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ABSTRACT

Engineered semiconductor nanoparticles (CdS-NPs and CuO-NPs) are synthesized following wet chemical micro-
wave assisted techniques and opto-physically characterized (using UV-vis, FTIR, XRD, DLS and FESEM) for assurance
of standard nano quality. The accumulation of the prepared NPs in seedling ash in the form of metallic cataions is
studied using atomic absorption spectroscopy. Furthermore, genotoxicity (assessing micronuclei frequency in so-
matic cells and using comet assay) including cellular stress (accumulation of hydrogen peroxide and malondialde-
hyde as well as Evans blue uptake) and the extent of defense enzyme activation are also studied using plant species
(Coriandrum sativum L.; Apiaceae; spice and leafy vegetable yielding plant species of commerce) as host system.
Results suggest prevalence of cellular stress environment as well as genotoxicity irrespective of host defense en-

zyme activity. Toxicity of NPs can well be used for pharmacological application and drug designing.

Keywords: Comet assay; Coriandrum sativum, Micronuclei; Nanoparticles, Oxidative stress.

INTRODUCTION

Release of nanoparticles (NPs) in eco-environmental in-
ter-collegium through various natural processes and an-
thropogenic activities (Nowack and Bucheli., 2007; Ter-
vonen et al., 2009, Lidén., 2011) impose a serious threat
on biotic community following generation of highly re-
active molecules including superoxides and various re-
active oxygen species in the form of oxidative stress
(Fahmy and Cormier., 2009). Cellular stress due to NPs
induced dysregulation of ionic equilibrium in the host
cytoplasm results in deviation of normalized cellular
processes, DNA damage and cellular toxicity (Manke et
al., 2013; Ali et al., 2015) affecting overall health of the
biological system. Stress induction and genotoxicity due
to NPs are studied mostly in animal models and cell lines
(Ghosh et al., 2010; Dobrzynska et al., 2014; Valencia-
Quintana et al., 2016) but rarely in plant species (Ven-
tura et al., 2013; Das et al., 2017). Rooted plants as the
immediate site of interaction with soil deposited NPs,
can be used as efficient models (due to their cost effec-
tivity and applicational simplicity) for determination of
nanomaterial mediated stress and toxicity. Nanotoxicity
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can be effectively explored against human pathogenic
bacteria as an application in pharmacological sciences
and drug designing (Kumbhakar et al., 2017). With the
view to it, present investigation is designed to assess the
stress generation potentiality of cadmium sulphide
(CdS) and copper oxide (CuO) NPs (wet chemical synthe-
sized and opto-physical characterized) and subsequent
antioxidant responsiveness by the host (Coriandrum sa-
tivum L. Family: Apiaceae; spice and leafy vegetable
yielding plant species of commerce with immense ther-
apeutic uses—Pathak et al.,, 2011; Rajeshwari and An-
dallu.,, 2011) and genotoxicity (assessing micronuclei
frequency in somatic cells and using alkaline comet as-

say).
MATERIALS AND METHODS
Germplasm source

Seeds (moisture content: 13.60%; seed size: length-5.04
+ 0.13 mm, breadth—3.47 + 0.08 mm; seed color as-
sessed from RAL color chart: Sand yellow-RAL-1002-
198-166-100) of Coriandrum sativum L. (Family:
Apiaceae) were obtained (as breeder’s seeds) from
Pulses and OQil Seeds Research Station, Department of
Agriculture, Govt. of West Bengal, Berhampore,
Murshidabad.

Preparation of nanoparticles (NPs)

CdS-NPs were prepared following the methodology
adopted by Halder et al. (2015). For the purpose, NPs
were wet chemically co-precipitated by regulating the
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reaction kinetics of cadmium acetate [(CH3COO),Cd, AR
grade—source of Cd*?] and sodium sulphide (NaS;9H,0,
AR grade—source of S*) within the SDS (Sodium dodecyl
sulphate) capping closed system.

For synthesis of CuO-NPs, a wet chemical-microwave as-
sisted technique was optimized. For the purpose, am-
monium hydroxide (10.0%— AR grade) solution was
added (drop wise) into copper chloride solution (0.01 M,
AR—grade) following continuous stirring for 4 h. Result-
ant suspension was microwaved for 10 mins under me-
dium power mode at 230 Volt—800 Watt. Development
of blackish coloration of the suspension is the indicator
of the growth of CuO-NPs.

Bulk CdS and CuO were prepared by the respective
methods without the application of capping agents (so-
dium dodecyl sulphate-SDS).

Characterization of the prepared NPs

Both the synthesized NPs were opto-physically charac-
terized using UV—visible (UV-vis, Shimadzu UVPC-1601)
and fourier transform infra-red (FTIR, Jasco FT/IR-6300)
spectrometers, X-ray diffractometers (XRD, Shimadzu
LabX, A=1.5406 A, 26 from 10°-80°), dynamic light scat-
tering analyzer (DLS, Delsa™ Nano C, Beckman Coulter)
and field emission scanning electron microscope
(FESEM, JEOL JSM-7600F) for assurance of nano quality.

For FTIR analysis, powdered NPs were diluted in KBr (IR—
grade). From X-ray scattering plot, size of nano crystal
(Dnw) was estimated using Debye— Scherrer equation
(Dnu = kA/BcosB, where A = wavelength of Cu K, radia-
tion, B = full width of half maximum intensity, 6 = dif-
fraction angle of considered diffraction peak and k =
shape factor constant). For nano crystal morphology,
FESEM scanning was performed on a dropped dried NPs
mounted carbon coated copper grid (TED PELLA
INC.USA).

Bulk CdS and CuO were oven dried (802 *+ 19C) and the
size measurements were performed using stereo micro-
scope (Stereo Zoom® Leica S8 APO).

Treatments

Dry seeds of C. sativum were exposed to CdS- and CuO-
NPs (0.25, 0.50 and 1.00 pg/ml, 2 and 4 h durations). Dry
control and bulk CdS and CuO controls (0.25 pg/ml, 2 h)
were kept for assessment. Doses were selected after pi-
lot trials.

Assessment of CdS- and CuO-NPs uptake in seedlings

A weight of 0.02 g ash (15 days old seedling, dried at
4009C for 24 h) from each treatment including bulk con-
trols was digested in 25 ml tri-acid mixture (70.4% nitric
acid:96.0% sulphuric acid:61.3% perchloric acid::3:3:1)
following volume reduction to 5 ml under a fume hood
(802C). Acid digested solutions were cooled to room
temperature (272 + 12C) and were diluted upto 25 ml
using deionized water. Diluted samples were filtered us-
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ing Whatman filter paper (No. 42) and crystal clear solu-
tions were used for Atomic absorption spectroscopic
analysis (Spectra AAS 240, Agilent technologies; detec-
tion wavelength 326.1 nm and 324.7 nm for Cd?* and
Cu? respectively).

Assessment of stress induction by NPs
Root cell viability estimation

Root cell viability was assessed following Evans blue test
(Tamas et al., 2004). For the purpose, roots from each
treatment including controls were cut and dipped in
0.2% (w/v) dye solution for overnight at room tempera-
ture (27° + 1°C). Stained roots were washed in ddH,0 for
removal of loosely attached stain from root surfaces.
Root tips were subsequently cut and incubated in N, N
dimethyl formamide solution (1000 pl) for overnight at
4°C. After incubation, released dye (Evans blue) was es-
timated spectroscopically at 600 nm and the data ob-
tained were represented as percent of control (un-
treated control).

Measurement of endogenous hydrogen peroxide
(H:0;)

H,0, accumulation in treated seedlings was measured
according to Brennan and Frenkel (1977). For the pur-
pose, 10 days old seedlings (0.2 g) from each treatment
(including control) were homogenized in 5 ml chilled ac-
etone and filtered using Whatman Filter Paper (No.42).
Reaction mixture was prepared by 250 pl filtrate mixed
with 250 pl titanium reagent (20% titanium tetrachlo-
ride in concentrated HCl—v/v) and 500 pl ammonia wa-
ter (concentrated). Resultant reaction mixture was then
centrifuged at 7000 rpm (30 min). Precipitates were dis-
solved in 2 N sulphuric acid. H,0, content was recorded
from the optical density measured for each final suspen-
sion at 415 nm.

Measurement of Malondialdehyde (MDA)

Endogenous MDA content in NPs treated seedlings was
quantified as per Heath and Packer (1968). For the
study, about 0.2 g seedlings (10 days old) from each
treatment (including control) were homogenized in 80%
ice-cold ethanol and centrifuged at 6000 rpm for 15
mins. Supernatants were collected with trichloro-acetic
acid (20%) solution containing thiobarbituric acid (5%
w/v). Resultant mixtures were heated in water bath at
90°C for 1h and immediately transferred to ice-bath. Ice
cooled samples were re-centrifuged at 6000 rpm for 5
mins and optical density was recorded at 532 and 600
nm.

Anti-oxidant enzyme responses

Extraction and estimation of ascorbate peroxidase
(APX)

Extraction

APX enzyme [EC 1.11.1.11] extraction was accomplished
by homogenizing 0.4 g frozen seedlings (10 days old) in
potassium phosphate buffer (50 mM, pH 7.8) consisting
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Figure 1: UV-Vis absorption plots (a-b) and FTIR plots (c-d)

4 mM ascorbate, 2 mM ethyldiaminetetracetic acid
(EDTA), 2 mM dithiothreitol (DTT) and 2% w/v polyvi-
nylpyrrollidone (PVP). Total soluble protein content in
seedlings was estimated following Lowry et al. (1951)
using BSA (Bovine Serum Albumin) as standard curve.

Estimation

APX reaction kinetics was measured as per Nakano and
Asada (1981). For the purpose, 800 ul potassium phos-
phate buffer (50 mM, pH 7.0), 200 pl EDTA (1 mM), 760
ul ascorbate (1 mM) and 40 pl H,0, were used for prep-
aration of 1.8 ml pre-reaction mixture. Oxidation reac-
tion was initiated by introducing 100 pl enzyme extract
into the pre-reaction solution. APX kinetics was esti-
mated by measuring decrease in absorption efficiency
at 290 nm (€=2.8 mMcm). Reactivity was represented
as pumol ascorbate oxidized under unit time and per mg
of protein (min/mg protein).

Extraction and estimation of Monodehydroascorbate
reductase (MDAR), glutathione reductase (GR) and to-
tal superoxide dismutase (tSOD)

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences

Extraction

For enzyme extraction, 10 days old frosted (-42C) seed-
lings (0.4 g) were homogenized in 1.5 ml chilled potas-
sium phosphate buffer (pH 7.8; consisting 2 mM EDTA,
2 mM DTT and 2.0% PVP). Resultant suspensions were
centrifuged at 15000 rpm for 30 mins at 4°C. Clear su-
pernatants were used for estimation of enzyme activity.

Estimation of enzyme kinetics
MDAR

MDAR [EC 1.6.5.4] activity was measured as per Miyake
and Asada (1992). MDHA was measured spectroscopi-
cally by reading the absorbance at 265 nm. For the
study, reaction mixture was prepared using 340 ul
HEPES-KOH buffer (50 mM, pH 7.6), 60 pl NADPH (0.1
mM), 560 pl ascorbate (2.5 mM) and 20 ul enzyme ex-
tract. MDAR activity was represented as pumol NADPH
oxidized under unit time and mg of protein (min/mg
protein).
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Figure 2: X-ray diffraction patterns showing crystal faces of NPs (a-b); DLS plots demonstrating particle size
distribution (c-d); FESEM manifesting nanocrystal morphology (e-f)

GR

GR [EC 1.8.5.1] reactivity was measured following Carl-
berg and Mannervik (1985). For GR activity, pre-reaction
mixture (comprising of 750 ul 0.2 M potassium phos-
phate buffer, 2 mM EDTA, 75 ul 2 mM NADPH and 75 pl
20 mM oxidised glutathione; pH 7.0) was prepared and
enzyme extract (100 pl) was added to it. Reduction in
absorbance was recorded at 340 nm for 2 mins. GR re-
action kinetics was estimated using extinction coeffi-
cient of NADPH as 6.2 mM*cm™.

tSOD

Total SOD [EC 1.15.1.1] activity was monitored accord-
ing to Beyer and Fridovich (1987). For the purpose,
about 1000 pl of pre-reaction mixture was preparedby
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using 880 ul potassium phosphate buffer (50 mM), 50 pl
L- methionine (10 mM), 30 ul nitroblue tetrazolium-NBT
(60 uM), 30 pl Triton-X 100 (0.05 %) and 20 pl enzyme
extract. Enzymatic reaction was initiated by adding
0.05% riboflavin and the resultant solutions were ex-
posed to 20 W fluorescent lamp (10 mins). Sample ab-
sorbance was recorded at 560 nm. SOD activity was rep-
resented as unit (1 unit equals to Isp—50% inhibition of
NBT reduction by SOD) per mg of protein (U/mg pro-
tein).

Extraction and estimation of glutathione S-transferase
(GST)

Extraction

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences
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Figure 3: NPs accumulation in seedling ash in the form of metallic cataions (a-b)

Enzyme (EC 2.5.1.18) extraction is performed from 0.4 g
frosted seedlings grounded in 1000 pl extraction buffer
[potass ium phosphate buffer (0.1 M, pH 7.0) compris-
ing EDTA and PVP]. Resultant solution was centrifuged
at 15000 rpm at 4°C for 15 mins. Clear supernatants
were used for assessment of enzyme kinetics.

Estimation

GST enzyme was quantified as per Aebi (1983). For the
purpose, pre-reaction solution was prepared by mixing
1.78 ml potassium phosphate buffer (50 mM, pH 7.5)
and 20 pl 1-chloro-2,4-di nitrobenzene (cDNB, 1 mM).
Reaction was triggered following addition of reduced
glutathione (GSH, 1 mM) and 100 ul enzyme extract. Op-
tical density was recorded at 340 nm for measurement
of GST activity.

Assessment of genotoxicity
Study of micronuclei from root tip cells

Control and treated (5 roots in each case) root tips
stained in 9:1 aceto-orcein — HCI mixture following hy-
drolysis were assessed to ascertain frequency of micro-
nuclei in resting cells as suggested by Ghosh et al.
(2017).

Measurement of tail DNA from comet assay

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences

Genotoxic potentiality of CdS- and CuO-NPs was esti-
mated using alkaline comet assay (Pourrut et al., 2015)
from root tip nuclei. Per cent of tail DNA were measured
by “Komet 4” software. Three replicas for each treat-
ment (including dry and bulk controls) were kept under
assessment (data pooled over the replicas).

Statistical analyses

Duncan’s Multiple Range Test (IBM® SPSS Statistics Soft-
ware) was used to assess significant variation (p<0.05)
between mean values of controls and treatments for
different parameters namely, root cell viability, oxida-
tive stress, antioxidant enzymes and tail DNA. Length of
tail DNA was converted to percentage in relation to re-
spective undamaged nuclei head.

RESULTS AND DISCUSSION
Characterization

CdS- and CuO-NPs show definite visible absorption
edges drawn from intensity maxima at 512 nm and 538
nm respectively (Fig. 1a-b). Sharp increase in spectrum
absorbance towards lower wavelength region reveals
blue-shifting phenomenon attributing to the reduced
nanocrystal sizing effect for both the studied NPs
(Duchaniya., 2014; Dagher et al., 2014). Infra-red trans-
mission efficiency patterns exhibit multiple inverse peak
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Figure 4: CdS- and CuO-NPs mediated stress in host. Evans blue uptake (a-b); H,0, accumulation (c-d);

MDA production (e-f)
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depression at 450-550 (Cd-S bonding), 1158-1422 (S-O
bonding), 1526-1640 (S-H bonding) and 3400-3648 cm!
(O-H stretching) wavelength regions for CdS-NPs (Fig.
1c) and 460-628 (Cu-O stretching), 1120-1280 (O-H
bending vibration), 1580-1730 (C=0 stretching bonds, C-
H vibration) and 3240-3568 cm™ (O-H stretching) spec-
trum regions for CuO-NPs (Fig. 1d) documenting differ-
ential bonding nature participating in nanocrystal for-
mation. X-ray diffractogram of CdS-NPs records broad
scattering peaks at 26 values of 26.779, 43.762, 51.592
demonstrating existence of (1, 1, 1), (2, 2, 0) and (3, 1,
1) nanocrystal faces (Fig. 2a); while X-ray scattering plot
of CuO-NPs exhibits sharp intense peaks at 35.669,
38.6192, 49.099 (Fig. 2b) confirming persistence of reflec-
tion from (1, 1, 1) and (2, 0, 2) crystal planes. Study of
particle brownian motion under DLS reveals mean hy-
drodynamics diameters of CdS- and CuO-NPs measured
to be 36.0 £ 9.3 nm (range: 27.9 to 115.7 nm) and 98.0

748

+ 25.0 nm (71.9 to 340.5 nm) respectively (Fig. 2c-d).
Low polydispersity index value (CdS-NPs: 0.497; CuO-
NPs: 0.156) confirms monodispersion nature (Saha et
al., 2011; Masarudin et al., 2015) of both the prepared
nanosuspension. Surface scanning of CdS-NPs following
field emission scanning electron microscope visually es-
tablishes spherical nature of solid nanocrystals (Fig. 2e);
while study involving CuO-NPs exhibits elliptical to oval
shaped nanoparticles (Fig. 2f). Size of both the NPs un-
der FESEM (CdS-NPs: 20.0 to 80.0 nm; mean: 42.76 +
14.28 nm; CuO-NPs: 10.0 to 90.0 nm (mean: 57.86 +
18.79 nm) is nearly corroborating with DLS results. The
size of bulk CdS and CuO is 13.6 + 7.3 um and 28.8 £ 9.8
pum respectively.

Study comprising opto-physical characterization of the
engineered nanomaterials highlights quality of the pre-
pared materials in the nanoscale dimension.

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences
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NPs accumulation in seedlings

CdS and CuO-NPs accumulation (ug/g) in seedlings (Fig.
3a-b) is dose dependent (detected in the form of metal-
lic c ations). Taylor et al. (2014) opined that dose de-
pendent uptake of NPs is due to passive entry of the na-
nomaterials in the biological system. Low amount of ac-
cumulations is also observed in bulk controls. NPs size,
chemical nature, surface charge potentiality and mono-
disperse nature of nano-suspension are the contributing
factors for passive uptake and accumulations of NPs in
host system (Rico et al., 2011; Kettler et al., 2014). In the
present investigation, uptake of nanomaterials is higher
in 4 h treatment than 2 h. On comparative basis, lower
doses (0.25 pg/ml and 0.50 pg/ml, 2 h) of CdS-NPs show
enhance uptake than CuO-NPs which can be attributed
to particle sizing effect. However in higher doses (1.00

ug/ml, 4 h), uptake of CdS-NPs is less than CuO-NPs and
it can be possibly due to higher agglomeration potenti-
ality of CdS-NPs. Therefore, nano-crystal stability in the
capping suspension is an important contributing factor
of NPs uptake. NPs uptake is essential for bio-reactivity.

Oxidative stress induction by NPs
Root cell viability

NPs mediated root cell mortality is studied following en-
hance uptake of Evans blue and is found dose depend-
ent and significant (p<0.05) in both the NPs treatments
compared to controls (Fig. 4a-b). Enhance uptake is in-
dicative of cellular stress. Plant under stress condition
stimulates cell wall lignification resulting in root growth
inhibition (Passardi et al., 2005).

Oxidative stress

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 749
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In relation to controls, accumulation of H,0O, in CdS- and
CuO-N Ps treatments (Fig. 4c-d) is significant (p<0.05)
and mostly dose dependent (excepting CuO-NPs: 0.50
pug/ml and 1.00 pg/ml, 4 h). Higher H,0, generation in
treatments suggests generation of reactive oxygen spe-
cies (ROS) in the cellular system. More or less similar re-
sponse is also noted for MDA accumulation in seedlings.
Enhancement in subcellular MDA production compared
to controls (Fig. 4e-f) highlights NPs mediated lipid pe-
roxidation in tissue system resulting in loss of plasma
membrane integrity (Oliveira and Schoffen., 2010) and
subsequent induction of adverse effect on over all cellu-
lar health.

Antioxidant enzyme responses

In relation to controls, APX activity is dose dependent in
both CdS- and CuO-NPs (Fig. 5a-b) and show significant
(p<0.05) enhancement suggesting successful activation
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of initial step associated with ascorbate pool recycling
(Massot et al., 2013). At comparable doses, CuO-NPs ex-
hibit more pronounced APX kinetics than CdS-NPs. Re-
sults show near collinearity among the attributes like,
nanoparticles uptake, H,O, accumulation and APX activ-
ity for both the studied NPs. Compared to controls, ele-
vation in tSOD activity (Fig. 5c-d) is found significantly
(p<0.05) higher in 0.50 pg/ml and 1.00 pg/ml, 4 h CdS-
NPs and 0.50 pg/ml and 1.00 pg/ml, 2 and 4 h CuO-NPs.
CuO-NPs show relatively enhance tSOD activity than
CdS-NPs at comparable doses. Increase in cellular tSOD
concentration in NPs treatments (higher doses) demon-
strates potential activation of secondary defense re-
sponse mediated host protection network (Ishiga et al.,
2009). MDAR activity is found insignificant between
controls and NPs treatments (Fig. 5e-f) suggesting insuf-
ficient conversion of oxidized ascorbate to its reduced
form and subsequent persistent of cellular stress

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences



(Eastmond., 2007). Compared to controls, GR activity
enhances only in the highest employed concentration
(1.00 pg/ml) of both the durations of CdS- and CuO-NPs
(Fig. 6a-b); while, elevation in GST kinetics (Fig. 6c-d) is
found in 1.00 pug/ml, 2 h CdS-NPs and in all doses of 4 h
treatments (including 1.00 ug/ml, 2 h of CdS-NPs).

Assessment of five antioxidant enzyme kinetics high-
lights disproportionate functioning of defense mecha-
nism indicating prevalence of stress environment in the
host. CuO-NPs is found to trigger relatively enhance de-
fense response than CdS-NPs which is however, con-
trary with the size of synthesized NPs. This signifies that
possibly smaller sized nanoparticles possess high ten-
dency of agglomeration in the cellular environment.

Genotoxicity

Prevalence of oxidative stress in the cellular environ-
ment damages both chromosome and DNA (Khanna et
al., 2015). Micronuclei formation in somatic cell high-
lights chromosomal damage; while, tail DNA percentage
assessed from comet assay is attributed to DNA double
strand breakage.

Detection of micronuclei

Micronuclei (Fig. 7a-c) both condensed and uncon-
densed types (mostly 1 and very rarely 2) of variable
sizes (range: 1.71 um to 3.26 um) are found to occur in
different doses of CdS-NPs (0.50 pg/ml, 2 h to 1.00
pg/ml, 4 h; range — 0.15% to 0.49%) and CuO-NPs (1.00
pug/ml, 2 h to 1.00 pug/ml, 4 h; range — 0.11% to 0.55%).
No micronuclei could be detected in resulting cells of
controls and initial doses of NPs treatments. Micronu-
clei are the outcome of chromosomal breakage in the
dividing phase of cell division and their size and number
are reflection of the extent of breakage (Evans et al.,
1959; Kumbhakar et al., 2016).

Measurement of DNA double strand break

Double stranded DNA break is measured from tail DNA
percentage following alkaline comet assay (Pourrut et
al., 2015; Santos et al., 2015). Although controls (dry
control — 1.25% * 0.12; CdS-bulk — 1.87% + 0.19; CuO-
bulk — 1.68% + 0.21) show tail DNA, percentage of tail
DNA (Fig. 8a-d) is significant (p<0.05) mostly in treat-
ments (0.50 pug/ml, 2 h to 1.00 pg/ml, 4 h). Tail DNA per-
centage among the treatments is found to vary from
3.41% £ 0.29 t0 16.22% + 1.56 in CdS-NPs and 2.87% +
0.37 t0 18.47% + 1.07 in CuO-NPs.

CONCLUSION

Results suggest that oxidative stress though triggers de-
fense reaction in host, NPs mediated cellular stress en-
vironment persists resulting in DNA damage (Xi et al.,
2004). Such damage can bring about genome alteration
(Vidal et al., 2001; Nel et al., 2006) and can be fixed into
mutation (Singh et al., 2009; Langie et al., 2015). Fur-
thermore, NPs mediated toxicity assessment can be po-
tentially used to inhibit growth and cell division of hu-
man pathogenic microorganisms (Shrivastava et al.,
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2007; Kumbhakar et al., 2017) suggesting the role of na-
nomaterials in pharmacological applications.
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