akhtar et al. (2012) reported cytotoxicity
of ZnONPs in HepG2 cells due to production
of reactive oxygen species. In spite of unique
physical and chemical properties of metallic
NPs, quantum size and shape also assist in
the field of therapeutics (Khan et al., 2017).
In present study, the surface charge ratio of
ZnONPs was pH dependent to absorb vari-
ous chemical clusters (-ZnOH?*', -ZnOH, -
ZnO"). In this regard, it was hypothesized
that surface orientation of ZnONPs allows

them to conjugate with protein targets or
chemical groups. Therefore, ZnONPs pos-
sess cytotoxicity towards cancer cells (Fig-
ures 5, 6). Literature suggests formation of
ROS as leading cause of cell death by apop-
tosis (Figure 7).

Our present findings suggest configura-
tional role of ZnONPs towards cytotoxicity.
It was established that callus derived hexag-
onal NPs (C-ZnONPs) showed high cell in-
hibition (% viability 23.92 %) as compared
to whole plant derived triangular NPs (W-
ZnONPs) in which cell viability was 35 %
(Supplementary Table 2). From FTIR and
SEM data, we concluded that this may be
due to difference in surface charge of sec-
ondary metabolites which eventually control
the bonding of NPs with cancer cells. Suresh
et al. (2018) supported similar results. They
reported that biologically synthesized hexag-
onal ZnONPs exhibit good cell inhibition
and viability against Daltons Lymphoma As-
cites (DLA).

Also, in vitro derived callus extract (CE)
showed cell viability of 29.47 % while whole
plant extract (WPE) showed 31 % cell via-
bility (Figure 6). The current findings are in
agreement with the results of Kamalanathan
and Natarajan (2018). They reported that po-
tency of callus was better than wild leaf ex-
tract sample against human breast cancer cell
line MCF-7. Literature review proved pres-
ence of commercially important anticancer
phenolics and triterpenoids i.e., plectranthoic
acid, limonene, rosmarinic acid, caffeic acid
(Abdel-Mogib et al., 2002; Akhtar et al.,
2016; Hossan et al., 2014; Hafidha et al.,
2018; Krishna et al., 2017). To the best of
our knowledge very little data is available
that compares the cytotoxicity of CE, WPE,
C-ZnONPs and W-ZnONPs against HepG2
cell line.
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Figure 5: Cytotoxic effects of ZNnONPs and extracts on HepG2 cells upon 24 hour treatment with 200
pg/ml concentration. Untreated cells, DMSO (solvent) and Doxorubicin (34 uM) were included as con-
trols. Microscopic images of HepG2 cells (treated and untreated). Magnification = 200X, Scale =
100 um. (A) Callus extracts (CE). (B) Callus derived ZnONPs (C-ZnONPs). (C) Untreated HepG2
cells. (D) Whole plant extracts (WPE). (E) Whole plant derived ZnONPs (W-ZnONPSs). (F) DMSO 1%
(negative control). (G) Doxorubicin 34 uM (positive control)
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Effect of ZnONPs on bactericidal activity
Literature reported the increased emer-
gence of drug resistant bacteria in the clinical
field directs the scientific community to look
for alternatives of antibiotics to minimize the
risk from bacterial infections. Essential oils
produced from Isodon rugosus consist of
complex mixture of volatile molecules such
as sesquiterpene, amorphene, germacrene-D,
triterpenoids, plectranthoic acid A and B, ac-
etyl plectranthoic acid and plectranthadiol.
These volatiles compounds potentially ex-
hibit bactericidal property against various
human pathogenic bacteria.  Similarly
Hussain et al. (2017) and Faleiro (2011) re-
ported the effectiveness of essential oils
against human pathogenic bacteria. The bac-
tericidal action of essential oils is linked to
its hydrophobicity, resulting in increased cell
permeability and subsequent leakage of cell
constituents. Permeability of ZnONPs and
their capability to bind with the cell mem-
brane generates reactive oxygen species
(ROS), thus enhancing the efficacy against

drug-resistant bacterial strains (Abinaya et
al., 2017). Our results (Figure 8A, B) were in
accordance with the data reported by Prema-
nathan et al. (2011). According to them, the
effects of ZnONPs were more potent against
Gram-positive bacterial strains as compared
to Gram-negative strains. Our evaluation of
potency of ZnONPs also revealed more po-
tent bactericidal activity against Gram-
positive S. epidermidis and B. subtilis as
compared to Gram-negative, K. pneumoniae
and P. aeruginosa, respectively (Table 2).

It was hypothesized that Gram-positive
bacteria possess specific cell wall compo-
nents that help in embedding ZnONPs within
the cellular wall. The presence of ZnONPs
within the walls results in cellular disintegra-
tion and leakage of internal components. In
case of Gram-negative bacteria, no such em-
bedding is observed hence only a small
amount of surface bound ZnONPs causes
partial leakage of internal contents.

B-CE

Figure 8: Antibacterial evaluation of Plant derived ZnONPs and extract (A-WPE) and Callus derived
(B-CE) ZnONPs and extract analysed by disc diffusion method, showing zone of inhibition against two
Gram-positive (Staphylococcus epidermidis, Bacillus subtilis) and two Gram-negative bacteria
(Klebsiella pneumoniae, Pseudomonas aeruginosa). Zone of inhibition were measured in mm, taking
sample concentration 10 mg/mL. Notes: Values (mean + SD) indicates of three experiments

Abbreviations: Abs, amoxicillin antibiotic; WPE, whole plant extract; W-ZnONPs, whole plant derived
zinc oxide nanoparticles; CE, callus extract; C-ZnONPs, callus derived ZnONPs; Zn acetate, zinc ace-

tate dihydrate salt; SD, standard deviation
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Table 2: Antibacterial activity of CE, WPE, C-ZnO NPs and W-ZnO NPs against two Gram-positive
(Staphylococcus epidermidis, Bacillus subtilis) and two Gram-negative (Klebsiella pneumoniae, Pseu-

domonas aeruginosa) bacteria

Bacteria
tested Zone of inhibition (mm)
Amoxicillin anti- C- W-
Znac- | biotic (10 pg/mi) CE(10 | ZnONPs | WPE (10 | ZnONPs
etate (mean * SD)
salt (2 mg/ml) (10 mg/ml) (10
mM) (mean * mg/ml) (mean * mg/ml)
CE WPE SD) (mean * SD) (mean *
(mean SD) SD)
* SD)
Gram positive
Staphylo-
coccus 20+1.21 | 21+£1.08 8+ 0.65 9+0.98 9+0.78 8+0.91
epidermidis
Bacillus - | 234228 | 22+1.06 | 10+1.18 | 11+1.58 | 8+0.69 | 10+1.01
subtilis
Gram negative
Klebsiella 1| 554087 | 21+098 | 7+057 | 9+0.95 7+0.63
pneumoniae
Pseudomo-
nas 18+1.23 | 16 +£0.82 8+0.22 10+ 0.34 8 +0.69
aeruginosa

Abbreviations: CE, callus extract; C-ZnONPs, callus derived ZnONPs; WPE, whole plant extract; W-
ZnONPs, whole plant derived zinc oxide nanoparticles; Zn acetate, zinc acetate dihydrate salt; SD,

standard deviation

Our findings endorse the idea of biocidal
effect of ZnONPs due to combination of var-
ious mechanisms such as ROS production in
response to zinc ions within the bacteria. Mi-
nor sensitivity of S. epidermidis, B. subtilis
compared to K. pneumoniae and P. aeru-
ginosa was due to fact that the outer layer of
Gram-positive bacteria is tightly packed due
to assembly of lipopolysaccharide (LPS) and
peptidoglycans. Furthermore, rational esti-
mation of decline in sensitivity may be due
to reduced stability of O2 materialization at
the surface and the decrease of pH value in
the medium (Tang and Lv, 2014) (Figure 9).

CONCLUSIONS

Our results conclude that Isodon rugosus
possesses essential bioactive compounds re-
sponsible for therapeutic properties of the
plant against microbial and cancer diseases.
The FTIR analysis revealed that capping of
ZnONPs was due to the phenolics, flavo-
noids, amino acids and amides that were col-

lectively involved in stabilizing ZnONPs.
SEM and EDX confirmed the hexagonal and
triangular shapes of C-ZnONPs and W-
ZnONPs, respectively. The hexagonal C-
ZnONPs were more effective against Gram-
positive bacterial strains as compared to
Gram-negative bacterial strains, while trian-
gular W-ZnONPs were found less effective.
The biocompatibility, stability and morphol-
ogy of ZnONPs generally depend upon the
pH at which they were synthesized. Cytotox-
icity of ZnONPs against HepG2 cell lines
was found to be morphology and surface
chemistry dependent. Based on enhanced bi-
ocompatibility, improved solubility and less
toxicity, the efficacy of ZnONPs synthesized
from Isodon rugosus in the field of medicine
could play a significant role in future. In the
light of current research, ZnONPs could be
developed as a potential next generation can-
cer treatment strategy. In order to do so, fur-
ther research must be carried out in order to
resolve the issue of cancer, a long-term
health hazard.
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tochondria (cell death), electrostatic forces, charge surface area, ultimately causing death of microbes
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