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Antioxidant activity of gold nanoparticles synthesized using Lemna minor
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ABSTRACT

The production of nanoparticles under nontoxic, green conditions is of vital importance to address the growing
concerns on the overall toxicity of metallic nanoparticles for medical and technological applications. The
present findings disclose Lemna minor synthesized gold nanoparticles antioxidant property. The free radical
scavenging activity of the synthesized nanoparticles was determined by DPPH assay, Superoxide radical
scavenging, Nitric oxide radical scavenging and Hydrogen Peroxide scavenging. The radical scavenging activity
obtained in this study with Lemna minor synthesized by gold nanoparticles shows significant scavenging
activity and as good antioxidant property. The antioxidant activity of natural compounds reported to be mainly
due to redox properties in absorbing and neutralizing free radicals, quenching singlet and triplet oxygen or

decomposing peroxides.
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INTRODUCTION

Nanotechnology is a new area of science that
involves working with materials and devices that
are in the nano scale. Synthesis of noble metal
nanoparticles attract an increasing interest due to
their novel characteristics as compared with those
of macroscopic phase and they find attractive
applications in different fields such as
antimicrobials [1] medicine, biotechnology, optics
and others [2]. Currently the production of
nanoparticles under environmentally  benign
conditions is of vital importance to address the
growing concerns on the overall toxicity of
nanoparticles for biological applications [3] [4] [5]
[6]. The power of phytochemicals that initiate
various chemical transformations within biological
systems is well known [7] [8] [9]. Nano medicine
is being applied at the molecular level to monitor,
repair, construction and control of human
biological systems using engineered nano devices
and  nanostructures  [10]. Among  metal
nanoparticles, gold nanoparticles are of particular
interest to applications that leverage on their
strongly size and shape dependent particles. Hence,
it is highly desirable to produce gold nanoparticles
with different morphology, size and surface
chemistry at high yields. The shape and size

dependent optical properties of gold nanoparticles
have been exploited in various surface coatings
[11] and biomedical applications. They are
nontoxic and are capable of delivering large
biomolecules such as proteins, [12] DNA and RNA
and expose a large surface area for immobilization
of such biomolecules. The ability to modulate the
surface chemistry of gold nanoparticles by binding
suitable ligand has important applications in many
areas such as novel organic reactions, [13] sensors,
drug/DNA delivery [14] and imaging [15]. Various
reports have proved that synthesis of nanoparticles
under non-toxic green conditions is of vital
importance to address the growing concerns on the
overall toxicity of metallic nanoparticles for
medical and technological applications [16].
Present findings disclose Lemna minor synthesized
gold nanoparticles antioxidant property.

MATERIALS AND METHODS

Biological synthesis of Gold nanoparticles: The

biological synthesis of gold nanoparticles using
Lemna minor has been carried out as reported
earlier [17]. Briefly the leaves of Lemna minor
were collected, washed with deionized water and
then shade dried, powdered using electronic
blender. The coarse powder of Lemna minor was
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extracted using deionized water. Different reaction
concentration of Lemna minor extract and HAuCl4
solution (49:1, 48:2, 47:3, 46:4, and 45:5) was
subjected respectively. The reduction of gold ions
to gold particles was completed within 1 hour and
forms ruby red color which indicates the formation
of gold nanoparticles.

DPPH assay: The DPPH radical was assayed using
the previously reported method [18]. Different
concentrations(60ug-1mg/ml) of gold nanoparticles
were added, in equal volume, to 0.1 mM ethanolic
DPPH solution. The mixture was shaken
vigorously and allowed to stand for 20 min in the
dark at room temperature and the absorbance was
monitored at 517 nm. DPPH solution without gold
nanoparticles served as the control. BHT was used
as the standard for the concentration range as
considered in the sample.

Superoxide radical scavenging activity:
Superoxide anion radical scavenging activity was
estimated according to the previously reported
method [19]. The purple formazan formed by
nitrobluetetrazolium (NBT) by reacting with the
superoxide radicals generated from phenazine meth
sulfate—nicotinamide adenine dinucleotide
(PMS/NADH)  non-enzymatic ~ system  was
measured spectrophotometric ally. In this assay, the
1 ml reaction mixture contained phosphate buffer
(100 mM, pH 7.4), NADH (468 uM), NBT (156
M), PMS (60 uM) and various concentrations
(60ug-1mg/ml)  of  goldnanoparticles.  After
incubation for 5 min at room temperature the
absorbance at 560nm was measured against
appropriate blank to determine the quantity of
formazan generated.  Quercetin  was used as
positive control in this test.

Nitric oxide radical scavenging: The NO
scavenging activity of the Lemna minor
synthesized gold nanoparticles was assessed
according to the method described [20]. In this
method, the nitric oxide generated from sodium
nitroprusside interacts with oxygen and the
resulting nitrite ions are quantified. In this test 3 ml
of the reaction mixture contained sodium
nitroprusside (10 mM), phosphate buffered saline
(pH 7.4) and various concentrations of (60pg-
Img/ml) of gold nanoparticles and incubated at
room temperature for 90 min. To 0.5 ml of this
solution was added 1 ml of sulfanilamide (0.33% in
22% glacial acetic acid) followed by 1 ml of
napthyl ethylenediamine hydrochloride (NED)
(0.1% w/v) and the resulting pink chromophore
was read at 540 nm spectrophotometric ally. BHT
was used as positive control.
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Hydrogen peroxide scavenging assay: Hydrogen
peroxide scavenging activity of gold nanoparticles
was studied using slightly modified method [21]. In
this test, H202 (100 mM) was prepared freshly in
phosphate buffer saline (pH 7.4). 300 ul of test
samples containing various concentrations of gold
nanoparticles (60ug-1mg/ml) was added to 600 ul
of H202 (100 mM) and the final volume was made
up to 1 ml with PBS. The absorbance was
measured at 230 nm against the separate sample
blanks. The percentage of inhibition was calculated
and BHT used as positive control.

RESULTS AND DISCUSSION

DPPH free radical scavenging activity: The DPPH
is considered to be a model of lipophilic radical. A
chain reaction in lipophilic radicals was initiated by
lipid auto oxidation. Being a stable free radical,
DPPH is regularly used to determine radical
scavenging activity of natural compounds. In its
radical form, DPPH absorbs at 517 nm, and its
absorbance decreases upon reduction with an
antioxidant [22]. Thus, the radical scavenging
activity in the presence of a hydrogen-donating
antioxidant can be monitored by a decrease in the
absorbance of DPPH solution. Fig. 1 presents the
DPPH radical scavenging activity obtained in the
studies with Lemna minor, the gold nanoparticles
synthesized using Lemna minor and BHT. The
Lemna minor and the gold nanoparticles had
significant scavenging effects on the DPPH radical,
with the gold nanoparticles showing higher
activity. The positive DPPH test suggests that the
samples are free radical scavengers. These results
indicate that Lemna minor and the gold
nanoparticles synthesized using Lemna minor
exhibit the ability to quench the DPPH radical. The
results also suggest that gold nanoparticles
synthesized using Lemna minor are more active in
Lemna minor alone, and are comparable to the
reference drug, as good antioxidants with DPPH
free radical scavenging activity.

Superoxide radical scavenging activity: Fig.2
presents the superoxide radical scavenging activity
obtained in the studies with Lemna minor, the gold
nanoparticles and quercetin. The Lemna minor and
the gold nanoparticles had significant superoxide
radical scavenging activity. These results indicate
that Lemna minor and the gold nanoparticles (Lm-
GNP) exhibit the ability to scavenge superoxide
radicals. The results also suggest that gold
nanoparticles are more active than Lemna minor
alone, and are comparable to the reference drug, as
good antioxidants with superoxide radical
scavenging activity. Superoxide anion is also very
harmful to cellular components [23]. [24]
Reported that flavonoids are effective antioxidants
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mainly because they scavenge superoxide anions.
As shown in Fig. 2, the superoxide radical
scavenging activities of the test samples and the
reference compound are increased markedly with
increasing concentrations. The results suggest that
Lemna minor and the gold nanoparticles are potent
scavengers of superoxide radical.

Nitric oxide radical scavenging activity: Nitric
oxide is well known to play a crucial role in the
pathogenesis of various diseases caused by
inflammation, especially when combined with
superoxide radical to form peroxynitrite anion [25].
The scavenging activity of the nanoparticles
against nitric oxide was detected by its ability to
inhibit the formation of nitrite through direct
competition with oxygen and oxides of nitrogen in
the reacting mixture [26]. The significant decrease
in the concentration of nitric oxide radical was
comparable with the standard drug which is due to
the scavenging ability of the nanoparticle. The
percentage inhibition displayed by the extract
showed a potent scavenger of nitric oxide. Fig.3
presents the nitric oxide radical scavenging activity
obtained in the studies with Lemna minor, gold
nanoparticles and BHT. The Lemna minor and the
gold nanoparticles had significant nitric oxide
radical scavenging activity. These results indicate
that Lemna minor and the gold nanoparticles
synthesized using Lemna minor (Lm-GNP) exhibit
the ability to scavenge nitric oxide radicals. The
results also suggest that gold nanoparticles
synthesized using Lemna minor are more active
than Lemna minor alone, and are comparable to the
reference drug, as good antioxidants with nitric
oxide radical scavenging activity. Sustained levels
of production of nitric oxide radical are directly
toxic to tissues and contribute to the vascular
collapse associated with septic shock, whereas
chronic expression of nitric oxide radical is
associated  with  various carcinomas and
inflammatory  conditions  including  juvenile
diabetes, multiple sclerosis, arthritis and ulcerative
colitis [27]. The toxicity of NO" increases greatly
when it reacts with superoxide radical, forming the
highly reactive peroxynitrite anion (ONOO-) [28].
The extract inhibits nitrite formation by directly
competing with oxygen in the reaction with nitric
oxide. The present study proved that the
nanoparticles studied have more Potent nitric oxide
scavenging activity than the standard BHT.

Hydroxyl radical scavenging activity: The
hydroxyl radical is the most reactive oxygen radical
[29]. They were produced by incubating ferric-
EDTA with ascorbic acid and H,O, at pH 7.4, and
reacted with 2-deoxy-2-ribose to generate a
malondialdenyde (MDA)-like product.  This
compound forms a pink chromogen upon heating
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with TBA at low pH [30]. When nanoparticles
were added to the reaction mixture, they removed
the hydroxy! radicals formed from deoxyribose and
prevented the reaction. Fig.4 presents the hydroxyl
radical scavenging activity obtained in the studies
with Lemna minor, the gold nanoparticles
synthesized using Lemna minor and BHT. The
Lemna minor and the gold nanoparticles had
significant hydroxyl radical scavenging activity.
These results indicate that Lemna minor and the
gold nanoparticles synthesized using Lemna minor
(Lm-GNP) exhibit the ability to scavenge hydroxyl
radicals. The results also suggest that the gold
nanoparticles of synthesized using Lemna minor
are more active than Lemna minor alone, and are
comparable to the reference drug, as good
antioxidants with hydroxyl radical scavenging
activity. Hydroxyl radicals are major active oxygen
species causing lipid peroxidation and enormous
biological damage [31]. It is formed via Fenton’s
reaction in the living systems [32]. In the oxidative
metabolism, the detrimental byproduct, hydroxyl
radical, causes the molecular damage of nerve in
the living organism. These radicals have major
direct or indirect role in several pathological
conditions such as brain ischemia, Parkinson’s
disease, hepatitis and carcinogenesis. Thus, Lemna
minor and the newly synthesized gold
nanoparticles (Lm-GNP) demonstrated antioxidant
activity in a concentration-dependent manner on
hydroxyl radical scavenging activity. The IC50
values of the samples in all the assays are presented
in Fig.5. The values obtained for the gold
nanoparticles of Lemna minor are almost equal to
the values obtained for the standards, suggesting
that the gold nanoparticles synthesized using
Lemna minor are very good antioxidants
comparable to that of standard. The higher values
obtained for Lemna minor indicate that Lemna
minor also has some antioxidant activity. The
activity increases when they are in the form of gold
nanoparticles. These results suggest that the gold
nanoparticles are better antioxidants than the
compounds alone, with which they are coupled to
form nanoparticles.

All these tests reveal that the gold nanoparticles
synthesized using Lemna minor are showing good
antioxidant activity. The growing interest in the
substitution of synthetic food antioxidants with
natural ones has fostered research on plant sources
and screening of raw materials to identify new
antioxidants. In this view, some biological
properties such as anticarcinogenicity,
antimutagenicity, antiallergencity and antiaging
activity have been reported for natural and
synthetic antioxidants [33]. The antioxidant activity
of natural compounds is reported to be mainly due
to their redox properties [34], which can play an
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important role in adsorbing and neutralizing free studied by UV- Vis spectra, FTIR, TEM and SEM.
radicals, quenching singlet and triplet oxygen, or The important application of Lemna minor
decomposing peroxides. synthesized nanoparticles got good antioxidant

activity of nature compounds reported to be mainly
Conclusion: In conclusion gold nanoparticles were due to redox properties in absorbing and
synthesized using Lemna minor. Bio reduction neutralizing free radicles, quenching singlet and
property of gold ions into gold particles was tripled oxygen or decomposing peroxides.
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Fig.1.DPPH Radical Scavenging Activity of BHT, Lemna minor and Lm-GNP.
100 . Quercetin
O 80 | Lemna minor
D =
S
£ 60 Lm-GNP
2
£
o 40
(=]
=
[
§ 20
[}
o
0

0.0625 0.125 0.25 0.5 1
Concentration (mg/mL)

Fig.2. Superoxide Radical Scavenging Activity of Quercetin, Lemna minor and the newly

synthesized gold nanoparticles (Lm-GNP).
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