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ABSTRACT: Cancer treatment development is hampered by
chemotherapy side effects, drug resistance, and tumor metastasis,
giving cancer patients a gloomy prognosis. Nanoparticles (NPs)
have developed as a promising medicinal delivery technique in the
last 10 years. The zinc oxide (ZnO) NPs can precisely and
captivatingly promote the apoptosis of cancer cells in cancer
treatment. There is also an urgent need to discover novel anti-
cancer therapies, and current research suggests that ZnO NPs hold
significant promise. ZnO NPs have been tested for phytochemical
screening and in vitro chemical efficiency. The green synthesis
method was employed for the preparation of ZnO NPs from
Sisymbrium irio (L.) (Khakshi). An alcoholic and aqueous extract of
S. irio was prepared using the Soxhlet method. Various chemical
compounds were revealed in the methanolic extract through qualitative analysis. The results of quantitative analysis showed that the
total phenolic content has the highest amount (42.7861 mgGAE/g), while the resultant amounts of (5.72175 mgAAE/g) and
(15.20725 mgAAE/g) were obtained in total flavonoid content and antioxidant property, respectively. ZnO NPs were prepared
using a 1:1 ratio. The synthesized ZnO NPs were identified to have a hexagonal wurtzite crystal arrangement. The nanomaterial was
characterized by scanning electron microscopy, transmission electron microscopy, and UV−visible spectroscopy. The ZnO-NPs’
morphology exhibited an absorbance at 350−380 nm. Furthermore, different fractions were prepared and assessed for anticancer
activity. As a result of this anticancer activity, all fractions exhibited cytotoxic activity against both BHK and HepG2 human cancer
cell lines. The methanol fraction showed the highest activity of 90% (IC50 = 0.4769 mg/mL), followed by the hexane fraction that
showed 86.72%, ethyl acetate showed 85%, and chloroform fraction showed 84% against BHK and HepG2 cell lines. These findings
suggested that synthesized ZnO-NPs have anticancer potential.

1. INTRODUCTION
In many instances, inorganic materials such as metals and metal
oxides are preferable than biological ones due to their
durability.1 Among metal oxides, zinc oxide nanoparticles
(ZnO NPs) have generated the greatest reflection as an
anticancer agent. It has been found from studies that ZnO
NPs cause cytotoxicity to many types of cells. A biotechnological
method having a wide range of applications, including medicine
and the environment, is nanotechnology. The scientific
community is motivated to assess the toxicity of these
technologies because of the promise outcomes of nano-
technology research, particularly in the treatment of chronic
diseases like cancer.2 In general, algae, fungus, and various plants
are used in the synthesis of nanoparticles.3 Plant-based synthesis
is more useful for the synthesis of nanoparticles, Table 1.

Typically, plant parts such as the leaf bark, root, stem, seed,
flower, fruit, and tubers have been employed to synthesize
nanoparticles.4 Many researchers prefer plants for the synthesis

Received: November 29, 2022
Accepted: March 30, 2023
Published: April 25, 2023

Table 1. Result of Alkaloids in S. irio

Plant Alkaloid

5 g of plant 0.264 g
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of metal nanoparticles due to their rich source of bioactive
phyto-chemical constituents, as well as the availability for
immediate use.5 The plant chemical constituents’ act as capping,
as well as reducing agents, for the synthesis of nanoparticles.
Previously, several attempts have been made for the synthesis of
Ag NPs using extracts of plants like Dodonaea viscosa,6 Gloriosa
superba,7 Salvia spinosa,8 Mukia scabrella,9 and Syzygium
alternifolium.10 Ancient humans used extracts from diametrically
opposed medicinal plants to treat a wide range of dreadful
diseases, as well as to reduce physical illness and ill health. The
medicinal plants have the possession of the medical asset and
acquire the beneficial curative personal estate on the body. The
medicinal plants are thought to be a rich source of chemical
constituents for the invention and modification of drugs. There
are about 6000 wild plants species found in Pakistan, and
approximately, the medicinal importance of around 400−600
species are reported.11

There are many uses of the Cruciferae family in folk
medicines, and one of the members of the Cruciferae family
reported in the pharmaceutical field is Sisymbrium irio Linn. It
has approximately 338 genera and nearly 3709 species,12 which
is inclusive of those dispersed worldwide and in Pakistan. S. irio,
also known as London rocket in English, Khubha in Arabic, and
Shaba, Khubkalan, and Khaksi in Urdu,13 is an annual herb that
is specifically found in open deserts, wild fields, on roadsides, in
areas of vehicle staging off-highway, on waste places, in pastures,
in orchards, and in watering sites of livestock. By reviewing the
literature, the perspective shows that S. irio is used widely in folk
medicine14 in order to cure inflammation, rheumatoid, and voice
disorders and as a febrifuge.15 It is utilized in the treatment of
chest congestion and coughs.16 It is used to detoxify the spleen
and liver, clean wounds, and reduce swelling.17 S. irio is also
traditionally used for the vascular, airway disorders and victuals
of the gastrointestinal tract.18 Moreover, its leaves and seeds
possess antipyretic, analgesic, and antibacterial characteristics.19

Merely the seeds of this angiosperm have been used as a
medicament, laxative, cardio-tonic, febrifuge, aphrodisiac,
hepato-protective, lubricating substance, diuretic, rubefacient,
and anti-asthmatic.20 The phytochemical analyses have shown
that S.I has containedmany secondarymetabolites like alkaloids,
flavonoids, oils, glycoside, anthraquinones, and steroids.21ntiox-
ntioxidant, anti-microbial, analgesic, antipyretic, antifungal,22

antibacterial, and cytotoxic activities have been reported.23,24

The targeted administration of nanomedicine has heightened
interest in its potential in cancer treatment in recent years, high
absorption, biocompatibility, and multifunctionality of the
generated nanoparticles.25 The primary justification for this
work is that it is critical to use the ZnO-based system to treat
aggressive and phenotype type cancer, it is distinguished by a
considerable increase in metastasis, a poor prognosis, and
unpredictability in therapy because conventional chemotherapy
reduces malignant cells.25,26 Ionic zinc is required for immune
function, homeostasis, oxidative stress, apoptosis, and aging, as
well as other biological disease cycles.27As it influences cellular
metabolism and gene expression cancer cell death, Zn2+ has an
impact on cancer and is an intriguing chemical therapy.28−30

The main benefit of nanomaterials is the capacity to create
controlled nanoparticles smaller than 100 nm. An optical visible
electrical and semiconductor with a high energy (60 meV) and
an inclusive range of 3.37 eV at room temperature is zinc oxide
(ZnO).31 It also has a strong direct band difference. When
cancer cell selection is high, ZnO NPs harm cancer cells more
than healthy cells.32 Recently, ZnONPswere supposed to have a

highest level of cancer cell selectivity in addition to therapeutic
proportions compared to chemotherapeutic drugs.33 ZnO NPs
have been utilized to suppress UV radiation due to their low
toxicity and biodegradability,34 and it has been reported to be
used for anti-diabetic activity,35,36 antimicrobial agent,37 anti-
inflammatory agent,38 wound healing,39 cancer imaging and
diagnosis,40 photocatalysis,41 and electronics.42

Green synthesis has recently emerged as an alternate method
of fabricating nano-metal oxides, themost commonly used being
ZnO (zinc oxide). As a result, biological synthesis methods were
employed to generate ZnO NPs with minimal environmental
impact.42 This approach has numerous advantages, including
environmental friendliness due to the reduction of hazardous
byproducts, biocompatibility, immunogenicity, cost-effective-
ness, ease of scaling up, easiest in laboratory procedure, and the
production of safe-to-use NPs. UV radiation can be quickly
absorbed by a ZnO NP.43 Zinc is a major cofactor in various
biological pathways and plays a crucial role in maintaining cell
homeostasis; thus, ZnO is biocompatible. The ZnO given is
quickly biodegradable or can engage in the body’s active
nutritional process. In comparison to other metal nanoparticles,
ZnO NPs are naturally effective cytotoxic against in vitro cancer
cells.44,45 Although extracellular ZnO is benign, higher intra-
cellular ZnO concentrations suggest an increase in cytotoxicity
via zinc-mediated protein synthesis mismatch and oxidative
stress.46,47 In this paper, we report a one-step method scheme
that uses a greener, environmentally friendly, harmless, and safer
methodology to generate mono disperse ZnO-NPs by using the
whole extract of S. irio (L.), a plant in a harsh environment
comprising highest quantities of chemical constituents,48

controlling the generated NPs’ shape and size. Furthermore,
the structure of nanoparticles and the various activities of
synthesized nanoparticles have been determined.49 This
research exposed a simple methodology for the synthesis of
ZnO NPs by the S. irio available in the Balochistan region
(Quetta) in Pakistan. The advantages of this study are as follows:
simplicity, room-temperature process and less time consump-
tion 20 min, reliability, and mass production. As per the present
literature and current data, this is probably the first report on the
synthesis of ZnO-NPs using the S. irio extract. The crystal
structures and optical and morphological features of the ZnO-
NPs were examined. This discovery could help in the field of
medical research by reducing morbidity and death from
multidrug-resistant malignancy. Targeted NP therapeutics
have great potential for cancer therapy as they provide enhanced
efficacy and reduced side effect of cancer available drug.51

2. MATERIALS AND METHODS
2.1. Collection of Plant Sample. S. irio (L.) the whole

plant was collected during the month of May from the different
areas of Chashma Achozai killi Dummaran. It is a mountain area
which is located on the airport road in Quetta, Baluchistan. The
plant was identified by Ms. Pashtana Sahib Khan, plant
taxonomist from the Botany department in Sardar Bahadur
Khan Women’s University Quetta. The samples have been
identified and registered in the botany department record as
CHEM-BOT−SI−965. The whole plant was washed with tap
water in order to remove the dust and the washed plant material
was shade dried for 4 weeks at room temperature and then
converted to a fine powder, weighed, and stored for further uses.
2.2. Chemicals. The chemicals used were zinc acetate 2-

hydrate Zn(CH3COO)2·2H2O, methanol (CH3OH), sodium
hydroxide (NaOH), ethanol (CH3CH2OH), and distilled water.
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2.3. Phytochemical Analysis. The medicinal plant S. irio
can be allotted to the diverse nature of phytochemicals formed
by the plant. The current study contracts with the assessment of
total alkaloid content (TAC), total flavonoid content (TFC),
total phenolic content (TPC), and antioxidant capacity of the S.
irio extract. The spectrophotometric determination of TPC was
done by using the Folin−Ciocalteu (FC) procedure, and the
antioxidant capacity was determined by using the ammonium
molybdate method. The antioxidant capacity was estimated
using concentrated ammonium hydroxide (NH4OH) solution,
and TFC was estimated by using 2% solution of aluminum
trichloride (AlCl3).
2.4. Detection of Total Alkaloid Content. 5 g of plants’

powdered form was taken in a 500 mL beaker. Ethanol solution
was added until all the powdered plant was dipped in it and then
200 mL of 10% CH3CO2H was added to the plant solution. The
mixture could stand for 24 h and then filtered. The filtrate was
kept in a boiling water bath at 60 °C until the volume became 1/
4 of the original volume. Then, concentrated NH4OH was
added to the solution of plant sample and the solution could
stand until the precipitates are formed and then filtered through
a filter paper. Then, the filter paper could dry and weigh the
alkaloids.21 The procedure was repeated twice to ensure the
accuracy of the average quantity.
2.5. Estimation of Total Phenolic Contents. The

previously designated simple and modified method is used for
determining the TPC in plants.50 Consider adding 1 mL of the
FC chemical to three test tubes containing 2 mL of the test
material each. After incubating the test tubes for 25 min, 0.8 of
sodium carbonate was added to the reaction mixture. Following
the triple performance, the absorbance of each reaction mixture
was measured at 765 nm using gallic acid as the standard.41

2.6. Estimation of Total Flavonoid Content. The TFC
was determined using the aluminum chloride colorimetric
method recommended by52 with minor changes based on
system appropriateness. 0.6 mL of 2% aluminum chloride was
added to the test samples (2 mL from 0.25 g/100 mLmethanol)
and incubated for 60 min. Subsequently, following the addition
of 1.0 M potassium acetate, 160 μL of distilled water was added.
For 30 min, the resultant combination was maintained at room
temperature. At 415 nm, the absorbance was measured.52 The
experiment was repeated three times to determine the precise
absorbance.
2.7. Antioxidant Capacity Assay. The total antioxidant

capacity of the extracts and fractions based on ammonium
molybdate was measured succinctly by combining 2 mL of each
test sample and positive control (ascorbic acid, 1mg/mL)with 1
mL of reagent (1 mL of sulfuric acid, 1 mL of sodium phosphate

solution, and 1 mL of ammonium molybdate). A typical blank
solution contained 1 ml of the reagent solution and the
appropriate volume of the same solvent used for each sample.
Test tubes were incubated for 95 min at 95 °C in a hot water
bath. After cooling at room temperature, 200 μL of all samples
were transferred to 96-well plates, and the absorbance at 650 nm
was measured.53 The antioxidant activity was expressed as the
number of μg equivalents of ascorbic acid per milligram extract,
that is, μg AAE/mg extract as stated by.54

2.8. Biosynthesis of Zinc Oxide Nanoparticles. The
precipitation process was used to synthesize zinc oxide
nanoparticles. In 100 mL of distilled water, 10 g of powdered
plant material was dissolved. At 60 °C, the solution was heated
and then cooled. This process was repeated thrice, and then, the
mixture was kept at room temperature overnight. After that, the
mixture which was filtered three times through the Buchner
funnel by using Whatman filter paper NO.1 and 100 mL of
filtrate was obtained. Plant extract and sodium hydroxide
(NaOH) solution were used as reducing and stabilizing agents,
while zinc acetate Zn(CH3COO)2 molar solution was used as a
precursor salt, which was used for the synthesis of ZnO NPs.
NaOH was added dropwise to the Zn (CH3COO)2 solution
with continuous stirring to get a basic solution of 12 pH. 10 mL
of the plant filtrate was added to the basic solution and the
solution was heated for 3 h. Then, fresh UV of the solution
sample was measured with the help of a UV spectrophotometer.
Once the reaction mixture confirmed, the ZnONPs form. Then,
the solution was kept in the refrigerator overnight. Afterward, a
solid residue was observed in the container, the water was
discarded, the pellets were washed, centrifuged 2−3 min in a
centrifuge machine having 15000 rpm, and washed twice with
distilled water and once with ethanol to remove impurities. After
washing with the ethanol, the pellets were collected in the Petri
dish, and then, it was kept in the oven for 4 h at 70 °C to obtain
the dry powder.
2.9. Characterization of ZnO NPs. There are several

analytical techniques like Fourier transform infrared (FT-IR)
spectroscopy, scanning electron microscopy (SEM), and X-ray

Table 2. Phytochemical Analysis of Metanolic Extracts of S. irio

S.No phytochemicals chemical Tests test procedure observations result

1 alkaloids (a): Mayer test 2 mL of filtrate + Mayer reagent white creamy precipitate +
(b): Wagner test 2 mL of filtrate + Wagner reagent reddish brown precipitate +

2 amino acid ninhydrin test Filtrate + 2 drops of ninhydrin solution purple color +
3 carbohydrates (a): Molisch test Filtrate + alpha naphthol + sulfuric Acid violet Color +

(b): Benedict test 0.5 mL of Filtrate+0.5 mL of Benedict reagent + heat for 2 min brown Color +
4 fixed oil and fats spot test Small quantity of extract + Filter paper oil stain on the paper +
5 glycosides flame test Small quantity of extract on glassrod + flame extract burn like a sugar +
6 phenolic compound (a): frric chloride test 2 mL filtrate + few drops of ferric chloride dark green color +

(b): lead acetate test Filtrate + few drops of lead acetate bulky white precipitate +
7 flavonoids alkaline reagent test Filtrate + ammonium hydroxide solution yellow fluorescence +
8 saponins forth test Few mL filtrate + shake for 2−5 min No Foam

Table 3. TPC, TFC, TAC, and Antioxidant Capacity of S. irio
L

assay result

TPC 42.7861 mg of GA/g of extract
TFC 5.72175 mg of AA/g of extract
TAC 0.264 g
antioxidant capacity 15.20725 mg of AA/g of extract
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diffraction (XRD), and they were used to analyze the nature,
chemistry, and morphology of the synthesized NPs. The FT-IR
spectroscopy with the range of 500−4000 cm−1 was appropriate
for the information about identification of the molecular
components. The dried powder of ZnO NPs was also subjected
to the analysis. The XRD technique is used to determine the
phase of a crystalline material and to calculate the size of NPs.
Meanwhile, the surface topography and compositions of ZnO
NPs were analyzed with the help of SEM.
2.10. Anticancer Activity: Preparation of Stock

Solution. S. irio ZO-NPs 5 mg is dissolved in 1 mL of
DMSO (dimethyl sulfoxide) with constant stirring to form a 5
mg/mL homogenized stock solution.

2.10.1. Cell Line Sampling. The normal cell line BHK (Baby
hamster kidney cell line) and the malignant cell line HepG2
(hepatocellular carcinoma cell line) were employed in the
experiment. Both cell lines were obtained from the CRIMM
department at the University of Lahore. For preservation, cell
lines were frozen in liquid nitrogen in cryovials and maintained
revitalizing throughout the operation.

2.10.2. Culturing of Cell Lines. The cryovials containing
frozen cells were thawed in the cell culture facility at the
University of Lahore. These thawed cell lines were then seeded
in culture flasks with Dulbecco’s modified Eagle medium−high
glucose (DMEM-HG), 10% (v/v)fetal bovine serum (FBS), 100
units/mL streptomycin, and 100 g/mL penicillin The cryovials

Figure 1. Results of (a) phenolic contents, (b) antioxidant activity, and (c) flavonoid contents.
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containing frozen cells were thawed in the cell culture facility at
the University of Lahore. These thawed cell lines were then
seeded in culture flasks with DMEM-HG, 10% (v/v) FBS, 100
units/mL streptomycin, and 100 g/mL penicillin.31 When
seeded cells with HepG2 and BHK cells reached 70−80%
confluency, they were rinsed with normal saline and treated for 5
min with trypsin−EDTA (ethylene-diamine-tetra acidic corro-
sive). Cells were centrifuged at 2000 rpm for 5 min after
meticulous microscopic examination. The resilient was taken
from the centrifuged mixture and the pellet was reassembled.

2.10.3. Treatment of Cell Lines with Plant Extract. S. irio
ZnO NPs were treated using both the BHK and HepG2 cell
lines. Treatments were given to theHepG2 cell line at dosages of
0.250, 0.500, 1.000, and 2.000 mg/mL. The IC50 was calculated
at numerous doses since 2.000 mg/mL resulted in a fatality rate
greater than 50%. The IC50 concentration was then applied to
the BHK cell line to determine viability. The 3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide MTT

test was performed on both BHK and HepG 2 cell lines. One
group was made for the HepG2 cell line and one group was
made for the BHK cell line.

2.10.4. Cytotoxicity Assay. Assay of (4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide (MTT)was accomplished
on both cell lines and then cultured in a 96-well plate. To
examine cell cytotoxicity, the monolayer of cultured cells were
treated with phosphate-buffered saline (PBS) (Invitrogen Inc.,
USA) and then incubated in 100 μL of complete medium
comprising 25 μL of MTT solution (Invitrogen Inc., USA) for
24 to 48 h. The MTT was transformed to purple colored
formazan crystals in living cells, which were then solubilized with
dimethyl sulfoxide (DMSO) (Invitrogen Inc., USA). Absorb-
ance of solutions was measured at 570 nmwith an ELISA reader.

Figure 2. UV−vis spectra (a), FTIR results (b), and XRD (c) patterns of ZnO NPs of S. irio.
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Table 4. Anticancer Activity of S. irio

extracts concentrations % viability mean abs IC50

M = 1 0.250 mg 20.61185 26.04855 0.13024 mg/mL
41.95166
15.58214

0.500 mg 23.68069 31.36656
28.65264
41.76635

1.000 mg 19.29254 37.45013
37.55148
55.50638

2.000 mg 74.41683 57.71104
46.09669
52.61962

ETH = 2 0.250 mg 32.80593 57.63612 0.4659 mg/mL
86.3026
53.79984

0.500 mg 50.00478 46.59121
30.65801
59.11085

1.000 mg 87.5239 83.32684
82.63205
79.82456

2.000 mg 28.79541 36.69357
58.84512
22.44019

CH = 3 0.250 mg 53.29828 74.32446 0..37087 mg/mL
91.40555
78.26954

0.500 mg 94.16826 86.96488
88.13787
78.58852

1.000 mg 48.85277 65.73454
87.82453
60.52632

2.000 mg 60.27725 59.88109
60.47449
58.89155

Z = 5 0.250 mg 78.53728 79.19669 0.4769 mg/mL
2.49776

76.55502
0.500 mg 7.122371 5.697205

1.835273
8.133971

1.000 mg 90.20076 81.49038
86.1683jl1
68.10207

2.000 mg 56.93117 56.9766
55.50582
58.49282

0.250 mg 5.592734 32.23984 0.16119mg/ml
88.85407
2.272727

0.500 mg 5.893881 31.80398
47.85139
41.66667

1.000 mg 48.23136 59.45337
85.63115
44.49761

2.000 mg 63.43212 61.90771
58.4154
63.8756

untreated no concentration 100 100 ± 0.00
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3. RESULTS AND DISCUSSION
3.1. Flavonoids and Phenolic Acids. The main active

ingredients of S. irio include alkaloids, flavonoids, and phenolic
acids, which have been found in recent pharmacological
investigations to have antioxidant, anti-diabetic, anti-pathogenic
microorganism, and anti-cancer potential. The flavonoids,
indole, and their derivatives present in S. irio plant act as a
possible cancer preventive agent,15 while the phenolic
compound, sterol, and alkaloid (nicotine) act as a reducing
agent in a single reaction and reduce, cap, and stabilize the Zn
metal ions to ZnO-NPs.23 The synergistic actions of the
flavonoid (apigenin) and phenolic acids resulted in ZnO NPs,
with the acids functioning as efficient reducing agents (due to
their numerous hydroxyl groups) and effective dispersants (due
to their derived C, O groups), improving the NPs’ stability. The

phenolic derivative has been shown to produce Zn ONPs itself
and is regarded as the most important molecule for decreasing
ZnO during the production of the plant extract. A method and
chemical pathway for producing ZnO NPs are proposed.16

3.2. Phytochemical Screening. Phytochemical estimate
was performed in crude methanolic soluble fractions using
established procedures, and the bioactive compounds tested
included tannins, alkaloids, steroids, saponins, phenols, and
flavonoids, as shown in Table 2. The presence of key
phytochemicals such as TPC, TFC, and TAC in the crude
methanolic extract of whole parts of S. irio, as well as antioxidant
potential, might be considered as a favorable indicator for
selecting a plant for NP synthesis.
3.3. Biosynthesis of Zinc Oxide Nanoparticles. The

presence of TPC, TFC, TAC, and antioxidant capacity in the
plant extract of S. irio as shown in Table 1 revealed that the S. irio
plant extract can perform a vital role in the biosynthesis of ZnO
NPs. The change in color of the basic solution of the precursor
salt and sodium hydroxide on mixing S. irio plant extract
indicated the formation of NPs, and as the reaction proceeded,
the solution turned milky white. No further color changed and
thickening of the solution revealed the reaction completion.
Through centrifugation and washing process, ZnO NPs were
isolated and converted into their dried powder form, which was
used to confirm the formation of ZnO NPs through various

Table 4. continued

extracts concentrations % viability mean abs IC50

untreated 100
100

Figure 3. Low- (a), medium- (b), and high-magnification (c) FESEM images and TEM images (d) of ZnO NPs of S. irio.

Table 5. % Viability against BHK Cell Line

name of extracts concentration % viability

untreated no treatment 100%
M Mg 90%
ETH Mg 85%
CH Mg 84%
H Mg 86.72%
Z Mg 99%
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techniques. The steps followed for characterization of ZnO NPs
are UV−Vis, XRD, SEM, and FT-IR analysis.
3.4. Total Phenolic and Flavonoid Content. Gallic acid

(0.05, 0.2, 0.4, 0.6, and 0.8 μg/mL) (Table 3 and Figure 1) was
used as a positive control to create a calibration curve in parallel
under the same operating circumstances, and the correlation was
found to be significant at the 0.05 and 0.2 level. The data are
given as μg of gallic acid equivalent per milligram of extract (μg/
ml GAE/mg extract), and the assay was carried out in triplicate.

The calibration curve was obtained using quercetin as a
standard at different concentrations of (0.05, 0.2, 0.4, 0.6, and
0.8 μg/mL), respectively (Table 3 and Figure 1). The
experiment was carried out in triplicate, and the flavonoid
concentration was recorded in μg equivalents of quercetin per
milligram extract (μgQE/mg extract). The calibration curve of y
= 0.2108x + 0.1412 (R2 = 0.9593) and the correlation was found
to be significant at 0.2 level.

3.5. Estimation of Antioxidant Capacity. A calibration
curve (y = 0.2013x + 0.0431, R2 = 0.9924) of ascorbic acid was
drawn at final concentrations of 0.8, 0.6, 0.4, 0.2, and 0.05 μg/
mL (Table 3 and Figure 1) and the experiment was achieved in
triplicate. The antioxidant activity was expressed as the number
of μg equivalents of ascorbic acid per milligram extract, that is,
μg AAE/mg extract as stated.42

3.6. UV/Vis Analysis. The UV/vis spectrum showed the
maximum surface plasma resonance absorption of synthesized S.
irio ZnO NPs in the range of 350−380 nm at alkaline pH 12
(Figure 2). This characteristic absorbance of the peak reveals the
formation of ZnONPs. Because of the characteristic range of the
ZnO pure NPs and there is no other peak absorbed in the
spectrum, it further confirmed that no other compound is
synthesized except ZnO NPs.
3.7. FTIR Analysis. The FTIR results of synthesized S. irio

ZnO -NPs were detected at 3442, 2921, 2353, 1398, 419 and

Figure 4. IC50 of M fraction (a,b), ETH fraction (c,d), and Z fraction (e,f).
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3414, 2345, 1391, and 436 cm−1 respectively (Figure 2). A broad
peak exhibited at 3414 and 3442 cm−1 in the highest energy state
due to strong O−H stretching of the hydroxyl moiety of phenols
and alcoholic functionality.36 The other strong absorption peaks
at 2344 and 2363 cm−1 for the occurrence of CO molecules in
the plant extract.37 The FTIR peak exhibited at 1593 cm−1 is due
to the aromatic C−C stretching ring, and the bending vibrations
of the carbonyl group of ketones and aldehydes showed that the
strong intensity at 1401 cm−1 is due to presence α-CH2. The
characteristic peak appeared at the region 400 and 600 cm−1 is
assigned to the Zn−O stretching vibration,38 which was the
conformation that ZnONPs were synthesized by the S. irio plant
extract.
3.8. X-ray Diffraction Analysis. S. irio ZnO-NPs were

assessed by X-ray diffraction for their crystalline nature. The
diffraction pattern showed four main peaks at 2θ values of 31.8,
34.5, 36.27, 47.5, 56.7, 62.8, and 67.5 (Figure 2). The mean
particle size of zinc nanoparticles was calculated using Scherrer’s
equation: (D = Kλ/β cosθ), which are mostly relevant for the
ZnO structure. Observable line broadening in the XRD peaks
indicates that the material which is synthesized is in the nm
range.
3.9. Scanning Electron Microscopy-Energy Analysis.

SEM was used to examine surface morphologies of biosynthe-
sized ZnO NPs, and results are shown in Figure 3. Figure 3a
depicts the SEM image of as-generated ZnO NPs synthesized
using a 1:1 ratio of reactants by volume. +e picture depicts
spherical forms with particles inclined together due to the

presence of a more capping agent that stabilizes the nano-
particles.
3.10. Transmission Electron Microscopy. The trans-

mission electron microscopy (TEM) analysis was performed to
better recognize crystalline properties and size of the synthesized
nanoparticles. The TEM images of ZnO confirmed that the
particles are hexagonal with little thickness variation, which
matches the SEM results. This figure shows that the majority of
the ZnO NPs are hexagonal in form, with typical particle sizes of
100 nm. Our data are compared to previously reported data.
3.11. Future Perspective. The objective of the current

study was to determine the chemical components of S. irio
through quantitative and qualitative analysis. The results showed
that the plant extract contained a different class of secondary
chemical components, including carbohydrates, alkaloids,
amino acids, glycosides, phenolic compounds, oils, and fats,
with the exception of saponin. According to the polarity of the
solvent, methanol was used to extract the entire plant (leaves,
flower, stem, and root) using the Soxhlet method. On the basis
of polarity, the produced methanolic extract was used to prepare
the different fractions (n-hexane, chloroform, ethyl acetate, and
aqueous extract).

Methanolic extract was used for the phytochemical chemical
screening, which included quantitative and qualitative studies to
assess the TPC, TFC, and antioxidant activity. The TPCs were
estimated according to slightly modified procedure as described
previously by.55 UV−visible spectrophotometry technique was
used to determine the antioxidant property56 as well as TPC and

Figure 5. IC50 of CH fraction (a,b) and H fraction (c,d).
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TFC. The protocol of TFC57 was followed by the colorimeter,
and results of quantitative analysis are 5.72175mg/AAE/g (total
flavonoid content), 15.20725 mg/AAE/g (antioxidant activity),
and 42.7861 mg/GAE/g (total phenolic content).58 The
present study revealed that S. irio (cruciferae) is a medicinal
plant, as it possesses anti-inflammatory, analgesic due to the high
flavonoidal content, and anti-oxidant activities and can be used
for the treatment of such diseases. Furthermore, the TLC (thin
layer chromatography) method was used for the standardization
of these different fractions, and numerous combinations of
mobile phases were tried to get good separation of various
compounds present in the S. irio plant.
S. irio contains a variety of bioactive chemicals such as indoles,

phenols, coumarins, amines, flavonoids, isothiocyanates ste-
roids, and glycosides. The anticancer activity was done
(methanol, hexane, chloroform, and ethyl acetate). According
to the anticancer activity results, all the fractions show a dose-
dependent cytotoxic effect against the two cell lines such as BHK
and HepG2 cell lines, respectively. A previous research showed
the component extracted from hexane extracts of S. irio aerial
fraction shown significant dose-dependent cytotoxicity action
against Vero cancer cell lines.59 However, the 5.038 g methanol
fraction showed the highest activity (90%) (IC50 = 0.4769 mg/
mL) against BHK andHepG2 cell lines. Next the 7.302 g hexane
fraction shows 86.72% activity (IC50 = 0.4769 mg/mL), 0.561 g
of ethyl acetate shows 85% (IC50 = 0.4659 gm/mL), and the
0.348 g chloroform fraction showed 84% (IC50 = 0.37087 gm/
mL) activity against BHK and HepG2 cell lines (Tables 4 and 5;
Figures 4 and 5). The Si-AgNPs demonstrated significant
cytotoxic activity against HeLa cells, indicating their potential in
anticancer studies.59 The medicinal plant S. irio possesses
powerful cytotoxic activity against cancer cell lines. However,
further studies to understand their toxicity toward cells and their
mode of action are required.

4. CONCLUSIONS
Approaches of nanoparticle production through various physical
and chemical ways have their own shortcomings as they produce
massive environmental pollution and lethal side effects.
Therefore, the current trend of research encourages researchers
all across the world to go for green synthesis of nanoparticles
which is an easy, cost-effective, eco-friendly, well-controlled, and
non-toxic approach. Green-synthesized S. irio ZnO NPs were
found to possess high cytotoxic activity against human cancer
cell lines (HepG2). Further studies are required for potential
applications of S. irio Zn NPs in various diseases.
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