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Abstract

Zinc-oxide nanoparticles (ZnO-NPs) synthesized from plant extracts are considered to possess superior biological activities
compared to chemically synthesized nanoparticles and are of immediate interest to pharmaceutical and agriculture
industries. The current study reports the green synthesis of ZnO-NPs from the aqueous leaf extract of Simarouba glauca for
the first time. The physico-chemical characterization revealed hexagonal shaped nanoparticles with a size of ~ 17 to
37 nm calculated by Scherrer’s formula with a purity of 98.51%. The FT-IR results confirmed that functional groups
present in the plant extract had coagulated well to form a metal oxide during the synthesis process. The antioxidant
potential of green synthesized ZnO-NPs evaluated by different methods revealed significant (p < 0.05) radical scavenging
activity (5% to 59%) with ICs value falling between 400 and 500 pg mL~' among the test methods. The green syn-
thesized nanoparticles also inhibited the mitotic cell division up to 17.46% with increase in concentration. Further, the
haemolytic assay by spectroscopic analysis affirmed the biocompatible nature of the nanoparticles which was also evi-
denced through SEM studies. The present findings indicate that the green synthesized ZnO-NPs from S. glauca possess
antioxidant and antimitotic properties apart from possessing biocompatible nature to RBCs thereby warranting in vivo
studies.
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Introduction

Nanotechnology is a multidisciplinary field which includes
all the branches of science and presently gaining impor-
tance in the field of pharmaceuticals. Nanotechnology
mainly involves materials capable of manipulating prop-
erties of a substance at the molecular level [1]. At present,
nanotechnology is rapidly expanding its area of research
due to its broad range of applications in various disciplines
primarily in medicines [2]. Nanoparticles are presently
synthesized through physical, chemical, hybrid and bio-
logical methods [3, 4]. The physico-chemical techniques
employed for the synthesis of nanoparticles have their
drawbacks due to the use of toxic chemicals compared to
the biosynthesis methods. Therefore the development of
reliable, non-toxic and eco-friendly methods for the syn-
thesis of nanoparticles is of utmost importance to expand
their biological applications [4].

Among the metal oxide nanoparticles, zinc oxide
nanoparticles (ZnO-NPs) are accepted globally due to their
unique optical, electrical and biological properties [2, 5]. It
has been noted that biosynthesized ZnO-NPs are more
efficient in biological applications than chemically
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synthesized ZnO-NPs and is also listed in U.S. FDA
(21CFR182.8991) as a safe drug [6, 7]. The undesirable
effects of chemically synthesized nanoparticles have paved
the way for plant-mediated biosynthesis of nanoparticles
due to its stable and eco-friendly nature apart from their
enhanced biological properties compared to chemically
synthesized ones.

In recent years, aqueous plant extracts like Aloe vera,
Allium sativum, Rosmarinus officinalis, Ocimum basilicum,
Jacaranda mimosifolia, Ceropegia candelebrum, Car-
diospermum halicacabum, Cassia alata, Laurus nobilis,
etc., have been effectively used for the synthesis of ZnO-
NPs which possess biological activities such as antimi-
crobial, antimitotic, antioxidant, anti-inflammatory and
cytotoxic activities [2, 6-11]. The species of Simarouba are
well known for its vast pharmacological properties as they
possess many bioactive chemical constituents (glaucarubin,
quassinoids, simaroubidin, simarolide, simarubin) which
are mainly involved in hemostatic, anthelminthic, antipar-
asitic, antidysenteric, antipyretic and anti-cancerous prop-
erties [12, 13]. Among the Simarouba species, S. glauca is
one of the pharmacologically important plant as it is used
to cure fever, malaria, stomach and bowel disorders,
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hemorrhages, amoebiasis, analgesic, antimicrobial, etc.
[13]. Hence, due to its vast ethnopharmacological proper-
ties, the current study was carried out to green synthesize
ZnO-NPs using aqueous leaf extract of S. glauca and to
evaluate its bioactive potential.

Materials and Method
Collection of Plant Material

The healthy leaves of Simarouba glauca DC. was collected
from the Western Ghats [Madikeri (12.41°N 75.73°E,
elevation 1129 m)], Karnataka, India and identified with
the help of Flora of Presidency of Madras [14].

Green Synthesis of Zinc Oxide Nanoparticles
from S. gluaca

The collected leaf material of S. glauca was brought to the
laboratory, washed thoroughly with sterile distilled water
(SDW) and used for the synthesis of ZnO-NPs as reported
in our previous studies [2]. In brief, 50 g of leaf material
was extracted with 100 mL of SDW and filtered through
Whatman No.1 filter paper. Approximately 50 mL of the
filtrate was boiled to 60—80 °C on a magnetic stirrer and 5
gm of zinc nitrate hexahydrate was added and stirred until
the mixture becomes a paste. The extract was collected in a
ceramic crucible and combusted at 300 °C for 2 h in a
furnace and the resulting powder (ZnO-NPs) was used
throughout the study. Gas Chromatography-Mass Spec-
trometry (GC-MS) analysis of the aqueous extract was
also carried out using Shimadzu GC-MS (Model
QP2010S, Japan) to determine the phyto-constituents.

Characterization of Green Synthesized ZnO-NPs

The spectral analysis of green synthesized ZnO-NPs was
carried out by measuring the optical density (OD) using
Beckman Coulter, (DU739, Germany) scanning UV-Vis
Spectrophotometer operated at a resolution of 1 nm
between 200 and 800 nm. X-ray Powder Diffraction
(XRD) patterns of the ZnO-NPs was performed on a
Rigaku Desktop Miniflex II X-ray powder diffractometer
with Cu ko radiation, (A =1.5406 A°) as the energy
source. The diffracted intensities were recorded between 20
and 80° at 20 angles. Maximum peak positions were
compared with the standard files to identify the crystalline
phase and the size of the particles was calculated using
Scherrer’s formula. Scanning electron microscopic (SEM)
images of the ZnO-NPs was captured using HITACHI (S-
3400 N, Japan) with 5 kV acceleration voltages. The
energy dispersive spectroscopy (EDS) analysis was carried

out on a HITACHI (Noran System 7, USA) system
attached to SEM for the detection of metal ions present in
ZnO-NPs. The Fourier Transform- Infrared (FT-IR) Spec-
troscopy was performed to note the changes in the binding
properties in attenuated total reflection mode between the
spectral range of 4000-400 cm™' with a resolution of
4 cm™ .

Antioxidant Potential of Green Synthesized ZnO-
NPs from S. gluaca

Different radical scavenging methods were employed to
study the antioxidant potential of green synthesized ZnO-
NPs from S. glauca at various concentrations (100 to
500 pug mL™") (sonicated to avoid the agglomeration). The
absorbance was measured spectrophotometrically against
the related blank solutions. Each experiment was repeated
thrice with appropriate control. The percentage of radical
scavenging activity (RSA) was calculated using the fol-
lowing formula

Absorbance of Control — Absorbance of Test sample

RSA (%) = x 100

Absorbance of Control

DPPH Radical Scavenging Activity

The DPPH free radical scavenging activity of green syn-
thesized ZnO-NPs was carried out following the method of
Serpen et al. [15]. About 3.5 mL of DPPH (0.1 mM) in
methanol was taken containing different concentrations of
ZnO-NPs and incubated at 37 £ 2 °C for 30 min under
dark conditions. After incubation, the absorbance was read
at 517 nm.

ABTS Radical Scavenging Assay

The ABTS free radical scavenging activity was carried out
following the method of Shalaby and Shanab [16]. The
ABTS solution was prepared by mixing 1:1 ratio of
2.45 mM potassium persulphate and 7 mM ABTS stock
solution and kept overnight in the dark and diluted with
methanol to maintain the absorbance at 734 nm after
incubation. To 0.3 mL of different concentration of ZnO-
NPs about 2.7 mL of ABTS solution was added and mixed
thoroughly. The reaction mixture was incubated for 20 min
under dark and the absorbance was read at 734 nm.

Hydrogen Peroxide Scavenging Assay
The ability of green synthesized ZnO-NPs to scavenge
hydrogen peroxide was estimated following the method of

Ruch et al. [17]. About 1 mL of different concentrations of
ZnO-NPs was mixed thoroughly with 2 mL of hydrogen
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peroxide solution (40 mM in phosphate buffer, pH 7.4).
The reaction mixture was incubated for about 10 min and
the absorbance was read at 230 nm.

Superoxide Radical Scavenging Assay

The superoxide radical scavenging assay was carried out
following the method of Nishikimi et al. [18]. To 2 mL
DMSO mixture (containing 5 mM NaOH on 0.1 mL
water), 0.6 mL of different concentrations of ZnO-NPs was
added along with 0.2 mL of nitroblue tetrazolium (NBT)
(1 mg mL™"). The reaction mixture was incubated for
about 10 min and the absorbance was read at 560 nm.

Antimitotic Nature of Green Synthesized ZnO-
NPs from S. gluaca

The genotoxicity of green synthesized ZnO-NPs was
determined using onion (Allium cepa L.) assay following
the method of Fiskesjo [19]. In brief, onion bulbs with
fresh roots (4-5 day-old) were exposed to different con-
centrations of ZnO-NPs (100 to 500 pg mL™") and incu-
bated for 24 h at 25 £ 2 °C. The root tips exposed to

Fig. 1 Possible mechanism of
formation of ZnO-NPs from
Simarouba glauca aqueous leaf
extract
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methotrexate and SDW served as positive and negative
control, respectively. The incubated root tips (0.5-1.0 cm)
were excised, washed with SDW and fixed in Carnoy’s
solution II (6:3:1 ratio of alcohol: chloroform: acetic acid)
for 24 h. The fixed root tips were taken on a clean watch
glass, stained with 2% aceto orcein and 1 N HCI and
warmed under a spirit lamp and kept for 1 h. The stained
root tips were squashed using 45% acetic acid on a clean
glass slide and observed for cell division and chromosomal
abnormalities under a microscope. The experiment was
repeated thrice and 10 microscopic fields were observed for
each replicate. The mitotic index of all the treatments was
calculated using the formula:

Number of Dividing Cells
Total number of Cells

Mitotic Index (%) = x 100

Fluorescence Microscopic Analysis

Control and treated A. cepa root tips were excised and
treated with 1 N HCI for 2-3 min for hydrolysis of cell
wall followed by repeated washings with SDW. The
excised root tips were stained with nucleic acid specific

+ Zn(N03)2

Calcination

Zn0O

. NO, + O,
nanoparticles
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Fig. 2 The UV-absorption spectra (a) and energy band gap (b) of green synthesized ZnO-NPs from Simarouba glauca

stain acridine orange and propidium iodide (10 mg mL ™"
in phosphate buffer) and incubated for 10 min under dark
conditions. The stained root tips were squashed and
observed for cell division and chromosomal abnormalities
using Fluorescence microscope. The experiment was
repeated thrice and 10 microscopic fields were observed for
each replicate.

Biocompatible Nature of Green Synthesized ZnO-
NPs from S. gluaca

The biocompatible nature of green synthesized ZnO-NPs
was carried out by haemolytic assay on human red blood
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Fig. 3 X-ray Powder Diffraction analysis of green synthesized ZnO-
NPs from Simarouba glauca

corpuscles (RBCs) according to the method of Surendra
et al. [20] with some modifications. In brief, about 10 mL
of blood sample (from healthy volunteers) was collected
and centrifuged (1500 rpm for 5 min). The pellets (ery-
throcytes) were washed repeatedly with phosphate buffer
saline (PBS) (pH 7.4) and resuspended again in PBS to
give 5% hematocrit. For the haemolytic assay, various
concentrations (100 to 500 pg mL~"' in PBS) of green
synthesized ZnO-NPs was added to human erythrocyte
diluted in PBS. The test samples were incubated at 37 °C
for 1 h and centrifuged (1500 rpm for 5 min). The free
hemoglobin content in the supernatant was measured
spectrophotometrically at 540 nm. Each experiment was
repeated thrice. Triton X-100 and PBS served as positive
and negative control, respectively and the per cent
haemolysis was calculated using the formula:

OD of Test sample — OD of PBS

= - x 100
OD of PBS — OD of Triton X — 100

Haemolysis (%)

Effect of Green Synthesized ZnO-NPs from S.
gluaca on RBCs Morphology

The change in morphology of RBCs upon ZnO-NPs
treatment was carried out following the method of Kalita
et al. [21] with some modifications. The RBCs treated with
green-synthesized ZnO-NPs (for 1 h) along with respective
controls were centrifuged at 1500 rpm for 5 min and the
collected pellets were washed with PBS. The treated RBCs
were then fixed with 5% formaldehyde solution for 3 h and
subjected to dehydration using gradient ethanol series (25,
50, 75, 90 and 100%) with 10 min incubation for each
selected concentrations. Triton X-100 and PBS served as

@ Springer
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Fig. 4 Scanning electron microscopic (a) and energy dispersive spectroscopic (b) analysis of green synthesized ZnO-NPs from Simarouba
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Fig. 5 FT-IR analysis of aqueous leaf extract of Simarouba glauca (a) and its green synthesized ZnO-NPs (b)

positive and negative control, respectively. After dehy-
dration, the RBCs were evaporated to dryness in a desic-
cator. The obtained RBCs were observed for their
morphology under SEM.

Statistical Analysis

The experimental data were statistically analyzed by sub-
jecting to arcsine transformation and analysis of variance
(ANOVA) using SPSS, version 17 (SPSS Inc., Chicago,
IL). The significant differences between the treatments
mean values were determined by Highest Significant Dif-
ference (HSD) obtained by Tukey’s test at p < 0.05 levels.
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Results and Discussion

Green Synthesis of Zinc Oxide Nanoparticles
from S. gluaca

The GC-MS analysis of S. glauca aqueous leaf extract
revealed the presence of six major peaks of different phyto-
constituents (Suppl. Fig. 1). From the results, squalene a
medicinally important bio-active compound was detected
which belongs to triterpene (an aliphatic hydrocarbon)
and is in accordance with previous reports [22, 23]. The
detection of aliphatic group compound from GC-MS is in
confirmation with peak observed under FT-IR studies of S.
gluaca aqueous leaf extract obtained in the present study.
To date there are no reports on the exact mechanism for the
formation of ZnO-NPs from plant extracts but it has been
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Table 1 Antioxidant potential of green synthesized ZnO-NPs from Simarouba glauca

Antioxidant Assays ZnO-NPs (ug mL™")

100 200 300 400 500 *ICsg
DPPH 5.58 £+ 0.68° 16.84 £ 0.42¢ 28.97 + 0.62¢ 39.85 + 1.04° 52.46 £ 0.74° 410.50
H,0, 11.37 £ 0.33" 31.50 + 0.60" 43.58 +£ 0.71° 49.46 + 0.63" 60.77 £+ 0.33" 429.80
ABTS 9.03 £ 0.31° 20.52 4 0.35° 32.50 £ 0.34° 44.69 + 0.65" 59.56 & 0.67%° 430.10
Superoxide 8.62 + 0.36° 17.95 £ 0.58° 36.01 £ 0.47° 45.46 + 0.86" 57.39 & 0.59° 485.50

*The half maximal inhibitory concentration. Values are mean of three independent replicates (n = 3). & indicate standard errors. Means

followed by the same letter(s) within the same column are not significantly (p < 0.05) different according to Tukey’s HSD

quoted that polar groups are responsible for the formation/
synthesis of nanoparticles [24-26]. Hence, one of the
possible adapted mechanisms for the capping effect of the
plant extract during the formation of ZnO-NPs from
aqueous leaf extract of S. glauca is dipicted in Fig. 1.
During the formation of ZnO-NPs, zinc ions (Zn**) will
cap with available phyto-constituents in plant extract to
form a complex compound which undergoes direct
decomposition at 300 °C in static air atmosphere finally
leading in the formation of ZnO-NPs which is in corrob-
oration with the studies of Karnan and Selvakumar [27]
and Jafarirad et al. [28].

Characterization of Green Synthesized ZnO-NPs
The green synthesized ZnO-NPs from S. glauca were dis-
persed in SDW and were subjected to UV—Vis spectral

analysis. The results of the spectral analysis revealed an
absorption peak at 367 nm (Fig. 2a) with band gap energy

100 -

Mitotic Index (%)
3 b}

[
n
L

100 200 300 400 500
Concentration of ZnO-NPs (ug mL™")

Fig. 6 Antimitotic potential of green synthesized ZnO-NPs from
Simarouba glauca. Each value is the mean for three replicates (n = 3)
and bars sharing the same letters are not significantly different
(p < 0.05) according to Tukey’s HSD (honest significant difference).
The vertical bar indicates the standard error

of 3.24 eV (Fig. 2b). The results are in confirmation with
the findings of Murali et al. [2] and Ni et al. [29], wherein
green synthesized and chemically synthesized ZnO-NPs
offered absorption peaks at 320 and 364 nm, respectively.
It has been proved previously that, due to its absorption
spectra (between 280 and 400 nm) and band gap energy
(3.2 eV to 3.5 eV) ZnO-NPs are considered to be the main
criteria for their beneficial aspects in biological and phar-
maceutical fields [30, 31]. The X-ray Powder Diffraction
analysis of green synthesized ZnO-NPs showed stiff and
narrow diffraction peaks with no remarkable shift in the
diffraction indicating that the crystalline product was
without any impurities. The XRD patterns showed notice-
able peaks at 31.73°, 34.45°, 36.26°, 47.59°, 56.56°,
62.94°, 67.92°, 69.12° and 76.86° correspond to (100),
(002), (101), (102), (110), (103), (112), (201) and (202)
planes of hexagonal wurtzite as shown in Fig. 3. The plane
values of XRD patterns have good agreement with JCPDS
No: 85-510 [32]. The size of the green synthesized ZnO-
NPs of the present study calculated using Scherrer’s for-
mula was found between ~ 17 and 37 nm (Suppl.
Table 1). The XRD results are in agreement with the
findings of Murali et al. [2], wherein biosynthesized ZnO-
NPs from C. candelabrum was of hexagonal wurtzite shape
with 12-35 nm in size. The findings are also in accord with
Lakshmeesha et al. [32], wherein ZnO-NPs synthesized
from Nerium oleander offered stiff narrow diffraction
peaks without any impurities. The images of green syn-
thesized ZnO-NPs showed agglomeration of ZnO-NPs with
hexagonal shape (Fig. 4a). The EDS analysis further con-
firmed that the green synthesized ZnO-NPs were of 98.51%
purity (Suppl. Table 2) indicating that the process of green
synthesis was carried out in accordance (Fig. 4b). The
results of SEM and EDS for shape and purity are in
accordance with the results obtained through XRD. Simi-
larly, researchers have demonstrated that ZnO-NPs syn-
thesized from plant extracts illustrate high purity of ZnO-
NPs which have been confirmed through XRD, SEM and
EDS analysis [2, 33, 34]. Further, FT-IR spectroscopy was
carried out to study the change in the functional group

@ Springer
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Fig. 7 Representative optical microscopic analysis revealing chromosomal abnormalities in A. cepa root meristem cells upon treatment with
green synthesized ZnO-NPs and methotrexate. The microscopic images are representative of multiple experiments

during the bio-reduction of plant extract to ZnO-NPs
(Fig. 5). The technique employed helps in identifying the
functional groups present during the process of reduction
and stabilization of plant extracts to ZnO-NPs [35]. The
FT-IR spectrum of the ZnO-NPs showed a peak at
528.04 cm™ ' which corresponds to metal oxide (M-O)
bond and it is considered to be the characteristic peak of
the metal nanoparticles. In plant extract, spectrum bands
were observed at 3272 cm™! [alcohol/phenol (OH/-H)],
2917.87 cm™ ! [aliphatic (C-H)], 1633.52 cm™" [primary

@ Springer

amine (NH)], 1034.17 cm ™! [aliphatic amine (C-N)] and
616.78 cm ™! [alkyne (-C = C-H)]. Further, the lack of
the peaks around 3250 cm ™" in ZnO-NPs indicates that the
green synthesized particles were free from moisture. It may
be noted through FT-IR spectrum of ZnO-NPs that, func-
tional groups present in plant extract had complexed well
to form a metal oxide as indicated by the absence of major
peaks between 600 and 400 cm ™. Further, the results of
FT-IR are in agreement with the findings of other
researchers, wherein the absorption peak observed between
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)

Fig. 8 Biocompatible nature of green synthesized ZnO-NPs from
Simarouba gluaca. a Percentage of haemolysis measured by a
spectrophotometer; SEM analysis of RBCs treated with b Triton
X-100; ¢ PBS; d Green synthesized ZnO-NPs. Each value is the mean

400 and 600 cm ™! is designated has a metal oxide bond
[2, 26].

Antioxidant Potential of Green Synthesized ZnO-
NPs from S. gluaca

Hydroxyl radicals are the most reactive form of free radi-
cals responsible for DNA damage and lipid peroxidation
which can pave the way to cancer and its related compli-
cations [36]. The results of antioxidant potential of green
synthesized ZnO-NPS estimated by DPPH, ABTS, H,0,
and Superoxide radicals scavenging methods are given in
Table 1. The RSA of green-synthesized ZnO-NPs from S.
gluaca was found between 5 and 59% (among different
methods) and the antioxidant potential increased with
increase in the concentration of ZnO-NPs. The half maxi-
mal inhibitory concentration (ICsy) of RSA varied between
400 and 500 pg mL~' among the test methods. The stan-
dard control (ascorbic acid) offered 75% inhibition at
50 ug mL™'. The results are in agreement with other
researchers, wherein plant extract mediated ZnO-NPs

for three replicates (n = 3) and bars sharing the same letters are not
significantly different (p < 0.05) according to Tukey’s HSD (honest
significant difference). The vertical bar indicates the standard error

offered potent antioxidant activity [2, 7]. The results indi-
cate that due to the encapsulation of secondary metabolites
during the synthesis of ZnO-NPs has resulted in higher
antioxidant potential of the nanoparticles and the same are
in agreement with the findings of Suresh et al. [5].

Antimitotic Nature of Green Synthesized ZnO-
NPs from S. gluaca

The antimitotic activity of green synthesized ZnO-NPs was
studied using Allium assay. Onion is considered as a good
bioindicator for genotoxicity and clastogenicity studies by
environment protection agencies such as United Nations
Environmental Programme (UNEP) and the United States
Environmental Protection Agency (USEPA) [37]. The
mitotic index decreased from 43.06 to 17.46% in the pre-
sent study with an increase in the concentration of green
synthesized ZnO-NPs from S. glauca compared to control
(Fig. 6). The findings are in line with the results of Kumar
et al. [38] and Sowbhagya and Ananda [39], wherein
decrease in mitotic cell division was observed in onion root
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resulting in induced oxidative stress, genotoxicity in A. cepa roots and biocompatibility towards RBCs

tips exposed to biologically and chemically synthesized
ZnO-NPs, respectively. A mitotic index of 56% and 8%
was observed in the negative and positive control,
respectively. The decrease in the percentage of the mitotic
index is asserted due to the genotoxic nature of green
synthesized ZnO-NPs [40]. The chromosomal abnormali-
ties were higher in ZnO-NPs and methotrexate treated root
tips (Fig. 7), while normal cell divisions were observed
upon SDW treatment (Suppl. Figure 1). Accordingly, the
reduction in cell division is well correlated to the chro-
mosomal abnormalities found upon treatment with ZnO-
NPs [33, 39, 40].

Biocompatibility of Green Synthesized ZnO-NPs
from S. gluaca

Haemolysis is a sensitive and reliable study which provides
the damaging or sensitizing effect of the drugs which are
attached or encapsulated in RBCs before conducting the

expensive and low-throughput animal studies [41].
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Considering the potential antioxidant and cytotoxic nature
of the ZnO-NPs, it becomes significantly relevant to
determine the nature of ZnO-NPs on human RBCs. The
green-synthesized nanoparticles offered haemolysis of 2.7
to 6.4% at 100 and 500 pg mL™", respectively (Fig. 8a).
Concentration-dependent haemolysis was noted for ZnO-
NPs indicating that the particles were nontoxic to human
RBCs. It has been reported that 5% haemolysis is per-
missible for biomaterials [42] and accordingly up to
400 pg mL™" of green-synthesized ZnO-NPs from S.
glauca can be used for the haemolytic activity. Babu et al.
[43] evaluated the size-dependent effect of ZnO-NPs at
different concentrations and time interval and found that
the ZnO-NPs which are below 50 nm in size offered better
haemolysis compared to the ZnO-NPs which were above
100 nm in size. Likewise, it has been reported that chem-
ically and biologically synthesized ZnO-NPs which offered
antioxidant activity also possessed biocomapatible nature
to RBCs [44, 45]. Dobrovolskaia et al. [46] have stated that
nano-based drug carriers are rising as a substitute to present
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drug delivery system and the results of the study confirm
the biocompatible nature of these green synthesized ZnO-
NPs from S. gluaca up to 400 pg mL™".

Effect of Green Synthesized ZnO-NPs from S.
gluaca on RBCs Morphology

The biconcave shape of RBCs tends to be similar or altered
when they interact upon non-toxic and toxic substances,
respectively. The surface topography of RBCs captured
through SEM showed changes in their morphology when
they were exposed to Triton X- 100 (Fig. 8b), while the
surface morphology remained unaltered when exposed to
PBS (Fig. 8c) and green-synthesized ZnO-NPs (Fig. 8d)
there by coinciding with the results of haemolysis. Simi-
larly, size dependent biocomaptible nature of ZnO-NPs
have been reported on RBCs by Babu et al. [43].

Conclusion

This is the first report on the green synthesis of ZnO-NPs
from any of the Simarouba species that too from S. glauca.
The green synthesized ZnO-NPs when subjected to phy-
sico-chemical characterization revealed that the nanopar-
ticles were of 98.51% purity with ~ 17 to 37 nm in size.
The green synthesized ZnO-NPs offered significant
antioxidant and antimitotic properties including biocom-
patible nature to human RBCs. Figure 9 represents the
overall plausible mechanism involved in the bioactive
potential of green synthesized ZnO-NPs from S. glauca
upon interaction with the cells. The results confirm
bioactive as well as biocompatible nature of green syn-
thesized ZnO-NPs from S. glauca thereby warranting
in vivo and preclinical studies.
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