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Abstract

-~

‘ The corrosion behaviour of steel in the presence of Imipramine drug in 1M and 2M HClat25 and 35 degree Celsius
investigated. The corrosion studies were followed by different concentration of the solution by weight loss and
potantodynamic polarisation mecthods . The percentage protection efficiency was also studied, polarisation curves for
different concentration(ppm) were plotted the percentage of protection efficiency was also studied.The pereentage
protection efficiency was higher at 25° C. The Imipramine inhibitor showed 96.20% inhibition at300ppm.
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Tﬁoduction
) Carbon steel is an industrially important material. It gets corroded 1p on exposure to industrial environments.

Among many metals the steel has got numerous industrial applications and hence its surface under go deterioration.
Most of the well known acid inhibitors are chemical compounds containing nitrogen, sulphur, and oxygen with aromatic
and heterocyclicrings. (1-5)

The inhibitors are added to the environment, where the metal surface

environment around the metal (6). The inhibitors are employed to control the
and heat exchangers etc. The inhibitors are generally organic

is exposed and the inhibitor modifies the

dissolution of steel by acid in acidizing of

oil wells, cleaning of boilers compounds with electron .

donorelements (7).

The majority of acid inhibitors are organic ¢
unsaturated bonds and functional groups like — -NH,- N=N-, -CHO, R-
adsorption over active arcas on the metal surface by replacing water molect
corrosion and provides sort of barriers between metal and surrounding. This

(9-12).

ompounds having unsaturated bonds (8). The compounds with
OH and R=R impart extraordinary property of
e at the interface to protect the metal from
barrier protects the metal from corrosion.

pramine (G 22355), sold as Tofranil and also known'as melipramine, is a tricyclic antidepressant (TCA) of
nly used in the treatment of major depression and enuresis (inability to
r use in panic disorder(13). "t is similar in efficacy to the antidepressant

Tmi

the dibenzazepine group. Imipramine is mai

mtrol urination).It has also been evaluated fo
gtg moclobemide(14)

The literature revea
medium. The effects of Imipramine on mild st
present work deals with the use of Imipramine a
Experimental:

Mild stee

_0.01andCr=0.01and size 1X5X0.1 cm were used.
The specimens were mechanically polished with emery papers of various grit size, rinsed with distrilled water,

oethylene, washed with doubly distilled water, rinsed in alcohol and dried. The specimens were
them in test solution. After a known time the samples were removed, washed in a current of

s that there are no reports on the inhibition proverty of the Imiprimaine on mild steel in HCI
eel corrosion in HCl at differ:nt temperature have been investigated. The
s corrosion inhibitors for ste::l in hydrochloric acid medium. '

1 sampales containing the compositionC= 0.14,Mn=0.. 5,Si=0.03,P=0.10,5S=0.02, Ni=0.01,Cu

dcgreased with trichlor

weighed before placing
water, rinsed with alcohol and the weight was measured.
For electrochemical polarization studies, the potentials reported vere measured against the saturated calomel

electrode. To obtain the Tafel plots, polarization curves were performed b} polarizing to+ 1000 mV with respect to free
corrosion potential (E,,,)at ascanrate of 0.5 mV/S. All the potoentiodynam: ¢ scanning experiments performed.
Jmmersing the prepared steel specimens in the acid solution con aining various concentration of Imipramine
carried out weight loss measurements. These solutions were plgééditin"-a, water bath. After attaining the required
rature, the weighed steel sample was immersed in the test solution. T i procedure was repeated  withallthe
o
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Percent inhibition efficiency wag calculated

~Table

. Corrosion par

ameters obtained from weight loss measurements in 1M HCL containing different :
Concentratiopg of imipramine a¢ 303K,
i Concentrations Weight loss (mg) Inhibition efficiency (%)
x IM HCl - 5362 -
' 100 ppm 2232 58.4
f 200 ppm 184.1 63.7
@ 300 ppm 1533 714
| 400 ppm 1214 7735
| -
| 500ppm 70.6 86.83
=
\ Table;2: Corrosion parameters obtained from weight loss measurements in2M H() containing different
’ concentrations of Imipramine at 303K."
Concentrations Weight loss (ing) Inhibition efficiency (%)
IM HCl 7606 :
—_— ]

, 5242 310
E 100 ppm

i 200 ppm 4103 46.0

i 400 ppm 3063 597

500 ppm 2846 62.6

.

o

Table 1 & 2 shows the variation of inhibition efficiency (0% |
t loss of the specimens was decreased with increasing the concentration of Imipramine, The maximum inhibition
éht o £62.6% wasachieved at 500 ppmin2 MHCI)

"‘I‘mczjl-;ere was arapid fall in IE in the acid Concentratio
s was decrease on the inhibition efficiency( 13).

IE) With the concentration of Imipramine the

n 2M to 3M the results indicate that at higher acid strengths

1 itiodynamic Polarisantion Measurements :
n The anodic and cathodie polarization behaviors o

d presence of Imipramine are

nrate is shigtly less in IMHC],
firon and hence corrosion will
" E The figures shows anodic.and cathodic potenio daynamic polarisation curve for mild steelin IM Hel in presence
bt amine drug at various concentrations, i :

B - om all the above observations, jt shows that values of
:Erc ase in inhibitor c'oncentration anodicv_cpmﬁ' de
%empcfaturcsj That 15 as the temperatu;@i ICrea:
ft he [mipramine drug is less.‘

Ses t@iih’,incrcasing inhibitor concentration,
(15,16) imilar change was not observed in
ases. Ths the corrosion inhibition on mild

rying inhibitorg concentrations from 100 ppmto 500 ppm and at a temperature 0f313 K. th w}:xg@q .......
;meaSuremenls Were performed jn duplicate, & ;
“Esults A p g Discussion: AR
‘\’eig'lt loss Measurement: \\-v._ b .
' The corrosion behaviour of milq stee arious conce\n.lgﬁ‘lib s
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Table-3: Polarisation data and inhibition efficiency (1E%) if Imipramine drug for steelin IM Hg) at 25 degree

Calsius,
System &”f Keaar 2 TE(%)
WY mA, em™
IM Hydrochloric acid 490 2.64 —
Imipramine

100ppm 488 031 87.65 -
200ppm -192 028 89.70

500ppm 493 024 94.70

400ppm 494 0.18 90.59 Y,

~

Table; 4- Polanisation data and inhibition efficiency (IE%) if Imipramine drug for steel in IM Hgl at335 degree

Celsius
L
r System Eeprx Iepor 0
- By M4, cm? i
M Hdl 450 36 =
100ppm -388 16
200ppm 300 10 555
300ppm 280 5 722
400ppm =250 3 86.1
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Fig.1 Potentiodynamic polarization curves of cold rolled steel in 1 M HCI of different inhibitor
concentration at 25 degree Celsius.
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i Potentiodynamic polarization curves of cold rolled steel in 1 M HCI of different inhibitor concentration at
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_\'CLUSION
Imipramine drug behaves as an inhibitor for the mild steel corrosion in IMHCI at lower temperature 0 Wb
-amine inhibited the corrosion of mild steel in acid medium by chemisorption and the adsorption of the com § i\/

e metal surface at 25C and 35 C. At 35C Imipramine is not an effective inhibitor, but at higher temperature,
[mipramine failed to form a barrier to restrict the diffusion of ions and hence corrosion will not be prevented.
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Abstract: A modest, efficient, and sensitive chemically modified electrode was fabricated for sensing
curcumin (CRC) through an electrochemically polymerized titan yellow (TY) modified carbon
paste electrode (PTYMCPE) in phosphate buffer solution (pH 7.0). Cyclic voltammetry (CV) lincar
sweep voltammetry (L.SV) and differential pulse voltammetry (DPV) approaches were used for
CRC detection. PTYMCPE interaction with CRC suggests that the electrode exhibits admirable
electrochemical response as compared to bare carbon paste electrode (BCPE). Under the optimized
circumstances, a linear response of the electrode was observed for CRC in the concentration range
2 x 1079 M to 10 x 107 M with a limit of detection (LOD) of 10.94 x 10~7 M. Morcover, the cffort
explains that the PTYMCPE electrode has a hopeful approach for the electrochemical resolution of
biologically significant compounds. Additionally, the proposed electrode has demonstrated many
advantages such as easy preparation, elevated sensitivity, stability, and enhanced catalytic activity,
and can be successfully applied in real sample analysis.

Keywords: curcumin; titan yellow; cyclic voltammetry; electrochemical behavior; carbon paste

electrode

1. Introduction

Naturally occurring phytochemical in rhizomes of Curcuma longa or turmeric is poly
phenol curcumin (1, 7 bis [4-hydroxy-3-methoxy phenyl]-1, 6, heptadione-3, 5-dione), com-
monly known for its medicinal properties. In recent years, the primary yellow bioactive
component of turmeric, CRC, has received considerable attention in medicine [1-3]. It is
known for its antiviral, antifungal, antibacterial, antioxidant [#], anti-inflammatory [ ], an-
titumor [¢'] activities without any side effects [7~"/]. It also regulates the substitutive typical
pathways in the nervous system and also in the handling of dementia, multiple sclerosis,
and Alzheimer’s disease [ 1~ ']. Yellow-colored CRC is a common food additive used as a
spicy and coloring agent. CRC adulteration with non-permitted colored compounds for
economic gain is recently observed. Excessive usage of these compounds beyond limits
can cause infertility, liver damage, cancer, birth defects, and allergy [13]. Hence, it is very
much essential to develop a suitable procedure to monitor the CRC in the presence of
non-permitted dyes.

The existence of the methoxy group in the phenyl moiety of CRC makes it exhibit
redox properties. In addition, CRC can form stable complexes [11-21)] with metallic cations
such as Fe?*, Ni?*, Fe?*, and Co?* due to its chelating agent property. Medicinal uses
of CRC have created tremendous interest in research and a facile process is essential for

Surfaces 2021, 4, 191-204. https:/ /doi.org/10.3390/surfaces4030017
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2.2, Instrumentation

An electroanalyser of model CHI 6038 (CH Instruments
used to perform all the clectrochemical studies. A conventional
used for the measurements. PTYMCPE, saturated calomel electrd
wire were, roslwctivvly, used as working, reference, and counter elg
morphology of the electrode was examined through field emission scannin
croscopy (FESEM) operating al 5.00 kV obtained from DST—PURSE [Laboratory, Mangalore

University, Mangalore, India.

1‘{.'.@1

wefirface
¢ clectron mi-

2.3. Development of BCPE:

Graphite powder was mixed well with silicone oil in the ratio of 60:40 (w/w) in a
mortar and pestle until a consistent paste is produced. A fraction of the paste was packed
tightly in the cavity of a Teflon tube with a 3 mm internal diameter. The electrical contact
was provided by copper wire attached to the paste at the end of the tube. The electrode
surface was smoothened with tissue paper for a uniform surface.

3. Results and Discussion
3.1. Surface Morphology of Developed BCPE and PTYMCPE

The surface morphological investigation of BCPE and PTYMCPE was carried out by
FESEM. Figure 'a,b depicts the morphological characterization of both electrodes. BCPE
surface explores rough, porous, and irregulnr-shaped arrangements. The surface of the
PTYMCPE discloses a uniform, compact deposition of thin TY coats on the electrode. This
exactly differentiates the electrodes, showing the deposition of the modifier on BCPE.

Figure 1. FESEM images of BCPE (a) and PTYMCPE (b).

3.2. PTYMCPE Preparation

Figure 2 represents the CV cycles (10 cycles) for electro-polymerization of TY [1] on
the surface of carbon paste electrode (CPE). Electro-polymerization is carried out in the
potential range between —0.25V and +1.75 V in 0.1 M PBS for 10 cycles at pH 7.0 containing
1 x 10—4 M TY solution. The 10 polymerization CV cycles afford the optimum peak current
response with improved sensitivity for the redox reaction of CRC. So, 10 CV cycles are
chosen as optimum for the polymerization of TY on the CPE. The resultant plot represents
that the decrease in current with the increase in the number of CV cycles. This indicates
the conversion of the monomer of TY into the polymer film of TY on the CPE surface.




1A

Nath, PRz Sarkar Ko Taratden T Nondal, M D, )
anorganized sector of West Bengal-

\

aul, GO Prachiee of g etanl vollon
A cane study Iy Food Res 2015, 10 1404 [ '
Tonnesen, FLHL Greenlull, T Studies on curcumin and cu IIll\IIIHN"’ 1 o
scavenger. It o Pharm, 1992, 87 7087 [ et |
Borsart, Mo Terravy, T Grandi, R Salading, M. Curcuminoid
and potentiometne study on their Fe (111) vomy

NEN I 1\' l‘l/h\' [u l"" Ji ¢

NNHECocvmiin an g rodon i \"' '(I i Al
A reducingg aperfr Ay A48

s potentialnew ian chelating agents Spectio capie, prlatagragbi
s S e lexing ability Dian Chine Acla 2002, 304, 61 68 | i
;\nmh.\m]i\ L BEHect of carrcunun on hydroyt radical peneration throupgh Venton reaction, Int | e 1989, 57, 175174
Youscet, B M-J‘M\‘ll‘\d\’l, MU Ghasen, S, Nano-structured Nj (ID-conevmm modified glassy carhion electrode for electyooataly e
oxidation of fructose. Electrochin. Acta 2008, H4, 49008 '
Bernabe-Pineda, Mo Ramirez-Silva, M1 Romero Romo, NEA L Gongales Verpara, Lo, o ernanides, A pectiaphotonetin
and clectrochemical determination of the formation constants ol the compleses Carcvmnin Fo () water aidd Carcane Fe
(ID=water. Spectrochin. Acta A 2004, 60, 1105-1113 | Ret)

Annaray, 1.U; Ponvel, KM Athappan, 1 Srmivasan, S Synthesis, spectra and redox behavior of copper (1) complesen af
curcunun diketimines as models for blue copper protems. Transit. Met. Chen, 2004, 29, 722727 ¢ et

Barik, A,; Mishra, B.; Shen, L, Mohan, . Kadam, RN Dutta, 5 Zhang, FL-YS Privadarsing K Evaluation of anewvs coppe
(IN=curcunun complex as superoxide dismutase minue and its free radical veactions Free fadie ol Med - 200%, 59, #1EB27
[Croseke]

Stanic, Z. Electrochemical Investigation of Some Biological Important Comporends Correlated to Crvcnnin, Biosynthiads, Medicinal L
and Health Benefits; Nova Science Publishers: New York, NY, USA, 2012

Thongchaia, W,; Liawruangratha, B.; Liawruangrath, 5. Flow mjection analysis of total core indniords i tarmeric and total
antioxidant capacity using 2,2'-diphenyl-E-picrylhydrvazylassay. Food Chient, 2009, 112, 494499, [ Vol

Lechtenberg, M.; Quandt, B.; Nahrstedt, A Quantitative determination of cuie aminoids e Corcoma shizomes and rapid
differentiation of Curcuma domestica Val. and Curcuma xanthorthiza Roxb by capillary electrophoresis. Phytochen. Anal. 2004,

15,152-158. [. iKet]
Zhang, J.S.; Guan, ). Yang, FQ.; Liv, H.G; Cheng, X Li, 5.1 Qualitative and quantitative analysis of four species of Curcinma
rhizomes using twice development thin layer chromatography. . Pharne Biomed. Anal. 2008, 48, 1024 1026, |

Green, C.E; Hibbert, S.1..; Bailey-Shaw, YA Williams, 1A Mitchell, S Garraway, F. Extraction, Processimg, and Storage Fffects

on Curcuminoids and Olcoresin Yields from Crrctma longa 1. Grown in Jamaica. |- Avric. Tood € lienn. 2008, 56, 6643671

Lim, Y., l].oc, H.J.; Shin, Y.J. Optimization and Validation of High-Performance Liquid Chromatopraphy Method for Indyvidual
Curcuminoids in Turmeric by Heat-Refluxed Extraction. [ Agric. Food Chem. 2013, 01, 1091110914 | || |
Manjunatha, J.G. A novel poly (glycine) biosensor lowards the detection ol indigo carmine: A voltamnetrie study. | Food Druy
Anal. 2018, 26, 292-299. | et [P hed]

Manjunatha, J.G. Poly (Nigrosine) Modified Electrochemical Sensor for the Determination of Dopamine and Uric acid: A Cyclic
Voltammetric Study. Int. J. Chemtech Res. 2016, 9, 136-146.

Manjunatha, J.G. A novel voltammetric method for the enhanced delection of the food additive tartrazine using an electrochemical
sensor. Heliyon 2018, 4, 00986. [¢ 10w Kel]

Manjunatha, J.G.; Raril, C.; Prinith, N.5.; Pushpanjali, P.A,; Charithra, M.M.; Grrisha, T.; Harcesha, N.; Edwin, 5.1).5,; Amrutha,
B.M. Fabrication, characterization and application of, poly (acriflavine) modified carbon nanotube paste electrode for the
electrochemical determination of catechol. In Handbook of Nanomaterials for Sensing Applications; Elsevier: Amsterdam, The
Netherlands, 2021; pp. 105-117. [¢ toosRet]

Manjunatha, ].G.; Deraman, M.; Basri, N.H.; Talib, I.A. Selective detection of dopamine in the presence of uric acid using
polymerized phthalo blue film modified carbon paste electrode. Adv. Mater. Res. 2014, 895, 447-451. [« 1+ 141]

Pushpanjali, PA.; Manjunatha, J.G.; Tigari, G.; Fattepur, S. Poly(Niacin) Based Carbon Nanotube Sensor for the Sensitive and
Selective Voltammetric Detection of Vanillin with Caffeine. Anal. Bioanal. Electrochem. 2020, 12, 553-568.

Basmaz, G.; Ozturk, N. Determination of Curcumin in Turmeric Sample Using Edge Plane Pyrolytic Graphite Electrode, Celal
Bayar Univ. . Sci. 2017, 13, 689-694. [C rosel]

Raril, C.; Manjunatha, J.G. A simple approach for the electrochemical determination of vanillin at jonic surfactant modified
graphene paste electrode. Microchem. |. 2020, 154, 104575, [ 1]

Mirzaeia, B.; Zarrabi, A.; Noorbakhshe, A.; Aminide, A.; Makvandi, I' A reduced graphene oxide-f3-cyclodextrin nanocomposite-
based electrode for electrochemical detection of curcumin. RSC Adv. 2021, 11, 7862-7872. [« 1 1dvf]

Manjunatha, J.G.; Kumara Swamy, B.E.; Shreenivas, M.T,; Mamatha, G.P Selective Determination of Dopamine in the Presence of
Ascorbic Acid Using a Poly (Nicotinic Acid) Modified Carbon Paste Electrode. Anal. Bioanal. Electrochem. 2012, 4, 225-237
Manjunatha, J.G. A new electrochemical sensor based on mudified carbon nano tube-graphite nuxture paste electrode for
voltametric determination of Resorcinol. Astan [. Pharm. Clin. Res. 2017, 10, 295-300.

Labib, M.; Sargent, E.H.; Kelley, $.0. Electrochemical Methods for the Analysis uf,Cliﬁlcﬁlly Relevant Biomolecules. Chemt. Rev,
2016, 116, 9001-9090. [t 1+ - 1¢1] AR dig

S

.

- -



1 ... W] C

A

J. Electrochem. Sci. Fng. 11(2) (202 1) 87-96; http://dx.doi.org/10.5599/jese, 95 3

Open Access: ISSN 1847-9286

www.ESE-online.org

Original scientific paper

Electrochemical analysis of indigo carmine using polyarginine
modified carbon paste electrode

D’Souza S. Edwin'?, Jamballi G. Manjunatha'®, Chenthattil Raril*, Tigari Girish?,
C Doddarasinakere K. Ravishankar? and Huligerepura J. Arpitha®

‘Department of chemistry, FMKMC College, Madikeri, Constituent College of Mangalore University,
Karnataka, India

‘Department of Chemistry, St. Philomena College, Puttur, Karnataka, Indic

*Department of Chemistry, Sri. Mahadeshwara Govt. First Grade College, Kollegal,
Chamarajanagar, Karnataka, India

‘Department of Physics, Sri Adichunchanagiri First Grade College, Channarayapatna, India

Corresponding author: * manju1853@gmail.com; Tel.: +91- 08272228334

Received: January 13, 2021; Revised: March 18, 2021; Accepted: March 29, 2021

Abstract .

Suitable electrocatalytic method is established for the selective determination of indigo
carmine (IC) at polyarginine modified carbon paste electrode (PAMCPE). Surface
morphological study of bare carbon paste electrode (CPE) and PAMPCE is done by field
emission scanning electron microscopy (FESEM). The influence of different parameters
( such as IC concentration, solution pH and potential scan rate on the electrode responses is
studied using cyclic and differential pulse voltammetry techniques. The prepared PAMCPE
shows better electrochemical response towards IC than CPE. No interference is noticed at
simultaneous presence of IC and riboflavin (RF) in the solution. The electrocatalytic current
of IC at PAMPCE is varied linearly with its concentration in two separate ranges, from
2x107 to 10° M, and 1.5x10° to 3.5x10°® M. Limits of detection (LOD) and quantification
(LOQ) are determined as 2.53x10® and 8.43x10% M, respectively. The developed PAMCPE
is showing successful reproducibility and stability. It is also found sensitive and reliable for
trace amounts of IC in some real water and food samples. Since preparation of PAMCPE
sensor is simple and easy, it could become a part of the standard method for
determination of IC in real samples.

Keywords
Carbon paste; electropolymerization; food dye; real samples; cyclic voltammetry;
differential pulse voltammetry
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phosphate, disodium hydrogen phosphate, silicone oil (kinematic \4“1'3;( “{)\\i :-';.--]PGO.Q.(QS : ]

. 9,

refractive i = .

. index = 1.4035) were obtained from Nice Chemicals, Cochin, India. the sohsﬂ}r\of.

(25x10° M) and arginine (25x103 M ~ NV

' ) were made ready in double distilled\wat darR

solutions of 0.1 M monosodium dih N ¢ 2,

nEi e m dihydrogen phosphate and 0.1 M disodium hydrog
ixed in intended proportion to get 0.1 M phosphate buffer solution (PBS).

Instrumentation

E|e‘Ctrochemica| analyzer CHI-6038E (USA) was used to perform all
experiments. Electrochemical cell was the three — electrode system, equipped with either CPE or
PAMCPE as the working electrode, platinum wire as the auxiliary electrode, and standard calomel
electrode (SCE) as the reference electrode. Field emission scanning electron microscopy (FESEM)
from DST — PURSE Laboratory, Mangalore University, was used to investigate morphology of
electrode surfaces. All measurements were done at the laboratory temperature.

electrochemical

Preparation of bare carbon paste electrode (CPE)

Carbon paste was developed by mixing the graphite powder and a binder (silicone oil) in the
proportion of 60:40 (w/w) using a mortar and pestle, until a consistent paste is formed. A segment
of the paste was crammed firmly into the cavity of a Teflon tube having 3 mm inner diameter. The
electrode surface was polished using a tissue paper to get a smoother surface. The electrical
contact was established by connecting a copper wire to the paste end of the tube. The electrode
surface of thus formed carbon paste electrode (CPE) was revived for every measurement.

The surface of CPE was modified by polyarginine forming PAMCPE, which was prepared
according to the electrochemical polymerization procedure described below.

Results and discussion

Preparation of polyarginine modified carbon paste electrode

Arginine solution of 10 M was placed in electrochemical cell containing 0.1 M PBS of pH 5.7.
loped by electrochemical polymerization of arginine using cyclic
from -0.25to 1.5V, for 10 cycles at the sweep rate of 0.1V s
further experiments, the

The polymer film on CPE was deve

voltammetry in the potential range
The cyclic voltammograms produced are presented in Figure 1. Prior
formed polyarginine modified electrode (PAMCPE) was rinsed with distilled water to remove the

unreacted monomer.
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@ ABSTRACT

The aim of the study was to investigate whether or not chloroform and alcoholic extracts of Ashwagandha root,

prevent stress induced impairment in spermatogencsis, steroidogenesis and oxidative damage in the testis by

suppressing the activation of hypothalamus-pituitary- adrenal axis. Exposure of adult male rats to chronic stress

(restraint, 1 h followed by forced swimming exercise. 15 minutes) for 1 month resulted in a signiticant increase in

serum corticosterone concentration coupled with a significant decrease in serum testosterone concentration and a

significant reduction in counts of germ cells in staze VII of spermatogencsis and epididymal sperm count. In
addition, there was a decrease in the activity of anti-oxidant enzymes and concentrations of non-enzymatic anti-
oxidants (ascorbic acid and tocopherol) accompanied by an increase in malondialdehyde concentration in the testis
indicating oxidative damage. However, oral administration of cthanolic or chloroform extracts of Withania
somnifera (each 10 mg/kg body weight/rat’day for Tmonth) or mifepristone a synthetic anti-glucocorticoid drug
(10 mg/kg body weight/rat/day, last five days of the experiment) to rats 1 hour prior to stress regime did not result
in changes mentioned above. The results indicate thi t stress alters testicular activity by suppressing the testicular
steroidogenic activity and causing oxidative damoge, which are effectively prevented by root extracts of
Ashwagandha by suppressing stress induced activation of the hypothalamus-pituitary-adrenal axis. Theretore,
crude extracts of Ashwagandha have the potential to he used for reproductive abnormalities caused by stress.

KEYWORDS: Withania somnifera, spermatogenesit isteroidogenesis, oxidative damage, hypothalamus-pituitary-
adrenalaxis. . . . I
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INTRODUCTION

Urbanization and mechanization have resulted in greater
exposure of humans to pollution, high consumption of
salt and fat containing food, low physical activity and
stress.!'’ Stress leads to activation of hypothamus-
pituitary-adrenal (HPA) axis, which in turn suppresses
hypothamus-pituitary-gonadal (HPG) axis. Major effect
of activation of hypothalamus-pituitary-adrenal (HPA)
axis is the increased secretion of glucocorticoids, which
on onc hand impairs the testicular testosteronc
synthesis.”*! and on the other hand increases oxidatir ¢
stress.””) Several studies have found the apoptotic loss
of germ cells.* * #¥'% and impaired testosteror ¢
secretion."""*) due to stress. In our earlier study ",
chronic stress has shown reduction in counts of ste
spermatogonia,  spermatocytes,  spermatids  ar |
cpidydimal  spermatozoa. These changes we :
accompanied by increased oxidative damage indicate d
by increased lipid peroxidation and reduced antioxidant
status in the testis. The results indicated that reduced
sperm count was because of loss of stem spermatogonia
and subsequent stages of spermatogenic cells; which was
due to oxidative damage and deficient steroidogenic
activity.!" Hence, any attempt to prevent stress induced

degenerative changes in the male reproductive system
has to address the problem by simultaneously
suppressing testicular oxidative damage and impairment
in testicular steroidogenesis. In addition, such studics
have to demonstrate prevention of loss of spermatogonia
due to stress and subsequent maintenance of normal
sperm count under stressful conditions, as once stem
spermatogonia are degenerated their number cannot be
restored.!'”! Since, stress cannot be avoided in the
modern fast-paced society, there is an absolute need to
prevent stress induced degenerative changes in the
testicular activitics. Herbal extracts which have been
used in traditional medical systems can be a potential
source  of  anti-stress  compounds.  Therefore,
investigations on such herbs are needed.

The herb, Ashwagandha, Withania somnifera has been
documented in the ancient Indian system of medicine
(Ayurveda) for its ability to improve endurance against
stress, general resistance against infections, retardation
of the aging process and improvement of male sexual
health in disorders such as Fsychologicul impotence and
unexplained infertility.!"**°! For instance, Archana and
Namasivayam.”'! reported that cold swimming stress



that in 3" group and was intubated with the mifepristone,

a glucocorticoid antagonist, (10mg/kg bw/0.5 mlrat) 1
hour prior to stress regime, during the last 3 days of the
experiment. The rats in 5™ and 67 groups were exposed
to stressors similar to those in group 3° and crude
ethanolic extract (10mg/kg body weight/0.5Sml/rat) and
crude chloroform extract (10mg/kg body
weight/0.5ml/rat) were orally administered (intubation)
1 hour prior to stress regime every day for 1 month.

Body weight of each rat was recorded at weekly
intervals. At autopsy, blood samples, adrenal glands and
testis were collected for biochemical analyses. The right
testis of cach rat were stored in —20°C until biochemical
analyses were conducted and the left testis were
processed for histological studies. The cpidydimis were
used for determining total sperm and abnormal sperm
counts.

Total sperm count

The cauda epididymis of one side of cach rat was minced
in 1 ml phosphate buffer saline (PBS) (pH 7.2) to obtain
suspension. The a suspension was filtered through
muslin cloth; an aliquot of this solution was mixed with a
drop of 1% agueous eosin and kept for 30 min for the
staining of the spermatozoa. The stained filtrate was
taken in 2 WBC pipette up to the 0.5 mark and diluted
further up to the mark 11 with PBS, and mixed well and
charged into Neubauer's counting chamber. The
spermatozoa present in eight outer squares of | mm- area
was counted. The aggregate of counts of eight squares
was multiplied by Sﬂx 10* factor to obtain the total sperm

count/ epidydimis.I -

Abnormal sperm count
A drop of above mentioned stained spermatozoa

preparation was put on a clean glass slide and a uniform
smear was obtained. One thousand spermatozoa per
epidydimis were observed under 400X in randomly
selected areas of smear and number of spermatozoa
showing head shape and tail abnormalities  viz.
amorphous head, pin head, bent mid-picce, curved tail,
hook less head, double head was counted, The sum of
counts of different abnormalities was expressed as total
abnormal sperm count/1000 spcrmatozoa/cpididymis.m'

Spermatogenesis

The left testis were fixed in Bouin's fluid for 18 hours
and dchydrated with 70% cthanol, embedded in paraffin
wax and Spm thick sections were cut and were stained
with hematoxylin and eosin. The number of each
category of germ cells in stage VII of the seminiferous

epithelium  cycle, ie, type A spermatogonia,
preleptotene spermatocytes, midpachytene
spermatocytes, round spermatids and elongated

spermatids was counted in ten round tubular cross

counts = (crude count X 3]

thickness + nuclear diameter of germ cells).!
Biochemical analyses _
Activities of antioxidant enzymes, 1.e sup‘cro.\';‘%)c
dismutase (SOD)**!, glutathione peroxidase (('J:i\) ,
catalase (Cr\T)”"“. glutathione reductase (GR).‘“ :qu
alutathione S transferase (GST)““ were determined 1n
the right testis of cach rat. The testicular conccntr:\nions
of non-enzymatic antioxidants, i.c. ascorbic acid™®! and
tocophcrol"'“] and a product of lipid peroxidation,
malondialdchyde (MDA)“:] were determined. Further,
activity of the key steroidogenic  enzyme, 3p-
hydrm;yslcmid dchydrogenasc (3[1-1181)!1)”” was
determined in the adrenal gland and the testis.

Serum testosterone and corticosteronce concentrations
The serum concentrations of testosterone and
corticosterone were estimated by ELISA using the DRG
diagnostic kit manufactured by the DRG instruments
Gmb H. Germany and Neogen, Germany respectively.

Statistical analysis

The mean values of each parameter were expressed as
mean + SEM. One way analysis of variance (ANOVA)
followed by Duncan's multiple range test werce used to
determine the significant difference between  mean
values of different groups, fixing the minimum level of
significance at P<0.05.

RESULTS

Body and relative adrenal and testis weight

Except the stress group, all other groups showed gains in
body weight (Table 1) compared to controls. The relative
weight of the adrenal gland was significantly higher in
stressed rats compared to controls (Table.l) whereas
there was no significant difference in the relative weight
of the adrenal gland of stressed rats treated with
mifepristone and crude ethanolic or chloroform extract of
Ashwagandha compared to either stress group or a
f:omrol group (Tablel). There was a significant decrease
in the relative weight of the testes in stressed and
stressed rats treated with mifepristone compared to
controls, whereas there was no significant difference in
the relative weight of the testes of stressed rats treated
with crude ethanolic or chloroform extract of
Ashwagandha compared to control and vehicle control
groups (Table. 1).
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35 mg/g respectively, calculated as Gallic acid equivalent of phe-
10l. The total phenolic content of other extracts were 15 mg/g
(alcohol), 10 mg/g (cold water), 18 mg/g (hot water), 16 mg/g
(NaOH) and 18 mg/g (aqueous crude) respectively.

3.8. DNA protecting activity

Fig. 4 shows protective effects of different solvent extracts
of A. calamus against oxidative damage (nicks) of DNA which
was studied on plasmid DNA pBR322. The lane-1 shows normal
electrophoretic pattern of plasmid DNA. The lane 2 shows DNA
nicks induced by Fenton reagent. The lanes 3-10 show marked
reduction in the nicks in DNA induced by Fenton reagent and
increase in native form of DNA. The petroleum ether, ben‘zen_e,
chloroform, alcohol and NaOH extracts were more efft.:cnve in

(0 4cing Fenton reagent induced formation of nicks in DNA
and in increasing native form of DNA compared with other

ol Nicked DNA

Native DNA

Fig. 4. Protective effects of different extracts of rhizome of A. calamus on DNA
damage caused by Fenton reagent. Lane 1, native pPBR322 DNA; lane 2, Fenton's
reagent+ DNA; lanes 3-10 Fenton’s reagent + DNA +one of the extracts of A.
calanmus, i.e. lane 3, petroleum ether; lane 4, benzene; lane 5, chloroform; lane

6. alcohol; lane 7, cold water; lane 8, hot water; lane 9, NaOH and lane 10, crude
aqueous extract.

antly different whereas, those with different superscript lowercase letters are significantly (p <0.01)

extracts. Cold water extract was least effective in preventing
DNA damage.

3.9. Total anti-oxidant potential in stressed rat (in vivo
assay)

There was a significant decrease in the total antioxidant
activity in stressed rats after 2 h of restraint which was further
decreased 4 h after forced swimming compared to controls. Ben-
zene extracts (5, 10 and 20 mg/kg body weight) of A. calamus
as well as Smgkg/body weight of vitamin C treated stressed
rats showed significantly higher plasma total antioxidant activ-
ity compared with stressed rats either 2 h after RS or 4 h after
ES and it did not significantly differ from controls (Table 5).

4. Discussion

The present study clearly demonstrates anti-oxidant poten-
tial of A. calamus extracts as shown by inhibition of generation
of free radicals, protection of DNA and mitochondria from
oxidative damage as revealed by different in vitro assays and pre-
vention of stress induced loss of anti-oxidant capacity through
in vivo assay.

Reactive oxygen species (ROS) including superoxide radi-
cals, hydroxyl radicals, hydrogen peroxide and singlet oxygen
are often generated as products of biological reactions or derived
from exogenous factors. The ROS play an important role in
cell metabolism including energy production, phagocytosis and
intercellular signaling [25] and damage cells when present in
excess. However, antioxidants scavenge the ROS to prevent
their deleterious effects. There are enzymatic and non-enzymatic
mechanisms that maintain a balance in the oxidant and antiox-
idant activities. However, imbalance between oxidant and
antioxidant systems leads to oxidative stress which results in the
variety of pathological effects such as DNA damage, carcinogen-
esis and various degenerative disorders such as cardiovascular
diseases, aging and neuro-degenerative diseases [1.2].
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 Hydroxyl radicals generated by the Fenton reaction cause

jdation induced breaks in DNA strands to yield its open cir-
cular O relaxed forms. Exposure of plasmid DNA to Fenton's
reagent ultimately results in DNA strand breaks, mainly due l«‘\
the gcn’:r;mmj oi‘)xydrmyl radical and subsequent free radical-
mdUCL‘d reaction in p}nsmid DNA. Hydroxyl radicals react with
nitrogenous bases of DNA producing base radicals and sugar
radicals. The base radicals in turn react with the sugar moi-
sl)‘ causing breakage of sugar phosphate backbone 0}‘ nucleic
acids resulting in strand breaks. Different extracts of A. calamus
except l}.\c cold water extract showed DNA damage protecting
activity in our present study. A higher DNA protection activity
was found in the petroleum ether, benzene, chloroform, alcohol
anel NaOH extracts compared with other extracts. The DNA pro-
{Couve activity of A. calamus may be due to high hydroxyl radical
scavenging action of the extracts, as hydroxyl radicals are major
DNA damaging radicals. In addition high phenolic content of
the extracts might also contribute for DNA protection,

Itis well documented that mitochondria are the major source
of intracellular ROS. The major single-organ oxygen consumers
are the liver and brain, consuming 20.4% and 18.4%, respec-
tively. Therefore, the liver mitochondria serve as an optimal sub
cellular system to evaluate the efficacy of the antioxidants. In
the current study, the impact of antioxidant activity of A. cala-
mues on the biological system was investigated in isolated rat

liver mitochondria by creating oxidative stress using FeSO4 and
ascorbic acid. We observed a decrease in the mitochondrial ROS

production in the presence of benzene extract of A. calanus

compared to other extracts.
It is to be noted that the
most potent antioxidant property as it was effecfivc in all in
vitro assays excepting ferrous iron chelating action, whcrc.as
otar extracts did not exhibit anti-oxidant action on par with
11.., extract. However in vitro studies have to be supported by
bscrvations to determine whether extract has ability for
antioxidant action in biological system. Hence, the antioxidant
potential has to be tested in vivo by creating oxidative stress.
Since benzene extract was more potent, it was tested for anti-
oxidant action in vivo.
There arc many studies on antioxidant activity of A. calamus
the ethanolic extract prevented acrylamide-induced
decreased GSH and GST, increased
dopamine receptors in the corpus striatum [37]. Ethyl acetate
and methanolic extracts (50 mg/kg bw) of A. calamus was elfec-
tive in preventing noise stress induced oxidative damage [38,39].
Similarly, methanolic extract prevents oxidative damage caused
by nickel chloride [40] or ethanol induced oxidative stress [41].
Above studies proved long term cffect, the days of treatment
periods are long and dose of the infusion is quite high. Our
present study demonstrated the acute effect of the A. calamus
extract on stress induced alterations with a lesser dose and also
we proved that A. calamus is effective in preventing the DNA
damage induced by oxidative stress.

Stress is an inescapable fact of life and exposure to stressful
situations is among the most common human experiences. Itis

benzene extract of A. calamus has

in vivo 0

for instance,
hind limb paralysis,
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pathways leading to increased p
radicals [42.43]. Various stressors vic. 1
restraint [46] and cold stress [47] are known to induce
tive stress. However an animal model which can be used to get
results within a short duration (1 day) was used in our
study, wherein 2 hafter restraint there was cCrease
in plasma total antioxidant activity compared to initial level ((.) h)
and it was further significantly decreased 4 hafter forced swim-
ming exercise. Thus significant drop in plasma total :nnioxidnf\t
activity was achicved within 9h of cxpcrimcm;\l durulio.n in
this rat model. This model mimics the human life situations.
d to acule Sressors severd

day due to life events. Oral administration of benzene c.\lr:n:l.
privor {o stress treatment, prevented SUress induced decrease 10
plasma total antioxidant activity following RS or FS. A fiosc ol
5 me/ke body weight was minimum eflective dose as its pre-
tive : u similar to antioxidant activity of a standard
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Thus present study clearly demonstr:
of A. calamus is a source of Most potent
as it exerts its action by inhibiting differe
as shown by in vitro assays as

ates that benzene extract
antioxidant compound
nt mechanisms of free

radical generation or scavenging
well as its efficacy in vivo. However, the
activity are currently unclear. There-
ay to isolate and identify the potent
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components responsible

for the above mentioned
fore. our studies arc undery
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their health benefits.

Funding

The work was supported by a grant from Ministry of Human
Resource Development, Government of India, through the Uni-
versity Grants Commission to University of Mysore, under the
Institution of Excellence scheme.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

[1] Y. Noda. A. Anzai-Kmori, M. Kohono, M. Shimnei. L. Packer. Hydroxyl
and superoxide anion radical scavenging activities of |mlurul-suur(‘c
antioxidants using the computerized JES-FR30 ESR spectrometer sysiem,
Biochem. Mol. Biol. Int, 42 (1997) 3544, ’

[2] M.A. Gyamfi, M. Yonamine. Y. Aniya, Free radical scavenging action
of medicinal herbs from Ghana Thonningia sanguine on c.\|u.'rin|cnlnl|\'
induced liver injuries, Gen. Pharmacol. 32 (2002) 661-667. ’

[3] F. Aqil. I. Ahma, Z. Mchmood, Antioxidant and free radical scavenging
properties of twelve traditionally used Indian medicinal plants, Turk. I.
Biol. 30 (2006) 177-183.

[4] S.M. Barlow, Toxicological aspects of antioxidants used as food additives
in: B.J.F. Hudson (Ed.). Food Antioxidants. Elsevier, London, 1990, p >'
253-307. o

{5] T.A. Seymour, S.1. Li. M.T. Morrissey. Characterization of a natural antiox-
idant from shrimp ;hell waste, J. Agric. Food Chem. 44 (1996) uxz-(zxé

(6] K. Prasad, V.A. Laxdal, M. Yu, B.L. Rancy, Evaluation of hydroxyl radical
scavenging pmpertyd garlic, Mol. Cell. Biochem. 154 (1996) 55-63.




GRAPHENE-MODIFIED CARBON
MICROSURFACES IN VOLTAMMETRIC
SENSING APPLICATIONS

GURURAJ KUDUR JAYAPRAKASH",
BANANAKERE NANJFGOWDA CHANDRASHEKAR?, and
BAHADDURGHATTA LSHHWARASWAMY KUMARA SWAMY"

'Departamento de Ingenieria de Proyectos, Centro Universitario de
Ciencias Fxactas e Ingenierias, Rivd. Marcelino Garcla Barragén 1421,
C.P. 44430, ¢ wadalajara Jal,, México

“Department of Materials Science and Engineering, Southern University
of Science and Technology, Shenzhen, Guangdong 518055, P, R. China

'Department of P.G. Studies and Research in Industrial Chemistry,

Kuvempu University, Shankaraghatta 577451, Shimoga, Karnataka,
India

‘Corresponding authors. F-mail: kumaraswamy21@gmail.com;
rajguru97@gmail.com - !

ABSTRACT

Graphene is an interesting carbon material with unique redox propertics.
Graphene and its ‘composites are. promising candidates for fabricating
current and next-generation electr hemical sensors. Since giving electric




Functional Nanomaterials for Transparent
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Abstract In recent years, extensive progress has been made in the development of
primary and applied aspects of fabrir ation of transparent conductive clcctrndcx espe-
cially in flexible, stretchable, low-cost, and lightweight electrode materials for the
enhancement of energy generation devices. Fabrication of high-performance trans-
parent conductive flexible plastic is recessary for industrial-scale manufacturing with
an extensive range of applications. Transparent electrodes (TE’s) are optically trans-
parent to visible light and are electrically conductive, These qualities are important for
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hydrogen production from water under visible light
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Hydrogen evolution

Photochemical water splitting
hydrogen production.

nation of reflux treated ethylene diphosphonic acid-me
phosphorous doped CNRs (P-CNRs) exhibit a high hydrogen-evolution rate
g-C3Ny) with a remarkable recycling stability. The significantly enhanced pertor-
mance is found to be attributed to the intentionally designed morphology and ¢
CNRs. This distinctive hierarchical architecture of CNRs enhances the light scattering,
specific surface area and thus mere catalytically active sites. The P doping of g-CyNy greatly
visible light absorption, narrows the band gap. It also results in a boost in the density state of the
conduction band as revealed by the electron paramagnetic resonance (EPR) spectra. The strong v
light emission quenching, observed from the photoluminescence of P-CNRs and photocurren
surements, implies an enhancec charge transfer/separation process. This work presents a very
and direct method of designing and developing high-performance visible light driven catalysts for

Enriched macro/mesoporous graphitic-C3Ng (g-C3N4) micro-rods (CNRs) are prepared by direct calci

lamine complex fiber network. The optimized
of 4960 pmol h=! g=' (5.5
lectronic properties of I’
and provides a high
increases the

isible

t mea-
simple

© 2017 Elsevier Ld. All rights reserved.

( ! 1. Introduction

Environmental pollution and the search for clean energy have
been recognized as urgent problems arising from the recent
booming global industry [1,2]. The energy produced from hydrogen
is clean, efficient and renewable, and thus can be regarded as one of
the most promising energy sources with environmental benignity
and recyclability [3]. Among the numerous hydrogen energy pro-
duction methods [4], photochemical water splitting has been
widely investigated as a new method to generate hydrogen by
utilizing photo-catalysts under solar light irradiation [5]. Thus, the
development of high-performance photocatalysts, used for the
transformation of solar power to hydrogen energy, has been highly
demanded by photocatalysis sectors [2.6].

Graphitic carbon nitride (g-C3Ng4) has suitable levels of con-
duction and valence bands for a water splitting process [7]. With an

« Corresponding author.
E-mail address: chengc@sustc.edu.cn (C. Cheng).

1 These authors contributed equally to this work.

http://dx.doi.org/10.1016/j.mtener.2017.05.006
2468-6069/© 2017 Elsevier Ltd. All rights reserved.

excellent visible-light response, anti-photo-corrosion property,
easily adjustable electronic-band structure, chemical stability, and
low cost, g-C3Ny is considered as one of the most promising metal-
fize photocatalysts for hydrogen evolution. Despite these advan-
tages, the photocatalytic activity of pristine g-C3N4 for hydrogen
evolution is quite low. To overcome this shortcoming, new ad-
vences for the modification of g-C3N4 morphology and its electronic
structure have been proposed, such as hierarchical structure
designing [8—10], metal/non-metal doping [8,11-14], and hetero-
junctions hybridizing [3,15-18]. Among them, hierarchical g-C3Na
with bimodal macro/mesoporous structures, have significantly
enhanced photocatalytic activity as they not only exhibit improved
light scattering and have a high specific surface area, but also, they
possess 3D-openings and large accessible channels for large mo-
lecular diffusion and rapid ion (or electron) transport [19]. In
addition, the doping with a non-metal through the organic mo-
lecular self-assembly, which leads to the integration of heteroatoms
(such as I [8,20], P [9,21,22], B [13.23], O [24.25]. and S [11.26.27])
within the structure of g-C3Ny, is an efficient way to enhance the
photocatalytic activity because of its effective modification of the

| e
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ABSTRACT: Atomicall
needed for emer
der Waals heterostructures. Currently,
area single crystalline h-BN monolayers by standard che:
Here, we develop a free-molecular-flow growth mode.
constructing a narrow gap within Cu/ supporting substra
upon earlier studies by increasing domain sizes up to ~8¢
of h-BN varying from negative-curved to straight, pos:
precursor heating temperature. Moreover,
the Bravais law is applicable for the coale

y smooth hexagonal boron nitride (b-BN) films are ENEEED
ging applications of two-dimensional (21) devices based on van
it is difficult to propare high-quality, large-
mical vapor deposition.
for h-BN synthesis by
tes stacking, improving pEETIT
um. Further, the edges

tive-curved, and even round were reliably modified by varying the
the merging processes of h-BN films are

scence of h-BN domains.
quality h-BN growth and insight into its growth dynamics which
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experimentally investigated, demonstrating
This work not only offers a promising strategy for high-

sheds light on reliable edge controllability and possible
properties modification of other 2D crystals, but also enriches the

extends its applicability into the growth and evolution of 2D crystals.

u

nderstanding of the classical crystal growth theory and

H INTRODUCTION

Two-dimensional (2D) hexagonal boron nitride (h-BN),
bonded by alternating boron (B) and nitrogen (N) atoms,
has a structure similar to graphene.! Unlike semimetallic
graphene, monolayer h-BN is a wide band gap semiconductor
with superior mechanical flexibility and atomic smoothness.2
In addition, the strong ionicity of the B—N bond localizes the
electronic states in h-BN and endows it free of charge
impurities and defects, ultrahigh thermal stability, and chemical
inertness.® These outstanding properties make h-BN appliczble
to numerous applications, such as dielectric substrate for
transistors,* flexible nanoelectronics®
corrosion _resistance,*” as well as deep ultraviolet (UV)
materials,” etc. Presently, the most intriguing application of h-
BN film is used as dielectrics for 2D heterostructured
transistors, which has shown a significant improvement on
carrier mobility.>'® For example, the carrier mobility of
graphene supported on h-BN film was 1 order of magnitude
higher than those on silicon dioxide (Si0,).!! Additionally,
since all the atoms in 2D materials are exposed to the surface
of supporting substrates, the related electrical and chemical
properties are highly influenced by adjacent materials and
sometimes surface corrugation.!? Nevertheless, these impacts
can be greatly suppressed by using inert, high-quality h-BN
film as Supporting Information, because it has an atomically
smooth surface that is relatively free of dangling bonds and

v/{iy‘ ACS Publications  ©2019 American Chemical Soclety

and nanocapacitors,®

7007,

charge traps.”® Thus, the synthesis of high-quality h-BN films
ranks as one of the most important issues toward extensive
applications of h-BN in 2D electronics.!* Chemical vapor
deposition (CVD), as a bottom-up synthesis method!* that has
been commonly used to fabricate atomically thin 2D materials,
has presented a great potential toward the fabrication of large-
scale h-BN films. !¢ However, Iacking an effective way to
nucleation suppression makes it hard to avoid intensive grain
boundaries of the CVD-grown h-BN film which definitely
enhances its electron scattering and degrades the dielectric
properties.!” The quality of h-BN film is still far from the

requirement of electronic grade applications for 2D electronics.

Lots of efforts have been made to improve the quality of h-
BN fims, eg, to promote uniformity, to lower defects,
especially to enlarge the grain size of single flakes.'® Nucleation
suppression is a promising approach to improve the quality of
CVD-grown h-BN film, because nucleation sites can effectively
damage the uniformity and result in grain boundaries of h-BN
film."” Straightforward strategies, such as smoothing catalyst
surface (e.g, electrochemical polishing,*° long-time anneal-

ing?' and even melting and resolidifying copper (Cu)
substrates™), were first used to the nucleation suppression of

Received: June 23, 2019
Revised:  October 20, 2019
Published: October 30, 2019
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Abstract

The effect of Co-60 Gamma irradiation on electrical characteristics of CdTe/CdS solar cell has been analyzed using in-situ
current-voltage characterization (I-V) in dark condition. The irradiation was done over a wide range of doses from 1kGy to 100
kGy. Electrical parameters such as ideality factor (n), series resistarce (Rg) and reverse bias leakage current (Ig) for each dose
have been calculated from the IV characteristics. The ideality factor of the pristine solar cell is found to be 1.80 and it gradually
increased up to 3.38 for the dose of 10 kGy, then it is around 3.38-3.61 for higher doses up to 100 kGy. The I-V characteristics
showed significant increase in forward bias and drastic increase in reverse leakage current. The value of Iy is 16.8 pA for pristine
(; solar cell and it increases to 1.46 mA for 10 kGy. Further there is four times observable change in the value of Iz. However the

value of R, is 0.80 ohm for pristine and continuously decreases to 0.34 ohm for 50 kGy dose. Further there is slight increase in
the series resistance to 0.38 ohm for 100 kGy dose.

© 2018 Elsevier Ltd. All rights reserved.
Selection and/or Peer-review under responsibility ofInternational Conference ¢n Advances in Science & Engineering ICASE -2017.

Keywords: CdTe, CdS, Gamma Irradiation, Solar cells, Space application, Ra@iation hardness.
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ARTICLE INFO ABSTRACT

Article history: A unique technique is present to synthesize three dimensional hierarchical vanadium oxides/reduced
Received 19 May 2017 graphene oxide composites (denoted as 3D VO,/rGO composites) by laser irradiation over the mixture of
Received in revised form V,0s nanobelts and GO nanosheets. Electron microscopy and X-ray photoelectron spectroscopy (XPS)
4 July 2317 i examinations reveal that polydisperse V20s/VO; heterostructured nanoparticles form strong coupling
AECERIEE. SEINEY 2017 with rGO. As a result, a specific capacitance of 252 F g=! is achieved for 3D VO,/rGO composites when

used as supercapacitor electrodes, and the capacitance can retain 92% of the initial specific capacitance
even after 10000 cycles at a current density of 100 A g~. The improvement of supercapacitor perfor-
mance is achieved by significantly increase on specific surface area of 3D VO/rGO composites, which
favors the easy access cf the electrolyte and provides large electroactive surface, and strong V—0—C bond
between VO nanoparticles and rGO, which benefits the effective charge transfer. We believe that the
facile laser irradiation approach represents a major step not only for the simple and efficient fabrication
of high performance electrodes but also in the practical application of laser processing to synthesize

other functional hierarchical nanocomposites.
© 2017 Elsevier Ltd. All rights reserved.

(

1. Introduction Carbon-based nanomaterials such as carbon nanotubes [5], and

graphene [6] are widely applied as electrode materials due to

Supercapacitors have emerging as much more promising elec- excellent conductivity and stability. However, the low specific
trochemical energy storage devices for future electrical vehicle capacitance of these materials greatly impedes their commercial-
application [1] due to their unique advantages in high power de- ized applications as electrode materials, even in the hierarchical
livery, long cycling life, and fast charge/discharge rate [2]. However, architectures [7,8]. On the other hand, transition-metal oxides can
the existing supercapacitors are suffered from a relatively low en- exhibit superior capacitance for energy storage due to their

ergy storage density (normally less than 10 Wh kg1). generallyan  different energy storage mechanism, but suffers from general poor
order of magnitude lower than that of lithium ion batteries [3,4]. electro-conductivity (ca.10~5 S/cm) and low electrochemical cycle
Therefore, improving the energy density and at same time to stability [9]. Recently, several groups reported that three dimen-
maintain the high power density and cycling stability for super- sional (3D) hybrid architectures that consist of metal oxides and

capacitor devices have been remained as a challenging issue very carbon nanomaterials show superior performance due to the high
specific capacitance of metal oxides and the excellent conductivity

of carbon-based materials [10—12]. The rational combination of
metal oxides and carbon-based materials promises to be an effi-
cient strategy to achieve ideal electrode materials for

recently.

+ Corresponding author.

s+ Corresponding author. supercapacitors.
E-mail addresses: xubm@sustceducn (B-M. Xu), chengc@sustcedu.cn V,0s attracts special interest as electrode materials due to the
(C. Cheng). unique advantages of high energy density and wide potential

1 These authors contributed equally to this work.
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Simultaneous removal of dye and heavy metals in
a single step reaction using PVA/MWCNT
composites
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Carbon nanotubes (CNTS), ¢ e to their van der Waals forces and ©—7 interaction, have great potential as
a strong material resource for environmental water purification. Herein, we reported the purification of
industrial effluent using polyvinyl alcohol (PVA) and multiwall carbon nanotube (MWCNT) composite
materials. It is demonstrated that the removal of methyl red dye and heavy metals can be driven
simultaneously by using efficient composite materials. The methyl red dye present in an aqueous

Received 23rd January 2016
Accepted 16th February 2016

solution of effluent formed hydrogen bonds with PVA polymers and adsorbed, simultaneously, the heavy

metals also adsorbed on the cylindrical hollow structure of MWCNTs and removed them. The

DOI: 10.1039/c6ay00229¢

www.rsc.org/methods

1. Introduction

Dyes used in the textile industry are major water pollutants with
upsetting environmental impacts.* The textile manufacturing
process involves the preparation and utility of various dyes, and
partly introduces these dyestuffs into aquatic systems and thus
leads to environmental pollution and health hazards.>* Methyl
red dye has been extensively used in textile, leather and paper
industries and the efficient removal of methyl red dye has become
a challenging task for environmental chemists.” Many different
methodologies are being adopted to treat dye effluents, which
include adsorption tactics,® biological degradation,’ Fenton-like
" reactions,'® and photocatalysis.™* The thorough degradation of
methyl red dye is said to be achieved using an adsorption process,
where the mostly employed adsorptive material, MWCNTs,
adsorbs a small quantity of methyl red dye. Immense efforts have
been focused towards the modification of MWCNTs with: an
objective of developing adsorption in large quantities whereas
their practical applications are still limited and not satisfactory.””
Thus, the efficient degradation of dyes by developing a sirple
method/material has gained enormous significance. The pres-
ence of heavy metals such as lead, chromium, copper and iron in
industrial effluents, even at low concentrations and their entrance

¥

sCenter for Materials Science and Technology, Vijnana Bhavan, University of Mysore,
Manasagangothri, Mysuru 570006, India. E-mail: srikantas@hotmail.com;

_ chandrashekarbn1984@gmail.com
»Department of Studies in Chemistry, University of Mysore, Manasagangothri, Mysuru
570006, India : : ik
‘Department of Studies in Environmental Science, University of
Manasagangothri, Mysuru 570006, India

Mysore,

2408 | Anal. Methods, 2016, 8, 2408-2412 -

environmentally - friendly removal of dye and heavy
microscopy. chemical oxygen demand tests, X-ray diffraction and UV-visible spectrophotometry.

metals was confirmed by scanning electron

into the environment can be very toxic to living organisms. The
tolerance limit of these ions in effluents discharging into the
inland surface waters is 3.0 mg L™2.% The pollutants can be found
together in waste waters, indicating that they are simultaneously
present in the effluents discharged by the industry.**"” Addi-
tionally, the management and disposal of industrial effluents are
usually improper in developing countries. Therefore, polluted
effluents of different industries can be mixed, before their
appropriate treatment, again causing the simultaneous presence
of heavy metals in waste waters. The most widely used methods
for removing heavy metals from waste waters include ion
exchange,” chemical precipitation,*® reverse osmosis,* evapora-
tion,* membrane filtration,?* and adsorption.” Adsorption is an
alternative method that is highly effective, cheap, and easy among
the physicochemical treatment processes.* Amongst the poly-
mers, polyvinyl alcohol polymers are preferable for the applica-
tion of adsorption of contaminants in aqueous solutions because
of their water solubility and chemical versatility including
hydrogen bonding. Researchers have started using conventional
methods for the preparation of composite materials using
different reactions, which is cost effective.

In the present investigation, we have prepared PVA/IMWCNT
composites by a simple ultrasonication method using DMF and
double distilled water as solvents. Our focus here is to remove
the methyl red dye and heavy metals. The methyl red dye
present in a aqueous solution of effluent formed hydrogen
bonds with PVA polymers; simultaneously the heavy metals
adsorbed on the cylindrical hollow structure of MWCNTSs are
‘removed simultaneously. PVA/MWCNT composites were found

: to be effective materials to remove the dye and heavy metals in
a very short time via a single step reaction (Scheme 1).

This journal is © The Royal Society of Chemistry 2016



Journ

_journal : ‘ '
nal homepage: www.elsevIer.com/_locate/mo!qu

al of Molecular Liquids 16

Cont X )
ents lists availibla at SciVerse SciencaDiract

Journal of Molecular Liquids

5 (2012) 168-177

Simultaneous electrochemic
1 -buty1—4—methyl—pyridiniu
electrode: A voltammetric

Bannanakere N. Chandrashekar @
Nanjappa B. Ashoka 2

study

» Mundargi Pandurangachar "

al determiuation of epinephrine and uric acid at
m tetrafluroborate ionic liquid modified carbon paste

» Bahaddurghatta E. Kumara Swamy %,

a : . : :
Department of PG Sn{dles and Research in Industrial Chemistry, Kuvempu Universit, Shankaraghatta-577 451, Shimoga, Karnataka, India
epartment of Chemistry, NMKRV Degree College for Women (Autonomous), Jayancgara 3rd Block, Banglore-11, Karnataka, India

ARTICLE INFO

ABSTRACT

Article history:

Received 6 August 2011

Received in revised form 3 November 2011
Accepted 9 November 2011
Available online 19 November 2011

An ionic liquid (IL) film 1-butyl-4-methyl-pyridinium tetrafluroborate modified carbon paste electrode
(BMPTB/CPE) was fabricated and the electrochemical behavior of epinephrine at the modified electrode
was investigated by cyclic voltammetric and differential pulse voltammetric techniques. A well-defined oxi-
dation peak was observed at 0.21 V and the significant increase in peak current at modified carbon paste elec-
trode compared to bare carbon paste electrode was obtained. The effect of scan rate on the oxidation of

Keywords: epinephrine was examined and it was found that the anodic peak current was proportional to the concentra-
lonic liquid tion of epinephrine in the range from 0.5x 10~ to 4.5 x 10~° M. The BMPTB/CPE showed significantly higher
BMPTB/CPE sensitivity, and selectivity and used for the simultaneous determination of epinephrine and uric acid. The ad-
Epinephrine vantages of this biosensor showed simplicity, inherent stability and ability for simultaneous determination
UA

Cyclic voltammetry
Differential pulse voltammetry

without using any othe: separation systems. The analytical performance of this biosensor has been evaluated
for detection of epinephrine injection in serum as real sample.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Epinephrine (EN), is an important compound for the.mess.age
sransfer in the mammalian central nervous syste_m [1_]. which exu:ts
Cor, an organic cation in the nervous tissue and bnologlc_al quy ﬂgld.
The determination of epinephrine levels in biological fluids ylelfjs im-
portant information on its physiological functions: Qu;nntatwe
determinations of them are significant method for .d?velopmg nerve
physiology, making diagnosis and controlling me.dlc'lne [2]. Usually,
the determination of EP was carried out by using llqu1d ghromatogra-
phy [3], capillary electrophoresis (4], electroch.emllumme.scer}ce {5]
and flow injection analysis [6]. But they require expensive instru-
ments, well-controlled experimental conditions and pl.'ofound
sample-making. Uric acid (UA) is the primary product of purine me-
tabolism in the human body and it has been shown tl_mat extreme
abnormalities of UA levels are symptoms of several diseases (e.g.
gout, hyperuricemia and Lesch-Nyhan_ syndrome) [7,8]. Therefor_e‘ it
is essential to develop simple and rapid -methods for the determl'na-
tion of these biological molecules in routine analysis. Electrochemlcz‘al
procedures have been developed to determine thgm based on their
electrochemical activities. A major problem is that UA and

* Corresponding author, Tel.: +91 8282 256225(office); fax: +91 8282 256255.
E-mail address: kumaraswamy21@yahoo.com (B.l-.". Kumnara Swamy). -

0167-7322/$ - see front matter © 2011 Elsevier B
doi:10.1016/j.molliq.2011.11.005 :

catecholamine neurotransmitters are oxidized at nearly the same po-
tential with poor sensitivity and selectivity at unmodified electrode.
Thus, the ability to develop voltammetric sensors for the determina-
tion of catecholamine neurotransmitters and UA in human fluid has
been a major aim of electro-analytical research.

There has been increased interest in the development of modified
electrodes, especially for the use as biosensors and more recent devel-
opment involves the direct electron transfer from the modified elec-
trodes to the analytes [9-11]. Some advantages of using the
modified electrode are ease of preparation, low cost, potential win-
dow, ease modification, excellent electrical conductivity and increas-
ing the surface of the electrode. In this case, the modifiers can be
adsorbed to the electrode surface by electropolymerization [12-14],
electrochemical deposition [15] and grinding technique [16]. IL has
gained much attention as sensing component in the development of
sensors that holds great promise for green chemistry applications
and also used as catalyst for an environmental friendly approach for
the synthesis of highly substituted imidazoles [17]. Recently room
temperature jonic liquid [RTIL] has been used as a new kind of mod-
ifier for the modification of electrode, RTIL is composed entirely of
ions and exists as a liquid at room temperature with the characteris-
tics of negligible vapor pressure, good solubility and chemical stabili-
ty. As a new green media, RTIL has many uniqu_e electrochemical
properties, such as higher ionic conductivity and wider electrochem-
ical windows [17-25]. Sun et al. |26] fabricated 1-butyl-3-methyl
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ABSTRACT

L-arginine was electropolymerised on a carbon paste electrode (CPE) to form the biopolymer by free
radical formation in the electro oxidation process of the amino and carboxylic group containing com-
pound by cyclic veltammetric technique. The modified electrode shows an excellent electrocatalytic
activity towards the oxidation of both dopamine (DA) and ascorbic acid (AA). It was demonstrated that
the deposited biopzlymer has positive charges over the bare carbon electrode surface, which leads to
the formation of electrical double layer made the fast electron transfer process could leads to the diffu-
sion of dopamine, ascorbic acid and uric acid on their charge gradient by cyclic voltammetric technique.
The response of the sensor was tested towards the different dopamine concentration. The catalytic peak
current obtained was linearly related to DA concentrations in the ranges of 5x 1073 to 1 x 10-4ML-!
with correlation co-efficient of 0.9924 which reveals the adsorption controlled process. The detection
limit for dopamine was 5 x 10~7 ML-1. The interference studies showed that the modified electrode
exhibits excellent selectivity in the presence of large excess of ascorbic acid (AA) and response is fast
stable, reliable, resistant to biofouling and can be applied for the real sample analysis in medical, phar-
maceutical and bictechnological sectors. The adsorption-controlled process and kinetic parameters of

the poly(L-arginine) were determined using electrochemical approaches.
© 2011 Elsevier B.V. All rights reserved.

which is at higher concentrations. However, DA and AA usu-
ally have overlapping oxidation potentials on the bare solid
electrodes. So it is essential to develop simple and rapid meth-
ods for their determination is routine analysis. Several methods
have been applied to overcome the above problems [4-6].
Based on the ion-exchange membrane coated electrode, selec-
tivity of DA and AA has been achieved [7]. lon exchange
membrane of both anionic and cationic nature has been devel-
oped to electrostatically accumulate oppositely charged analyte
molecules. They are Nafion [8], polyester sulphonic acid [9].
poly(4-vinylpyridine) [10], stearate [11], w-mercapto carboxylic
acid [12], poly(monomericeugenol) [13], overoxidised poly(1-(2-
carboxyethyl) pyrrole [14], 4-aminophenylacetic acid [15], ionic
liquid [16], overoxidised polypyrrole [17,18].

Among many methods for determination of DA and AA in bio-
logical samples, polymer modified electrodes have shown to be
powerful tool in electrochemical methods. Because of character-
istics like film thickness, permeation and charge transport can be
controlled by adjusting the electrochemical parameters. Therefore
PME's have many advantageous such as improved electrocatalysis,
absence of surface fouling and prevention of undesirable reactions
competing kinetically with the desired electrode process [19.20].
In future these modified electrocatalytic electrodes which acts as
sensors can be used in the medicine and biotechnology field.

0027-7765/$ - see front matter © 2011 Elsevier B.V. All rights ‘gesewed.

doi:10.1016/j.colsurfb.2011.07.023
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Polyethylene glycol (PEG) modified carbon paste electrode (CPE) was fabricated for the detection of

dopamine and potassium ferricyanide. It showed an excellent sensitivity towards the oxidation of
dopamine (DA) in 0.IM phosphate buffer (PBS) at 6.6 pH and potassium ferricyanide in 1 M KCl
solution. Effect of scan rate, concentration and pH were studied by the cyclic voltammetric technique.
The concentration effect of modifier in the carbon paste electrode also reveals that the change in the
electrode interface which would leads to the surface modification of the electrode, enhanced the
interaction between the electrode and the caticnic charged dopamine. The detection limit of dopamine

is 1><10'5 M and the potassium ferricyanide is 1x10™* M was observed for the PEG/CPE.

(_t Keywords: Dopamine, Potassium ferricyanide, PEG/CPE, Cyclic voltammetry and PBS

1. INTRODUCTION

m ferricyanide is the bright red coordination compound. It is soluble in water and its
ferricyanide is used as an oxidizing agent to remove silver from
negatives and positives, 2 process’ called dot etching. Potassium ferricyanide is often used in
physiological experiments as a means of increasing a solutions redox potential [1, 2]. Hu et al. [3, 4]

studied potassium ferricyanide as a standard for modified cetyl trimethyl ammonium bromide carbon
rode. It is universal known compound to check the behaviour of electron transfer kinetics of

Potassiu
shows green fluorescence. Potassium

paste elect

the electrode.
Dopamine (

mammalian central nervous system.

DA) is one of the most important neurotransmitters and is present in the
Itisa catecholamine in the form of large organic cations and

£l
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ient and popular methods

such as sol gel and clays appears to be effici

[4-6].
«-Hydroxides of nickel and cobalt have a structure similar to LDHs

[7). The hydroxides of nickel and cobalt crystallize in different poly-

Among all the ¢
chemical sensors are the most attractive because of their remarkable
sensitivity. experimemal simplicity and low cost [1]. In the recent morphic modifications, mainly the B- and the c-form. The B-form is
Jears, a new approach to electrocatalysis emerged.using molecular  of the formulaM (OH) 2 and itis an ordered stacking of neutral layers
.. materials attached to electrode surfaces, since the kinetics of an elec- of the composition [M (OH) ,] with an interlayer spacing of 4.6 A°.
’.—rtrochemical reaction and sometimes even the electrode reactionprod- The o-form is a hydroxyl deficient compound and consists of a
uct may depend on the composition of the electrode. Research arose stacking of positively charged layers of composition [M (OH)2x—1
d the characterization of electrodes (H20)x]+" which intercalate anion such as NOs, Cl, OAc, SOa, etc.
h as zeolites and along with water molecules in the interlayer region to restore charge
neutrality. Consequently, the o-hydroxides have a higher interlayer

the preparation an
ructured materials suc
terlayer anion(7.5-8 A°)

anic lattices are their shape and size se-
spacing, which varies with the size of the in
(8]. The a-hydroxide of

droxides

1. Introduction
hemical sensors reported in the literature, electro-

focusing on
modified with inorganic st

clays. The key features of inorg
Jectivity in chemical reactions. Zeolites have well-defined pores and
) s exhibit layer like structures. in both cases a three di- compared to the brucite-like ﬁ-hydroxides
urface allowing nickel, though unstable in an alkaline electrolyte, is theoretically
r electrochemical properties compared to

channels, clay:
ilt on the electrode s
expected to exhibit superio

mensional architecture is bu

study of molecular recognition effects in the design of electro catelysts

for specific substrates and of analytical devices [2,3]. The electrochem- the p-form [9].

jcal biosensors have been increasingly developed for continuous surfactant is a linear molecule with a hydrophilic head and a hy-

monitoring in environmental and health caré applications. Numerous drophobic end. Due to its unique molecular structure, surfactant

immobilization methods have been developed for electrochemical was extensively used in the fields of electrochemistry and electroan-
lent linkages. cross-linking meth- alytical chemistry for various purposes [10]. Two of their properties

lectro-chemistry: adsorption at interfaces and aggrega-

are useful in e

|f-assembled multilayer's, mixing
tion into supra group [12-16] has in-

molecular structures [11]. Hu's

biosensor applicatio
lytical chemistry to improve the

odologies, bioaffinity attachment, s€
in carbon composites and entrapment within polymeric and inorganic
these methods, entrapment within hydrophilic gels troduced surfactants to electroana
detection limits of some biomolecules. The results showed that the
se compounds were greatly en-

sponses of the
e of trace surfactants. They proposed a synergis-
t these enhancement effects of

matrixes. Among
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5 ____— e (threonine e ode WS
Article history The electrochemical brhavior of tyrosine on a poly(thrmmnc)-ﬁlm modified carbon paste electrode wWas
Received 4 October 2011 explored in phosphate buffer solution (pH 7.0) using cyclic voltammetric technique. Tyrosine gave an
keceived in revised form 24 February 202 oxidation peak at 687 mV on bare CPE, whereas an oxidation peak at 671 mV with enhanced peak current
F‘“F.r"w"d 21 March 2012 was obtained on the pn!\w’:l\rmnmc)»ﬁlm modified clectrode showing the clectrocatalytic nature of the
Available ofin€ 10 Aol 215 modified clectrode C\'(:l& voltammetnc studies indicated that the oxidation of tyrosine at the electrode
;,, e rds surface was irreversible, adsorption controlled and involves one electron. Linear mh.’:ri?;ﬁn plot hf‘-’_‘-':r“(‘.n the
‘r”v(” oxidation peak current and the tyrosint concentration was in the range of 57 10" to 1~ 10 "ul ‘.H‘-d
T:;r;' nine 1x10~ %10 2.0~ 1074 M with 2 correlation coefficient of 0.999 and 0997, respectively Detection hmit of
tyrosine was found to be 1 10~ M by differential pulse voltammetric technique. The effect of pH and scan

a5 evaluated for the detection of

Catrbon paste electrode )
Cyclic voltammetry rate of tyrosine was studied. The analytical performance of this sensor W
Differentizl pulse voltammetry tyrosine in real samples.
© 2012 Elsevier B.V. All rights reserved.

-

1 Introduction chrom.\mgmphy—landcm mass spectrometry. gas chromatography-
mass spectrometry and high-performance liquid chromatography

Tyrosine, 4»hydroxyphenylalaninc (Scheme 1). is an essential [6-12]. The above mentioned methods are accurate but relatively
sromatic amino acid and vital constituent of proteins, which is expensive a'nd timc-_consuming compared to electrochemical methods
indispensable in human nutrition for establishing and maintaining a which are inexpensive, fast, simple and more convenient to handle.
positive nitrogen ba!ancell.Zl.Tyrosinecan besyn(hesized in the body There are a number qf elcqrochcrr_uml methods reported for the
from phenyla\anine. It is hydrophobic and the phenolic hydroxyl of fietenmnano'n of tyrosine using varous modified electrodes which
‘ cosine 18 cignificantly more addic. Tyrosine is 2 precursor of include L-serine polymer film [13]. multiwall carbon nanotubes [14].
peurotransmitters and hormones such as L-dopa. dopamine, epineph- poly(Q-aminoacﬁdine) [15] and gold nanoparticle modified glassy
rine, melanin. and thyroid hormones [3.4). Tyrosine. through its effect carbon electrode [16]. electrochemical and FTIR spectroscopic studies
on neurotransmitters. is used to treat conditions including mood  at polycrystalline platinum surface (17]. amperometry and cyclic
enhancement. appetite suppression and growth hormone stimulation. voltammetry at carbon fiber microelectrodes applied to single cell
In addition. ryrosine is reported to have an antioxidant effect. Tyrosine analysis along with tryptophan [18] and polyamide modified carbon

is converted by skin cells into melanin, the dark pigment that protects
against the harmful effects of ultraviolet light. It occurs in proteins that
are part of signal transduction and also plays an important role in H
photosynthesis.Thc study had documented that the trace level tyrosine
can medulate and control acetylcholine (Ach) receptors’ metabolic
stability in muscle cells [5). The absence of tyrosine could cause albinism

and alkaptonuria. while a high tyrosine concentration in culture

medium results in increased sister chromatid exchange. H

Numerous methods have been reported for tyrosine determination %

in pharmaceu(ical preparations and biological samples mainly spectro- H
photometric, fluorimetric, flow injection, chemiluminescence, liquid H2N

« Corresponding author. Tel: +91 8282 256225 (Off); fax: +91 8282 256255.
£-mail address: kumaraswamy21@yahoo.com (B.E. Kumara swamy). Scheme 1. Structure of tyrosine

0167-7322/$ - see front matter © 2012 Elsevier BV. All rights rved.
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Abstract

. T.he carbon paste electrode was modified with xylenol orange by electropolymerization and it was used for simultaneous
determination of dopamine (DA), ascorbic acid (AA) and uric acid (UA) in 0.2 M phosphate buffer of pH 7.4. Based on its strong
electrocatalytic action towards the oxidation of dopamine, uric acid and ascorbic acid, the overlapping voltammetric response of these
biomolecules at the bare electrode is resolved into three well defined voltammetric peaks with lowered oxidation potential and
significant increase in the anodic peak current. The poly(xylenol orange) modified carbon paste electrode used for the detection of
dopamine was stable and reproducible. The effect of scan rate, pH and concentration was studied. The effect of interferences was
studied by differential pulse voltammetric technique. The modified electrode was used for the analysis of DA and UA in real samples
with satisfactory results.

Keywords: Carbon paste electrode; Xylenol orange; Dopamine; Biosensor

1. Introduction

Dopamine (DA), ascorbic acid (AA) and uric
acid (UA) are some of the biological compounds which
are electrochemically active in voltammetric techniques.
The detection of these compounds is important not cnly
for diagnostic studies but also for pathological research.
Electrochemical techniques for the determination of these
compounds in body fluid samples have attracted great
interest, since these techniques are fast in detection, iow
in cost and with the merits of low detection limit and FLigh
accuracy. However, one of the major problems frequently
encountered in the electrochemical detection of these
compounds is the serious interference caused by
coexisting compounds, especially the serious interference
of AA, and UA which exist in body fluids in relatively
high concentrations.  For example, - the normal
concentration ranges of AA in human plasma and urine
are 0.6-1.5 mg per 100 ml [1] and 10-60 mg in 24 h urine
(2], respectively. Besides, the usually high overpotential
accompanying the electrooxldation of AA at the electrode
surface often gives rise to serious overlapping of the
anodic current peaks of AA with the current peaks of
other biomolecules [3, 4]. A semi-permeable membrane,
such as Nafion, was. also employed to reduce the

interference of AA. However, the sensitivity and the
speed of response of the electrode were found to be
depressed seriously at the membrane-covered electrode
due to the slow rate of mass transfer in the membrane.

DA is a well-known biogenic amine acting as a

neurotransmitter in the brain. It has received considerable
Chemical Sensors 2012, 2: 4

WWW.

com
P L4

attention because of its suspected role in a variety of
neuropsychiatric disorders such as Parkinson’s disease
and Schizophrenia [4-8]. It has been found that the
dopamine possesses very strong electrochemical activity
by giving dopamine-o-quinone as oxidation product.
Electrochemical methods have been proven to be rapid,
simple and sensitive for the determination of DA. The
significant problem encountered with the detection of DA
arising from the low concentration levels of DA (in the
range of nM) and the primary interference from ascorbic

acid (AA, 0.2-0.4 mM), which largely co-exists with DA

and has overlapping voltammetric response at bare

electrodes [9] . The catalytic oxidation of AA by oxidized

DA is another major interference in the detection of DA

[10-14]. Thus, it is important to distinguish DA from AA

or to eliminate the interference of AA.

Uric acid (UA) and other oxypurines are main
final products of purine metabolism in the human body.
Disorder of purine biosynthesis and/or purine catabolism,
such as gout, hyperuricemia and Lesch-Nyhan syndrome
are generally considered due to the abnormal
concentrations of UA dissolved in human urine and/or
blood [15, 16]. Because AA and UA are co-existent in
blood and urine, it holds great importance to selectively
detect UA in the presence of AA. The oxidation potentials
of DA and AA at bare electrodes are so near that it is
difficult to separate their voltammetric peaks.

The electropolymerisation generally results in
polymer film which is uniform and strongly adherent to
the electrode surface. In addition the polymer film can be
deposited onto the small area with high degree of

1
© 2012 Simplex Acad2mic Publishers. All rights reserved.
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ABSTRACT

Organophosphorous compounds are important neuroactive molecules whose presence exhibits significant
analytical challenges An acetylcholinesterase (AChE) based amperometric biosensor was developed by silica
sol-gel film immobilization of the enzyme onto the carbon paste electrode. The mono enzyme biosensor was
used for the determination of two organophosphorous compounds such as methyl parathion (MP) and
acephate in 0.1 M phosphate buffer (pH 7.0). The substrate used was acetylthiocholine chloride (ASChCI)
confirmed the formazion of thiocholine and it was electrochemically oxidized giving significant increase in
anodic peak current around at 0.60 V versus calomel electrode. The influence of pH, enzyme loading and
substrate concentration on the response of the biosensor was investigated. The monoenzyme biosensor
provided linearity to methyl parathion and acephate in the concentration range of 0.1-0.5 ppb and 50-
750 ppb with an incubation time of 20 min and 4 min. The detection limits under the optimum working
conditions were four.d to be 0.08 ppb for methyl parathion and 87 ppb for acephate. The sensor shows good
operational stability 39% of its original activity for 60 successive measurements.

Keywords:

Acetylcholinesterase
Acetylthiocholine chloride
Carbon paste electrode
Immobilization

Methyl parathion and acephate

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Organophosphorous compounds are considered to be the most
toxic. They are used as pesticides, insecticides and chemical war
agents. The high toxicity of organophosphorous neurotoxics and the.ir

. large use in modern agriculture practices has increased public
( concerns, health risks and the consequent contamination of water,

food sources [1]. The use of any technology for deto_xiﬁca_tion of
organophosphorous compounds, performed in laboratones_, will need
the development of analytical tools of high performance in order to
control the concentration of neurotoxics.

The techniques such as gas chromatography.' liquid chromatogra-
phy and thin film chromatography couple with different detectors and
the different types of spectroscopy are the most commonly usgd

_ methods. However, these techniques are time consuming, expeasive
and demand a qualified and experienced staff and canpot be used for
continuous monitoring. Biological techniques such as immunoassays
and inhibition of cholinesterase activity by colorimetric techniques
are also used for the determination of organophosphorous com-
pounds. Immunoassays require long analysis time and pre-sample
treatment which are expensive enough and these techniques are not
suitable for continuous monitoring [2].

= Corresponding authors.
E-mail addresses: kumaraswamy21@yahoo.com (B.E. Kumara Swamy),
tmsreddysvu@gmail.com (T. Madhusudana Reddy).

1567-5394/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.bioclechem.2011.08.002

Biosensors are sensitive and can be used for pesticide determina-
tion. In these sensors, the inhibition of AChE can be measured by
electrochemical techniques such as pH-shift potentiometry [3]. The
main disadvantage of this technique is its strict requirement for low
buffer capacity of analyte solution. This may lead to significant
complexities and uncertainness in the measurement of the organo-
phosphorous compounds. The sensitivity of pH-based analytical
techniques is less than that of amperometric methods.

Many immobilization methods have been employed to fabricate
biosensors with high enzyme activity and fast electro transfer rates
|4). Sol-el immobilization platforms can be preferred to other
encapsulation, entrapment of sensing agents with in a polymeric
matrix, since some of these procedures are tedious and results in poor
stability and perturbed function, require expensive reagents. There-
fore many sol-gel derived enzyme biosensors have been developed at
the research level to monitor glucose, lactate, cholesterol, dopamine,
H,0,, phenols and urea [5-11]. Recent development in the area of
amperometric biosensors with sol-gel encapsulation of enzyme
species as an immobilization matrix is very encouraging and offers
potential advantages. These advantages include the ability of sol-gel
(i) to form at low temperatures and under chemical, mechanical
stability and offers negligible swelling, (ii) open to a wide variety of
chemical modifications based on the inclusion of various polymer
additives, redox modifiers and organically modified silanes, resulting
in electrically conducting materials, (iii) to exhibit tunable pore size
and pore distribution, which allows small molecules and ions to
diffuse into the matrix while larger biomolecules remain trapped in
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Negatively charged 1-butyl-4-methyl-pyridiniumtetrafluroborate (BMPTB) ionic liquid was electrochemi-
cally deposited on the surface of carbon paste electrode (CPE) by cyclic voltammetric (CV) technique in 0.1 M
nitric acid. It exhibited an electrocatalytic activity towards the oxidation of DA, AA, and UA in 0.1 M phosphate
buffer solution (pH 6.6). The effect of concentration, scan rate, and pH was studied for dopamine. The BMPTB/
CPE showed an excellent electrocatalytic activity for selective detection of DA in the presence of AA and UA by
using CV and differential pulse voltammetry (DPV) respectively. Detection limit of dopamine was found to be

Received in revised form 17 September 2010
Accepted 20 September 2010
Available online 4 November 2010

Keywords:

1-Butyl-4-methyl-pynidiniumtetrafluroborate
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1x107% M. The pre:ent technique provides a novel method for the simultaneous determination of DA, AA
and UA in their mixture sample.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Dopamine (DA) is one of the most important catecholamine
neurotransmitters in mammalian central nervous system [1-4] The
loss of DA in the human body may result in some serious diseases such
as Parkinson diseases |5]. As a cholinergic drug, DA is widely applied
to the treatment of circulatory collapse syndrome caused by
myocardial infarction, trauma, renal failu‘re, carfilac surgery or
congestive cardiac failure. Consequently, it has‘ attracted much
interest of electrochemist to develop voltammetr!c sensors for the
detection of DA in the extracellular fluid. However, m_a§say of DA, the
electrochemical methods suffer from inferior selectmfy becagse of
the presence of ascorbic acid (AA) and uric a.cid (QA) Wh'lCh coexists at
much higher concentration than DA in physiological fluids and whose
oxidation potentials are always close to that of DA. The.refl_)re. there
has been a significant attempt to separate the c_andanon peak
potentials of DA, AA and UA and many electrochemical approaches
have been used to implement the above goal [6-11]. A number of
researchers have employed polymer modified electrodes for the
determination of DA, AA and UA [12-14}. Lin and Lin _workg:l on
electropolymerisation of poly (vinyl alcohol) and determined swn_ul-
taneously DA, UA. and AA. at modified GCE [15). Zhang et al carried

* Corresponding author. Tel: +91 8282 256228; fax: +91 8282 256225.
E-mail eddress: kumaraswamy21@yahoo.com {BE. Kumara Swamy).
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out electropolymerization of poly (acid chrome blue K) and
determined simultaneously DA, AA, UA at modified GCE [16]. Recently
room temperature ionic liquid [RTIL] has been used as a new kind of
modifier for a chemically modified electrode. RTIL are composed
entirely of ions and exist as a liquid at room temperature with the
characteristics of negligible vapour pressure and good solubility and
chemical stability. As a new green media, RTIL have many unique
electrochemical properties, such as higher ionic conductivity and
wider electrochemical windows [17-28]. Sun et al. [29] fabricated 1-
butyl-3-methyl imidazolium hexaflurophosphate modified CPE and
studied the direct electrochemistry of hemoglobin immobilized in
sodium alginate hydra gel on the surface of an ionic liquid CPE.

In continuation of the fabrication of modified carbon paste electrode
we extended our work on the modification of carbon paste electrode
[30-32]. In this paper we have fabricated modified carbon paste
electrode by electrochemical deposition of ionic liquid 1-butyl-4-
methyl-pyridinium tetrafluroborate on the surface of bare carbon
paste electrode and the resultant modified electrode was developed for
selective detection of DA, AA and UA in their mixture solution,

2. Experimental

2.1. Chemicals

DA, AA and UA were obtained from Himedia chemicals. Stock
solution of DA was prepared by dissolving in 0.1 M perchloric acid, UA
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A carbon paste electrode (CPE) modified by 1- butyl 4- methylpyridinium tetrafluoro borate (BMPTB)
was used for the detection of KzFe(CN)s and dopamine. Cyclic voltammetric technique demonstrated
ponse of K;Fe(CN)g and dopamine at BMPTB /CPE compared t0 bare CPE with

clic voltammorams. The effect of BMPTB concentration on the electrode quality
f negative charged end

K;Fe(CN)s is 1x10* M

highly improved res

different shape of cy
also reveals that BMPTB formed on a CPE surface with a high density 0

directed outside the electrode. The detection !imit for modified electrode for
and dopamine 1 %10 M.

Keywords: Carbon paste electrode, 1- butyl 4- methylpyridinium tetrafluoro borate ionic liquid,

Dopamine, Cyclic voltammetry.

1. INTRODUCTION

rricyanide is used as an oxidizing agent t0 remove silver from negatives and

Potassium fe
h, potassium ferricyanide is used to reduce

ives, a process called dot etching. In color photograp
hout reducing their number, as a kind of manual color correction. Potassium
This bright red salt consists of the

posit
the size of color dots wit
de is the chemical compound with the formula K;3Fe(CN)e.
]. It is soluble in water and its solution show some green yellow

siological experiments as a means of

ferricyani
coordination compound [Fe(CN)s
fluorescence. Potassium ferricyanide is often used in phy
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The influence of Phthalic acid and TritonX-10) (TX-100) modified carbon paste electrode (MCPE) on
the electrochemical behavior of dopamine was investigated. The electrochemical response of
dopamine confirming from the remarkable oxidation and reduction peak current enhancement. The
electrode process of dopamine was examined and then all the experimental parameters which affect the
electrochemical response of dopamine, such a3 pH, scan rate, concentration and the immobilization of
surfactant were studied. Finally a sensitive and simple voltammetric method was developed for the
determination of dopamine.

Keywords: Phthalic acid, Dopamine, TX-100, Cyclic voltammetry, Carbon Paste Electrode

1. INTRODUCTION

Phthalic acid (benzene-1, 2-dicarboxylic acid) is an aromatic dicarboxylic acid, (scheme.l)
with formula C¢H4(COOH) 2. It is an isomer of isophthalic acid and terephthalic acid. Phthalic acid
was obtained by French chemist Auguste Laurent in 1836 by oxidizing naphthalene tetrachloride and
the resulting substance to be a naphthalene derivative, he named it naphthalenic acid.

Dopamine is a neurotransmitter associated with proper functioning of several organs such as
the heart, brain, and suprarenal glands. The determination of dopamine is a subject of great
significance for investigating its physiological functions and diagnosing nervous diseases resulting
from dopamine abnormal metabolism, such as epilepsy, Parkinsonism and senile dementia [1]. The
fact that dopamine and other catecholamines are easily oxidizable compounds makes their detection
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Abstract

The effect of Co-60 Gamma irradiation on electrical characteristics of CdTe/CdS solar cell has been analyzed using in-situ
current-voltage characterization (I-V) in dark condition. The irradiation was done over a wide range of doses from 1kGy to 100
kGy. Electrical parameters such as ideality factor (n), serics resistance (Rg) and reverse bias leakage current (Ir) for each dose
have been calculated from the I-V characteristics. The ideality factor of the pristine solar cell is found to be 1.80 and it gradually
ased up to 3.38 for the dose of 10 kGy, then it is arcund 3.38-3.61 for higher doses up to 100 kGy. The I-V characteristics
showed significant increase in forward bias and drastic increase in reverse leakage current. The value of I is 16.8 pA for pristine
solar cell and it increases to 1.46 mA for 10 kGy. Further there is four times observable change in the value of Ir. However the
value of R is 0.80 ohm for pristine and continuously decreases to 0.34 ohm for 50 kGy dose. Further there is slight increase in

the series resistance 10 0.38 ohm for 100 kGy dose.
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ARTICLE INFO ABSTRACT

Keywords: R ) " U e
P {wo ds This review is an audi: of various Carbon fibers (CF) surface modifieation techniques that have been attempted
olymers . . b
Na:ocom it and which produced results with an enhancement in the Interfacial characteristies of CERP systems. An in-
osites T . X
Carbon ﬁger troductioh to the CF surface morphology, various techniques of modifications, their results and challenges are
Grafting

discussed here, CFs are emerging as the most promising materials for designing many technologically significant
Modification materials for current and future generations. In order to extract all the physic-mechanical properties of CF, it is
essential to modulate a suitable environment through which good interfacial relation is achicved between the CF
and the matrix. The interface has the utmost significance in composites and hybrid materials since tension at the
interface can result in a deterioration of the fundamental properties. This review {s aimed to provide a detailed
understanding of the CF structure, its possible ways of modification, and the influence of interfacial compat-
ibility in physic-mechzaical and tribological properties. Both physical and chemical modifications are illustrated
with specific examples, in addition to the characterization methods. Overall, this article provides key in
formation about the C¥ based composite fabrication and their many applications in acrospace and electronics-
where light weight and excellent mechanical strength are required.

¢

" 1. Introduction is the highest producer of this particular material [11-15].

Polymer composites and their applications need no introduction and
Cfs have taken a supreme role as the primary load bearing constituent
in advanced composite applications [16]. CF is used to fabricate the
composite having light weight, stiffness, high temperature and damping
resistance, chemical inertness, and outstanding fatigue properties. 1t is
expected that the CF reinforced composites (CFRP) would produce
august results if the composite system is a synergistic heterogeneous
mixture. The interfacial characteristics of CF and matrix or any adjunct
plays a pivotal role for the composite's application [17-20). The CF
surface is non-polar, has poor wet ability and comprises highly crys-
tallized graphitic basal planes with inert structures. Also, the inert and
smooth characteristic of the CF surface yields to the low interfacial
strength as there is a lack of interfacial covalent bonds [1], which had
been a major issue as this affected the ultimate mechanical properties of

Since the creation of high performance carbon fibers(CF) in 1958 by
Roger Bacon, it has been the wonder material of the 21st antury [1—53].
The CF is very light with low specific gravity and exhibits attractl.vc
‘mechanical properties such as high specific elastic modulus a.nd KCI‘IS}]C
strength, in addition to the low thermal expansion coefficient, .h.lgh
thermal shock resistance, heat conductivity, electrical conductivity,
chemical stability, self-lubrication property, etc. [3-10]. As a result,
this new breed of high strength material has paramount sign.il?cnnce -in
designing many devices for aerospace (comme~rcial afld military air-
craft, in particular), sports goods, automotive industries, et.c.‘ Cfs are
obtained by the controlled pyrolysis of various fibets containing 50%
Carbon. Reports show more than 60% of consumption of CF by the
United States for different industries. It has recently reported that Japan
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INTRODUCTION

Physical fitness plays a vital role in the sports and an optimum level of it is
essential for maintaining sports performance. In the modern games & sports, a player
IS required (o be in movement continuously over a certain period of time an varying
pace, from fast to slow or medium and vice-versa, many a time hopping, jumping and
changing direction while in movement, which puts a great deal of demand in terms of

physical efforts on the part of cach player.

In the arena of International competition, one can hardly differentiate the top
notch contenders from another in terms of their levels of fitness. However, the
deciding factor sometimes remains with physical fitness. The world's top most
sporting nations are very much conscious of the basic physical fitness and the related

components,

Besides physical fitness, technique training also plays an important role in the
total training process of the sportsperson. It has been fully recognized by all experts
including sports scientists that performance in Games & Sports, not only depends
directly on the mastery of skills, but also on the optimum development of physical

and physiological factors of players.

Research work on the development and maintenance of physical fitness of
athletes and Students is an important arca which requires a lot of investigation. Some

pioneering research works have already been done in this area.

Giri (1996) reports that Yogic training improves the physical fitness, Rakesh Giri
and Navain Prakash (1988) observe that Yoga improves the performance of

Sportsmen in sports. Bera (1991) found that Yogic training improved the performance
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