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Abstract 

Biosynthesis of nanoparticles is the preferred route for the fabrication of biocompatible and cheaper drugs. In this 
study, the extract and major secondary metabolite from Helichrysum aureonitens, 3,5-dihydroxy-6,7,8-trimethox-
yflavone, were used to synthesize silver and zinc oxide nanoparticles. Spectroscopic and microscopic techniques 
confirmed the formation of the nanoparticles. The flavone alone showed higher DPPH radical scavenging ability 
 (IC50 = 487.1 μg  mL−1) relative to the control, butylated hydroxytoluene. In addition, silver nanoparticles synthesized 
using the flavone had higher ferric reducing potential  (Fe3+ to  Fe2+) compared to the other test samples. The cyto-
toxic activity of the plant extract, the flavone, and their biosynthesized nanoparticles was also investigated using the 
MTT assay against the cancerous MCF-7 (breast adenocarcinoma) and A549 (human lung adenocarcinoma)), and 
non-cancerous HEK293 (human embryonic kidney) cell lines. The plant extract decreased the cell viability of A549 
 (IC50 = 68.6 μg  mL−1) without being cytotoxic against HEK293, even at high concentrations. Silver nanoparticles sig-
nificantly decreased cell viability of A549 and moderately decreased cell viability of MCF-7 but induced cell death of 
HEK293 even at low concentrations. This study provides a green synthesis route for silver and zinc oxide nanoparticles 
and confirms the therapeutic effectiveness of H. aureonitens, thereby validating its use in ethnomedicine.

Keywords: Green synthesis, Flavonoids, Cytotoxicity, Antioxidant, Zinc oxide, Silver nanoparticles, Helichrysum 
aureonitens

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Introduction
Cancer is among the leading causes of death worldwide 
(Miller et  al. 2018). The uncontrollable cell growth that 
occurs can cause changes in biochemical and enzymatic 
parameters in the human body that results in the for-
mation of tumors. Breast, lung, cervical, and esophageal 
cancer, among the deadliest cancers in South Africa, 
account for 19 160 deaths yearly (Nagai and Kim 2017). 
Globally, cancer is the second leading cause of death 
after cardiovascular diseases (Nagai and Kim 2017). 
According to the World Health Organization (WHO), 8.8 

million cancer cases were reported in 2015; this figure is 
expected to increase up to 24 million by 2035 (Roy et al. 
2018). Natural products play a significant role in human 
therapy, as they are a source of bioactive compounds 
that can provide leads for essential drugs that can either 
be synthesized as pharmaceuticals or extracted for tra-
ditional medicinal use. This drug leads to bridge the gap 
between conventional medicine and traditional medicine 
and account for approximately 60% of the therapeutic 
drugs in the market for cancer chemotherapy. Drug leads 
include flavonoids isolated from Arabidopsis that inhibit 
p-glycoprotein (mdir) in human cancer cells (Taylor and 
Grotewold 2005).

Helichrysum aureonitens Sch. Bip., known as everlast-
ing (English) and impepho emhlophe (isiZulu), of the 
plant family Asteraceae and Compositae, is an indigenous 
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medicinal plant found in South Africa (Mathekga et  al. 
2000; Swartz 2006). The plant is used to prevent bed-wet-
ting by children and treat wounds or infections and head-
aches (Leistner 1983; Meyer and Afolayan 1995). The 
chloroform and methanol extracts from H. aureonitens 
were reported to possess antibacterial activity, especially 
against Micrococcus Kristinae (MIC of 0.5 mg  mL−1), and 
the aqueous extract showed significant antiviral activity 
on herpes simplex virus type-1 (HSV-1) in human lung 
fibroblasts (1.35 mg  mL−1) (Meyer et al. 1997).

Nanoparticles are synthesized using various methods 
and by controlling various parameters. The use of plant 
extracts is reported to be environmentally friendly, rela-
tively cheap, readily available, and easily scalable. Mono-
dispersed nanoparticles with reduced size are reported to 
be more biocompatible than conventional therapeutics 
for drug encapsulation and drug delivery for the treat-
ment of diseases such as cancer (Kim et al. 2007; Wang 
et  al. 2008). Controlling experimental parameters such 
as pH can yield monodispersed nanoparticles (Singh 
et al. 2018). Nanoparticles of iron oxide, zinc oxide, and 
silver have previously been synthesized from plant mate-
rial, and those tested for anticancer activity have demon-
strated positive results (Premanathan et al. 2011; Sankar 
et al. 2013; Lakshmanan et al. 2018; Izadiyan et al. 2020). 
This study, therefore, aimed at synthesizing zinc oxide 
and silver nanoparticles using the extract and major iso-
lated compound from H. aureonitens, which were then 
tested for their antioxidant and anticancer activities.

Materials and methods
General experimental procedures
Nuclear magnetic resonance (NMR) spectra were 
recorded by Bruker Advance III 400 and 600  MHz 
spectrometers (Germany) using deuterated metha-
nol  (CD3OD) (Merck, Germany). Ultraviolet–visible 
(UV–Vis) spectra were recorded on a UV–Vis-NIR Shi-
madzu UV-3600 spectrophotometer over the wavelength 
range of 700–200  nm (Japan). Fourier-transform infra-
red spectroscopy (FTIR) spectra were recorded using a 
Perkin-Elmer Universal ATR spectrometer (USA). Gas 
chromatography–mass spectrometry (GC–MS) was per-
formed on a Shimadzu GCMS-QP 2010SE instrument 
(Japan) equipped with a DB-5SIL MS (30 mm × 0.25 mm) 
fused silica capillary column (0.25  μm film thickness). 
Helium (2  mL   min−1) was used as a carrier gas. The 
column temperature was kept at 60  °C for 2  min then 
ramped to 300 °C for 30 min at a rate of 4 °C  min−1. The 
crystalline nature of nanoparticles was analyzed using 
powder X-ray diffraction (PXRD) and selected area 
electron diffraction (SAED) using a PANalytical X’Pert 
Pro, at a scanning rate of 2°/min and sample interval of 
0.02° over the range 20° < 2θ < 80°. PXRD studies were 

conducted on a Bruker D8 Advance diffractometer with 
Cu Ka (l ¼ 1.5406 A) as the radiation source. The biore-
duction of  Mn+ ions to  M0 was monitored by recording 
the maximum absorption peak obtained from UV–Vis 
spectroscopy (Shimadzu UV-1800 spectrophotometer, 
Japan) in a 200–800 nm wavelength range. The morphol-
ogy and size of the nanoparticles were analyzed using 
transmission electron microscopy (TEM), JOEL JEM 
1010, and JEOL JEM 2100 operated at a voltage of 100 
and 200  kV, respectively. Scanning electron microscopy 
(SEM) images were taken using a FEG-SEM (Carl Zeiss, 
Germany) microscope operated at an accelerating voltage 
of 10 kV. EDX using the Oxford X max instrument was 
used to confirm that the elements present in the nano-
particles (Aztec Analysis Software, England).

Collection of plant material and preparation of extracts
The leaves from H. aureonitens were purchased from 
Warwick Durban Market, KwaZulu-Natal, South Africa, 
in June 2017 and identified by the taxonomist, Mr. 
Edward Khathi, School of Life Sciences. The voucher 
number, Shelembe B4, was deposited in the ward her-
barium. Leaves were dried at room temperature for two 
weeks and crushed using a food blender (Salton, model 
SMS 15).

Extraction, isolation, and purification of compounds 
from Helichrysum aureonitens
Approximately 720  g of dried and crushed leaves were 
extracted for three days with 5 L of distilled methanol 
(MeOH) using an orbital shaker. The extract was con-
centrated using a rotary evaporator at a temperature 
that was 5 °C below the boiling point of the solvent, and 
then, the dried extract (2.83 g) was subjected to column 
chromatography with silica gel as a stationary phase 
(Merck Kieselgel 60, 0.063–0.200  mm, 70–230 mesh 
ASTM). Gradient elution using n-hexane and ethyl ace-
tate (EtOAc) was employed for separation, starting with 
100% hexane that was stepped by 10% to 100% EtOAc. 
Fractions (10 × 50 mL for each solvent system) were col-
lected. TLC was used to evaluate the similarities and 
purity of each fraction. Fractions 21–35 were combined 
and further subjected to column chromatography to give 
compound 1.

Compound 1: 1H-NMR  (CDCl3) δH 11.41 (1H, s, OH), 
8.25 (2H, dd, J = 8.42  Hz and 1.06  Hz, H-2’/6’), 7.52 
(3H, m, J = 7.52  Hz, H-3’/4’/5’), 6.69 (1H, s, OH), 4.10 
(3H, s,  OCH3), 3.96 (3H, s,  OCH3), 3.94 (3H, s,  OCH3). 
13C-NMR  (CDCl3) δC 176.10 (C-4), 147.88 (C-), 145.25 
(C-), 136.44 (C-), 130.83 (C-), 130.49 (C-), 130.02 (C-), 
128.74 (C-), 127.72 (C-), 71.83 (C-), 62.09  (OCH3), 61.72 
 (OCH3), 61.18  (OCH3).
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Preparation of the aqueous extract and synthesis 
of nanoparticles
Finely ground leaves of H. aureonitens (20  g) were 
boiled in deionized water (200  mL) for 20  min then 
filtered by gravity. The filtrate was cooled to room 
temperature and stored at 4  °C for future use. Nano-
particles were only synthesized using the isolated com-
pound and aqueous extract as these particles may be 
used in biomedical applications.

Silver nanoparticles (AgNPs)
An aqueous solution of silver nitrate (50  mL, 1  mM) 
was added dropwise (2  mL per minute) to the aque-
ous plant extract (50  mL). The solution was stirred 
overnight (8 h) at room temperature using a magnetic 
stirrer. A color change from orange to gray-black was 
observed. The suspended AgNPs were centrifuged at 
5000 rpm for 30 min, washed several times with deion-
ized water, and dried in an oven overnight at 50  °C. 
To synthesize AgNPs using compound 1, 10  mg of 
the compound was dissolved in 10  mL of MeOH and 
reacted with 10 mL of  AgNO3.

Zinc oxide nanoparticles (ZnONPs)
A solution of zinc chloride (50 mL, 0.4 M) was added to 
the aqueous plant extract (50 mL) dropwise. The solu-
tion was stirred at room temperature for 2  h. The pH 
of the solution was adjusted to 11 by adding a solution 
of NaOH (1.0  M) dropwise with constant stirring for 
2 h at room temperature. The resulting precipitate was 
obtained after centrifugation at 5000  rpm for 30  min, 
washing several times with deionized water, and drying 
in an oven at 100 °C for 2 h.

Antioxidant activity (DPPH radical scavenging 
activity, ferric reducing antioxidant power, 
and phosphomolybdenum method)
According to the method described by Aliyu et al. (2013), 
the antioxidant potency of the crude extract, isolated 
compound, and their nanoparticles was evaluated using 
the stable free radical 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) method. The standard antioxidants, ascorbic 
acid, α-tocopherol, and butylated hydroxytoluene (BHT), 
were used as positive controls. The absorbance was 
recorded at 517 nm using a UV–Vis spectrophotometer, 
and all experiments were conducted in triplicate.

The ferric reducing power of the test samples was 
determined according to the method described by 
Murthy et  al. (2012). The absorbance was measured 
at 700  nm using a UV–Vis spectrophotometer with 

ascorbic, α-tocopherol, and BHT as positive controls 
and MeOH as a blank.

The total antioxidant capacity of the test samples 
using phosphomolybdenum was evaluated accord-
ing to the method described by Aliyu et al. (2013). The 
absorbance was measured at 695  nm using a UV–Vis 
spectrophotometer with ascorbic acid, α-tocopherol, 
and BHT as positive controls and MeOH as a blank. For 
statistical purposes, all experiments were conducted in 
triplicate.

Cell viability and cytotoxicity testing
The cytotoxicity assay measures the ability of a com-
pound to kill a targeted cell. The most common one 
used is the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe-
nyltetrazolium bromide (MTT) assay. The crude 
extract, isolated compound, and nanoparticles synthe-
sized from them were tested against three cell lines, 
namely, MCF-7 (breast adenocarcinoma), HEK 293 
(human embryonic kidney), and A549 (human lung 
adenocarcinoma) originally obtained from the Ameri-
can Tissue Culture Collection (ATCC) (Virginia, USA). 
The cells were grown or seeded in a 25 mL tissue culture 
flasks in Eagle’s minimum essential medium (EMEM) 
supplemented with 10% fetal bovine serum (FBS) and 
an antibiotic mixture of penicillin (100  μg   mL−1) and 
streptomycin (100 μg  mL−1). Cells at a plating cell den-
sity of 1.8 × 105 cells per well were plated into a 96 
-well plate containing 200 μL medium. The cells were 
then incubated at 37  °C in 5%  CO2 and 95% air with 
100% humidity overnight. After that, the medium was 
replaced with 200 μL of the freshly prepared medium.

Compounds to be tested were dissolved or suspended 
in 20% DMSO and diluted with phosphate buffer saline 
to make a total volume of 4 mL. Concentrations of 250, 
125, 75, 30 μg  mL−1 were added in triplicate to the cells 
in a 96-well plate and incubated for 48  h at 37  °C. A 
known anticancer agent (5-fluorouracil (5-FU)) was 
used as the positive control. MTT solution was added 
to each well and incubated for 3  h at 37  °C to form 
formazan salt, indicating cell viability (cell growth). The 
formazan salt was dissolved by adding DMSO (100 μL), 
forming a purple solution. The absorbance of the solu-
tion was read at 570 nm using a microplate reader. The 
absorbance is proportional to the number of viable cells 
in each well.

%Cell viability =
ASample

Auntreated
× 100
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 where Asample is the absorbance of the sample and Aunt-

reated is the absorbance of the untreated cells. All experi-
ments were carried out in triplicate.

Statistical analysis
The experimental data were expressed as mean ± stand-
ard deviation of three independent experiments. One-
way analysis of variance (ANOVA) was performed on the 
data to evaluate significant differences between means 
using Tukey’s post hoc test (p < 0.05). All statistical analy-
ses were performed using GraphPad Prism 7.0 (Graph-
Pad Software Inc., San Diego, CA).

Results and discussion
Structure elucidation of compound 1 from Helichrysum 
aureonitens
Compound 1 was isolated as a yellow amorphous solid 
with a mass of 15 mg. GC–MS data showed a molecular 
ion peak at m/z  [M+] 344.09, which corresponds to the 
molecular formula,  C18H16O7. The 1H NMR spectrum 
showed characteristic resonances for flavonoids at δH 
8.25 (H-2’/6’), 7.52–7.48 (H-3’/4’/5’) from the B ring. No 
signal around δH 5 indicated that ring A (resorcinol moi-
ety) is fully substituted. The three resonances at δH 4.10, 
3.96, 3.94, integrating to 3 protons each indicated three 
methoxy groups that correlated with carbon resonances 
at δC 61.18, 61.72, and 62.09, respectively, from the 
HSQC experiment. The spectral data matched those pre-
viously reported and mass data confirmed compound 1 
to be 3,5-dihydroxy-6,7,8-trimethoxyflavone (Additional 
file 1) (Wollenweber et al. 1993; Süzgeç et al. 2005; Xiong 
et al. 2009). Based on our knowledge, this compound is 
reported for the first time in the species. The flavone was 
the major compound in the extract of H. aureonitens and 

was used to synthesize nanoparticles and the aqueous 
extract.

Characterization of biosynthesized nanoparticles
Plants contain phytocompounds with the potential to 
reduce and stabilize metals to form nanoparticles. In 
this study, the flavone isolated from the H. aureonitens 
extract acted as a reducing and capping agent. The mech-
anism of metal coordination to flavones usually occurs 
via hydroxyl and carbonyl groups of the C ring; the coor-
dination is called 3–4 site or 4–5 site or both (Fig.  1) 
(Kulkarni and Muddapur 2014).

The formation of nanoparticles was depicted by a color 
change of the H. aureonitens extract and the flavone to a 
gray-black indicating reduction of  Ag+ to  Ag0 for AgNPs 
and the formation of white suspension indicating the 
reduction of  Zn2+ to  Zn0 for ZnONPs.

The UV–Vis spectra of the AgNPs and ZnONPs syn-
thesized using both the H. aureonitens extract and fla-
vone showed a distinct peak around 429 nm and 280 nm 
due to surface plasmon resonance (Fig.  2). The absorp-
tion peak for AgNPs from the extract appeared sharper 
than that from the flavone, with peak broadness indicat-
ing polydispersity of nanoparticles. These results were 
consistent with previous studies that showed absorption 
peaks between 410 and 430 nm for AgNPs (Lakshmanan 
et al. 2018) and 362 nm for ZnONPs (Premanathan et al. 
2011). A red shift was observed for ZnONPs indicative of 
larger particles with different shapes from that obtained 
by Premanathan and co-worker (Premanathan et  al. 
2011).

The TEM images of AgNPs synthesized from the 
extract of H. aureonitens, and the flavone are shown in 
Fig.  3. The TEM image (Fig.  3a, d) indicated spherical 
particles with agglomeration. The SEM image (Additional 
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Fig. 1 Possible chelating coordination sites ((3–4) and (4–5)) for the isolated flavone (3,5-dihydroxy-6,7,8-trimethoxyflavone).  Mn+ denotes metal 
ions, which can be either  Ag+ or  Zn2+
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file  1) confirmed particles to be spherical. The particle 
size distribution histogram, as measured by TEM images 
(Fig.  3b, e), showed particle sizes to range between 
5 and 65  nm (from the extract) with an average size of 
10  nm, which supports the UV–Vis data. The nanopar-
ticles synthesized using the flavone showed particle sizes 
that ranged between 3 and 29  nm with an average size 
of 9.0  nm. The SAED pattern showed concentric dif-
fraction rings as bright spots indicating that both are 
crystalline particles (Fig.  3c, f ). The d-spacing was also 

measured from the lattice fringes and the lattice spacings 
obtained were 0.234, 0.201, 0.139, 0.124 and 0.119  nm 
that matched exactly to the (111), (200), (220), (222) and 
(311). This was compared to literature and indexed to the 
facet of a face-centered cubic crystal structure of AgNPs 
(Ahmad et al. 2010; Kora et al. 2012).

The microscopic characterization of ZnONPs synthe-
sized from the extract and flavone is presented in Fig. 4. 
Nanoparticles synthesized from the extract appeared to 
be spheres or spheres joined together to form rods or 

Fig. 2 UV spectra of a AgNPs and b ZnONPs synthesized using H. aureonitens extract and isolated flavone

Fig. 3 TEM Images, particle size distribution histogram and SAED pattern of AgNPs synthesized using H. aureonitens extract (a–c) and flavone (d–f)
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needles. The TEM image confirmed this where it showed 
agglomerated spheres surrounding the thread-like or rod 
particles (Fig.  4a), with particle size distribution histo-
grams showing particle sizes that ranged between 7 and 
45 nm with an average size of 19 nm (Fig. 4b). Nanopar-
ticles synthesized using the flavone showed agglomerated 
spherical nanoparticles (Fig.  4c). The nanoparticle sizes 
ranged between 0.5 and 68  nm, with an average size of 
25 nm (Fig. 4d).

The EDX spectra from the crude extract and flavone are 
shown in Fig. 5a and c, respectively; Zn and O are pre-
sented as significant elements with traces of C due to car-
bon-containing phytocompounds and Cl that originated 
from traces of the starting material, zinc chloride. The 
diffraction peaks observed at 2θ of 31.76°, 34.42°, 36.25°, 
47.50°, 56.60°, 62.86°, 67.96° and 69.33° corresponding to 
the lattice planes (100), (002), (101), (102), (110), (103), 
(112), and (201) of PXRD in Fig. 5b and d. According to 
the PXRD pattern, both the synthesized ZnONPs showed 
a classic hexagonal crystal Wurtzite structure. The 

characteristic peaks at 2θ of 31.8°, 34.4°, 36.3°, 47.5°, 56.6°, 
62.9° and 67.9° were assigned to the (100), (002), (101), 
(102), (110), (103) and (112) lattice planes, which corre-
sponds to the wurtzite structure of ZnONPs. The most 
substantial diffraction peak was observed at 2θ = 36°, cor-
responding to ZnO’s (101) lattice planes. This phase was 
similar for both nanoparticles.

Antioxidant activity
For this study, the commonly used assays (DPPH, FRAP, 
and phosphomolybdenum) were employed to evaluate 
the antioxidant activity of the aqueous extract of H. aure-
onitens, flavone (3,5-dihydroxy-6,7,8-trimethoxyflavone), 
and nanoparticles (ZnONPs and AgNPs) synthesized 
from both the aqueous extract and flavone.

The DPPH radical scavenging ability of the crude 
extract, flavone, and their nanoparticles are shown in 
Fig.  6. Ascorbic acid, BHT, and tocopherol are known 
for their antioxidant activity and are therefore used as 
positive controls. Ascorbic acid and tocopherol showed 

Fig. 4 TEM Images and particle size distribution histogram of ZnONPs synthesized using H. aureonitens extract (a, b) and flavone (c, d)
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high activity as expected with  IC50 values of 78.22 
and 223.4  μg   mL−1, respectively. The flavone showed 
higher antioxidant activity than BHT, with an  IC50 of 
487.1  μg   mL−1. The crude extract also exhibited better 
scavenging activity but lower than that of the flavone. 
Previous studies have shown flavonoids to possess good 
radical scavenging activity, attributed to the phenolic 
hydroxide groups attached to their structures (Van Acker 
et al. 1996; Amić et al. 2003). The hydroxyl group at posi-
tion 3 of the C-ring and position 5 of the A-ring, which 
can be donated, enhances the radical scavenging activity 
of the isolated flavone. The double bond at C2–C3 con-
jugated with a 4-keto group facilitates electron delocali-
zation, stabilizing the radical flavone formed (Amić et al. 
2003). The activity is also improved by combining a dou-
ble bond at C2-C3 with the 3-OH; this was observed by 
the improved scavenging ability of quercetin compared to 
other catechol flavonoids (Van Acker et al. 1996).

The scavenging ability of the nanoparticles was lower 
than their reducing and stabilizing agents. However, 
AgNPs showed better antioxidant activity than ZnONPs, 
with the scavenging potential of AgNPs (flavone) being 

significantly higher than AgNPs (H. aureonitens extract). 
Smaller nanoparticles (AgNPs (flavone)) have a large sur-
face area and hence better interaction with biological sys-
tems and more flavone is attached to the surface of the 
nanoparticles. Our results agree with previous studies 
that correlate particle size and shape to biological activi-
ties (Sahu et al. 2016).

The electron-donating ability of the H. aureonitens 
extract, flavone, and the synthesized nanoparticles was 
measured by the FRAP assay to reduce  Fe3+ to  Fe2+ 
ions. AgNPs synthesized by the flavone had higher activ-
ity than the other test samples, including that of the fla-
vone. The phosphomolybdenum method is based on the 
reduction of molybdenum (VI) by the antioxidants to 
the molybdenum (V) complex, which absorbs at 695 nm 
(Srinivasahan and Durairaj 2014). The flavone had higher 
reducing power on molybdenum (VI) ions than ascor-
bic acid, and tocopherol and AgNPs synthesized from 
the flavone exhibited higher antioxidant activity than the 
other nanoparticles.

The three assays confirmed that the antioxidant activity 
of the flavone, whether by radical scavenging or reducing 

Fig. 5 EDX spectra and PXRD diffraction patterns of ZnONPs synthesized using H. aureonitens extract (a, b) and flavone (c, d)



Page 8 of 11Shelembe et al. Journal of Analytical Science and Technology            (2022) 13:8 

ability, is better than that of the extract. Therefore, the 
combined antioxidant activity of the compounds pre-
sent in the plant is antagonistic. The assays also con-
firmed that the radical scavenging and reducing abilities 
of AgNPs are better than ZnONPs. The synergy between 
the flavone and AgNPs ameliorated the activity of the fla-
vone-synthesized AgNPs.

In vitro cytotoxicity assay
The cytotoxic effect of the extract of H. aureonitens, fla-
vone, and their nanoparticles (ZnONPs and AgNPs) 
was investigated on three cell lines, the cancerous A549 
(human lung carcinoma) and MCF-7 (human breast car-
cinoma), and non-cancerous HEK293 (human embryonic 
kidney) cell lines. The cells were treated with different 
concentrations of test samples and evaluated using the 
MTT cell viability assay. A color change from yellow to 
purple indicated the formation of formazan crystals 
dependent on NADPH and oxidoreductase enzymes 
in the cytosolic compartment of the cell. Therefore, the 
purple color is directly proportional to cell viability (cell 
growth).

An expected trend of decreasing cell viability with 
increasing concentration of test samples was observed 
in the cancerous and non-cancerous cell lines (Fig.  7). 
The  IC50 values of the H. aureonitens extract, fla-
vone, and nanoparticles were compared to the known 

anticancer drug, 5-fluorouracil (5-FU) as shown in 
Table  1. Untreated cells (UN) were used as a nega-
tive control for each cell line. The  IC50 values were esti-
mated using nonlinear regression. The extract from H. 
aureonitens showed extreme selectivity towards A549 
with an  IC50 value of 68.6 μg   mL−1 without being cyto-
toxic against the non-cancerous HEK293, even at high 
concentrations.

AgNPs from H. aureonitens extract, and the flavone 
significantly decreased cell viability of A549 and moder-
ately decreased cell viability of MCF-7, respectively, and 
ZnONPs (flavone) significantly reduced cell viability of 
MCF-7. Their activity was not significantly different from 
the positive control, 5FU, which agreed with the finding 
obtained by Reshma and Mohanan (2017) for these metal 
nanoparticles. AgNPs (from both the extract and flavone) 
were more cytotoxic against A549 than the positive con-
trol. However, it was found to induce cell death of non-
cancerous cells HEK293 even at low concentrations.

ZnONPs (flavone) were more selective toward A549 
than MCF-7 but were also cytotoxic toward HEK293. 
Capping metals with the phytocompounds improved the 
activity of the compounds against the cell lines tested, 
which was observed by a decrease in cell viability. All 
nanoparticles decreased cell viability in all three cell lines 
in a dose-dependent manner. They also showed selectiv-
ity toward A549 compared to MCF-7. For both of the 

Fig. 6 DPPH radical scavenging activity of H. aureonitens extract, flavone and nanoparticles (AgNPs and ZnONPs) synthesized using H. aureonitens 
extract and isolated flavone. Ascorbic acid, tocopherol and butylated hydroxytoluene (BHT) were used as controls. Different alphabets indicate 
mean separation by Turkey’s post hoc test (p < 0.05)
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cancerous cell lines tested, AgNPs and ZnONPs’ activ-
ity was comparable when capped with the flavone; how-
ever, AgNPs showed better activity than ZnONPs when 

capped with compounds from the extract. AgNPs syn-
thesized by flavonoids are generally more cytotoxic, and 
toxicity is based on nanoparticles’ different surface prop-
erties and interaction time (Sahu et al. 2016).

Conclusions
The major secondary metabolite isolated from H. aure-
onitens was identified as the flavone (3,5-dihydroxy-6,7,8-
trimethoxyflavone). AgNPs and ZnONPs were 
successfully synthesized using the flavone and the aque-
ous extract, and both types of particles exhibited size 
ranges of 2–35 nm. All of the test samples demonstrated 
antioxidant ability by scavenging free radicals or reducing 
metal ions by donating an electron. Nanoparticles syn-
thesized using the flavone and aqueous extract showed 
moderate to low antioxidant activity and high cytotoxic 
activity against cancerous and non-cancerous cell lines. 
The aqueous extract showed selective cytotoxic activ-
ity towards A549 (human lung carcinoma), highlighting 
the potential of the crude extract from H. aureonitens to 
treat lung cancer. This study reveals the therapeutic effec-
tiveness and metal-reducing ability of the compounds 

Fig. 7 MTT cell viability results for non-cancerous HEK293 and cancerous A549 and MCF-7 cell lines after treating with H. aureonitens extract, 
flavone, their nanoparticles (ZnONPs and AgNPs), and 5-fluorouracil, 5-FU. Significant differences (*p < 0.05, **p < 0.005, ***p < 0.001) are relative to 
5-FU

Table 1 IC50 values of the crude extract, flavone and 
nanoparticles synthesized from H. aureonitens on HEK293, A549, 
and MCF-7 cell lines and DPPH

Compounds IC50 values in μg  mL−1

HEK293 A549 MCF-7 DPPH

Crude extract 250.0 68.6 > 250 > 600

AgNP (H. aureonitens) < 30 250.0 69.04 > 600

ZnONP (H. aureonitens) > 250 76.89 232.3 > 600

Flavone 142.4 116.6 > 250 487.1

AgNP (Flavone) 58.24 250.0 30.29 > 600

ZnONP (Flavone) < 30 < 30 70.16 > 600

5-Fluorouracil 46.42 74.31 > 250

Ascorbic acid – – – 78.22

Tocopherol – – – 223.4

Butylated hydroxytoluene – – – > 600
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present in H. aureonitens, thereby validating its ethnome-
dicinal use and confirming its ability to synthesize nano-
particles using a green approach, respectively.
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