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ABSTRACT

Objective: The present study was designed to evaluate the antioxidant and antityrosinase properties of zinc oxide nanoparticles (ZnO-NPs)
synthesized from brown seaweed Turbinaria conoides.

Methods: Zinc Oxide Nanoparticles were synthesized from the hydroethanolic extract of Turbinaria conoides. Ultraviolet-Visible
Spectrophotometric analysis was performed to confirm the formation of ZnO-NPs. Size, morphology and elemental composition of ZnO-NPs were
analysed using SEM-EDAX. The antioxidant activity of the synthesized zinc oxide nanoparticles was investigated by total antioxidant capacity
(phosphomolybdenum method), reducing power assay and ferric reducing antioxidant power assay (FRAP). Anti tyrosinase activity was assessed to
validate the skin whitening ability of the ZnO-NPs.

Results: The antioxidant activity of ZnO-NPs synthesized from hydroethanolic extract of Turbinaria conoides was maximum when compared with
that of the hydroethanolic algal extract. The antityrosinase activity of ZnO-NPs was found to be maximum with 75% tyrosinase inhibition when
compared to hydroethanolic algal extract which had 56% inhibition at 250pug/ml concentration.

Conclusion: Overall our study provides a firm evidence to support that antityrosinase and antioxidant activities are exhibited by ZnO-NPs synthesized
from hydroethanolic extract of Turbinaria conoides and it might be used as an antioxidant and as a source of skin whitening agent in cosmetics.
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INTRODUCTION

The skin is an important barrier which protects our body from the
damage due to direct contact with the outside environment. UV
irradiation is a harmful environmental factor that damages the skin
and is involved in the formation and delivery of melanin within
melanosomes [1]. Melanin is the major pigment for color of the human.
It is secreted by melanocyte cells in the basal layer of the epidermis
[2]. The melanin may be overproduced with chronic sun exposure
resulting in malignant melanoma or other hyperpigmentation diseases
[3]- In recent years, a number of depigmenting agents have been
developed for undesirable skin discoloration [4].

Oxidative stress due to UV radiation results in the depletion of
antioxidant defense system and was correlated with melanogenesis
[5]. To prevent hypermelanosis antioxidant defense system must be
promoted. Medicinal plant with antioxidant properties are used in
skin whitening products as ultraviolet radiation dependent stress is
believed to aggravate hyperpigmentation, which is one of the most
common facial disorders [6]. Tyrosinase is a copper containing
monooxygenase and is used in the melanin biosynthetic pathway.
Tyrosinase catalyses the oxidation of L-tyrosine to 3, 4
Dihydroxyphenyl L-alanine (L-DOPA), followed by the oxidation of
L-DOPA to dopaquinone derivatives which yields melanin.
Tyrosinase inhibitors are increasingly used in the cosmetic industry
due to their skin whitening effect and for the treatment of
hyperpigmentation by UV irradiation [7].

The synthetic substance in cosmetic products for long term use can
cause side effects, including carcinogenesis, atrophy and ochronosis
[8]. Cosmetics from natural sources are considered safer, better and
eco friendly [9]. Herbal, marine and pharmaceutical agents are
traditionally used to treat hyperpigmentation [10]. The rapid
development of nanotechnology has resulted in an increasing
number of nanomaterial-based consumer products and industries.
Because of their unique physical properties, nanomaterials have
dramatically transformed the function and application of
commercial products, including cosmetics [11]. Recently, zinc oxide
nanoparticles (ZnO-NPs) gained popularity as inorganic physical

sunscreens because they can reflect and scatter UVA and UVB
radiations while preventing skin irritation and disruption of the
endocrine system typically induced by chemical UV filters [12].

Seaweeds are macrophytic marine algae that produce a great variety
of secondary metabolites having broad spectrum of biological
activities. To investigate the potential of ZnO-NP’s in pharmaceutical
and cosmetic products, this study was formulated to evaluate the
antioxidant and antityrosinase activities of ZnO-NP’s synthesized
using Turbinaria conoides.

MATERIALS AND METHODS
Chemicals and reagents

The chemicals and reagents used in the study were of the highest
purity and analytical reagents grade. The chemicals were purchased
from SD Fine Chem., Himedia and Sigma, India.

Collection and preparation of seaweed

The brown seaweed, Turbinaria conoides (J. Agardh, Kutzing, 1860),
was collected from Mandapam coastal region, Gulf of Mannar,
Southeast coast of India. The algal samples were washed thoroughly
with running tap water followed by distilled water to remove
adhering salts and associated biota. The washed samples were dried
under shade at room temperature for a week. The dried materials
were ground to fine powder using mixer grinder and stored in
airtight container for further analysis.

Preparation of algal extract

The pure algal extract (PAE) was prepared by adding 10 g of algal
powder into 100 ml of hydro ethanol (50% ethanol) and kept in
rotatory shaker for 24 h. Filtered, collected the solvent and was used
for further analysis.

Green Synthesis of zinc oxide nanoparticles (ZnO-NPs) from
hydroethanolic algal extract

20 ml of the hydroethanolic algal extract was heated at 50°C for 10 min
and 50 ml of 91 mmol of zinc acetate solution (1 g of zinc acetate was
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dissolved in 50 ml of distilled water) was added dropwise. This was
then placed in a magnetic stirrer for 2 h. Then the precipitate was
collected by centrifugation at 16 000 rpm for 10 min at 4°C. The pale
white precipitate was then taken out and washed over and over again
with distilled water followed by ethanol to get free of the impurities.
The ZnO-NP was obtained after drying at 60°C in oven overnight and
the sample was stored for further studies.

Characterisation of zinc oxide nanoparticles

The obtained ZnO-NPs were measured for its maximum absorbance
using UV-Vis spectrophotometry. The optical property of zinc oxide
nanoparticles was determined via ultraviolet and visible absorption
spectroscopy in the range of 280-420 nm. External morphology i.e.
shape of the nanoparticles were characterized by Scanning Electron
Microscope (SEM). Elemental analysis was obtained from energy
dispersive X-ray diffraction (EDX), which was attached with SEM.

Antioxidant assay

The antioxidant activity of the synthesized ZnO-NP and hydroethanolic
algal extract was determined by employing the following methods.

Total antioxidant capacity (TAC) by phosphomolybdenum method

The total antioxidant capacity was evaluated by the
phosphomolybdenum method according to the procedure described by
Prieto et al. [13]. The method is based on the reduction of Mo (VI) to Mo
(V) by the sample and subsequent formation of green phosphate/Mo (V)
complex at acid pH. 0.3 ml of the sample (50-250pg/ml) was combined
with 3 ml of reagent solution (0.6M sulfuric acid, 28 mmol sodium
phosphate and 4 mmol ammonium molybdate). The absorbance of the
reaction was measured at 695 nm using a spectrophotometer. Ethanol
(0.3 ml) was used as the blank. The calibration curve was prepared by
using ascorbic acid at different concentration (50 to 250pg/ml).

Reducing power assay

Reducing power was determined according to the method of Oyaizu
[14]. The sample (2.5 ml) was mixed with 2.5 ml of 200 mmol sodium
phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide
and the mixture was incubated at 50°c for 20 min. Then 2.5 ml of 10%
trichloroacetic acid was added, the mixture was centrifuged at 3000 X
g for 10 min. The upper layer (2.5 ml) was mixed with 2.5 ml of
deionized water and 0.5 ml of 0.1% ferric chloride. Finally, the
absorbance was measured at 700 nm against a blank.

Ferric reducing/antioxidant power assay

The ferric reducing/antioxidant power (FRAP) assay was carried out
according to the method described by Okonogi [15]. This assay measures
the reducing properties of antioxidants based on the reduction of ferric
ion. Therefore, ferrous sulfate (FeS04) was used for calibration. A freshly
prepared FRAP solution contained 50 ml of 0.3 M acetate buffer (pH 3.6)
was added to 5 ml of 10 mmol TPTZ solution in 40 mmol HCI (previously
prepared) and 5 ml of 20 mmol ferric chloride. After mixing 2.85 ml of
FRAP solution with 20 pL of each sample, the ferric reducing ability was
measured at the end of 30 min at an absorbance of 590 nm.

Antityrosinase activity
Extraction of tyrosinase from potato

One hundred grams of peeled potato was homogenized in a blender with
100 ml of sodium fluoride. This was homogenized for about one minute
at high speed. The homogenate was filtered through several layers of
cheesecloth. An equal volume of saturated ammonium sulphate was
added to the filtrate. A flocculent white precipitate was formed. The
ammonium sulphate treated homogenate is divided into chilled
centrifuge tubes and centrifuged atl, 500 x g for 5 min at 4 °C.
Supernatant was carefully discarded and the pellet was collected. All of
the pellets were combined into 60 ml of citrate buffer, pH 4.8. Again the
solution is divided into centrifuge tubes and centrifuged at 300 x g for 5
min at 4 °C. The supernatant (enzyme) was collected and saved for
further use [16].

Determination of tyrosinase inhibitor activity

The mixture was prepared by adding 10pl tyrosinase 20ul 1.5 mmol
L-tyrosine, 10ul 1.5 mmol sample and 110pl of 0.1 M sodium
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phosphate buffer (pH 6.5). The resulting mixture (150pl) was
incubated for 10 min at 37 °C and absorption at 490 nm was
measured. Arbutin was used as the reference Tyrosinase inhibitor.
The test was performed in triplicate. The percent inhibition of
tyrosinase activity was calculated as given in the formula [17]:

Abs(control)-Abs(sxtract,

- % 100

Inhibition(%) =

Abslcontrol)

Statistical analysis

The results obtained were reported as mean*standard deviation.
RESULTS

Biosynthesis of ZnO-NPs using brown seaweed

ZnO-NPs were synthesized from hydroethanolic extract of
Turbinaria conoides by green synthesis method, which is more
reliable and less toxic when compared with other methods. The
formation of pale white colour within 3 h of preparation indicated
the synthesis of ZnO-NPs.

UV-visible spectral analysis

The optical absorption spectra of ZnO-NPs were recorded using
UV/VIS 3000+Double Beam UV Visible Ratio-Recording Scanning
Spectrophotometer from Lab India (SKU: 174-0020) with
dimensions of (W x D x H)/Weight = 540 x 440 x 390 mm/36 kg.
Spectral bandwidth of Spectrophotometer is 0.5, 1, 2, 5 nm and
wavelength is in the range of 190 to 1100 nm. Fig. 1 shows the UV-
Vis absorption spectrum of ZnO-NPs. The absorption spectrum was
recorded for the sample in the range of 280-420 nm. The spectrum
showed the absorbance peak at 360 nm corresponding to the
characteristic band of ZnO-NPs.
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Fig. 1: UV-visible spectrum of synthesized ZnO-NPs

Scanning electron microscopy (SEM) analysis

The morphology of the synthesized nanoparticles was examined
using scanning electron microscopy. Fig. 2(a) and fig. 2(b) show the
surface morphology of the zinc oxide nanoparticles under different
magnifications. The SEM image showed that most of the
nanoparticles are spherical in shape formed within diameter range
of 80-130 nm.

Energy dispersive X-Ray diffractive (EDX) analysis

The Energy Dispersive X-ray Diffractive (EDX) study was carried out
for the synthesized ZnO-NPs to elucidate the elemental composition.
EDX confirms the presence of zinc and oxygen signals of ZnO-NPs as
depicted in fig. 3. The results revealed the peaks that correspond to
the optical absorption of the produced nanoparticle. The elemental
analysis of the nanoparticle yielded 77.32% of zinc and 22.68% of
oxygen which proves that the produced nanoparticle is in its highest
purified form.
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Fig. 2: [a] and [b]: SEM image of the synthesized ZnO-NPs
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Fig. 3: EDX spectrum of synthesized ZnO-NPs

Antioxidant assay
Total antioxidant capacity (TAC) by phosphomolybdenum method

The total antioxidant capacity was evaluated by the phosphomolybdate
method. The basic principle to assess the antioxidant capacity through
phosphomolybdenum assay which includes the reduction of Mo (VI) to
Mo (V) by the sample possessing antioxidant properties. The total
antioxidant capacity of ZnO-NPs was found to be 70% when compared
with the crude algal extract at a concentration of 250ug/ml and for the
standard ascorbate it was found to be 76% (fig. 4).

Reducing power assay

The transformation of Fe 3*/ferricyanide complex to Fe?*in the
presence of various concentrations of ZnO-NPs (50-250pug/ml) and
standard was assessed and depicted in fig. 5. Maximum reducing
power was exhibited by ZnO-NPs when compared to the crude algal
extract. Absorbance of ZnO-NP and standard were found to be 0.69
and 0.81 respectively at 250pg/ml concentration. Increased
absorbance of reaction mixture indicated increased reducing power.
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It is evident that both the sample and standard exhibited maximum
reducing power only at higher concentration. The presence of
reductants in the synthesized ZnO-NPs causes the reduction of Fe
3+/Ferricyanide complex to the ferrous form.

Ferric reducing antioxidant power (FRAP)

The ferric reducing capacity of the compound may serve as a
significant role in its potential antioxidant capacity. This depends
upon the reduction of ferric tripyridyltriazine (Fe (III)-TPTZ)
complex to the ferrous tripyridyltriazine (Fe (II)-TPTZ) by a
reductant at low pH. In the presence of TPTZ complex, the reduction
is accompanied by the formation of a colored complex with Fe (II).
The synthesized ZnO-NP showed increased FRAP activity (73%)
when compared with that of crude algal extract while the standard
ascorbate was found to be 77% (fig. 6).

Determination of antityrosinase activity

The antityrosinase activity of the synthesized ZnO-NPs was
represented in fig. 7. The synthesized ZnO-NP exhibited tyrosinase
inhibitory activity in a concentration dependent manner (50-
250pg/ml). The nanoparticle sample revealed high inhibition
percentage (75%) of tyrosinase activity when compared to the crude
algal extract and standard arbutin which was found to have 56% and
73% tyrosinase inhibition at a concentration of 250pg/ml respectively.
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Fig. 4: Total antioxidant capacity of ascorbic acid, ZnO-NP and
algal extract, (Values are expressed as mean+SD)
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DISCUSSION

In recent years there is an increased demand for natural substances
which can be used for depigmenting, anti wrinkle, and other
cosmeceutical purposes [18]. Tyrosinase is a copper-containing enzyme
that catalyzes the production of melanin from tyrosine by an oxidation
reaction. Many of the depigmentation agents act at various levels of
melanin production in the skin by inhibiting tyrosinase and
melanogenesis. Inhibition of tyrosinase by a variety of compounds has
been studied, with the result that several inhibitors are now used as
cosmetic additives or as medicinal products for hyperpigmentation [19].

The role of ZnO-NPs in cosmetic industry has taken a big leap in this
century. Green synthesized nanoparticles with an inhibitory effect
on melanin formation and elastase activity may be good choices for
cosmetic purposes because of their relatively low incidence of side
effects [20]. Biosynthesized ZnO-NPs from Turbinaria conoides by
green approach is confirmed visually and via UV-Vis
spectrophotometer, indicating the synthesis of ZnO-NPs is
successful. Tyrosinase (EC 1.14.18.1) is the rate-limiting enzyme
involved in melanin synthesis [21]. The synthesized nanoparticle
shows high percentage inhibition of tyrosinase activity.

The present study is in par with the work done by Basavegowda et
al. [22] who reported that the palladium nanoparticles exhibited
potent antityrosinase and antioxidant activities. Salleh et al, [23]
also reported that the stem of Piper officinarum exhibited both
antityrosinase and antioxidant activities. Silver nanoparticles
synthesized from Glycosmis mauritiana was found to show increased
antityrosinase and antioxidant activities [24].

The basic principle to assess the antioxidant capacity through
phosphomolybdenum assay includes the reduction of Mo (VI) to Mo (V)
by the ZnO-NPs possessing antioxidant compounds. The results of the
study clearly indicate that the synthesized ZnO-NP possess antioxidant
activity with respect to mechanisms of both free radical scavenging and
reducing activities. In reduction power assay, it is observed that as
concentration of sample increases, the absorbance also increases. Higher
absorbance for the reaction mixture indicates greater reducing power
[25]. The ferric reducing antioxidant potential (FRAP) assay is a simple
and inexpensive method for the detection of total antioxidant levels [26].
FRAP activity is mainly due to their redox potential which plays an
important role in adsorbing and neutralizing free radicals quenching
singlet and triplet oxygen or decomposing peroxides. Higher FRAP value
denotes higher antioxidant capacity because FRAP value is based on
reducing ferric ion, where antioxidants are the reducing agents [27].

CONCLUSION

Our study revealed that the ZnO-NP synthesized from
hydroethanolic extract of Turbinaria conoides by green approach
exerted potential antityrosinase and antioxidant activities.
Therefore, the ZnO-NP’s might be used as antioxidant for
pharmaceutical products and skin whitening agent in cosmetics.
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