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INTRODUCTION
It is an era of the advancement in the field of chemical synthesis and nanoparticles play vital
role in this field. It is due to this reason , it has extensive applications in different fields,

ranging from optoelectronic to catalytic functions and from bio-imaging to bio-
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technology.™*™

The use of nanoparticles in technological applications becomes limited
sometimes because of its restricted behavior in different solvents. Molecular engineering on
the surfaces of nanoparticles making possible to certain extent in tuning their properties
to explore and develop their applicatory uses in the field of nanotechnology.!®
Nanoparticles are viable to biomedical applications, since molecular or cellular parts are
much smaller and in the submicron size domain ranging from 2nm-100 pum (a cell (10-100
um), a protein (5-50 nm), a gene (2 nm wide and 10—-100 nm length). This means that they
can easily be matched to a biological entity of interest. This simple size suggests the idea of
using nanoparticles as very small probes that would allow us to spy at the cellular machinery
without introducing too much interference. Chemical modifications of the nanoparticles
surface are therefore necessary for specific interactions with biomolecules of interest. This
goal can be achieved by controlling the surface chemical composition through
functionalization and mastering its modification at the nanometer scale which offers high-
added value applications to these nanoparticles. Surface functionalization means the
introduction of chemical entities or functional groups on the surface of the nanoparticles,
which creates specific surface sites. By controlling the nanoperticle surfaces one can tailor
the particle sizel”? and solubility.®® Mainly two methods of surface modification of
nanoparticles are in practice, firstly by Post — functionalization , which is done by the
grafting of organic groups onto the surface of nanomaterials after the synthesis® and
secondly, In situ functionalization, where the surface modification of nanomaterials is done

by organic compounds during synthetic process. 0"

In the present paper we have synthesized functionalized ZnO nanopatrticles through in situ
functionalization method and characterized it by XRD, SEM and FTIR spectroscopy. The
functionalized ZnO nanoparticles were then applied to the Solanum melongena i.e. brinjal
(var. Rajni) plant to investigate its effect on the activity of phytohormones by measuring
plant growth and development, photosynthetic pigment in leaves and total soluble proteins.
Phytohormones are not nutrients but they are chemicals present at extremely low
concentrations which promote, influence the growth and regulate the cellular processes.!*?
The potent antioxidant activity of functionalized nano ZnO were also determined by
determining the level of superoxide radical and hydrogen peroxide, lipid peroxidation, total
phenolics, DPPH assay , SOD, POD and GST activities.

WWW.Wjpr.net Vol 4, Issue 05, 2015. 1991




Sanjay et al. World Journal of Pharmaceutical Research

Experimental

Chemicals

The zinc acetate dihydrate (Zn(CH3COOH),.2H,0) (99% purity), Sodium hydroxide (NaOH)
(98.5% purity), Ethylene glycol(EG)(99% purity), Ethyl Alcohol (EtOH) (99% purity)
sodium hypochlorite, potassium phosphate, acetone, hydroxylamine, sulfanilamide |,
naphthylethylene diamine dihydrochloride, diethyl ether, trichloro acetic acid (TCA),
thiobarbituric acid(TBA), riboflavin, EDTA, methionine, nitro blue tetrazolium (NBT),
sodium  carbonate , pyrogallol, H;O,  1-chloro-2,4-dinitrobenzene  (CDNB),
glutathione(GSH), guaiacol, acetonitrile , Indole acetic acid. All reagents were purchased
from E. Merck Limited, Mumbai-400018, India. These chemicals were directly used without

any special treatment.

Preparation of ZnO nanopatrticles

ZnO nanoparticles were synthesized by co-precipitation method. An aqueous solution of 0.1
M Zn(CH3COOH),.2H,0 and 0.1M NaOH were prepared by dissolving each salt in a binary
solvent mixture of 50-50% ethylene glycol and double distilled water. Both the solutions of
Zn (CH3COOH),.2H,0 and NaOH were then mixed together and placed on magnetic stirrer
for stirring at 60°C for 4h. The resulting white solid products were collected after
centrifugation and washed with double distilled water and ethanol.

Instrumentation

The crystal structure of functionalized ZnO nanoparticles were characterized by X-ray
diffraction (XRD, Rigaku D/MAX- 2200H/PC, Cu Ka radiation). The scanning electron
microscopy (SEM) images were taken on a LEO Electron Microscopy Ltd, England. The
absorbance of leaf extract was read at 663.2, 646.5 and 470 nm by using UV- visible
spectrophotometer (Model 1700, Shimadzu, Japan). FT-infra red spectrum was recorded on
ABB Bommen IR spectrometer (model FTLA 2000). HPLC analysis were performed on
Metrohm HPLC consisting of 820 IC separation centre, 830 IC interface and twin 818 IC

pump.

Plant Material, Treatment and Plant Growth Conditions

The seeds of Solanum melongena i.e. brinjal were purchased from certified supplier from
Rajani Seeds Pvt.Ltd., Nagpur, India. The healthy seeds were surface sterilized in 10% (v/v)
sodium hypochlorite solution for 15 min. followed by repeated thorough washing with
sterilized distilled water and soaked for 2 - 4 h in distilled water. After this, the uniform sized
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seeds were sown in plastic trays containing sterilized sand and kept in darkness for seed
germination at 25+ 2°C. The seedlings were placed in growth chamber (CDR model GRW-
300 DGe, Athens) under photosynthetically active radiation (PAR) of 150 mmol photons m™
s with 16:8 h day- night regime and 65-70% relative humidity at 25+ 2°C for a period until
the secondary leaves emerged. Uniformed sized seedlings of Solanum melongena having
secondary leaves were randomly selected and used to analyze the impact of ZnO nano and
ZnO bulk on various physiological and biochemical parameters. After 15th day of seed
germination seedlings were treated with 50 and100 mgL™ of ZnO nano and bulk in

hydroponics system.

Bulk and nano ZnO treatments

The uniform sized seedlings having secondary leaves were gently up rooted from sand and
their roots were washed gently in tap water. Thereafter, seedlings were acclimatized in half
strength Hoagland’s nutrient solution for 24 h. After this, experimental set up was made
with 5 combinations: i)controlled(C:without treatment), ii) seedlings treated with ZnO bulk
(B1:50 mg L™) , iii) with ZnO bulk (B,:100 mg L™) , iv) with ZnO nano (N1:50 mg L™) and
v) with ZnO nano (N»:100 mg L™). The ZnO bulk and ZnO nano concentrations (B, B, N;
and Ny) that have been used in the present study were environmentally relevant based on
earlier studies. After the treatment all the seedlings were again placed in growth chamber for
7 days under150 mmol photons m™ s™ of PAR with 16:8 h day- night regime and at the same
above mentioned conditions. During this period, medium was changed twice and aerated
daily to avoid root anoxia. After 7 days of treatment, the seedlings were harvested and

various parameters were analyzed immediately.

Determination of growth and photosynthetic pigments

The growth was measured in terms of plant fresh weight. Three seedlings were selected
randomly from control and treated samples, divided into root and shoot and then their fresh
mass were determined. The 20 mg fresh leaves from each sample were crushed in 80%
acetone and the pigments were extracted and centrifuged. The amount of chlorophyll a,
chlorophyll b and carotenoids was calculated with the help of the absorbance of extract
recorded at 663.2, 646.5 and 470 nm.™**!

Total soluble proteins
Fresh leaf material (50 mg) was crushed with 1 ml of 50 mM potassium phosphate buffer
[KoHPO4 (Mol. wt. 174.18) + KH,PO4 (Mol. wt. 136.09) in an ice bath. The aliquot was
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centrifuged at 10,000 x g for 15 min at 4 °C. Protein contents of the extract were determined
following Bradford method™*” The absorbance of the colored aqueous phase was recorded at
595 nm.

Determination of Indole acetic acid

The level of indole acetic acid (IAA) was checked with the help of HPLC analysis. Water
with conductivity lower than 0.05 mS/cm and acetonitrile were of HPLC grade. The standard
solution (1000 ppm) of 1AA was prepared by dissolving it in the HPLC mobile phase. The
mobile phase was 20% acetonitrile/water containing 1% acetic acid at a flow rate of 1
ml/min. Ten-microlitre samples of C , B, B,, N; and N, were injected one by one after
running the column with standard and then their chromatograms were recorded(fig.6).

Determination of superoxide radical and hydrogen peroxide

Superoxide radical (SOR; O;") in each sample was determined by Elstner and Heupel’s
method.™® This assay is based on the formation of NO, from hydroxylamine in the
presence of O,". Fresh leaves and root (100 mg) were crushed in 2 ml of 65 mM potassium
phosphate buffer (pH 7.8) and centrifuged at 10,000g for 10 min at 4°C (CPR-30, Remi,
India). The reaction mixture consisted of 65 mM potassium phosphate buffer (pH 7.8), 10
mM hydroxylamine hydrochloride and tissue extract were incubated for 20 min at 25°C.
After this, 17 mM sulfanilamide and 7 mM naphthylethylene diamine dihydrochloride were
mixed to the incubated reaction mixture. After 15 min of reaction, diethyl ether was mixed to
the same reaction mixture gently and centrifuged at 2000g for 5 min. The absorbance of the
colored aqueous phase was recorded at 530 nm. A standard curve was prepared with NaNO,

and used to calculate the production of O™

For the estimation of H,0O,, leaf and root tissue (40 mg) were extracted with 3 ml of 0.1%
(w/v) trichloro acetic acid (TCA) in an ice bath and centrifuged at 10,000g for 15 min.!*®! The
reaction mixture (2 ml) contained tissue extract (0.5 ml), 0.5 ml of 10 mM potassium
phosphate buffer (pH 7.0) and 1ml of 1 M KI solution. The absorbance of the mixture was
read at 390 nm. Concentration of H,O, was calculated by using a standard curve prepared

with graded solution of H,0O,.

Determination of lipid peroxidation
The lipid peroxidation as malondialdehyde (MDA) content was estimated according to the

method of Heath and Packer.'”! Fresh leaves and root (50 mg) from each sample were
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crushed in 2 ml of 5% (w/v) TCA and centrifuged at 10,000g for 10 min at 4°C. Reaction
mixture (2.5 ml) contained thiobarbituric acid-TCA solution (2 ml) and tissue extract (0.5 ml)
was boiled for 20 min in water bath. After cooling, the absorbance of reaction mixture was
recorded at 532 and 600 nm. The values of non-specific absorption at 600 nm were subtracted
from the values recorded at 532 nm. The amount of MDA was calculated using the extinction

coefficient of 155 mM™ cm™.

Total phenolic Contents

Fresh leaves (50 mg) were extracted with ethanol, and then centrifuged at 10,000g. for 10
min. The aliquots (0.1 mL) were diluted with 1.5 mL of distilled water and 0.1 mL of Folin
and Ciocalteau’s phenol reagent. After thorough shaking, 0.3 ml sodium carbonate (Na,CO3)
(20%) added to the mixtures and the reaction mixtures were then incubated for 30 min in
water bath at 40°C. The absorbance of reaction mixtures was recorded at 765nm and
compared with standard curve prepared by gallic acid. Total phenolic content is expressed as
mg gallic acid equivalents (GAE) g FW.!*8!

DPPH assay
The measurement of hydrogen donating capability of extract were assessed using DPPH (2,
2’ diphenyl-1- picryl hydrazyl) radical as substrate.™® In this assay, 0.05 ml of extract
solution was added to 2 ml of 60 mM methanolic DPPH solution and absorbance of each
extract were read at 517 nm. The decrease in absorbance at ambient temperature was
correlated with the scavenging action of the test compound and compared with gallic acid
(used as standard phenolic compound). The radical scavenging activity was calculated using
equation-

(AC —-AS) /AC x 100
AC = Absorbance of Control, AS = Absorbance of Sample solution.

Determination of SOD, POD and GST activities

For measuring superoxide dismutase (SOD; EC 1.15.1.1) activity , fresh leaf tissues (100 mg)
from control and treated seedlings were homogenized in EDTA-phosphate buffer (pH 7.8)
and centrifuged at 10,000 g for 20 min at 4°C and supernatant was used as enzyme extract.
Reaction mixture (3 ml) contained 50 mM potassium phosphate buffer (pH 7.8), 1.3 uM
riboflavin, 0.1 mM EDTA, 13 mM methionine, 63 UM nitro blue tetrazolium (NBT), 0.05 M
sodium carbonate (pH 10.2) and enzyme extract (0.1 ml). The reaction mixtures were
illuminated for 20 min under white light intensity of 100 pmol photons m? s The
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photoreduction of NBT (formation of purple formazone) were recorded
spectrophotometrically at 560 nm and compared with blank sample having no enzyme
extract. One unit (U) of SOD activity is defined as the amount of enzyme required to cause
50 % inhibition in reduction of NBT.

Peroxidase (POD) activity in the leaves of each set of seedlings was determined according to
Zhang.”?! Fresh leaves (100 mg) were homogenized in 2 ml of 50 mM phosphate buffer (pH
6.1). The homogenate were centrifuged at 10,0009. and the supernatant was used as the crude
enzyme extract. Peroxidase activity was measured with guaiacol as the substrate in a total
volume of 3 ml. The reaction mixture consisted of 50 mM potassium phosphate buffer (pH
6.1), 1% guaiacol, 0.4% H,0, and the enzyme extract. Increase in the absorbance due to
oxidation of guaiacol was measured at 470 nm at 28°C using extinction coefficient 25.5
mM™ cm™. Enzyme activity was calculated in terms of Unit g~* FM. One unit of POD

activity is the amount of enzyme oxidizing 1 nmol guaiacol min™.

Glutathione-S-transferase (GST) activity was measured following the method of ~Habig.[*”

Fresh leaves and root tissues (100 mg) from each sample were homogenized in 100 mM
potassium phosphate buffer (pH 6.2) and centrifuged. Enzyme assay was carried out in 2 ml
reaction mixtures containing 100 mM potassium phosphate buffer (pH 6.25), 0.75 mM
CDNB(1-chloro-2,4-dinitrobenzene), 30 mM GSH (reduced glutathione) and 0.2 ml enzyme
extract. The increase in absorbance due to the formation of conjugates between GSH and
CDNB were monitored at 340 nm. Enzyme activity was calculated by using an extinction

coefficient 9.6 mM™* cm™.

RESULTS AND DISCUSSIONS

The XRD pattern of the functionalized ZnO nanoparticle as synthesized is shown in fig.1.
Higher and narrower diffraction peak imply that the ZnO nanoparticles were crystallized
well. All the diffraction peaks are in good agreement with the JCPDS file for ZnO (JCPDS
36-1451, a=3.249 A°, c¢ = 5.206 A°), which can be indexed as the hexagonal wurtzite

structure of ZnO. No characteristic peaks of impurities such as Zn (OH), were observed.
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Fig.1. XRD pattern of the in situ functionalized ZnO nanoparticle

The size of the ZnO nanoparticles was calculated by Debye-Scherrers Equation and was

further confirmed by its SEM image (Fig.2). Functionaliation of ZnO was also confirmed by

FTIR spectrograph (Fig.3).

Fig.2. SEM image of the in situ functionalized ZnO nanoparticle
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Fig.3. FTIR of the in situ functionalized ZnO nanoparticle
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Growth and photosynthetic pigments

A photograph of the growth of all the five case studies is depicted in fig.4. The effect of
nono and bulk ZnO can be clearly visualized in this figure. Sapling N; with 50 mg/L nano
ZnO has shown maximum positive effect with maximum foliage growth. Accordingly, fig.5
shows that there was increase in the fresh weight, root and shoot length in the case of fifth
sapling-N;, which clearly indicated the maximum positive effect on the plant growth was

achieved at this concentration.

Fig.4. The growth behaviour of Solanum melongena under the treatment of bulk (B)
and nanoparticle (N) of ZnO: C- control (without treatment), B;- 50 mg L™ bulk ZnO
B,- 100 mg L™ bulk ZnO , N;-50 mg L™* and N,- 100 mg L™ nano ZnO .

This fact is also supported by the HPLC curves (fig.6) of the extracts. In this figure, the
highest peak is observed in the case of N; showing that the secretion of indole acetic acid
(IAA), an important phytohormone for the promotion of growth, is maximum in this case.
(23] It is obvious that when a plant will get sufficient nutrient to promote its growth only then
its weight, phytohormone concentration and total soluble protein content (fig.7) will increase

i.e. nano ZnO at particular concentration helps in the secretion of growth hormones 1AA 14
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treatments at P<0.0S significance level according to Duncan’s multiple range test.

Fig.8. indicates that there was increase in the photosynthetic pigments in N treated seedlings.
Higher content of photosynthetic pigments namely, chlorophyll a, chlorophyll b and
carotenoids, would increase the rate of photosynthesis, due to which there was more
production of photosynthates, which in turn increased the weight and growth of plant as it

was observed in our study.
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Superoxide radical, hydrogen peroxide and lipid peroxidation

Fig.9 shows the effect of bulk and nano ZnO on super oxide radicals (SOR) in test plant
extracts. Superoxide radical is considered a major biological source of reactive oxygen
species.'”® It gives rise to the generation of powerful singlet oxygen (*O,) and superoxide
(O,7) both of which are highly reactive species contribute to oxidative stress. Superoxide
may undergo further reduction to produce peroxide ions (O,*) and hydrogen peroxide
(H202). The latter is particularly damaging as a source of highly reactive hydroxyl radicals
(-OH) via the Fenton reaction.!”®! Again, hydroxyl radical is one of the potent reactive oxygen
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species in the biological systems. It reacts with polyunsaturated fatty acid moieties of cell
membrane phospholipids and causes damage to the cell.?”) Fig.9 shows that there was a least
production of superoxide free radicals (-5.74 %), H,0, (-15.38 %) and MDA (-15.6 %) in the
case of nano ZnO (N;). But nano ZnO (N;) has been proven to be toxic having SOR +24%,
H,0, +73 %, and MDA +62.5% as compared to control.
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Fig. 9: Effect of bulk and nano ZnO on production of super oxide radicals (SOR) (a),
hydrogen peroxide (H,O,) (b) and malendehyde (MDA) contents (c) in Solanum
melongena seedlings. Data are means * standard error of three replicates in each
experiments. Bars followed by different letters show significant difference at P<0.05
significance level according to Duncan’s multiple range test.

It means that at particular concentration only (N;) ZnO acts as an oxygen scavenger plays a
vital role as an antioxidant. Damage to lipid membranes via lipid peroxidation is one of the
most serious effects of ROS, as it not only damages cellular structure and functioning but
also results in the propagation of lipid radicals (ROO-) that may go on to cause further

oxidative damage in the cell.”® By scavenging reactive oxygen species (free radicals), ZnO

WWW.Wjpr.net Vol 4, Issue 05, 2015. 2002




Sanjay et al. World Journal of Pharmaceutical Research

nanoparticles  protect the cells from deleterious effects of oxidative stress caused by the
[29]

generation of free radicals.
Total phenolic compounds (TPC): Phenolic contents are important protective components of
plant cells. They act as hydrogen donators, reducing agents and quenchers of singlet ‘O, Its
synthesis is generally affected in response to different stresses.”® Fig.10 shows that the
phenolic contents were also affected significantly due to the increased stress (bulk and nano
Zn0). Total phenolic compounds in fractions varied widely, ranging from 49.9+4.1 and
121.9+3.1 mg/g fresh weight expressed as gallic acid equivalents (GAE). The phenolic
content was found to be greater in treated seedlings as compared to control. The phenolic
content showed increasing trend with increasing concentration of bulk ZnO. Similar trend
was also noticed with nano ZnO, however the increment in TPC was minimum in case of N;

treated seedlings and maximum in case of N, treatment .

DPPH assay: Fig. 10 also showed that among all the fractions tested with various ZnO
concentrations, a large decrease in the % DPPH activity in the case of nano ZnO-N; (c/f
nano ZnO-N,) mixture was observed , which indicates that there was a significant free
radical scavenging activity occurred in N; sample under test showing higher inhibition
percentage. Results of this study suggest that the extract obtained from the plant grown under
nano ZnO-N; , though DPPH activity is greater than the control, however, it appears that the
amount of antioxidant as compared to the other treatment were less in amount showing that it

exhibited less oxidative stress.
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Determination of SOD, POD and GST activities

Superoxide dismutase, catalase, peroxidase and glutathione-S transferase are key enzymes of
the antioxidant defense system.!*] Fig.11 shows that nano ZnO with increasing concentration
(N2) accelerated the formation of active oxygen species, i.e., O~ and H,0O,, in cells
progressively causing their damage. POD is capable of eliminating H,O, by oxidizing
phenolic compounds at the expense of H,O,. As a consequence of which the activity of
superoxide dismutase (SOD) and peroxidase (POD) was enhanced considerably. Lin and
Xing have also observed that ZnO nanoparticles and Zn*‘had toxic effects at higher
concentrations.®? Increased GST activity can be correlated with the increased concentration

and size of the bulk and nano ZnO particles.
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Fig. 11: Effect of ZnO nano and ZnO bulk on superoxide dismutase (SOD) (a),
peroxidase (POD) (b) and glutathione-S-transferase (GST) (c) in Solanum melongena
seedlings. Data are means * standard error of three replicates in each experiments. Bars
followed by different letters show significant difference at P<0.05 significance level

according to Duncan’s multiple range test.
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Mechanism for the adsorption and toxicity of nanoparticles

According to Gupta and Srividya et al®*" adsorptions of nanoparticles occurs through
roots by the mechanisms of complexations with functional groups via physical adsorptions
and chemical reactions with surface sites, ion exchange and surface precipitations. Lin et al
have also reported the uptake and translocations of nanoparticles.*® Pant cell wall act as a
barrier for easy entry of any external agent including nanoparticles into plant cells. The
sieving properties are determined by pore diameter of cell ranging from 5 to 20nm.=®! Hence,
only nanoparticle with diameter less than the pore diameter of the cell wall could easily pass
through and reach the plasma membrane."*

Mechanism of toxicity of nanoparticles is unknown, but release of heavy metal ions,
generation of reactive oxygen intermediates (ROIs), and oxidative stress are used to explain
the toxicity.®® Toxicity resulting from the high reactive activity of nanoparticles adsorbed
on the root surface could not be excluded. Root tips and hairs can secrete large amounts of
mucilage, coating the root surface. This mucilage is a highly hydrated polysaccharide,
probably a pectic substance, which might contribute to the adsorption of NPs on the root
surface. The high active reaction occurring on the root-solution interface could make the
adsorbed NPs on the root surface dissolved and transported into the root!* Lin and Xing
reported that Zn and ZnO NPs affected the growth of radish, rape, and ryegrass, but neither
supernatant from centrifugation nor filtrated Zn and ZnO solutions showed significant
phytotoxic effects.[*?

Statistical analysis

Results were statistically analyzed by analysis of variance (ANOVA). Duncan’s multiple
range test was applied for mean separation for significant differences among treatments at
P<0.05 significance level (SPSS 16). The results presented are the means * standard error of

three replicates

CONCLUSION

In conclusion, this study encompasses the synthesis , functionalization characterization and
effect of nano as well as bulk ZnO on Solanum melongena i.e. brinjal (var. Rajni) plant to
investigate its effect on the activity of phytohormones by measuring plant growth and
development, photosynthetic pigment in leaves and total soluble proteins. The potent
antioxidant activity of functionalized nano ZnO were also determined by determining the

level of superoxide radical and hydrogen peroxide, lipid peroxidation, total phenolics, DPPH
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assay , SOD, POD and GST activities. It was found that only at particular concentration nano
ZnO (50 mg/L) shows its positive response to the plant and at higher concentration of

nanoparticles and bulk ZnO show its phytotoxic activity.
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