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CSIR-1ITR, a leader in toxicology research, endeavours to mitigate problems of human health
and environment. The institute aims to accomplish its goals through the following objectives :
« Safety evaluation of chemicals used in industry, agriculture and everyday life.
e Mode of action of toxic chemicals/pollutants.
o Remedial/preventive measures to safeguard health and environment from pollutants.
e Occupational health hazards due to exposure in chemicals industries, mines,
agricultural fields and environment.
o Simple/rapid diagnostic tests for disorders caused by industrial and environmental
chemicals
e Collect, store and disseminate information on toxic chemicals.
o Human resource development for dealing with industrial and environmental problems.
e Provide a platform to public and entrepreneurs to address queries and concerns
regarding safety/toxicity of chemicals, additives and products.
The present Toxicology Research Bulletin is a representation of our all the activities appeared
in peer reviewed and refereed scientific publications.

CSIR-1ITR RESEARCH HIGHLIGHTS

Environmental toxicology

The significant challenge in environmental toxicology area is to create efficient ways to
predict toxic potency and exposure levels for chemicals that lack toxicological and exposure
data in environmental settings. The demand is to assess large number of chemicals for hazard
identification in a cost- and time-efficient manner, Therefore, the need is to generate
highthroughput assays. The need for high-throughput toxicity assays coupled with ethical
concerns over animal testing necessitated the pursuit of better tools for ecotoxicological
studies. Hence, the development, validation and application of high throughput alternate
models as well as alternative to animal models for ecotoxicity studies are high priority in
ecotoxicology. The information on usage, exposure and effects obtained from quantitative
structure—activity relationships, read-across methods, thresholds of toxicological concern and
in vitro tests prior to in vivo testing are ideal routes for more rapid, efficient and cost effective
risk assessment of chemicals. A major challenge is the development of diagnostic capabilities
to precisely determine the cause—effect relationships within impaired ecosystems. This will
help in determining the extent to which existing remediation strategies/technologies are
effective and the refinements needed in risk management. Keeping these issues in view, the
environmental toxicology group at CSIR-IITR aims to generate knowledge/tools useful for
protection as well as management of ecosystem integrity and to advance the understanding of
ecotoxicological problems across different ecological strata at cellular, genetic and
organismal levels in order to improve environmentally relevant ecological risk assessment
and to mitigate environmental pollutants. The issues addressed by the group are: (i)
mechanism of toxicity of environmental pollutants; (ii) remediation of hazardous and
persistent chemical substances from soil, water and industrial wastes and (iii) ecotoxicity and
environmental monitoring.
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Genotoxicity assessment of pulp and paper mill effluent before and after bacterial
degradation using Allium cepa test

A lignin peroxidases-producing Serratia liquefaciens was used for bioremediation of pulp
and paper (P&P) mill effluent. The treatment led to reduction of chemical oxygen demand
(COD), colour, lignin and phenolic content by 84, 72, 61 and 95%, respectively. The effluent
detoxification was studied by genotoxicity assays using
Allium cepa L. (onion) root tip cells. Genotoxicity studies included measuring mitotic index
(MI), chromosomal aberrations (CA) and nuclear abnormalities (NA) in root tip cells
following treatment with 25, 50, 75 and 100% (v/v) of effluent. The root tip cells grown in
untreated effluent showed a significant decrease in MI from 69% (control) to 32, 27, 22 and
11% at 25, 50, 75 and 100% effluent concentration, respectively. This indicated that the
untreated effluent was highly cytotoxic in nature. Further, root tip cells, when treated with
different concentrations of effluent, showed various CA and NA including c-mitosis,
stickiness, chromosome loss, chromosome break, anaphase bridge, multipolar anaphase,
vagrant chromosomes, micronucleated and binucleated cells. The MI observed in root tip
cells grown in bacteria treated effluents at similar concentrations (25, 50, 75 and 100% v/v)
showed an increase of 33, 36, 42 and 66% respectively. CA showed a substantial decrease
and in some instances, complete absence of CA was also observed. The findings suggest that
S. liquefaciens culture could be a potential bacterial culture for bioremediation of P&P mill
effluent.

Hag I, Kumar S, Raj A, Lohani M, Satyanarayana GNV. Chemosphere, 2017, 169: 642-650.

Improved enzyme properties upon glutaraldehyde cross-linking of alginate entrapped
xylanase from Bacillus licheniformis

Xylanases from bacteria sources have potential application in paper industry for pulp
bleaching, as they reduce chemical load and toxicity of effluents. However, enzyme stability
in technological conditions is a major challenge. Hence, enzyme immobilization is an
exciting alternative to improve the stability of enzymatic processes and economic viability in
terms of reusability. In this study, purified xylanase from B. licheniformis Alk-1was
immobilized within glutaraldehyde activated calcium alginate beads and characterized in
respect of free enzyme. Immobilization increased the optimum pH (pH = 8.0 to 9.0) and
temperature (50-60 °C) of entrapped and cross-linked enzyme. The kinetics parameter of
immobilized (cross-linked) enzyme showed an increase in the Michaelis constant KM (from
4.36 to 5.38 mg/ml) and decrease in the maximal rate (Vmax: 383 to 370 1U/mg/min).
Immobilization increased the optimum reaction time for xylan degradation of immobilized
xylanase from 15 to 30 min when compared to free form. The storage stability study
suggested that the immobilized enzyme retains 80% of its original activity at 4 °C after 30
days compared to free enzyme (5%). Further, immobilization improved enzyme stability in
presence of different additives. The immobilized (crosslinked) enzyme also exhibited
adequate recycling efficiency up to five reaction cycles with 37% retention activity. The
finding of this study suggests improvement of overall performance of immobilized xylanase
in respect to free form and can be used to make a bioreactor for various applications such as
poultry feed preparations.
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Kumar S, Raj A, Haq A, Prakash J. International Journal of Biological Macromolecules,
2017, 98: 24-33.

Functional male accessory glands and fertility in Drosophila require novel ecdysone
receptor

In many insects, the accessory gland, a secretory tissue of the male reproductive system, is
essential for male fertility. Male accessory gland is the major source of proteinaceous
secretions, collectively called as seminal proteins (or accessory gland proteins), which upon
transfer, manipulate the physiology and behavior of mated females. Insect hormones such as
ecdysteroids and juvenoids play a key role in accessory gland development and protein
synthesis but little is known about underlying molecular players and their mechanism of
action. Therefore, the roles of hormone-dependent transcription factors (Nuclear Receptors),
in accessory gland development, function and male fertility of a genetically tractable insect
model, Drosophila melanogasterwere examined. First, a RNAI screen involving 19 hormone
receptors, individually and specifically, in a male reproductive tissue (accessory gland) for
their requirement in Drosophila male fertility was carried out. Subsequently, by using
independent RNAi/dominant negative forms, Ecdysone Receptor (ECR) was shown to be
essential for male fertility due to its requirement in the normal development of accessory
glands in Drosophila. Interestingly, ECR depleted glands failed to make seminal proteins and
had dying cells. Further, Data pointed to a novel ecdysone receptor that does not include
ultraspiracle but is probably comprised of EcR isoforms in Drosophila male accessory glands.
This novel ecdysone receptor might act downstream of homeodomain transcription factor,
paired (prd), in the male accessory gland. Overall, the study suggested novel ecdysone
receptor as an important player in the hormonal regulation of seminal protein production and
insect male fertility.

Sharma V, Pandey AK, Kumar A, Misra S, Gupta HPK, Gupta S, Singh A, Buehner NA,
Ravi Ram K. PLoS Genetics, 2017, 13: e1006788.

Estrogen-related receptor is required for the testicular development and for the normal
sperm axoneme/mitochondrial derivatives in Drosophila males

Estrogen-related receptors (ERRS), categorized as orphan nuclear receptors, are critical for
energy homeostasis and somatic development. However, the significance of ERRs in the
development of reproductive organs/organelles/cells remain poorly understood, albeit their
homology to estrogen receptors. To address the same, this study demonstrated that
knockdown of ERR in the testes leads to improperly developed testes with mis-regulation of
genes (aly, mia, bruce, bam, bgcn, fzo and eya) involved in spermatogenesis, resulting in
reduced male fertility. The observed testicular deformity was consistent with the down-
regulation of SOXE group of gene (SOX100B) in Drosophila. Depletion of ERR resulted in
dispersion/disintegration of fusomes (microtubule based structures associated with
endoplasmic reticulum derived vesicle, interconnecting spermatocytes) in testes. A few ERR
knockdown testes do complete spermatogenesis but contained significantly fewer sperm.
Moreover, flagella of these sperm were defective with abnormal axoneme and severely
reduced mitochondrial derivatives, suggesting a possible role for ERR in mitochondrial
biogenesis, analogous to mammalian ERRA. Interestingly, similar knockdown of remaining
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seventeen nuclear receptors did not yield a detectable reproductive or developmental defect in
Drosophila. These findings added newer dimensions to the functions envisaged for ERR and
provide the foundation for deciphering the relevance of orphan nuclear receptors in
ciliopathies and testicular dysgenesis.

Misra S, Pandey AK, Gupta S, Kumar A, Khanna P, Shankar J, Ravi Ram K. Scientific
Reports, 2017, 7: 40372.

Endophytic fungi Piriformospora indica mediated protection of host from arsenic
toxicity

Complex intercellular interaction is a common theme in plantpathogen/ symbiont
relationship. Cellular physiology of both the partners is affected by abiotic stress. However,
little is known about the degree of protection each offers to the other from different types of
environmental stress. This study focused on the changes in response to toxic arsenic in the
presence of an endophytic fungus Piriformospora indica that colonizes the paddy roots. The
primary impact of arsenic was observed in the form of hyper-colonization of fungus in the
host root and resulted in the recovery of its overall biomass, root damage, and chlorophyll
due to arsenic toxicity. Further, fungal colonization leads to balance the redox status of the
cell by adjusting the antioxidative enzyme system which, in turn, protects photosynthetic
machinery of the plant from arsenic stress. Interestingly, this fungus can immobilize soluble
arsenic and the fungal colonization restricts most of arsenic in the colonized root while a
small fraction of it translocated to the shoot of colonized plants. Therefore, P. indica protects
the paddy (Oryza sativa) from arsenic toxicity by three different mechanisms: reducing the
availability of free arsenic in the plant environment, biotransformation of the toxic arsenic
salts into insoluble particulate matter and modulating the antioxidative system of the host
cell.

Mohd S, Shukla J, Kushwaha AS, Mandrah K, Shankar J, Arjaria N, Saxena PN, Narayan R,
Roy SK, Kumar M. Frontiers in Microbiology, 2017, 8: 754,

Fine particulates over South Asia: Review and meta-analysis of PM2.5 source
apportionment through receptor model

Fine particulates (PM2.5) constitute dominant proportion of airborne particulates and have
been often associated with human health disorders, changes in regional climate, hydrological
cycle and more recently to food security. Intrinsic properties of particulates are direct
function of sources. This initiates the necessity of conducting a comprehensive review on
PM2.5 sources over South Asia which in turn may be valuable to develop strategies for
emission control. Particulate source apportionment (SA) through receptor models is one of
the existing tools to quantify contribution of particulate sources. Review of 51 SA studies
were performed of which 48 (94%) appeared within a span of 2007-2016. Almost half of SA
studies (55%) were found concentrated over few typical urban stations (Delhi, Dhaka,
Mumbai, Agra and Lahore). Due to lack of local particulate source profile and emission
inventory, positive matrix factorization and principal component analysis (62% of studies)
were the primary choices, followed by chemical mass balance (CMB, 18%). Metallic species
were most regularly used as source tracers while use of organic molecular markers and gas-
to-particle conversion were minimum. Among all the SA sites, vehicular emissions (mean +
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SD: 37 = 20%) emerged as the most dominating PM2.5 source followed by industrial
emissions (23 + 16%), secondary aerosols (22 + 12%) and natural sources (20 £ 15%).
Vehicular emission (39 £ 24%) also was identified as the dominating source for highly
polluted sites (PM2.5>100 igm-3, n = 15) while site specific influence of either or in
combination of industrial, secondary aerosols and natural sources were recognized. Source
specific trends considerably varied in terms of region and seasonality. Both natural and
industrial sources were more influential over Pakistan and Afghanistan while over Indo-
Gangetic plain, vehicular, natural and industrial emissions appeared dominant. Influence of
vehicular emission was found as the single dominating source over southern part while over
Bangladesh, both vehicular, biomass burning and industrial sources were significant.

Singh N, Murari V, Kumar M, Barman SC, Banerjee T. Environmental Pollution, 2017, 223:
121-136.

Food, drug and chemical toxicology

Food is of paramount importance as it is required in sufficient quantity to provide a healthy
life. There is increasing concern about food safety and food contamination either through
environmental pollution or adulteration round the globe. To ensure an adequate food supply
during non-agriculturally productive periods, it has become necessary to find methods to
preserve and process the food. With the fast growth of food processing industries, the trend
towards the use of various food additives added for technological purposes has also
increased. New chemical entities are being exploited as additives in food. The adulteration of
food due to deliberate mixing of inferior grade agents for disguising and to earn undue profits
is also a serious problem. Furthermore, un-intentional contaminants may creep up during
field production or processing and storage. Recombinant DNA technology for the production
of GM food needs be exploited for adequate food supply and simultaneously, the safety of
GM food/crop has to be established before commercialization. Based on our traditional
knowledge, the beneficial effects of herbs remain a promising area for the encountering
several toxic manifestations. Thus, toxicity/safety data for these chemical moieties along with
GM food and traditionally used herbs need to be generated. The issues addressed by the
group are (i) development and/or establishment of methodologies to quantify the potential
toxic agent in different matrices; (ii) identification of phytochemicals/herbal preparations,
which can mitigate the toxicity of above chemical moieties; (iii) to understand the mechanism
of toxicity of new chemical entities; (iv) detection of GM food/crop and their
safety/allergenic assessment and (v) establishment of guidelines for food and chemical safety
for regulatory agencies.

Health risks and benefits of chickpea (Cicer arietinum) consumption

Chickpeas (CPs) are one of the most commonly consumed legumes, especially in the
Mediterranean area as well as in the Western world. Being one of the most nutritional
elements of the human diet, CPs toxicity and allergy have raised health concerns. CPs may
contain various antinutritional compounds, including protease inhibitors, phytic acid, lectins,
oligosaccharides and some phenolics compounds that may impair the utilization of the
nutrients by people. Also, high consumption rates of CPs have enhanced the allergic
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problems in sensitive individuals as they contain many allergens. On the other hand,
beneficial health aspects of CPs consumption have received attention from researchers
recently. Phytic acid, lectins, sterols, saponins, dietary fibers, resistant starch,
oligosaccharides, unsaturated fatty acids, amylase inhibitors and certain bioactive
compounds, such as, carotenoids and isoflavones have shown the capability of lowering the
clinical complications associated with various human diseases. The aim of this review is to
provide an overview on the health risks as well as health-promoting aspects of CPs
consumption and also on various prevention strategies to avoid health risks of CPs
consumption using simple but promising ways.

Gupta RK, Gupta K, Sharma A, Das M, Ansari IA, Dwivedi PD. Journal of Agricultural and
Food Chemistry 2017, 65: 6-22.

Evaluation of growth inhibitory response of resveratrol and salinomycin combinations
against triple negative breast cancer cells

Resveratrol (RSVL), a dietary phytochemical, is reported to enhance the efficacy of
chemotherapeutic drugs. Recently, salinomycin (SAL) has gained importance as cancer
therapeutic value for breast cancer (BC), however, its superfluxious toxicity delimits the
utility. Taking the advantage of RSVL, the therapeutic efficacy of RSVL and SAL
combination was studied in vitro and in vivo system. The synergistic combination dose of
RSVL and SAL was calculated and further, the efficacy was examined by wound healing and
western blot analysis. In vivo study was performed to confirm the effect of colony formation
and apoptosis detection by flow cytometry based assays. The molecular mode of action was
determined at both transcriptional and translational level in Ehrlich ascetic carcinoma model.
The combination of ICy (R20) of RSVL and ICy, (S10) dose of SAL showed best synergism
(Cl<1) with ~ 5 fold dose advantage of SAL. Experimental data both at mMRNA and protein
level revealed that the unique combination of RSVL and SAL significantly inhibited
epithelial mesenchymal transition (Fibronectin, Vimentin, NCadherin, and Slug); chronic
inflammation (Cox2, NF-xB, p53), autophagy (Beclin and LC3) and apoptotic (Bax, Bcl- 2)
markers. Further, in vivo study showed that low dose of SAL in combination with RSVL
increased life span of Ehrlich ascitic mice. Overall, our study revealed that RSVL
synergistically potentiated the anti-cancer potential of SAL against triple negative BC.

Rai G, Suman S, Mishra S, Shukla Y. Biomedicine & Pharmacotherapy, 2017, 89:1142-1151.

Nanomaterial toxicology

The institute has been working in the area of nanotoxicology from the past decade and has
been able to develop expertise, with a critical mass of 40% of its scientific manpower
contributing in this emerging area of toxicology. CSIR-IITR spearheaded two major network
projects of CSIR on nanotechnology and was a partner in six international flagship projects of
EU-FP7, UK, Spain and Japan. The institute took lead in the synthesis and characterization of
engineered nanomaterials (ENMs), development of methodology/assays/techniques for
toxicity assessment, guidelines for nanosafety, alternate models, mechanisms of action and
interaction of ENMs with biological systems. The institute has created vibrant network in the
area of nanotechnology with 1ITs, IISc, universities, research institutes and industries. To
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assess the safety/toxicity of nanomaterials, some of the most critical issues that need to be
addressed include: i) effect of shape and size; ii) dosimetry; iii) route of delivery and
tracking; iv) development and validation of test models; v) in vitro vs. in vivo extrapolation;
vi) ecotoxicity; vii) computational nanotoxicity and viii) life cycle analysis. The scientists of
the nanomaterial toxicology group aim to investigate the health and environmental effects of
nanomaterials to delineate their toxicity and assure safe usage in consumer products,
healthcare products and medical devices.

Statistical optimization and artificial neural network modeling for acridine orange dye
degradation using in situ synthesized polymer capped ZnO nanoparticles

Zinc oxide nanoparticles (ZnO-NPs) were synthesized by a prudent green chemistry approach
in presence of polyacrylamide grafted guar gum polymer (pAAmM-g-GG) to ensure uniform
morphology, and functionality and explored for their ability to degrade photo-catalytically
Acridine Orange (AO) dye. These ZnO@pAAmM-g-GG NPs were thoroughly characterized by
various spectroscopic, XRD and electron microscopic techniques. The relative quantity of
ZnO-NPs in polymeric matrix has been estimated by spectro-analytical procedure; Atomic
absorption spectroscopy (AAS) and Thermo-gravimetric analysis (TGA) analysis. The impact
of process parameters viz., NPs dose, contact time and AO dye concentration on percentage
photocatalytic degradation of AO dyes were evaluated using multivariate optimizing tools,
Response Surface Methodology (RSM) involving Box-Behnken Design (BBD)and Atrtificial
Neural Network (ANN). Congruity of the BBD statistical model was implied by R2 value
0.9786 and F-value 35.48. At RSM predicted optimal condition viz. ZnO@pAAm -g-GG
NP’s dose of 0.2 g/l, contact time of 210 min and AO dye concentration 10 mg/l, a maximum
of 98% dye degradation was obtained. ANOVA indicated appropriateness of the model for
dye degradation owing to “Prob.>F” less than 0.05 for variable parameters. Studies were
conducted employing three layers feed forward ANN model for validating the BBD process
parameters and suitability of our chosen model. The evaluation of Levenberg-Marquardt
algorithm (ANN1) and Gradient Descent with adaptive learning rate (ANN2) model
employed to scrutinize the best method and found experimental values of AO dye
degradation were in close to those with predicated value of ANN 2 modeling with minimum
error.

Dhiman N, Markandeya, Singh A, Verma NK, Ajaria N, Patnaik S. Journal of Collid and
Interface Science, 2017, 493: 295-306.

Predictive modeling and validation of arsenite removal by a one pot synthesized
bioceramic buttressed manganese doped iron oxide nanoplatform

A series of bioceramic capped manganese doped superparamagnetic iron oxide (SPIONS)
nanoparticles (MHAP-NPs) were synthesized by one pot in situ reduction. The aging of the
bioceramic on the SPIONs was optimized to achieve variation in functionality, morphology,
magnetic susceptibility, shape and size of the NPs and ultimately remediation effectiveness of
arsenite; As(I11). Results indicate that among various synthesized NPs, the 6 h aged mHAP-
NPs with 27 emu magnetic susceptibility, 57.30 m?/g surface area and 75.64 A average pore
diameter offer the best option as an adsorbent for posthaste removal of As(lll) from
synthetically spiked water. Further, predictive modeling using response surface based Central
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Composite Design (CCD) was applied to achieve and optimize process parameters for the
removal of As(I1l) by mHAP-NPs keeping variable operational parameters to a minimum in
batch experiments. The individual and collective effect of four process parameters, i.e. pH,
mHAP-NPs dose, contact time and initial As(Ill) concentration on As(lll) adsorption were
studied. The results from statistical design signify that, with 0.2 g/l of above mHAP NPs
adsorbent dose, 98% As(l11) (initial concentration 0.1-0.4 mg/l) removal was possible in 210
min at pH 6.5 which is well within the prescribed value as per WHO guidelines. The
adsorption process of As(l11) onto mHAP-NPs showed excellent correlation with a Langmuir
isotherm with a maximum adsorption capacity of 12.0 mg/g. Kinetic and thermodynamic
studies reveal pseudosecond- order Kinetics with an exothermic and spontaneous adsorption
of As(l11) on the synthesized adsorbent. Cyclic regeneration of mHAP-NPs indicated positive
impact in remediation technology at low production cost.

Dhiman N, Fatima F, Saxsena P, Roy S, Rout P, Patnaik S. RSC Advances, 2017, 52: 32866-
32876.

Physico-chemical properties based differential toxicity of graphene oxide/reduced
graphene oxide in human lung cells mediated through oxidative stress

Graphene derivatives (GD) are currently being evaluated for technological and biomedical
applications owing to their unique physico-chemical properties over other carbon allotrope
such as carbon nanotubes (CNTs). However, the possible association of their properties with
underlying in vitro effects have not yet been fully examined. Studies was conducted to assess
the comparative interaction of three GD - graphene oxide (GO), thermally reduced GO
(TRGO) and chemically reduced GO (CRGO), which significantly differ in their lateral size
and functional groups density, with phenotypically different human lung cells; bronchial
epithelial cells (BEAS-2B) and human lung carcinoma cells (A549). The cellular studies
demonstrate that GD significantly internalize and induce oxidative stress mediated
cytotoxicity in both cells. The toxicity intensity was in line with the reduced lateral size and
increased functional groups revealed more toxicity potential of TRGO and GO respectively.
Further, A549 cells showed more susceptibility than BEAS-2B which reflected cell type-
dependent differential cellular response. Molecular studies revealed that GD induced
differential cell death mechanism was efficiently prevented by their respective inhibitors.
This is probably the first study on safety evaluation of TRGO which provides invaluable
information and new opportunities for GD based biomedical applications.

Mittal S, Kumar V, Dhiman N, Chauhan LK, Pasricha R, Pandey AK. Scientific Reports,
2016, 6: 39548.

Impaired lysosomal activity mediated autophagic flux disruption by graphite carbon
nanofibers induce apoptosis in human lung epithelial cells through oxidative stress and
energetic impairment

Graphite carbon nanofibers (GCNF) have emerged as a potential alternative of carbon
nanotubes (CNT) for various biomedical applications due to their superior physicochemical
properties. Therefore, in depth understanding of the GCNF induced toxic effects and
underlying mechanisms in biological systems is of great interest. Currently, autophagy
activation by nanomaterials is recognized as an emerging toxicity mechanism. However, the
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association of GCNF induced toxicity with this form of cell death is largely unknown. In this
study, possible mechanism, especially the role of autophagy, underlying the GCNF induced
toxicity was investigated. Human lung carcinoma (A549) cells were exposed to a range of
GCNF concentrations and various cellular parameters were analyzed (up to 48 h).
Transmission electron microscopy, immunofluorescent staining, western blot and quantitative
real time PCR were performed to detect apoptosis, autophagy induction, lysosomal
destabilization and cytoskeleton disruption in GCNF exposed cells. DCFDA assay was used
to evaluate the reactive oxygen species (ROS) production. Experiments with N-acetyl-L-
cysteine (NAC), 3-methyladenine (3-MA) and LC3 siRNA was carried out to confirm the
involvement of oxidative stress and autophagy in GCNF induced cell death. Comet and
micronucleus (MN) assay were performed to assess the genotoxicity potential. GCNF was
found to induce toxicity in human lung cells through autophagosomes accumulation followed
by apoptosis via intracellular ROS generation. Mechanistically, impaired lysosomal function
and cytoskeleton disruption mediated autophagic flux blockade was found to be the major
cause of accumulation rather than autophagy induction which further activates apoptosis. The
whole process was in line with the increased ROS level and their pharmacological inhibition
leads to mitigation of GCNF induced cell death. Moreover, inhibition of autophagy attenuates
apoptosis indicating the role of autophagy in cell death process. GCNF was also found to
induce genomic instability. The study demonstrates that GCNF perturbs various inter-related
signaling pathways and unveils the potential nanotoxicity mechanism of GCNF through
targeting ROS-autophagy-apoptosis axis. The current study is of significance to evaluate the
safety and risk assessment of fibrous carbon nanomaterials prior to their potential use and
suggests caution on their utilization for biomedical research.

Mittal S Sharma PK, Tiwari R, Rayavarapu RG. Shankar J,Chauhan LKS, Pandey AK.
Particle and Fibre Toxicology, 2017, 14: 15.

Impact of anatase titanium dioxide nanoparticles on mutagenic and genotoxic response
in Chinese hamster lung fibroblast cells (V-79): The role of cellular uptake

The unique physico-chemical properties of nano crystalline anatase titanium dioxide
nanoparticles (TiO2-NPs) render them with different biological and chemical activities.
Hence, it is widely used in industrial and consumer applications. Earlier studies have shown
the genotoxicity of TiO,-NPs. However, there is a paucity of data regarding mutagenicity of
these NPs. In the present study, the cellular uptake, subcellular localization, cytotoxicity and
short term DNA interaction of TiO,-NPs (1-100 mg/ml) of diameter ranging from 12 to 25
nm on mammalian lung fibroblast cells (V-79) has been studied. The flow cytometric
analysis and electron micrographs of V-79 monolayer showed the internalization of TiO,-
NPs in the cytoplasm with the confirmation of elemental composition through SEM/EDX
analysis. TEM analysis also showed TiO,-NPs induced ultra-structural changes such as
swollen mitochondria and nuclear membrane disruption in V-79 cells. TiO,-NPs generated
free radicals, which induced indirect mutagenic and genotoxic responses. Apart from
measuring the genotoxicity by Comet assay, the mutagenic potential of TiO,- NPs in V-79
cells was evaluated by mammalian HGPRT gene forward mutation assay, showing a 2.98-
fold increase in 6TG HGPRT mutant frequency by culture plate method, which is an early



Toxicology Research Bulletin 37(1) 2017

indicator of potential carcinogenicity. Hence, TiO,-NPs should be closely monitored and
there should be a judicious use and disposal of NPs.

Jain AK, Senapati VA, Singh D, Dubey K, Maurya R, Pandey AK. Food and Chemical
Toxicology, 2017, 105:127-1309.

Zinc oxide nanoparticles induced age dependent imunotoxicity in BALB/C mice

Zinc oxide nanoparticles (ZnO-NPs) have potential applications in cosmetics, food packaging
and biomedicine but concerns regarding their safety need to be addressed. In this study, the
immunotoxic potential of ZnO-NPs was evaluated in different ages of BALB/c mice after
sub-acute exposure. The cytokine release, immunophenotyping, distribution of ZnO-NPs and
ultrastructural changes were assessed. A significant (p<0.05) change in the CD4- and CD8-
cells, levels of IL-6, IFN-o and TNF-a and reactive oxygen species were observed in aged
mice. In juvenile mice, increase in reactive oxygen species and IL-6 and TNF- o levels was
observed with no significant changes in adult mice. A significant (p<0.05) increase in the
levels of mitogen activated protein kinase (MAPK) cascade proteins such as phospho-
ERK1/2, phospho-JNK and phospho-p38 were also observed in aged mice. Collectively, the
study suggests that aged mice are more susceptible to ZnO-NPs induced immunotoxicity.
Senapati V, Gupta G, Pandey A, Shanker R, Dhawan A, Kumar A. Toxicology Research,
2017, 6: 342-352.

UVB irradiation enhanced zinc oxide nanoparticles induced DNA damage and cell
death in mouse skin

UV-induced reactive oxygen species (ROS) have been implicated in photo-carcinogenesis
and skin aging. UV induced ROS can induce DNA damage, however, if unrepaired, can lead
to carcinogenesis. Sunscreens contain UV attenuators, such as organic chemical and/or
physical UV filters, which can prevent all forms of damage from UV irradiation. In recent
years, the effective broad spectrum UV attenuation properties of ZnO nanoparticles (ZnO-
NPs) have made them attractive as active components in sunscreens and other personal care
products. Since the use of ZnO-NPs in sunscreens is on the rise, so is public concern about
their safety, particularly with exposure to sunlight. Therefore, in this study, toxic effects
resulting from exposure to UVB and ZnO-NPs in primary mouse keratinocytes (PMKS) as
well as in the skin of SKH-1 hairless mice was investigated. The findings of the present study
demonstrate that co-exposure of UVB and ZnO-NPs to PMKs: (1) translocated the ZnO-NPs
into the nucleus of PMKs; (2) caused enhanced generation of ROS; (3) induced more severe
DNA damage and (4) caused enhanced cell death. Further, to elucidate the physiological
relevance of these in vitro findings, SKH-1 hairless mice were topically treated with ZnO-
NPs and after 30 min, irradiated with UVB (50 mJ/ cm2). Interestingly, co-exposure of ZnO-
NPs and UVB caused increased oxidative DNA damage and cell death, indicated by
immunostaining for 8-OHdG and TUNEL assay in sections of exposed mouse skin. Thus,
collectively, the findings suggest that UVB exposure increases ZnO-NPsmediated oxidative
stress and oxidative damage, thereby enhancing ZnO-NPs-induced cell death.

Pal A, Alam S, Mittal S, Arjaria N, Shankar J, Kumar M, Singh D, Pandey AK, Ansari KM.
Mutation Research/ Genetic Toxicology and Environmental Mutagenesis, 2016, 807: 15-24.
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Oral subchronic exposure to silver nanoparticles causes renal damage through apoptic
impairment and necrotic cell death

Silver nanoparticles (Ag-NPs) are one of the most widely used nanomaterials. Following oral
exposure, Ag-NPs can accumulate in various organs including kidneys where they show
gender specific accumulation. There is limited information on their effect on renal system
following long term animal exposure especially at the ultramicroscopic and molecular level.
In this study, the effect of 60 days oral Ag- NPs treatment on kidneys of female Wistar rats at
doses of 50 and 200 ppm that are below previously reported lowest observed adverse effect
level (LOAEL) was examined. Ag- NPs treatment led to decrease in kidney weight and some
loss of renal function as seen by increased levels of serum creatinine and early toxicity
markers such as KIM-1, clusterin and osteopontin. It was also observed significant
mitochondrial damage, loss of brush border membranes, pronounced swelling of podocytes
and degeneration of their foot processes using transmission electron microscopy (TEM).
These symptoms are similar to those seen in nephrotic syndrome and ‘Minimal change
disease’ of kidney where few changes are visible under light microscopy but significant
ultrastructural damage is observed. Prolonged treatment of Ag-NPs also led to the activation
of cell proliferation, survival and proinflammatory factors (Akt/ mTOR, JNK/Stat and
Erk/NF-xB pathways and IL1a, MIP2, IFN-0, TNF-o and RANTES) and dysfunction of
normal apoptotic pathway. The study shows how long term Ag-NPs exposure may promote
ultrastructural damage to kidney causing inflammation and expression of cell survival factors.
These changes, in the long term, might lead to the inhibition of the beneficial apoptotic
pathway and promotion of necrotic cell death in kidneys.

Tiwari R, Singh RD, Khan H, Gangopadhyay S, Mittal S, Singh V, Arjaria N, Shankar J, Roy
SK, Singh D, Srivastava V, Nanotoxicology, 2017, 11: 671-686.

3D scaffold induces efficient bone repair in vivo studies of ultra structural architecture
at the interface

The repair of critical bone loss remains a challenge to orthopaedic surgeons. Various artificial
scaffolds have been intensively evaluated to provide an alternative solution for the repair and
regeneration of bone defects; however, the inconsistent clinical performances of available
materials have prompted the development of reactive 3D scaffolds for bone tissue
engineering. Studies was conducted to examine the ability of a functionally designed 3D
scaffold to bridge critical size defects and induce new bone formation in a New Zealand
white rabbit tibial model, and have evaluated its ultra-structural properties using a
combination of techniques, such as solid-state nuclear magnetic resonance (SSNMR),
scanning electron microscopy (SEM), energy dispersive X-ray (EDX) and micro-computed
tomography (i-CT) with MIMICS® (Materialise’s Interactive Medical Image Control
System). ssNMR showed the structural similarity of the synthetic biomaterial to naturally
occurring human bone. SEM studies showed an increase in Ca/P ratio with time, the
progressively uniform distribution of elements in healed bones, and increased new bone
formation, finally resembling native (intact) bone. i-CT and MIMICS® demonstrated the
pattern and morphology of new bone formed, with a noticeable shift in the HU unit towards
compact bone, from week 2 to 25. The results suggest that in the critical size bone defect, the
scaffold enhanced the formation of new bone having biomaterial composition, ultra-structure
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and quality resembling that of native bone, thus suggesting significant improvement in
guided bone regeneration. This research provides a promising new avenue for orthopaedic
implant design that safely biodegrades while promoting new bone growth.

Sagar N, Singh A, Temgire M, Vijayalakshmi S, Dhawan A, Kumar A, Chattopadhyay N,
Bellare J. RSC Advances, 2016, 6: 93768-93776.

Enhanced cellular internalization: A bactericidal mechanism more relative to biogenic
nanoparticles than chemical counter parts

Biogenic synthesis of silver nanoparticles (Ag-NPs) for enhanced antimicrobial activity has
gained a lot of momentum making it an urgent need to search for a suitable biocandidate
which could be utilized for efficient capping and shaping of Ag-NPs with enhanced
bactericidal activity utilizing its secondary metabolites. Current work illustrates the
enhancement of antimicrobial efficacy of Ag-NPs by reducing and modifying their surface
with antimicrobial metabolites of cell free filtrate of Trichoderma viride (MTCC 5661) in
comparison to citrate stabilized Ag-NPs. NPs were characterized by visual observations, UV-
visible spectroscopy, zetasizer, and transmission electron microscopy (TEM). Synthesized
particles were monodispersed, spherical in shape and 10-20 nm in size. Presence of
metabolites on surface of biosynthesized Ag-NPs was observed by gas chromatography-mass
spectroscopy (GC-MS), energy dispersive X-ray analysis (EDAX), X-ray diffraction (XRD),
and Fourier transform infrared spectroscopy (FTIR). The antimicrobial activity of both Ag-
NPs was tested against Shigella sonnei, Pseudomonas aeruginosa (Gram-negative) and
Staphylococcus aureus (Gram-positive) by growth inhibition curve analysis and colony
formation unit assay. Further, it was noted that internalization of biosynthesized NPs inside
the bacterial cell was much higher as compared to citrate stabilized particles which in turn
lead to higher production of reactive oxygen species. Increase in oxidative stress caused
severe damage to bacterial membrane enhancing further uptake of particles and revoking
other pathways for bacterial disintegration resulting in complete and rapid death of pathogens
as evidenced by fluorescein diacetate/propidium iodide dual staining and TEM. Thus, the
study reveals that biologically synthesized silver nanoarchitecture coated with antimicrobial
metabolites of T. viride was more potent than their chemical counterpart in killing of
pathogenic bacteria.

Kumari M, Shukla S, Pandey S, Giri VP, Bhatia A, Tripathi T, Kakkar P, Nautiyal CS,
Mishra A. ACS Applied Materials & Interfaces, 2017, 9: 4519-4533.

Heteroagglomeration of zinc oxide nanoparticles with clay mineral modulates the
bioavailability and toxicity of nanopartiels in Tetrahymena pyriformis

The extensive use of zinc oxide nanoparticles (ZnO-NPs) in cosmetics, sunscreens and
healthcare products increases their release in the aquatic environment. The present study has
explored the possible interaction of ZnO-NPs with montmorillonite clay minerals in aqueous
conditions. An addition of ZnO-NPs on clay suspension significantly (p<0.05) increases the
hydrodynamic size of clay particles from 1652+90 nm to 2158+13 nm due to
heteroagglomeration. The electrokinetic measurements showed a significant (p<0.05)
difference in the electrophoretic mobilities of bare (-1.80+£0.03umcm/Vs) and ZnO-NPs-clay
association (-1.37+0.03pumcm/Vs) that results to the electrostatic interaction between ZnO
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NPs and clay particles. The attenuated total reflectance Fourier transform infrared
spectroscopy analysis of ZnO-NPs-clay association demonstrated the binding of ZnO-NPs
with the Si-O-Al region on the edges of clay particles. The increase in size of ZnO-NPs-clay
heteroagglomerates further leads to their sedimentation at 24 h. Although, the stability of
ZnO NPs in the clay suspension was decreased due to heteroagglomeration, but the
bioavailability and toxicity of ZnO-NPs-clay heteroagglomerates in Tetrahymena pyriformis
was enhanced. These observations provide an evidence on possible mechanisms available in
natural environment that can facilitate nanoparticles entry into the organisms present in lower
trophic levels of the food web.

Gupta GS, Senapati VA, Dhawan A, Shanker R. Journal of Colloid Interface Science, 2017,
495: 9-18.

Laboratory scale microbial food chain to study bioaccumulation, biomagnification and
ecotoxicity of cadmium telluride quantum dots

The increasing applications of engineered nanomaterials (ENMs) in consumer products
warrant a careful evaluation of their trophic transfer and consequent ecological impact.In the
present study, a laboratory scale aquatic microbial food chain was established using bacteria
(Escherichia coli) as a prey and ciliated protozoan (Paramecium caudatum) as a predator
organism to determine the impact of cadmium telluride quantum dots (CdTe QDs). It was
observed that 29% of bacterivory potential of Paramecium was lost, including an <~12 h
delay in doubling time on exposure to 25 mg/l CdTe QDs (<~4 nm) as compared with
control. The fluorescence based stoichiometric analysis revealed that 65% of the QDs
bioaccumulated when paramecia were exposed to 25 mg/l QDs at 24 h. There was a
significant (p<0.05) increase in cellular Cd concentration at 24 h (306 £ 192 mg/l) as
compared to 1 h (152 £ 50 mg/l). Moreover, the accumulation of Cd in E. coli (147 + 25
mg/l) at 1 h of exposure to 25 mg/l QDs transferred 1.4 times higher Cd (207 = 24 mg/ |,
biomagnification factor = 1.4) to its predator, Paramecium.

Gupta GS, Kumar A, Senapati VA, Pandey AK, Shanker R, Dhawan A. Environmental
Science & Technology, 2017, 51: 1695-1706.

Regulatory toxicology

Regulatory toxicology group is involved in the generation of analytical data in different
matrices and safety data for products. This endeavour helps the regulatory agencies to take
decisions for the production, marketing and usage of a vast variety of industrial chemicals,
agrochemicals, pharmaceuticals, cosmetic products and food/feed additives, etc. Compliance
to Good Laboratory Practices (GLPs) is the key to international acceptance of safety
data/reports on industrial and consumable products. A state of the art GLP Test facility for
regulatory toxicology studies has been created since 2014. CSIR-IITR is the first CSIR
laboratory and second in the Government Sector to get GLP certificate for toxicity testing.
Our constant efforts to expand the scope of GLP Test Facility resulted into getting
certification for “Environmental studies on aquatic and terrestrial organisms” in April 2016
which makes it the only GLP certified laboratory in the government sector to carry out
ecotoxicology studies. The facility has further extended its scope for chronic toxicity studies,
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in vitro mutagenicity studies, primary skin irritation and skin sensitization tests during the re-
certification of the facility this year. This facility has helped in supporting the cause of “Make
in India” by doing safety assessment of chemicals, materials and products developed by small
and medium enterprises for their global positioning. The existing facilities are being
upgraded following the National/International guidelines to provide scientific knowledge to
society, forge linkages with industry and for sustainable development around the world.
Organic pollutants are ubiquitous contaminants in ecosystems. Most of the contaminants are
lipophilic and thus can be accumulated in higher trophic level organisms, get transferred
through the food chain to humans and finally induce harmful effects. It is, therefore, critical
from human health perspective to continue monitoring of residues in culinary samples
collected from various parts of ecosystem. Also, it is important to develop and validate
methods for rapid estimation of large number of pollutants so that timely intervention
strategies can be planned. The issues addressed by the group are : (i) development of newer
analytical methods for characterization and quantification of chemicals and (ii)
toxicological/safety evaluation of chemicals and products as per GLP guidelines.

Vortex-assisted surfactant-enhanced emulsification microextraction combined with LC-
MS/MS for the determination of glucocorticoids in water with the aid of experimental
design

An efficient and inexpensive method using vortex-assisted surfactant enhanced
emulsification microextraction solidified organic droplet (VASEME-SFO) coupled to ultra
performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS) is proposed
for the analysis of glucocorticoids in water samples (river and hospital waste water).
VASEME was optimized using the experimental validation of Plackett-Burmann Design
(PBD) and Central Composite Design (CCD) which has been co-related with experimental
design. PBD showed that the factors such as vortex time, surfactant concentration and pH
significantly affect the extraction efficiency of the method. Method validation was
characterized by an acceptable calibration range of 1-1000 ng/l and limit of detection was
found to be in the range of 3.64-9.26 ng/l for glucocorticoids. Recoveries of glucocorticoids
were between 98.27-104.44% in river water and 92.25-102.63% in hospital waste water. The
precision expressed by relative standard deviation (RSD%, n=6) was lower than 15% in both
the cases. The proposed method was applied to determine glucocorticoids in river and
hospital waste waters in Lucknow city, India. Altogether, the proposed method is reliable,
rapid and has the potential to be applied for analysis of glucocorticoids in environmental
aqueous samples.

Asati A, Satyanarayana GNV, Patel DK. Analytical and Bioanalytical Chemistry, 2017, 4009:
2905-2918.

lonic liquid based vortex assisted liquid-liquid microextraction combined with liquid
chromatography mass spectrometry for the determination of bisphenols in thermal
papers with the aid of response surface methodology

A sensitive, rapid and efficient ionic liquid-based vortex assisted liquid-liquid
microextraction (IL-VALLME) with liquid chromatography mass spectrometry (LC-
MS/MS) method is proposed for the determination of bisphenols in thermal paper. Extraction
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factors were systematically optimized by response surface methodology. Experimental
factors showing significant effects on the analytical responses were evaluated using design of
experiment. The limit of detection for Bisphenol-A (BPA) and Bisphenol-S (BPS) in thermal
paper were 1.25 and 0.93 g/kg respectively. The dynamic linearity range for BPA was
between 4 and 100 g/kg and the determination of coefficient (R2) was 0.996. The values of
the same parameters were 3—-100 g/kg and 0.998 for BPS. The extraction recoveries of BPA
and BPS in thermal paper were 101% and 99%. Percent relative standard deviation (% RSD)
for matrix effect and matrix match effects were not more than 10% for both bisphenols. The
proposed method uses a statistical approach for the analysis of bisphenols in environmental
samples and is easy, rapid, efficient and requires minimum organic solvents.

Asati A, Satyanarayana GNV, Panchal S, Thakur R, Ansari NG, Patel DK. Journal of
Chromatography A, 2017, 1509: 35-42.

Ultrasound assisted emulsification microextraction based on solidified floating organic
droplet for the rapid determination of nineteen antibiotics as environmental pollutants
in hospital drainage versus Gomti river water

Excessive use of antibiotics and their improper disposal is a major concern. Determination of
micro pollutants in water with accuracy and preciseness is always a big challenge. Hence, a
simple, rapid, sensitive, economical and ecofriendly method is proposed for the quantitative
determination of 19 antibiotics. The proposed method, ultrasound assisted emulsification
microextraction and solidified floating organic droplet coupled with liquid chromatography
triple quadrupole mass spectrometry, takes only 3 min of chromatographic run time for the
same. This study repots the use of developed method for the quantitative determination of the
antibiotics in the waste water samples with better results in terms of higher sensitivity, cost-
effectiveness, better detection limits and greener approach compared to the earlier reported
methods. The limit of detection and limit of quantification were in the range of 0.003 to 0.236
ug/l and 0.013 to 0.834 pg/l respectivelywith good linearity in the concentration range of
0.01-64.0 ug/l and correlation coefficient was (R2) e 0.987 to 0.99 for each analyte. The
developed method has been successfully applied for the determination of antibiotics in water
samples.

Jha RR, Singh N, Kumari R, Patel DK. Journal of Separation Science, 2017, 40: 2694-2702.

Simultaneous determination of multiclass pesticide residues in human plasma using a
mini QUEChERS method

Blood is one of the most assessable matrices for the determination of pesticide residue
exposure in humans. Effective sample preparation/cleanup of biological samples is very
important for the development of a sensitive, reproducible and robust method. A simple, cost-
effective and rapid gas chromatography-tandem mass spectrometry method has been
developed and validated for simultaneous analysis of 31 multiclass (organophosphates,
organochlorines and synthetic pyrethroids) pesticide residues in human plasma by means of a
mini QUEChERS (quick, easy, cheap, effective, rugged and safe) method. A modified version
of the QUEChERS method has been adopted, which is primarily used for pesticide residue
analysis in food commodities. The QUEChERS method was optimized by using different
extraction solvents and different amount and combinations of salts and sorbents (primary
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secondary amines and C18) for the dispersive solid-phase extraction step. The results show
that a combination of ethyl acetate with 2% acetic acid, magnesium sulfate (0.4 g), and
solid-phase extraction for sample cleanup with primary secondary amines (50 mg/ml) volume
of plasma is the most suitable for generating acceptable results with high recoveries for all
multiclass pesticides from human plasma. The mean revitalization ranged from 74-109% for
all the analytes. The limit of quantification and limit of detection of the method ranged from
0.12 to 13.53 ng/ml and from 0.04 to 4.10 ng/ml respectively. The intra-day precision and the
interday precision of the method were 6% or less and 11% or less respectively. This method
would be useful for the analysis of a wide range of pesticides of interest in a small volume of
clinical and/or forensic samples to support biomonitoring and toxicological applications.
Srivastava A, Rai S, Kumar Sonker A, Karsauliya K, Pandey CP, Singh SP. Analytical and
Bioanalytical Chemistry, 2017, 409: 3757-3765.

Systems toxicology and health risk assessment

Humans are exposed to many chemicals in the form of drugs and also through the
environment. In order to understand the risk to human health of drug and chemical exposure,
it is necessary to understand how these xenobiotics may affect normal cellular processes and
so lead to toxicological consequences. The advent of high throughput genomic screens has
led to the possibility of much greater breadth of understanding of the effect of xenobiotics in
biological systems. Furthermore, there has been interest in the possibility of using the output
of these genomic assays as a signature of xenobiotic exposure, and thus as a test procedure
for the recognition of toxicological hazard. The group aims to apply a system biology
approach to describe and predict the effects of chemicals and other environmental stressors at
different levels of biological organization and identify key events leading to adverse health
outcomes. The group also aims to study the perturbation of biological systems by chemicals
and stressors, monitoring changes in molecular expression and conventional toxicological
parameters, iteratively integrating data to achieve a mechanistic understanding of the specific
toxicity and eventually develop and validate biomarkers for predicting these toxicological
responses. The development of an integrated framework through the identification of
toxicological pathways and data analysis tools is an integral part of the overall attempt to
understand the adverse effects of chemicals and other stressors on human health and the
environment. Particular focus will be placed on the development, assessment and application
of methods for assessing the adverse effects of environmental chemicals. This will include
the development and evaluation of Integrated Testing Strategies to describe all the
toxicological interactions that occur within a living system under stress and use our
knowledge of toxicogenomic responses in one species to predict the mode of action of similar
agents in other species. The issues addressed by the group are : (i) study the perturbation of
biological systems by chemicals and stressors; (ii) monitoring changes in molecular
expression and conventional toxicological parameters and integrating data to achieve a
mechanistic understanding of the specific toxicity and (iii) develop and validate biomarkers
for predicting the toxicological responses.
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Prenatal exposure to lambda-cyhalothrin alters brain dopaminergic signaling in
developing rats

This study is focused to decipher the molecular mechanisms associated with dopaminergic
alterations in corpus striatum of developing rats exposed prenatally to lambda-cyhalothrin
(LCT), a new generation type Il synthetic pyrethroid. There was no significant change in the
MRNA and protein expression of DA-D1 receptors at any of the doses of LCT (0.5, 1 and 3
mg/kg b.w.) in corpus striatum of developing rats exposed prenatally to LCT on PD22 and
PD45. Prenatal exposure to LCT (1 and 3 mg/kg b.w.) resulted in decreased levels of mMRNA
and protein of DA-D2 receptors in corpus stratum of developing rats on PD22 as compared to
controls. Decrease in the binding of 3H-Spiperone in corpus striatum, known to label DA-D2
receptors was also distinct in developing rats on PD22. These rats also exhibited decrease in
the expression of proteins—TH, DAT and VMAT2 involved in pre-dopaminergic signaling.
Further, decrease in the expression of DARPP-32 and pCREB associated with increased
expression of PPla was evident in developing rats on PD22 as compared to controls.
Interestingly, a trend of recovery in the expression of these proteins was observed in
developing rats exposed to LCT at moderate dose (1.0 mg/kg b.w.) while alteration in the
expression of these proteins continued to persist in those exposed at high dose (3.0 mg/kg
b.w.) on PD45 as compared to respective controls. No significant change in the expression of
any of these proteins was observed in corpus striatum of developing rats prenatally exposed
to LCT at low dose (0.5 mg/kg b.w.) on PD22 and PD45 as compared to respective controls.
The results provide interesting evidence that alterations in dopaminergic signaling on LCT
exposure are due to selective changes in DA-D2 receptors in corpus striatum of developing
rats. Further, these changes could be attributed to impairment in spontaneous motor activity
on LCT exposure in developing rats.

Dhuriya YK, Srivastava P, Shukla RK, Gupta R, Singh D, Parmar D, Pant AB, Khanna VK.
Toxicology, 2017, 386: 49-59.

Increased serum level of homocysteine correlates with retinal nerve fiber layer thinning
in diabetic retinopathy

To study the correlation between serum levels of vitamin B12, folic acid, and homocysteine
and the severity of diabetic retinopathy and the correlation with retinal nerve fiber layer
(RNFL) thinning on spectral domain optical coherence tomography (SD-OCT), a tertiary care
center—based prospective cross-sectional study was conducted. Sixty consecutive cases and
20 healthy controls in the age group of 40-65 years were included. The eyes of the cases
were divided into three groups according to Early Treatment Diabetic Retinopathy Study
(ETDRS) classification: diabetes mellitus without retinopathy (n = 20), non-proliferative
diabetic retinopathy with macular edema (n = 20), and proliferative diabetic retinopathy with
macular edema (n = 20). The serum levels of vitamin B12 and folic acid were measured using
a standard protocol. The serum homocysteine assay was performed using an enzyme-linked
immunosorbent assay (ELISA) kit. Average RNFL thickness was measured using SD-OCT.
Statistical analysis was used to assess the correlations between the study variables. Increased
severity of diabetic retinopathy was found to correlate with an increase in the serum levels of
homocysteine (F = 53.79; p<0.001). The mean serum levels of vitamin B12 and folic acid
were found to be within the normal reference range. A positive correlation was found
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between retinal nerve fiber layer thinning and serum levels of homocysteine (p<0.001). This
study, for the first time, demonstrated a correlation between increased homocysteine with a
decrease in RNFL thickness and increased severity of diabetic retinopathy.

Srivastav K, Saxena S, Mahdi AA, Shukla RK, Meyer CH, Akduman L, Khanna VK.
Molecular Vision, 2016, 22:1352- 1360.

Mercury exposure induces cytoskeleton disruption and loss of renal function through
epigenetic modulation of MMP9 expression

Mercury is one of the major heavy metal pollutants occurring in elemental, inorganic and
organic forms. Due to ban on most inorganic mercury containing products, human exposure
to mercury generally occurs as methylmercury (MeHg) by consumption of contaminated
fishes and other sea foods. Animal and epidemiological studies indicate that MeHg affects
neural and renal functions. The study is focused on nephrotoxic potential of MeHg
demonstrating that MeHg could epigenetically modulate matrix metalloproteinase 9 (MMP9)
to promote nephrotoxicity using an animal model of sub chronic MeHg exposure. MeHg
caused renal toxicity as was seen by increased levels of serum creatinine and expression of
early nephrotoxicity markers (KIM-1, Clusterin, IP-10, and TIMP). MeHg exposure also
correlated strongly with induction of MMP9 mRNA and protein in a dose-dependent manner.
While induction of MMP9 promoted cytoskeleton disruption and loss of cell-cell adhesion
(loss of F-actin, Vimentin and Fibronectin), inhibition of MMP9 was found to reduce these
disruptions. Mechanistic studies by ChIP analysis showed that MeHg modulated MMP9 by
promoting demethylation of its regulatory region to increase its expression. Bisulfite
sequencing identified critical CpGs in the first exon of MMP9 which were demethylated
following MeHg exposure. ChIP studies also showed loss of methyl binding protein, MeCP2
and transcription factor PEA3 at the demethylated site confirming decreased CpG
methylation. Our studies thus show how MeHg could epigenetically modulate MMP9 to
promote cytoskeleton disruption leading to loss of renal function.

Khan HK, Singh RD, Tiwari R, Gangopadhyay S, Roy SK,Srivastava V. Toxicology, 2017,
386: 28-39.

Imprinting of cerebral cytochrome P450s in offsprings prenatally exposed to
cypermethrin augments toxicity on rechallenge

Epigenetic studies were carried in the rat offsprings, born to dams treated with cypermethrin
(orally; 5.0 mg/kg) from gestation day (GD) 5 to 21 and rechallenged with cypermethrin
(orally; 10 mg/kg X 6 days), at adulthood (12 weeks) to understand the mechanism
underlying the overexpression of cerebral cytochrome P450s (CYPs) in exposed offsprings.
The data revealed alterations in histone H3 acetylation and DNA methylation in promoter
regions of CYP1A- and 2B-isoenzymes in the brain isolated from rechallenged animals.
Further, bisulphite sequencing revealed critical CpG methylation changes in BARBIE BOX
(Barbiturate response element) and BTE (Basal transcription element) in the promoter of
CYP2BL1 in the brain isolated from rechallenged animals. Western blotting and DNA
laddering/fragmentation studies revealed a greater magnitude of increase in the signalling
pathways associated with apoptosis in the rechallenged animals. The data have indicated that
overexpression of cerebral CYPs could be due to the imprinting of CYPs. Further, increased
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apoptosis observed in the rechallenged offsprings has suggested that these epigenetic changes
in CYPs may predispose the prenatally exposed offsprings to the neurotoxic effects of other
centrally acting drugs and chemicals when subsequently rechallenged later at life

Singh A, Agrahari A, Singh R, Yadav S, Srivastava V, Parmar D. Scientific Reports, 6:
37426.

Association of cytochrome P450 1B1 haplotypes with head and neck cancer risk

Genetic polymorphisms have been reported in several cytochrome P450 (CYP) genes,
including CYP1B1 which metabolically activates procarcinogens present in tobacco to
carcinogenic intermediates. This study used a casecontrol approach in North Indian
population to determine associations between genetic variants in CYP1B1 and risk of Head
and Neck Squamous Cell Carcinoma (HNSCC). We examined the genotype and haplotype
frequencies at various single-nucleotide polymorphisms (SNPs), including SNPs previously
reported in the promoter region and intron 1 of CYP1B1 in Caucasians. Using cycle
sequencing, nine SNPs were identified in the promoter region, intron 1, and exons 2 and 3.
Haplotype analysis revealed that 5 SNPs (those in the promoter region, intron, and Arg48Gly
and Alal19Ser in exon 2) were in strong linkage disequilibrium (LD). Cases with the T-A-T-
G-T haplotype were significantly associated with increased risk of HNSCC. Interestingly,
gRT-PCR studies revealed a significant increase in mRNA expression of CYP1B1 in
peripheral blood isolated from cases with the TA-T-G-T haplotype compared with cases with
the C-G-C-CG haplotype, and in cases compared to controls for both main haplotypes. The
data thus provide evidence that CYP1B1 haplotypes could be more effective in predicting
HNSCC risk.

Katiyar T, Maurya SS, Hasan F, Singh AP, Khan AJ, Hadi R, Singh S, Bhatt MLB and
Parmar D. Environmental Molecular Mutagenesis, 2017, 58: 443-450.

Global DNA methylation profiling of manganeseexposed human neuroblastoma SH-
SY5Y cells reveals epigenetic alterations in Parkinson’s disease associated genes
Manganese (Mn) is an essential trace element required for optimal functioning of cellular
biochemical pathways in the central nervous system. Elevated exposure to Mn through
environmental and occupational exposure can cause neurotoxic effects resulting in
manganism, a condition with clinical symptoms identical to idiopathic Parkinson’s disease.
Epigenetics is now recognized as a biological mechanism involved in the etiology of various
diseases. Here, we investigated the role of DNA methylation alterations induced by chronic
Mn (100 pM) exposure in human neuroblastoma (SH-SY5Y) cells in relevance to
Parkinson’s disease. A combined analysis of DNA methylation and gene expression data for
Parkinson’s disease-associated genes was carried out. Whole-genome bisulfite conversion
and sequencing indicate epigenetic perturbation of key genes involved in biological processes
associated with neuronal cell health. Integration of DNA methylation data with gene
expression reveals epigenetic alterations to PINK1, PARK2 and TH genes that play critical
roles in the onset of Parkinsonism. The present study suggests that Mn-induced alteration of
DNA methylation of PINK1-PARK2 may influence mitochondrial function and promote
Parkinsonism. Our findings provide a basis to further explore and validate the epigenetic
basis of Mn-induced neurotoxicity.
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Tarale P, Sivanesan S, Daiwile AP, Stoger R, Bafana A, Naoghare PK, Parmar D,
Chakrabarti T, Kannan K. Archieves of Toxicology, 2017, 91: 2629-2641

mMiR155 regulation of Ubiquilinl and Ubiquilin2: Implications in cellular protection and
tumorigenesis

Ubiquilin (UBQLN) proteins are adaptors thought to link ubiquitinated proteins to the
proteasome. However, a recent laboratory study has reported a previously unappreciated role
for loss of UBQLN in lung cancer progression. In fact, UBQLN genes are lost in >50% of
lung cancer samples examined. However, a reason for the loss of UBQLN has not been
proposed, nor has a selective pressure that could lead to deletion of UBQLN been reported.
Diesel Exhaust Particles (DEP) are a major concern in the large cities of developing nations
and DEP exposed populations are at an increased risk of developing a number of illnesses,
including lung cancer. A connection between DEP and UBQLN has never been examined. In
this study, the effect of DEP on lung cell lines was examined to find out if UBQLN proteins
would potentially play a protective role following treatment with DEP. Interestingly, it was
observed that DEP treated cells have increased expression of UBQLN proteins. In fact,
overexpression of UBQLN was capable of protecting cells from DEP toxicity. To investigate
the mechanism by which DEP leads to increased UBQLN protein levels, identification and
interrogation of microRNAs were carried out that were predicted to regulate UBQLN mRNA.
It was observed that DEP decreases the oncogenic microRNA, miR155. miR155 was shown
to regulate the mRNA of UBQLN1 and UBQLNZ2 in cells, such that increased miR155
expression increased cell invasion, migration, wound formation and clonogenicity in
UBQLN-loss dependent manner. This is the first report of an environmental carcinogen that
regulates the expression of UBQLN proteins. Exposure of cells to DEP was shown to cause
an increase in UBQLN levels and that miR155 regulates mMRNA of UBQLN. The study
suggests that DEP-induced repression of miR155 leads to increased UBQLN levels, which in
turn may be a selective pressure on lung cells to lose UBQLNL.

Yadav S, Singh N, Shah PP, Rowbotham DA, Malik D, Srivastav A, Shankar J, Lam WL,
Lockwood WW and Beverly LJ. Neoplasia, 2017, 19: 321-332.

Characterization of air pollutants in cooking oil fumes and its impact on the respiratory
health of kitchen workers

The association between kitchen indoor air pollutants and physiological profiles in kitchen
workers with microalbuminuria (MAU) in north India (Lucknow) and south India
(Coimbatore) was explored. The subjects comprised 145 control subjects, 233 kitchen
workers from North India and 186 kitchen workers from South India. Information related to
the personal and occupational history and health of the subjects at both locations were
collected using a custom-made questionnaire. Lung function of workers was measured using
a spirometer and blood pressure was monitored using a sphygmomanometer. Urinary MAU
was measured by urine analyzer. Indoor air monitoring in kitchens for particulate matter
(PM), total volatile organic compounds (TVOC), carbon dioxide (CO,) and carbon monoxide
(CO) was conducted using indoor air quality monitors. The size and shape of PM in indoor
air was assessed using a scanning electron microscope (SEM). Fourier transform infrared
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(FTIR) spectroscopy was used to detect organic or inorganic compounds in the air samples.
Particulate matter concentrations (PM2.5 and PM1) were significantly higher in both North
and South Indian kitchens than in non-kitchen areas. The concentrations of TVOC, CO and
CO; were high in the kitchens of North and South India than in the control locations (non-
kitchen areas). Coarse, fine and ultrafine particles and several elements were also detected in
kitchens in both locations by SEM and elemental analysis. The FTIR spectra of kitchen
indoor air at both locations show the presence of organic chemicals. Significant decline in
systolic blood pressure and lung function was observed in the kitchen workers with MAU at
both locations as compared to control subjects. A higher prevalence of obstruction cases with
MAU was observed among the workers in the southern region than in the controls (p<0.01).
Kitchen workers in South India were found to have lower lung capacity and a greater risk of
obstructive and restrictive abnormalities than their counterparts in North India. The study
showed that occupational exposure to multiple kitchen indoor air pollutants (ultrafine
particles, PM2.5, PM1, TVOC, CO, CO;) and FTIR-derived compounds can be associated
with a decline in lung function (restrictive and obstructive patterns) in kitchen workers with
microalbuminuria. Further studies in different geographical locations in India among kitchen
workers on a wider scale are required to validate the present findings.

Singh A, Kesavachandran CN, Kamal R, Bihari V, Ansari A, Azeez PA, Saxena PN, Kumar
AK, Khan AH. Environmental Health, 2017, 16: 33.

Oncogenes activate an autonomous transcriptional regulatory circuit that drives
glioblastoma

Activating mutations in oncogenes and suppressive mutations in key tumour suppressor
genes in various cell types of the brain like neurons, astrocytes, neuronal stem cells etc give
rise to brain cancer. Inspite of the identification of several druggable targets, clinical benefits
have been elusive. A SRY-related box 2 (SOX2) transcriptional regulatory network was
identified that is independent of upstream activating mutations and cell types. Further,
oligodendrocyte lineage transcription factor 2 (OLIG2) and zinc-finger E-box binding
homeobox 1 (ZEB1) were identified, which are frequently co-expressed irrespective of driver
mutations, as potential SOX2 targets. The results suggest that these three transcription factors
are necessary and sufficient to drive brain cancer irrespective of the initiating mutations
(oncogenes, or tumour suppressors) and cell type. A speculation was made that similar “core
transcription factor networks” may be present in other cancers that can potentially be targeted
for drug development

Singh DK, Kollipara RK, Vemireddy V, Yang XL, Sun Y, Regmi N, Klingler S, Hatanpaa
KJ, Raisanen J, Cho SK, Sirasanagandla S, Nannepaga S, Piccirillo S, Mashimo T, Wang S,
Humphries CG, Mickey B, Maher EA, Zheng H, Kim RS, Kittler R, Bachoo RM. Cell
Reports, 2017, 18: 961-976.

IFN-y regulates xanthine oxidase-mediated iINOSindependent oxidative stress in maneb
and paraquat treated rat polymorphonuclear leukocytes

The study elucidated the role of xanthine oxidase (XO) in maneb (MB) + paraquat (PQ)-
induced oxidative stress in rat PMNSs and its regulation by iNOS and inflammatory cytokines.
MB+PQ augmented reactive oxygen species (ROS), superoxide, nitrotyrosine, lipid

21



Toxicology Research Bulletin 37(1) 2017

peroxidation (LPO) and nitrite levels along with the catalytic activity of iNOS, superoxide
dismutase (SOD) and XO. XO inhibitor, allopurinol (AP), alleviated MB+PQ-induced
changes except nitrite content and iINOS activity. Conversly, an iNOS inhibitor,
aminoguanidine (AG), mitigated MB+PQ-induced LPO, nitrite, INOS and nitrotyrosine
levels, however, no change was observed in ROS, SOD and XO. Nuclear factor kB inhibitor,
pyrrolidine dithiocarbamates (PDTC), tumour necrosis factor-alpha (TNF-a) inhibitor,
pentoxyphylline (PTX) and an anti-inflammatory agent, dexamethasone (DEX), attenuated
MB+PQ-induced increase in XO, superoxide and ROS with parallel reduction in the
expression of interferon-gamma (IFN-y), TNF-o and interleukin-18 (IL-1B) in rat PMNs.
Exogenous IFN-y , TNF-a and IL-1p enhanced superoxide, ROS and XO in the PMNs of
control and MB+PQ-treated rats, however, IFN-y was found to be the most potent inducer.
Moreover, AP ameliorated cytokineinduced free radical generation and restored XO activity
towards normalcy. The results thus demonstrate that XO mediates oxidative stress in MB+PQ
treated rat PMNs via iNOS-independent but cytokine (predominantly IFN- y)dependent
mechanism.

Singh D, Kumar V, Singh C. Molecular and Cellular Biochemistry, 2017, 427:133-143.

Ibuprofen abates cypermethrin-induced expression of pro-inflammatory mediators and
mitogen-activated protein kinases and averts the nigrostriatal dopaminergic
neurodegeneration

The study aimed to explore the protective role of ibuprofen in cypermethrin-induced
Parkinsonism along with its underlying mechanism in rats. Male rat pups were treated
with/without cypermethrin in the presence/absence of ibuprofen. Behavioural,
immunohistochemical and biochemical parameters of Parkinsonism and expression of pro-
inflammatory and pro-apoptotic proteins along with mitogen-activated protein Kkinases
(MAPKs) were determined. Ibuprofen resisted cypermethrin-induced behavioural
impairments, striatal dopamine depletion, oxidative stress in the nigrostriatal tissues and loss
of the nigral dopamine producing cells and increase in microglial activation along with
atypical expression of pro-inflammatory and apoptotic proteins that include cyclooxygenase-
2, tumour necrosis factor-4, MAPKSs (c-Jun N-terminal kinase, p38 and extracellular signal-
regulated kinase), B cell lymphoma 2-associated protein X, tumour suppressor protein p53,
cytochrome c¢ and caspase-3 in the nigrostriatal tissue. The results demonstrate that ibuprofen
reduces inflammation, regulates MAPKSs expression and averts cypermethrin-induced
Parkinsonism

Singh A, Tripathi P, Prakash O, Singh MP. Molecular Neurobiology, 2016, 53: 6849-6858.

Ibuprofen protects from cypermethrin-induced changes in the striatal dendritic length
and spine density

The study investigated the effect of ibuprofen on the dendritic morphology, length and spine
density in cypermethrin induced Parkinson’s disease (PD) in rats . Male rat pups were treated
intraperitoneally with cypermethrin during postnatal days followed by adulthood to induce
Parkinsonism using standard procedure along with controls. Subsets of animals were pre-
treated with ibuprofen 2 h prior to cypermethrin treatment during adulthood. Standard
methods were used to confirm Parkinsonism/ neuroprotection. Striatal dendritic morphology,
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length, spine number and expression of synaptophysin and postsynaptic density protein-95
(PSD-95) along with the nigrostriatal proinflammatory and apoptotic proteins were measured.
Cypermethrin induced Parkinsonian traits and attenuated the dendritic length, spine number
and expression of synaptophysin and PSD-95. While cypermethrin increased the expression
of interleukin-1p, interleukin-4, interferon-y, inducible nitric oxide synthase, caspase-3,
caspase-9 and B-cell lymphoma (Bcl)-xI proteins, it attenuated Bcl-2 expression. Ibuprofen
normalized the changes in dendritic morphology, length, spine number and expression of
synaptophysin, PSD-95, and pro-inflammatory and apoptotic proteins. The results
demonstrate that cypermethrin induces inflammation and alters dendritic morphology, length
and spine number that are encountered by ibuprofen.

Tripathi P, Singh A, Bala L, Patel DK, Singh MP. Molecular Neurobiology, 2017, 25:1-7.

PKA-GSK3p and p-catenin signaling play a critical role in trans-resveratrol mediated
neuronal differentiation in human cord blood stem cells

The role of resveratrol (RV), a natural polyphenol, is well documented, although its role on
neurogenesis is still controversial and poorly understood. Therefore, to decipher the cellular
insights of RV on neurogenesis, studies were conducted to examine the potential effects of
the compound on the survival, proliferation and neuronal differentiation of human cord
blood-derived mesenchymal stem cells (\CBMSCs). For neuronal differentiation, purified
and characterized hCBMSCs were exposed to biological safe doses of RV (10 uM) alone and
in combination with nerve growth factor (NGF-50 ng). The cells exposed only to NGF (50
ng/ml) served as positive control for neuronal differentiation. The genes showing significant
involvement in the process of neuronal differentiation were further funnelled down at
transcriptional and translational level. It was observed that RV promotes PKA-mediated
neuronal differentiation in hCBMSCs by inducing canonical pathway. The studies with
pharmacological inhibitors also confirmed that PKA significantly induces [-catenin
expression via GSK3B induction and stimulates CREB phosphorylation and pERKI1/2
induction. It was evident that RV additionally possesses the binding sites for molecules other
than PKA and GSK3p, with which it inter-acts. The study, therefore, highlights the positive
impact of RV over the survival, proliferation and neuronal differentiation in hCBMSCs via
PKA-mediated induction of GSK3p, B catenin, CREB and ERK1/2.

Jahan S, Singh S, Srivastava A, Kumar V, Kumar D, Pandey A, Rajpurohit CS, Purohit AR,
Khanna VK, Pant AB. Molecular Neurobiology, 2017, doi: 10.1007/s12035-017-

0539-x.

Piperine attenuates UV-R induced cell damage in human keratinocytes via NF-kB,
Bax/Bcl-2 pathway: An application for photoprotection

Chronic ultraviolet radiation (UV-R) exposure causes skin disorders like erythema, edema,
hyperpigmentation, photoaging and photocarcinogenesis. Recent research trends have
focused more attention on the identification and use of photo stable natural agents. Piperine
(PIP), as a plant alkaloid, is an important constituent present in black pepper (Piper nigrum),
used widely in ayurvedic and other traditional medicines and has broad pharmacological
properties. The study was planned to investigate photoprotective efficacy of PIP in human
keratinocyte (HaCaT) cells. UV-R induced activation of transcription factor NF-xB in
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coordination with cell death modulators (Bax/Bcl-2 and p21) was assessed. The LC-MS/MS
analysis revealed that PIP was photostable under UV-A and UV-B exposures. PIP (10 pg/ml)
attenuates the UV-R (A and B) induced phototoxicity through the restoration of cell viability,
inhibition of ROS and decrease in malondialdehyde generation. Further, PIP inhibited UV-R
mediated DNA damage, prevented micronuclei formation and reduced sub-G1 phase in cell
cycle, supporting its role in photogenotoxicity. PIP pre-treatment strongly suppressed UV-R
induced photodamage. Molecular docking studies suggest that PIP binds at the active site of
NF-xB, and thus, preventing its translocation to nucleus. In addition, transcriptional and
translational analysis advocate the increased expression of NF-kB and concomitant decrease
in IkB-a expression under UV-R exposed cells, favouring the apoptosis via Bax/Bcl-2 and
p21 pathways. However, PIP induced expression of IkB-a suppresses the NF-xB activity
which resulted in the suppression of apoptotic marker genes and proteins involved in
photoprotection. The study suggests the applicability of photostable PIP as a photoprotective
agent for human use.

Verma A, Kushwaha HN, Srivastava AK, Srivastava S, Jamal N, Srivastava K, Ray RS.
Journal of Photochemistry and Photobiology B, 2017, 172: 139-148.

Docosahexaenoic acid upregulates both PI3K/AKT-dependent FABP7-PPARa
interaction and MKP3 that enhance GFAP in developing rat brain astrocytes

The astrocyte marker, glial fibrillary acidic protein (GFAP), has essential functions in the
brain, but may trigger astroglial scarring when expressed in excess. Docosahexaenoic acid
(DHA) is an© -3 fatty acid that is protective during brain development. However, the effect
of DHA on GFAP levels of developing brain remains unexplored. Treating developing rats
with DHA-enriched fish-oil caused dose-dependent GFAP augmentation. The mechanism
promoting GFAP was investigated, hypothesizing the participation of fatty acid binding
protein-7 (FABP7), known to bind DHA. It was observed that DHA stimulated FABP7
expression in astrocytes and FABP7-silencing suppressed DHA-induced GFAP, indicating
FABP7-mediated GFAP increase. Further investigation proved FABP7 expression to be
phosphatidylinositide 3-kinases (PI3K)/AKT and nuclear receptor peroxisome proliferator-
activated receptor-gamma (PPARy)-dependent. PI3K/AKT was found to activate PPAR y
that triggered FABP7 expression via PPARy responsive elements within its gene. Towards
identifying FABP7-downstream pathways, a previous laboratory study was considered that
had demonstrated cyclin-dependent kinase-5 (CDK?5)-PPARYy-protein—protein complex to
suppress GFAP. It was observed that DHA-induced FABP7 underwent protein-protein
interaction with PPARYy, which impeded CDK5-PPARYy formation. Hence, it appeared that
enhanced FABP7-PPARYy in lieu of CDK5-PPARYy resulted in increased GFAP. PI3K/AKT
not only stimulated the formation of FABP7-PPARYy protein-protein complex, but also up
regulated a FABP7-independent MAP-kinasephosphatase-3 pathway that inactivated CDK5
and hence attenuated CDK5-PPARy. Overall, the data revealed that via the proximal
PIBK/AKT, DHA induces FABP7-PPARY, through genomic and non-genomic mechanisms
and MAPKinase-phosphatase-3 that converged at attenuated CDK5-PPARy and therefore,
enhanced GFAP. Accordingly, the study demonstrates a DHA-mediated astroglial
hyperactivation, pointing toward a probable injurious role of DHA in brain development.
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Tripathi S, Kushwaha R, Mishra J, Gupta MK, Kumar H, Sanyal S, Singh D, Sanyal S,
Sahasrabuddhe AA, Kamthan M, Mudiam MKR, Bandyopadhyay S. Journal of
Neurochemistry, 2 017, 140: 96-113.

Arsenic, cadmium, and lead like troglitazone trigger PPARy-dependent poly (ADP-
Ribose) polymerase expression and subsequent apoptosis in rat brain astrocytes

A previous laboratory study demonstrated that arsenic, cadmium, and lead mixture at
environmentally relevant doses induces astrocyte apoptosis in the developing brain. Studies,
therefore, were conducted to examine the mechanism and contribution of each metal in
inducing the apoptosis. It was hypothesized that transcription factor, peroxisome proliferator-
activated receptor gamma (PPARY), reported to affect astrocyte survival, may particiate.
Cultured rat astrocytes were treated with individual metal and their combinations and
apoptosis assay was performed and PPARy expression levels were measured. It was observed
that cadmium demonstrated maximum increase in PPARy as well as apoptosis, followed by
arsenic and then lead. Interestingly, it was observed that the metals mimicked PPARy agonist,
troglitazone, and enhanced PPARytranscriptional activity. Co-treatment with PPARy-siRNA
or PPARy-antagonist, GW9662, suppressed the astrocyte apoptosis, suggesting a prominent
participation of PPARy in metal(s)-induced astrocyte loss. PPARy transcriptional activity was
examined for identifying its target gene in apoptosis and in silico screening was performed.
PPARy response elements (PPRESs) within poly (ADP-ribose) polymerase (PARP) gene was
identified and through gel shift assay metal(s)-mediated increased PPARy binding to PARP-
PPREs was verified. Chromatin-immunoprecipitation and luciferase-reporter assays followed
by real-time PCR and western blotting proved PPRE-mediated PARP expression, where
cadmium contributed the most and lead the least, and the effects of metal mixture were
comparable with troglitazone. Eventually, dose-dependent increase in cleaved-PARP/PARP
ratio confirmed astrocyte apoptosis. Additionally, it was observed PPARy and PARP
expressions were c-Jun N-terminal kinases and cyclin-dependent kinase5dependent. In vivo
treatment of developing rats with the metals corroborated enhanced PPARy-dependent PARP
and astrocyte apoptosis, where yet again, cadmium contributed the most. Overall, the study
enlightens a novel PPARy dependent mechanism of As-, Cd-, and Pb-induced astrocyte
apoptosis.

Kushwaha R, Mishra J, Tripathi S, Khare P, Bandyopadhyay S.Molecular Neurobiology,
2017, doi: 10.1007/s12035-017-0469-7.
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24-33.
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WIET 3cdTcel it & Y olelel &THAdT & grAfTel fafeiassl # Teh Hgeaqul [Werst & &9 &
TFSIEAl RATET &l 3GId AT &

dI. o, Tk, Uis, U AR, vH. A, A, aedn, v, 9o, U {8, e geeR, &, I
TH. g STAfedd, 2017, 13: § 1006788.

oo Rk Rdwed gifvar a@ & guwor Rem 3k awew gwmp vedkdeT
AEAEaw NIRRT F AT smaeaw ¢

wed Revs Reed (§RHM) s 3T affesn Reved # aefipa R o 8, sof
FAfEAfa 3R 2fge e & fAT Agcaqul &1 gTelifeh, SRR & Teioled RATH & FAEIA
& ITER 3R Golelel 3N/ FIAFI & T & Agea 316l A GHAm 7 §1 39 Heol &
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g WM AT § b SHRIN & guor (X¥ed) # AlhsB3a atl ¥ YPIUloleled & AT et
(Telr, T, 59, §F, deide, wot 3R §an) & e AfeesEe AE-EieRra & aRumEEwy
I oTolel &THAT H Al g1 Sl 81 SN Alhsi3al GarT S@r Iy guor faepfa, Sraifther
# HiFH-S THE & ST (Alrqtoo o) & SBA-HAIAA & ITwT ¢l &4 Jgl Ig o ¢@d § T
SRR Alhs3a U H WA &l faedest / fues (geaafosr muia ==t & 3
3od: Yeegdl SiferhT egcuesl Affchod Sl VBT & 39 & Sisd §) & ST gl 5
SHRHR FAlhsI3eT UOT H YHIULSTelal T Gihar & 6T o § W 3 S HH YehI0] T
AT FHEF IHeMAT, 3T YFORT F wololen AR wEARNH QAT g § aur Asceisad
sRafeew 3R # o & S § I B AT Shasiet 7 SRR H Fdamfaa sifder
(FATaTl TSl & SHRIN el & 316789) HT I & 81 AT HHE AfFesr Raced &
ATRSBT Tl F FIg i goa a1 o Gaddt eIy Srafher H 87 fAem ¥ fashy $3R3m
& fore aRefead wraf & AT 3t o1 Sisd § AR RAferded 3 guor sefasm (CEIFgeR
Bfasiafaw) 7 3ithet FfFe3n Raced Hr grafienar s qaste & forw sia yer= g1

Ty, RS, TH. 9ISy, UH. el T FAR, N Tooll, . AR, T A6 Fitedfa. asfeefhn
Raéd, 2017, 7: 40372

ABFRIZST Fad RRPATENRT $BF qarr sva wesldt o & srdffas Rureraar @ gean
yHfa & 9 iR gewedt @eeldr shat &1 ureaRer sia-frard scda sfea g &1 &
Feonfadl 1 HRRT fFhard, 3oifas gdietoliy gear @ gafad gl &1 9 Qe dgonr,
TR Teh & gOVTT ¥ Teh GHY &l il FI&T Yald oid g, :saéhaﬁﬁagﬁwm
g1 3T A MY A gH Ig U ¢ fF FQ v ggoldl shas RRGEEIRT 33 aer & dgig
Hr I fAveFaar & Iarar g1 gawyd I8 arar 9T R 3ffae faweaar & Rt gier &
TSI H TESidT shdeh Sl AT §6 Sl ¢l 3T Jg 91T 337 Toh hdeh HI g 31T AT dier
@l S fANFAA & gSUROTAT & Sl A 3cded TgR¥H ¢ WY-ary Jg off g 9 §
& g5 Jmfaeh @ i & oelt #A FE ST G UG 9T ART IR SISt A g @ AT
gl BAR MEIIA ¥ UAT Tl & [ Ig Fadh did R T 3l fawreaar @@ e $r 8w
HA & TSIEH hash carn IS HI ST Y HH AT, fawrerd RS A 3rgerereiier
HUT A Sig-gRdfcdd HE AR HIfRT wsiedsiea e w1 ond dftd s=06=T, yqa
gl

TH. HIgFAS, ST, YFell, T.UH. FRACTE], . Hgg, of. Ao, Tel. IRSIRAT, .U, FFHeT, 37R.
AR, TH.%. I, TH. $AR. hircd g1 ATShISTSITelS, 2017, 8: 754.

giAoT T & IW §EH F WWT Alsd & ATEAA ¥ PM2.5 & Wi faserer v wetam
3R Aer-fageyor

A FOT (NUHA 2.5) TIENS HUT A1 GHTERACT BEAT § 3 T8 3 AlTd Fareeg el
@R, &1 STeary, STor fa=irer =sh & aRacde 3R grel & & Wieg el & ¥y 53 W ¢
U & HARF 0T WAl F T YcT&T FT & 3 81d &1 $F HROT I&0r TRIAT 0 fwa2.5
U & FAT W cASH FHIET HA B HETehdl g, ST Scdolel @707 & fov IoEnfaat
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AT ata & foIT Agcaqol & Gehell 81 RATeX Alse & AIH A ifipole Hid TIRRITHT
(THT) U & Hdl & ANMEe S 3edholel wa & T HlSEr 3ul # ¥ Uh gl 51 T
egTAT Y geem Y TS foHE F 48 (94%) 2007-2016 & W & MR @ feul wHw
I (55%) T ST T Fo fafdse el wewEt (fewel, arer, #es, 3MRT 3R o) &
Shiod ATl TAET HOT Hid NGB 3 3ol G AT FAT & HRUT, HHRIcAS Afeerd
thereSoielel 3R YT Teeh faRelvuT (T &1 62%) TUTHS dehed &, 30 dlg A@ITAh
oA AV (HUAE, 18%) Al SAfaw 3muifasd AT 3R AT T FUT FAAROT HT 39JRT FA
THT UIJS TSl & Jod 318 IR @id SR & &9 & 39T fhar amn anl g@af wae
A8CH #, dlgeT 3cdoled (THST: 37 + 20%) HT Adad T 38F galg arell PM2.5 A & &7 &
39T, 58S 16 ATNF Scholel (23 + 16%), ATEATAS TAETS (22 + 12%) A Trhfdew e ( 20
t 15%)| 37caT®w Ygi¥d wgel (MTH2.5> 100 ASIA-3, Tl = 15) & AT gl IcHoied (39 ¢
24%) &1 gAY gl dTel Wd & ¥4 H UgdAT I, Ffd A1 A e ar ArcafAs v
3R apfae dia AT gred &1 38§ F@9Y A & 3R Alwd & w7 dia [T s
FH et §1 Qe uFfaw R e da wfreas 3R swenfarae W
THTGRITC &, STelfeh FRA-T9M & AT, aTgeir, Thide 3R e T scusir # veg@ vemma usr|
qIEaT & 3colel T TId iaol REd & Uehel g1dl Ad & §T H M1 T Sdih Si9aGel &
&R, aTgat, A ST 3R e i e Ageaqer A

&g v, Il Y, FAR TH, §HeT THAT, SeToll &1, Ueardieiaiee Gegele, 2017, 223: 121-136.

grey, i va e v

HISIT T Hecd HaAlUR § Fifh Jg TS SMaet g e A A 3aeds gl W favg &
UTEROT YeuOT AT fAdTEe & HROT Wied Gt AR Wieg Heuor & ar) & a1 dedr o @
gl RPN 3cucE At & e wed @ Ifd gfted s & A siea @&
WA IR dafg e & gl H @ 39S gl 919 Bl WIGT FHER0T 3T FHr di
¥ gefT & WY, depeilehl HROIT & W et # faffie vfsfea & 3udier & gygfa # o
I &5 &l o 7 uisfecy & w9 AU dRet W o [IUR AT ST @ 1 A g 3rar
IR o AT e ¥ WieF Yerdt A AT R & Tolel & SAeigset fAsor o us
MHR HAEAT &1 FHE 3feAal Wied AHAT F fAcTae IR-Seesant 3cdies a1 THE0 AR
HSRUT & SN 8 &hll Bl Ted Haegshasit & 3qfd & fav ¢ dders Sivav
HieafPhr &1 g Sivda @iy qerdi & 3cuied & for  gaer frar amdem AR @ @
SIGARIAOT A Ugel SNUH W / ®H H &l JRARTd &I el afge| gAR IRaRE
Al & 3MUN W, SIE-4eal & BRIGHE T & JEqT H3 fadfell safedt & 3uar & fov
Teh IHRATSToAh &1 Q| 38 YR, SIUA Tled, 3 Al IR WRET §9 & JgFd 81
gfedl B fawraar / Qe SeT @ A HT HETehaT gl doA H $H HAG AN
NI FAeal W fhar 31 @T & (i) refer-3rerT Afera # Farfad fawerd Tole &1 A &
forT a1 faera/ TUT9ET; (i) 3URITFT TG ST [ANeFddr &l dF Hi dlel BISclhidwed
| g9 FFE i g (jii) AT THIAT I fAWEFddr & GF B GASAT (iv) SNUA TIET / HHA
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@I Il @Al 3R SeTehl FR&T / Telsiieleh Hedished AR (v) e we6ifddt & fav @y ik
rafas gRem & fav feem fAdei $ir s

B & 3UHNT § Fafrud FaEegads Uq gifasRs 9ea

olel Ay &0 @ HATEERT &7 & A-ary afvwedr et A #@ed AU 3user i S
arell Hell &1 AT 3MER & Y NG deal A T T gl & YT A1, T f[Auredar 3R
Tolsil of Ty ot R”iar &7 demr g1 o & affies yeRr & e aiwor gatlt dcg enfaer
ded aifAe § S o9l gaRT UiV dedl & 3YANET HI A HX hd ol 3HE HeTdl, Blel &l
3T TUd T & o HdcaMd afeaal & varsil Hr gaEan3it Fi ser %m’lﬁaﬁragr—rﬁ
3oRSH g g1 3MTsiehel, Bl # g Taeegaesh N & HROT GiAAT & HAET delieiehl ol
€A el X% TidT g1 $8H 9 e dTel hisfesd URS, dfdced, Tey 1), aforied e,
HINITSS, IFIAT SRR W o Jaufa deal F ToIAHF B N FA
A &THAT B &1 38% faRead s 9 S gt wsfes ths, TRiew, e, Wwévs
AR, afeAlssy, IMSAFAEAT & FAX F FF I H &THAT 8T ¢l D F I Y
ad S TEISleih IMSHIFeald H giAlcd ¥ Hafewd el @ AT el & &THar urg
St 81 ol [T, o @ Affies At Aot S & geg Ae1, GhR 2 AYAG, el AT
3N FT THR & HE & Y&t H Ueh T57 MGl g Tehcl ¢l 6 HAET A Sl & 3UT 4
Fafeyd gifeRe Td Taregads gHEar & TWo 3R gsnfas gl @ cged fhar = g
3R, I[Ccl, . I[Ccll, T. AHAT, TH. &M, 3S.0. AR, qL.8T. efadel siietel UdlehowR 8 HiAES,
2017, 65: 6-22.

AT TPRICAS FTad FEX FRFET F @aOe WA 3R gRaEsRa d@eEa § e
frers wfafeear &1 Aearer

TERCIA(RTHAITA) ST Teh 3BR BISCIHATHGBA g, of I RIfhear garsit $r gsmaenriidr
gl &1 gHTG G@mam| grel g A, AfeAAsfid o (TauTd) T h I (IR & e e
AT & A A HAged UIed fRAT §, greliteh, s@eh ifaadeerder foham fawreraar sqaifaar @
AT FAT §| HRTHATS HT o o g IRCHAIVS AR THUUS HAlolel & Fafercdr
JHTGRIRAT 31 el 3R faar Rvew & 3gga & 8 Y| go@ ugd, IRTHAwS iR
THUTS & HASTe GUeh T 0T & IS A 3R 37, geqra & weToT g Ud a¥cs sellc
fa2voT ZaRT U9 R ST Y IS A 3ES 3fARFT Fell Al mea feawor ganrr
Hicilell G HR TSI &I TaT SH & e 1 qfSe & fov faar fomar am@r an sas
sfaRea (Veforg veaEfes wIfba) Alca § AFCAS RId egd RN TS garT
fcterd 3R 3fefares alet TR 9 fohar & Jmorfash Als 1 f@uRor fhar w4 arl vavave
(510) & IRTHATS AR (R10) & HASH o THCHTS HT Gedordlg, 5 T Geh o1 &
ary gaw 3reor fe@mar| (Cl<1) | RNA 3R 9ide TR W o 3iffcaf@a & aRoma sara &
f IRTHEdIva AR THUTS & 3[S HASlT H 3Ueholl HISTHARSHA TealiRlel BrSdlaiees,
qIEHC, Ted-hoRel TT Toldl), Hlfcdh SeFIAAA HEFT 2, TAUG-chall, W53, T (SheileT
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U4 Toldl-3), TIICIAd (dFd, SIITal-2) AR P FHIT A gld @l 38 faRked faar
eITT A fe@rm rar f vHvTS Y FF GUS F AR i & @Y Fhel H TgRiod T
e Tgt & Slae Fel H Jafd g5l Dol AR, AN HETFT § I Fel ¢ fF 3Rwddrer
o e foeifea dell & Qe TauTe & TleheR &TATT Sl Fghffiagas o fearl

T S, wH e, fAeT T, e, a8

S, T, TE. A, TE. 84, aTS. el SIATSHEA US WA 2017, 89: 1142-1151.

AAARTe RyfRTE

TFrU Ooe g & o faufaas & a7 & F3 X W § IR AAvaar Gefaa &= &
ETH @1 1 HEUWT & 40% S+ 36 Agcaqol 3 faWIeFaan & &7 # Aqerered w1 ©
g1 WTENMSIHR-IMSINSANR, & Aar WA 3R dwasmesms &1 a7 W@ Acas
ARSI FT Aded frar W SUmd 7, I, T IR AU & B FRET gHG
IRATSATIT F ey H| TEAT A, SIS ANHAERITST (SUATH) & HAWT 3R ofefor
U A AAded T, fawerdar Hedished & U ST /| UH / dohelleh fARfAd $, Al
T & v fefarder, defcush Aisd, SUATH & fharcas vera 3R Sifde gomierat & @y
SUATH & TEESdl W AgAYUl H AT §l HEIS S, TSI, SIneuadr,
feafearerdl, T dEuEl 3R 3N & WY FAedr TEAAST F &7 A SN Aead
AT B ANACRICH T G / [ASFAA HT 3Hieholel el & [T, Fe@ Hgea ol Heal &
¥ $ F TN FIA AT IJETRAT §: i) PR AR AT HT F91G; i) SSTAD; i) faaor 3R
fFar & ARY; iv) 9hetor Alser & R{E 3R T, v) 37 [Aer S8 37 far tFEeerReT
vi) SHIRATFARAE; vii) HFPEAA AArehiFafdd 3 vii) e gF faRewor) ASAARTe
clidrgenlellsll THg & ATl T ATT 3T AARCIRTS & Faey iR waiaroly gemat
Fr T W R sANT fawedar AfRad e & F9d 3usiedr 3curel, Ty @At
3cqrer 3R e 3uaoil 7 gerer QR 3ueT AfRad S el

- @F § HR e @ oifeR Fs Siewsirass AaFon & swer & AR
Fgwea AR FRA dfREr Acaw AT qarT WHlda e ToF F1 Awdwor

JielufohelAEs AT 7aR a1 dieleR  (NUvTH-oh-3fel) &1 3ufeafa & S 3feass
AARUT FHI T AT GaRT TRAVOT fhar Im=r drfes s@edT vahedar AR wfdEdT urea & o
Toh FHKP IATd WA aAAlhuil URhfssd ST (THT) & BlE3cRe caRrT faeeiieor &I
STHAT & Ao T 7| HeaNa foiesiiearss-doveaA-sh-sie deiwor @1 faerdeior
faffiesl FAFIERIUH, THAIRE 3R Soleeled F&H Teholleh & gaRT T 31| Gl H i
37eFATSS &1 AT9eT HTET i TARANOT TRATY] IEMV0T Tares T AT AfgaAfes wfhar garr
frar I/ &1 wena ufhar AmCEt S AAieul AT, Tud gHY 3R RS NS gigar &
ARSI & PIRIBORS Ffavid fAelieior @ yeimd &7 faRewor Sg-fAeaedl 3iisers
3YNIOT; UFHAT Hg HRI-YOMCl (IRTHTH) Sirg-dooieel TET (NS AR A dfFm
Hollel (VUAU) & fohar argm| S g@rr A #Alser & aorear 3R* AT 0.9786 o 3R
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TH-AT 35.48 URIT IR-T| HRTAUA GaRT AT gsead Foufd, fSsierass-dvea-si-
el sl Y AT 0.2 IH / iR, 210 e AR UHEa 3RS Figar &1 duF T7@T 10
A / ofer W A™hdA 98% IS ashA0T qram a1dT| 315 f38ers & fow Afser &r
AT T JAOT TAT F e g3 FHH Nafaferdt ‘T 0.05 & 8 oA a1l seist gfshar 9
I g Al B ARl AR ITYFIA A IUAT & fAU Ao Rl arely TOATA Alsel 3T
AT foham aram| Sdeel-aRearsd TeaReA(T=s 1) 3R Afsde Sée @1 Hediche HeTehol
e &Y (TUATA 2) A & AT FIH TS Heh dT ST Rl & foiv AAifoa fomar o=
3R 9 T R U 3 S BAsee & YR A TUAUS 2 & AT Al & SR o
Saa I X foestasm Y| 3eTehell e &X (TUAIU 2) HiseT & WY FEH IS allh @
S wA & v Fafaa foear s/r 3R arar aw=m)

Tel. e, AhesT, U. 8, Tel.ah. THT, Uel. 3o, TH. YA, SReAdl Hh HIciiss US SeThd
HST 2017, 493: 295-306.

tHF @ U A weafa, R S & W@, Al gra grkEaks swra
HFEFS AMFUN GERT qaATAET AT A TgaT & I 7 Afase (1) w1 weawa 3R
forsaTaeT

TAAT IFETIA H, IRfAS Fu § wWEd, Aehe grd gRiAEes 3R iiTass
(RI3=d) AUl (VATIUE TAWY) & Tk 919 H, Uaidd HL Geii™d fohar a=r )
fea3eg W arfRfAE wRiwe i seTwerar @1 fafay @waror Aol Hr FrieHEdT, deh
Haga1elerdr, 3R 3T 3R T [Afdyar ued i & fav Affies aler @ fhar aw=ar i)
SH HFUT S H ALT 3AW Jo A 39T HRAS(lll) Fr OIRERA H g HEAT ATl
3ETA & IRUTAT ¥ Tha RAerar § & R_ffea defda Aot & a9, 6 ¢ Hr rareear
garr AT dAaiwolt (vATaudr wad)  ferhr dedhr Hagaeherdr 27 Ay, dds &7 57.30
e/ A MR Med o 75.64 WEH AN, FEAA ® ¥ R Fr v onl geq
IfaAEe(lll) Alsa & dig Ifd T IAEe(lll) FF gesd & v v F FT H e 3T
fed e aXd &1 39% 3aTdr, ST & WA & »H T HH I & o0 Yafhar Jdg W
meria dgar wFdifoe Bamsa (FRE) &1 39T aRe AqATfa Arsfeer @ aep R =
qT drfeh AUl (TATTUST Tedl) garT 3mderse () & gt & fow gfshar #AT9Est &
fuior @%a & @& IR ufkar AEst @1 SafFdea AR anffes e, i O,
TATAUY AAlholl T ATET, T96 AT AR uRfAe 3Rfasc (1) dar AfSeiver & gard
3Rfarse () & 3T Far ar @ifegha &7 F 3egyaT & gRunA Ig celd &
TATITY AR & 0.2 FrA/N, N 6.5 W 210 Fee & 98% & § 7 3mdfamse ()
(IRFAF dFigar 0.1-0.4 TAEMA TA -1) gl A FHI gl T°d IRUMH Seed Ta.il. &
fGanfadel & ER AUIRa A= & X FFATIT gld &1 TATETE Aol garT
3rdarse () 1 faiver dast sSd & Ay 3cpse Hey fe@rar § e sfRedn
3fRNYUT &7HAr12.0 AN / I 1 Fsafesd 3R AR 3rtaaaT & AT 8 ar &
Ug BEH-UHS 3HE &I Fgafead IR tFadfde gfhar § s smdase (1) &1 98 g
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caikel JITRRNYOT g &1 THTAUN Selehvll & Wehid Yelolelel o e 3cdieel oeld ) (AU
ieAfAIhr H TFERIcAS TH1T H Tohd AT B

U, AT, . wifagAr, @, FFAaT, TE.OT, @, U3, TH.9cATgSh. IIROTA! Tsaidel, 2017, 52
32866-32876.

sifas TarEfas o F YR W v s qErr MR qee F FROT AEE Skl
#r FRFET w RAwrEradar #1 geaiwe

IAATT H FIeel TAlGT S FleeT selicg (HIUCiElel) & ¥ W A sRafea (SE) &
fafrse silfde Tarfas Ui & wROT, SR FAET deheiel AR ST Rfecar & seguaet &
e foham Sirar g1 ofehet goteh goT fael fawrerdar wermal & gaidl Jiafifed o & qfr e &
ST AET I ST THI g1 TgT, §Hel ol SHET -JThIA HFASS (SH3), ardT fqgfed S
(ARSI TAT TS T & Jqafed ST (RSN S fF areg 3mer 3R FcAs
THEI & ©elcd H HIhT oot §, FoTopl BAICS &7 & it ATa Bt &l AP
SifchTel 3Tl HIRAPT (FSreg-24T) 3R tieasitor vidforge HIfAFBT (T549) H# RER
elellcHsh fohar T Hedichel ThaT §1 Aegor eI @ Ul Foral & foh SHSY et it
H 9aw I ST § dUT AFAsicad daa eanr dscreraaaer @ 9Rkd #a g1 faweddr
e A UrRd 3R R FRifcAs Tl W R Al § 30 HqaR waer S &
ool A RGNS Hr 31fh AT &THAAT $T IaT TAT| $Hb 3Helal, T549 FIRASBT o
dieg -2 o d Jorer A e FdeaRNedr fewrl, St RIfRRBT & 3reler-3relar GRS
ofer widfshar &l gufch §1 Ui 31eggeT & Ig 9arl ¥erl ¢ o St gant 9Ra &R
qg & hafaf & 397 dafd ausl gaRT FASAAT & AhT IAT UT| Ig GI&T &
Aol & fAT WIRGENN @ 3 §AR A & I Ygell HEFTT g, o@d Sfigr
MR SRR AN & AT 3eed SR AR AT @ yer e v gl

Ty, A, A AR, U, A, Teld. Tig, R 98, T, uusy.  @nsfecihen Rudy,
2016, 6: 39548.

MFARRT qaE 3R FoEE @fF F Aed q AT & Phe H vhddTT FR(FET A
#1 Ifd Far

IBBT FA AAPEIH  (SHATATH) H 33 dgak dfasw@@fAs oi & FROT S
ﬁﬁwa@ﬁ%ﬁﬁwﬁﬁﬁaﬁ@%ﬁwﬁa%%wﬁmmm
gl 3, STUATE & gl arel TANFddr 9HG a7 Sifde Junferdr 7 et dfafed srafafer
H IS H A FH AATHAT gl TR AdlhUll & GART Acitholl AhIOTAT I
fauTerdar FRIARr & ¥ &7 ¢@r 31 @ g1 U, Sivauaus eart aRka Avedar & 58 &9
A PIRHT Feg & TR H Tgd FA A0 ¢ 3T ETTA #, §A SNTHTATH & garT IR
fAYTFaar 1 el dF W gl drel YA &1 garfad frarfafr &1 3msesr fhar &1 A
$HS TSARITAAT (A549) HIfAwT, Ndvares H [BffeT: dgar & W = 3k 39F
faffieeT Acfo AUCST &1 48 € T [Aeelwor fham 1| ARG goldreld ATSshieandT,
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SFSITARbee T , aET sellc 3N AFICHS RIS TEH TR HT SEAATST SHITATH
% EaNT gV, THCIAE, 3ifeithell, aTsaatae PR 3R Arseedhees fqge I a1 a9
& fov fhar s Sfewsdr Fr ger gfafsanfer e genfaai (ROS) & 3cdige &r
Hedishel e & T foham I7| TATH TSH-UH-AE(TATE) 3-HASATseleT (3-TAT) 3R
T3 THITSHRUTS dehelleh &l SECHTS, SIEUU® eaRT URd HIfRHT #cg # 3iwrdsied
detrg 3R iethsl & HEferT &1 qite & T fhar ar@r| #ide qiefor AR Aghiegidoad
(MN) oi&ToT garT Sheileiioraeh &THdT 1 Hodiche fhal I-T| JoA eI H, Ig 91T I
5 Sitaes 3ia: SR gfafranehe siedes senfadr garT siferheias 9 8
TqrefdE i gfsar @ dig X 3 B BRafafer & sreger, arsEEe & S # e 3R
ArseEhelesd #H fauesd I ALIEYAT & HRUT 3¢l JHTCIbiad Foldd H AU, FIT H
YHE FROT g, S HROT HIRAA & ol & o, TACEE & Tishar Glha g1 e
gl 30 ¥ ufkar A, s gfafearefer sfedes gonfadl & &) 7 gefr iR 3a
ety e, SINTATE  GaRT Schedl HIRAAT Hog & #eAOT A HROT gl THD
yifaRerd, kel # U, TNREE HT FH Far § A AT Hog & iferhon
HIAHT T Hohel ST &1 TE o 9rar I3 § o Svausd Sheifae rfedr o aRd aar
gl EART 3eTTA Fg ciiar § & Shefivaus fffiesr srdeey Reafosr o &t 3efase war
g 3R Sfivaue fr ASeFaad ot &t ufafraria siedes genfaai-3iehen-
T AT PIMERT dF & AIHA T UGId T g1 T JHETIA BISTH FHleed aAailde Rl
& HTAT 3UANT @ Ugel 3ofehl FIET 3R SIT@H & bl A & [T Hgeaqol & 3N
SATSH ITEU H Seloh IUANT H HGUT STl 1 GoAd &l g

vy, fAde, @ &, o, IR, faarll, RSN, Ty, 3. AR, T TH. dige, T, qusy.
qiféehel U8 WISsR clfardehiallstl, 2017, 14: 15.

TARS TBSfaH  SIEAFNSE  SAUIeHeH & Aol AT 9 fhalsaree dew (d-79)
AP A 3caRada g NaeFas gfafrar w gmg

A FhEcolT TaARH ccfAud IE3HFHSS Adleul (CEeATd SEHFASS Adehed) &
efada aifae-trafae aqur se¢ fafdes Sifaed 3R Tarfas afafafar geer s 81 3,
e R U RN A SHHT SAUS ®I F IYANT R ST Bl Ao remgar
HA csefAusd sE3ifeass Aauiehed f NAida@d veRia & =y 1 geife, s
ANTREFeT & 3caRddeled & dR F 3eT T el § IIHAT 7eqTqT H, 12 ¥ 25 e
IFR & TECATH SBIHTFARS Addiched Hl TAAURT FEslsRe HIAST (dF -79) &
HIRATT IAOT, TR AThollSoreled, HIRIPT fASTerddr R o 3afd & foav g vaw
T RER Thar &1 3reggsT Rar I/ @r gl dr-79 Aol HITART ST Foll TTSCIATCH [AevoT
3R ST AP T TEefATH ST aAddehed & ABeICaled H RIS
& e@rr T T FARITEE [aedvT & ATeyH @ g Fifeh TS @1 qfte #r IRl
CHTI2IVUT & B SEAHTFAISS Adldicahed aRl d-79 HIMAST H IR TIcHS
aads S f Acefsar A o g AfaeE Bieol & cgaus & fG@mr g
asefaeH sE3irass Adafideed A HFa #oT Yo U, S wcmsT 3cuRadsd 3R
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Sheteifaas gfafranst & IRd Fxar §1 FAc eI g@nT SeFaer H AT &
rerar, d-79 FHIRAFBT FH cEeSHIA SBAHFABS dAdldliched H 3caRTIAT &THAT &1
Hodihel dhedl Tole Tl @l Faaull TISNRE Sl BRaS 3caRaded TdeTor & foar
T A 6 IS THSIRET &1 3caRadl g & 2.98 I gefer (» 9 <0.05) <&t I,
S i gefaa FAARAET &1 IRfAs gae ¢l safv, Tsead sE3faass Adaiched
N IH F Aifrex fomar S aifge 3R Ao @ faaeqet suEer R fAEarer g
EUY

TF. o, AU Fafa, ERE, F. g¥, IR, AT, TE. qUsT. §3 U HfAwd afeadiere,
2017, 105: 127-139.

BALB/c #isq # fSiw sifrwrss Aaiaiewd gart aRa Iy smnfia semeiaarad

Si# 3ieass (ZnO) Admrfched (NPs) &7 digd gamrd, @ed Yafoier iR saAERea &
T HeMfad § oifehel Sofehl TRET & IR & Fifdd g it S g1 addeT 3egaeT &, S
eSS AddTicehod I HAfAT SFHACIFATAC HT Hediched, faf#esT 3Mg & BALB/c @I
H, H9 THIE UFHGR & §1G fRAr 1| Ascesd AR, sEArheesi, fSe sieass
Adrafésred faaror AR regrecaaler IRads &1 el fhar =T geur gl #, CD4 3R
CD8 #fAFHT #A T Ageayol (P<0.05) ufRade, IL-6, IFN- a 3R TNF-a & &R 3R
gfafsraneler s &1 ganfd # Agcaqul! sqema g o fRaR g #, wfafeanie
Hferelratet Sorfadl IL-6 31X TNF-o & R A $lg Agcaqul Jeolld g1 G@T AT Je8r @i &,
AT AT I dgasl (MAPK), ®Rhs WIidled o T ®Iewr -ERK1/2, BiIFdr -JNK
3R BIEH -p38 & IfPeAfFT & T A g urg | WEHfed ®T A, FAR URONH T B
&% geur 9g, TSl 3HoraTss dAdidiéhed @Rl 3cdeet SFAACHFATAE & 0 Jifawdeseie gl
dr @9t S UH e, U & UUsy, AN Y, U UEd 3R U FAR, cFHedist Rad
2017, 6:342-352

RiF sifFuss (F3 ast-vadie) ddtwol @ @ arr Shwae afa ik SR g #=)
g @ fafor segrar @

gdr aRa wfafkamneia e genfaal (ROS) ®ier Fifsesitad 3R oaar & 397 Jgie
# enfae g1 ag ufafrandliar oo gonfadr 3L.ua. v & &fa dar & F&dar § 3k afg a8
8k o g ar IE &Tfd &R d1 HROT &1 Fohell &1 Foacshled H ZA@r &foepry gid €, o9
S @ ar sifas gdar fiheex, St fob gdr faol & gl arel aJohdre serd &1 g &
asl #, ZnO aA=leoll & yarrer & &fvTe IOl & HROT, Feashlel HR e SFTFId ST
3curel # Gk g & &I H AT 96T | ik Feabshlel H fSieh TFAISS Aclehvll Sl 3T2NT
9G @1 &, 36U gl arel geweral, fadY ¥ & §F & T & §Us A e W), Rar o 5@
%l%ﬁv%mwﬁ,%@mmmmﬁwmw?mmmm
ferarged qar SKH-1 =@l &1 caen & Farar 3R Sl 3iFdss aAelienor & eeror &
Bl aTel THTTACT fawierd wtral 1 St 1| 38 3HeFTT & aRomA g § R gara 3R
Sir 3ifearss Aol & T8 FAROT o () O ifeass Sawo & gaf@Ee aEa
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MICAASCH & ~g[Fordd H FAART Tl (i) ROS &1 3culesl Ser (iii) SN.UA.T .&7fd
@ IR fhar R TUfAs A SEANEeH A RIRIGT Fcg IR I g HiEAA TR
faserst Hr e grEfAewdr dasr & fav, TaF A 1-3@ W e Adfeags Ao oemar
AR 30fAqe geard gA-&r (50mJ/cm?) & Tafeimia fRar| ga-dr 3R S siedrss
SeAlhUll & HE HATAROT & g AT cael H SLUAU AT JifFwsied &fd IR wf¥wr gog A
I §S1 RS ¥ @ AR fh g 9 & 6 LA A S s Aer 8 g
arer 3nfFasfed Tod 3R &1fd T Joram &, oEw SRS 7cg 7 BT g3

T. UTel, T, 3Teld, TF. fAdd, T, 3RGIRAT, S, e, U, FAR, 3. &g, v, qwsy, &. .
AN, 7T RAT SToAieeh MFHepICON Sedlgieiicd FIClollad, 2016, 807: 15-24.

Rear Aawol &1 7@ & T § & @ 9& 7 rcdfw A aftear # aifta wwar ¢ aur
APfeF FRAFT 87T F JordT &

oA A feat AT Fa SATET SEAAT fhd STl arelr (SRTeTer 1800 Weh &) HEHIH-
gery & T &1 3R ST HEAT PIaR dadr off WEr &l FU3, «wdi & Qald, @rer &
WA & FHA FAELY Fa-t A 9 e IF g 6 Fel dlel 50 Gl I A1
FT arel IF 3R 9T gerdf 7 off IS5 ANHUT T YA &Y WT & | ST ATHET & TG AT
dr A= 0.5 @ 45 HISH AH/ATH TH deh 9l =20 § | g1 Aeax Aainor & faremoped
STaTuRIe, shaeiel) antifungal( 3R aTSTERILN) antiviral( &THAT g & fSide ®ROT e
sﬁmamﬁmm%lﬂﬁﬁ%mgﬁ%ﬁnﬁmﬁ%q&ﬁwaﬁgmﬁ
ey Aelehor 31T AT A THHT @ & U F© AT A IS R 38R Gfdsgel goma st
eIl g3 1 gARY yEerrer 7 off fohdr oy et @ A sy foasheran § 6 Rieaw Aateor
%1 60 feail oeh Tl HE garT &t & foay AAaiehor ad & Uehfad g1 Siid &1 39er eer &
gHe UrT T For USTAd ear @1 70-75% T fledy 33l dur 30-25% 87191
3mafas (Ag+) ot mﬁ%ﬁuﬁgﬁﬁaﬂmgmﬁmg@aﬁmﬁmwmm
A & WY 3cHISId 8 el 81 HW GaRT Fg0T v I AAhoT & & & 3cepl H HTACHS
gRAdT HIT IIAT AT FIRABBRT H ABRIRAT 3R TAATaT H NSIASE PRSP
31T giad T &1 §HeT 31Tl RS & FY g § vy Adrer oo 3t
e eay JelehoT &l AW @RI ol & ¢ A FGASPIERITS &Il T Ferdr & g1 e &
HATSCIRITeSdT T CCall, UISIATSE H SeFlAHel ol TGall IAh-Tolelel HN HIRABT & eI
SR F @fhgor o ar$ a1$| S & # IACAfAE H ufhAr F ARG TUT AHEE R
& HI derdl gl

IR, A, 3RE. R, o @« g ey, v, @Acde, d). @8, T 3RSIRan S
QY TE.&. U, 3. fAg, df Aareag. $& vud. aAalerfFaseiars, 2017, 11 671-686.

3 TEFwies AT A3 Fud AFAT B NG Far ¢ : BT W IHeeRd FfHRFR FFa-
FT 5 Qar regga

Hecaqul YA &1 gifA A1 b e I o 3Ufafew Folell & v v gl &1 Y
gife &l 8reh et R 3ot ERAATOT & dhfous gATUE Yaro wa & fov RAffes e
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TEHWIes &l dig Hediehe ThaAT AT §| glelith, 3Uelet WHATIAT & [Heei-foeet JoT-fawen
vedleT o iy feyy Soferafier & fow Rufdea 38 vearwies & faww & aRa far Bl
gHe FRITcHS § § T3STseT fohU 33 TEhwhles $T &THAT & AT sgoilels & Aheg TENA
fefaaer A5 & 75 Y Toa A UNT HA AR 38 HegRgawlol- U HT Hediche
b 371G (SSNMR), Ehidlar Solarcicl ATSshiEndl (8#), Joil helld dTel THE-Y (SS0H)
3R AEH-FFges AR (U-CT) & AT MIMICS® (FaRATeMgas  gelfdea Afswd
SHS Feld f@Ted § frarl ssNMR & [@aftsd seRIe td A I § TaAcHS
AT Vi 1| A7 & 3T+ # §AG & WY Ca / P I & defer o@r a=fl, Taey
3t & Tedl 1 FiAF T § ThAAE AR, AR A5 g3 & o A ey g5 o & 3
H AT AT @ A T A p-CT 3R MIMICS® & 7S 3T & YeaT 3R FTehiehT @l
Teldid far fodA gy odig @ U=diid §oalg d WY b HA €6 & A9g Seeld
B3| aRoTH ST § o fhfeher Aget sl Sthae #, Tehwies A Sia yard duesd arel #
3P & ST AT TG TFHHHT egl FeaFwR T 0T 7 AT & FART ¢, 39 YR & Y
QeAecIe A Hgcaqol UR HT MRS &1 Jg MY iz geeare Bemga & fov &
AT 3MMeATSToAeh AT Yelel oicl § St a8 3T Jefer Y domdl ool & HY-Try e & &
Stafqafea ofr giar gl

Td. 90R, T {8, TA. dHeiR, T, faerreredl, UL Ulad, T $AR, U, gearedr, o, fSedn.
RTHAT USa=dsl 2016, 6: 93768-93776.

R Ao A geftn vF Ao aF St & wfas & ndar s Aarsot ¥
faw st g

ia-geashdr fharelierar & fav Reay Ad-wolt & Jfad deevor o Hcafts T geher g3m
g S T oai-aial-ull & HUIT Ud AR A FEA-SAl & Jehes{l ACEIASE I 39ANT
R §U Th ool 3FAIGIR ey §37 &l Y¥dd MY Ig JAod e & & Rige Teemgss
& 39T greerstAr AaRe (TASEE 5661) & AcElaged & @y el dAx-Hol F g&A-
Shat &1 HAg T A Hh YAl YRATAT eh Tic-FeH Sidl fohameherar &1 gafemqel alih
¥ gor fam Ao w1 g A-RfSee waeendl, Sie-aser, Td giafAe  sddgie
HATSHITHIAT & ATETH T IFUSAAA [HAT I1AT| HRANWT FoT AN-BEads, 3MHR & Mo T
10-20 sAat-HleT & & SHg-HR¥d Beay dAa-woll H ddg W HAlgg AcEsed & 39
PIHCITA-AT TFaEhd (ShH-tawd), taell Brafia eaXY Qeever (Sdvwed), tFa-
fethierere (VFH3REN) Td BRAT CEHA SHRE FAFCFRd (THENSHR) & 3@ =Tl gl
feay ai-woll f gfa-difas fhanlear, d9er aeas, FEHAEeE (T8 @) (@mE-
feifea) va Tewdimled RIT (AHA-UlSIed) H MY SAROAT Hd (AT Td FHleileir
BT Iile TEN & AeH F Uleld fohar aran| iy @ g o aar wen fh fge ®adses
el U HT 7ALT SAT-HLANT oAeil HUN FT SHAT0] & FRAF-ART @ 3HeT-ior Hcafts ar
&8 I8 #1 3cues 3 96 AT TSRSl H TG IHeADh q¢ S § Siar] B
- & afa sg o & Faw 3R 3@ A=t Foi F7 3ea:Hor gar § ad e
&1 qoicar faarer g Sem g1 3 Ig MY Hrd qEEAeh I HYeT Sifdeh-HedvoT Ud Tl
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HSHITETST Acrlege & Hic gl dald foaX sei-holl Hr, Jar-athf Sharoy & AR & gaver
aifad T gl

TH. $ARY, TH. e, vH. qosy, drdt. AR, v eanfear, & Bardy, . wews, dred. Afear,
U. 4T, TuTdET 3cess AEHI3S U Sathad, 2017, 9: 4519-4533.

el & wfas ol & @iy GF eams dAdwol F gQwedawRea AR R
TEAEIRHE & sadhr Sasgeetar 3 Rweaar

oI 3iFa1ss Aol T Tleed JaTY=!, Toaehle 3R Tarey Tafed 3caer & 3if8e 39T
Solah ATVl TTF H Ydlg I §¢T odl gl 3T 3MEqTT H gHa Fold araraor H 5
3iTFESs Ao IR AT & wiAs & I G99 gus/EAud @ fAearer R G
3HTFATSs Aol & A @fas & A [Wel W geIwaeRes $I aog ¥ Fedr @fas &
3R 1652 + 90 SAAiHIY ¥ Ty 2150 + 13 AT g Srar & Rega aifas A &
S 3iTFarss Aaidor (-1.80 +£0.03 pmem/ Vs) 3R s@er e afasr & argy aere (-1.37
+0.03 pmem/ Vs) & faega aifasfierdr 7 ve Ageaqur e q@r I § (p<0.05), S gafar §
& G dieags dadeor AR @l @fdst & @ fdegd  3mdor & 94 = g1 G
3FAES Adiwor IR A T F TS T 3T BRI THBEH SRS TIFSITHAT T
mwmwwmﬁagm%ﬁwﬁwsgﬁaﬁawﬁw@ﬁa%sro-Almw
Y Folrar g1 e 3ifearss ddiwol g fAed & guedimied & HHR # e & FHROT 24
Hel T oENAR 3o AR # gefd Wl & el S goieh ades & fav TFAer &
JCAT, BCIVTAFRLT & HRUT A & o 7 Gie 3ieass Adwi fr FeRar &7 g
S &, ofhad g UAwET #, Ge 3ieass g Al ARl & geudimed i
Sa3uesar 3R fAwedar &1 Serdn g3 9rar I T 3dellehe] WThicieh dTcTaRUT H 3YclsH]
FHITAT =l T Toh e el A ¢ S e HWell & el TR A Algpg Shat # siareor
& HUF P d¢T Fohdl gl

Si.Tg. I[edr, dLU. JA19fd, T UTde, 3R, A, SReTel 3h HTcliss sehd ASH, 2017, 495 9-
18.

Fsfaw toequss Faew sic & SifadfEer AR gl Rweaar & sewae F v
YA HrRE EASfad ey saen

SoNTeIaR AUl T 3YSHIFAT 3cmel # dod 4 3TANT & FRUT $ofoh THRONT IR Tre
mﬁgwaqﬁ’fa?aﬁﬁmﬁﬁagﬁw%lsﬂmwﬁ,%\%ﬁ'aﬂéwﬁuss FaicH
Sic & goTEl o MEATA A & T TARIRITET TR STl GeAsidr Wed s@elr AT
A W FEd sANTI Fas (S, Fae) SFEARAT &1 37 v ReR 3R e @ifdwes
3T (T(ERERITA HiseH) T Ry g & 7 & 39991 ke v gaa @ fF,
ReARA 7 g teguss FaicAsic (25 AT AA/MIR) F AT ¥ FaThr dadRar
Gy T &THAT 29% TP FH B IS, TP AT SFEANAT T Yololed &THaT & 12 8¢ Hr iy
T S| FeARAed ITTRT TERAAREH Feewor & gar oem R 24 €6 F 65% FaieA 3ic
a1 RN F Afaeor g o, 9 R 7 25 @6l ama/del Faesd sic I AT
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forar aram el REREs & AR § FsfFgew & A F o Ageaget gefa (@ < 0.05)
fel S 5 1 8¢ (152 50 fAel amA/eler) i 3rdam 24 € (306+ 192 fAT ama/diex)
ISR sTF AR . e & 25 Fel IH/AeT Faed 3ic & HATET W FsfAas
T THGACR (147 + 25 TN amaA/elier) f@en, o o & @eg s & RARgs & 1.4
I SATET HSfATA (207 + 24 A FMA/CNCT STAATABISAT =1.4 TgaT|

ST.UH. e, T AR, AT YA, Tah, I0UST, R, Y, T. UTdel. goaisiieaice Hsd Us
CFTellal, 2017, 51: 1695-1706.

GRIGEACLICEICH

famae faviaae @og, Affes Agew & faeevoneAs e AR faffeer curet & fov gear
SA R & H A Bl T8 W, s sosdl & ficadiffes @, siRRarsE,
carsan/ ATy, Hleed watue 3cuel 3R @ey / B5 A 3G & 3cdes, fague Ak
39T & fav AT a9 & Gtee wear & et 3R 3sisy 3cdrel 9 gReT 3fiehst /
Ratel &1 Hasdr Tl & T 398 yemener geufd (Shuerd) &1 3feurelel Hgeaqur gl
qeue #, e faviaee eagse g [ Siverdr odetor giaem 2014 A FUAG # Ag)
VITHITSIR-IATSIMSEHN, WTHAISHN AT Tgoll Td TN &1F H gAU JAeRmen § e
fasTercar gfieror & fav Sfiverdy & 9F gred g1 Sivedr  odieror giaer & g @ faear
T F feem A R yar@ar & 3nier 2016 F ST 3R T Sial W qATaReiy e
& TEA H JAONRT Ured  EI &, Eh INUIATIERY, @A FHN AFAISTpIeiio
TRIGTOT eATATh U FIhRT &1F H, ThA Svad AU JAERICT &1 $9 a¥, giawr &
Uel: AU & e, Sivedr odetor giaer &, i #rele fawerddr seade, 57 fagh
FIfAfAET seTae, wufAe @l Jee (TeF e sRees) 3R caar gadeor (et
ddiergoter) Tderont &1 o SisT I r § | 38 giawn &, 3H9e Telae SifsierfEr & fov, o
IR #AYgH 3egAl carr farfld @t el R 3cuel & GRET  Hisholdd 3T @RI
"Heh 3o 3T A @¥e A EIr g1 mAer & for dafae a1 yee e, [ffes
3N & YT Y TG Fel 3R Aeg 7 fms G & 35T ¥ TS / RIS
feemfaidail @1 arele R gU HAisEr Grawmst wr Iea fhar o7 @ gl aRRRfas d7 A
Ffh TeuHh FIeATS § iR s A O qElRe (esdfsias) g § 3R 3§ TR
3Ta ¢iftheh TR & Sfal # STAT 81 Wohd 8, WG HWell & AEIH ¥ HAlld H TR 8
T § AR 3T # gfeRe 901G deT X Tohd | Safa, IR a7 & Affes aem &
THT WIET AHA A 3T aAu f R, A Faeed & 9fued @ Ageael g1 S8
3{elTaT, I3 HEAT H YaWerl & doft ¥ fazawor wta & fav 3fRa Rftt & [Rsfad ik aea
AT Hgeaqul g dlfeh HAY W FEARTT T 0T IR 1 ST Th| $6 HIHg GaRT eI
Heal # A& ¢ () Afeesr et & @1 vd 3a deiol dF S & AU AT favesoneAs
it &1 fasr 3R (i) Sverdy AEifAdel & 3R @REr 3R Scarel @ fasTeRdar / gea
HediehaT |
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TRt #§ sqEEEEEsE § AURT & Qv ol tRws afEe weies AnFvEEa §
Y TAH! -TATH/TATH-$ TH g fafer

aell & AT (AT AR AT IS Fel) FH THIAET Hrasd & fagewer & fav aidew
UAEs Hheic TAGS-HASHIVFHCTA-OH Fialeieh BIET Fal (ATTHSTAS - THUS3N) 3R
HiATSTIEsT dlel SIHACIIATH TSH AE-  (TATH JUITCH! /TATH ) TUFCIALT &l 3TAET Hleh
T FA IR FEA QAR A gAEr a4 g1 | dievagvAs @A @ oo (@S Td See
f3oget- & 9rfah AT &1 30T Fah fefhfad fhar a@m  dgor wedifsie f3eme,
AT S yaecAS 3s & @1y I defad g, WediEr & fwmmr F-adsw gay, atheie
THEr 3R fiog o SR &1 G & fasevor garar X wrdhr gorg srerar g1 e aegar
1.1000 TeSh/el @ b 3Rt AT & sfiaw 9t 91 R TemnfiwssE & favw gar
SR & HAT /TeAalt 3.64-9.26 AN/, IS S| AT & ULl H Tofhlapliceniss i fAshuor
Repadr 98.27-104.44% 3R 389drer & 34fAST STl # (92.25-102-63%) TATIET AHS TAdeleT
(IRTHSTA=6) GaRT TFd YA Sl ATHGT H 150% & FHA 7| G¥difad AT & @z
AET, AR 7 44T AR 3E9drer & 3afse S 7 Todicagsd HUiRa & & faw gaer
forar arm| g fosey Awen & gedriaa Y ool Solia ot & soniiéassd &
faeeivor & fav v favaaey, dig 3R Femfad segoneT &

U 3T, S U & GcdeIRIA0T, 37 & Yo, UaAlfolicehd US ST ofeehel ATl 2017. 409
2005-298
U. 37ETdT, 5.0, GcdaIRII0T, 8.3, Ued. Vafollcehel SIaIUaATollcehel shidEer, 2017, 409 : 2905-

2918.

g IR § REbaaT & [uier & Qv 3mafas ®a sraRa aésw tRws RaRd -
AHITFACHI 3 R FACTH A FWFAL H RETa a36a ygufa

HT TR H bl & AuRor & 6T Ra Ra ASH-TFEcaHET )BT 3R -
(ATTATATAS)IR A FIACETR A TIFCHAST (To/Tad/TATy)  fafer & ar e
Hdearellel, doll ¥ 3R el 3RS Aty searfad & a1$ &1 faswior e gfdfear
g geuld & =gaffyd 3R egpfad f&ar mar s & f3esd & g@rm faeavoneas
gfafhanst W Agcaqet wra @ arer A #Rept &1 Hediws fFar =m ade 9w 7
foehater-(@rdr.og.) T 3R gEdv) 1.25 3R 0.93 I1./fR.9m. T ggdre & AT HAaR A7
ST & v sEaf@As AFaREed & 100 ar/fhar & dra o 3R 9o &1 fauRor 3w
0.996 21| sdiew & forw T@r Refex 3-100 am/fram. 3R 0.998 & ¥de dux & g 3k
didvg & faswdor Repadr 101% 3R 99% il giar & fordhatiar & fow Afgaw woma 3R
Afcaa #g & gag & T gfawra amder #Ads Agee (340%3RTas) 10% & Af™w w61 2T
sEaTfad faftr gafaRer & e # fehadia & fagawor & fov v 3ee v aRa [t §
SEa s dicded #T gATagead § 3R I§ TAROT & 3iefhel B

T. AT, ST, dl. FcTARII0T, TH. UdTel, 3R.UH. ST, TA. SiY. 3R, 3L, Ueel. SRefol
3T PIACEMHT T 2017, 1509: 35-42.
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MAR 7 F G F Jaar F IFTAT F o AFR F GAENT wquel F w9 7 39fya
19 W @it & @Ra faRdvr & v seewEs gala witsT Fefas ol 98 &
JNFRIOT TR sACHITPHAT ATHITFACHAA ddhaileh

Icaftieh sEAT 3R 36T AU & SROT TEElied Ganit T 3 Yuh & & H
gaffepe foham ram &1 GéhdT 3R Tés geufd & @y gl & Ye¥el T FeH TR R fAuRor
GAUT Teh 31 Al W ¢ AT Ioairy Taardieen gan3ii & AMcHs FeRor & fau
XA, e, Hagerefer, Tl 3 9ATeRoT Iefehel-h1 a1 &1 YEcfad fafer, aer sidcarh #Ara-
TIFCAE & Y JAT HegMBSSHEIAT Follical Hidfoieh DI §g & ONEHIOT TR
SHCAIThhd HATSHITFHCHRIT dehaileh, 3eoiid UCIaTAIfceh &arsil & UROT & fow dhaer dieT
AT PACaThe & A & & QU A g1 el & Aol § TErifes gansit & AcAs
fauRor & for 3Ta dagaehedn, ot geaRfieldr, Sgak gdr o i W 3R Taeo
TAfeRoT TfREHOT § aiA fanfad fafr & @ & suafa Rftet & qoen & dgaw aRoms
| AT #7 gar Fene B WA 3R AECHS AT HAT: 0.0037  0.236 ATSHIAH/. AR
0.013 & 0.834 AEFHIF/GT 9= 7E| 0.01 - 64.0 FOAdT ASHRH oF T I F 3/

fafaardr el fafdesr & fow gk & fauiRor (3mR%) 0.987 & 0.99 urm argm| uel &
AT 7 TR gardt & uRer & fov wfaa Y @ awaar@es ger fear =

3R.IR. &, T, T8, 3R, FAN, S.ah. Gel. STl 3HTh ARAT HISH, 2017, 40: 2694-2702.

TgAT TeAT A Al e Ays qanr AediFaw af¥eurss sy 1 fAuiRor

ATl # Hearn adS & Sif@H & Fuier & for od gl e 3R @t e
AFT 7 ¥ & B T HdagAMd, 3IRad, 3R Aogg Ry & e 7 s e @
FoRRIe/F N3 el S§ FEcAqUT B TAAT AT H, Al Faed (cafkd, 3mant, w&,
g, Holgd 3R i) R ganr AnE careAT # 31 AcdrE  (fEif3iKhiehey,
JefAFeRe 3R AARRed TRYE) Hearrs 3EAN & Teh Ty fGeewer & fow e W,
gamEy, 3R a9 AT FriChTh-SesA A TiegAer A #r fGwfad Rar = g1 Faaw [
#  BEUidd difcs - bl UFa¢aels FT &l Helhel dalel g fafdest fsehdor diedeq 3R
fAffesT AT & Fgor 3R Adeq afAE Aeaf@es sefew 3R C18) & Faie &1 waer Far
T | g Fard § 5 Buufda aifos et teadwE w9 # tiRa wdiee 2% thakts
RS & ATy, ARIGA Tethe (0.4 I#) 3R wrafFe-aArcaf@s 3#ea (50 o) v A
M colrsdAT & RAA /FelleA3d & AU G 39gFd ¢ | AT CoreAr # gl Federard
et @ AT Repadl 74% @ dHT 109% T A1 ST agsASA & gEd g fafer
e A% Faecdiheee IR fAffc 3w BeFes wAn 0.12 & 13.53 A I ufa
el afeX 3R 0.04 & 4.10 AT I gfa HAelr oex oY Jur sgr-3 Afdee 3R a3 e
HAA: 6% AT 38 FA 3 11% I 307 &A U7 380 (Y F Fhfawer IR SR@F A1 7
Sgd I @ HeaArrnt w1 faRewor fhar ST @ehdr § safav T A sREEeRT R
CHehIcilToTehel TCllehelell & foIv 3ugerd ¢ |

T. AaEdd, TH. 39, U A AR, F. F@fer, @dr a5, vadl [ Efafeha i3
ST TCahel ShiHTel, 2017, 409; 3757-3765.

42




fawfa=mer eer afyer 37(1) 2017

yorrell Rwfsmer 3 wareew Sf@s qearra

sy AWfREr iR 9T AT & AeIH @ $$ Wl & Hue H O3ar gl v iR
WIfAs TFEge] & AT T W ATEH A GHS & (o0 IJg FHSTET a0+ ¢ & 3
NAEReE FO AT FRAGT gfharst & wenfad &R g & 3R Sad Jvea oo
g " §1 3T YT SNelfAs Ehid & 3EHA o Sifds gonferat # shlarifead & gsma
PN AT H HIHT S THGATT de7 Fr g1 5T 371ET, 3o Siellteih THoT &l Sildardiiced
TFgUIoR & gEdeTT & & H 3UANT T T GHTG §é% SO T q8TOT UfshdT & &9
H TANTFAdr Hatll @R $ 9gae & foIv 39T fohar ST @l §1 30 HHE &1 3662F Sifds
e & fAffied TRT X @l 3R 30 9aRoliT derar & 9HEr H Ul e,
AT Al & AT U yomelr Sha fawrer fSeahior @l o] el IR 9HE et &
UEHT AT § Sl Tidehel TAELT URUMAT T AR AT & Fohdd & HHAG I 3647 AT
AR Tarar @ Sifaw gunferdt W reage Fer, 3uifae ifdcaidd # aRadqr fr AR
AT, IRAN fader WA 1 e # @ g fafrse fawierdar 1 v J9ad FsT ared
A & TIU ST &l Thishd el 3R INERSHR g7 fader gfafshansi & sfasgaoh et &
T @afd AR TR 3R A e gl Avedacas AElt AR Ser faveyor
3YRIUT HI GG & HACIH H Uh Uehlhd & o1 A, Alld Faed 3R q=&dlawor
WA & fdegel gHmEl 3 3T dordl B THSS F FHA GAE H UH AH{RewT 3T B
UTERUT T & Hiclhel FTAl &l Hediehel el o Toiv faferar & e, Hoainea 3R sad
weT X AR e fear Shwen| s@ # gAfrad adietor wEfaat & e 3R Hedrhe @
o enfAe fohar Suam S @l yoiieordl & deraqol 9fshar & ded gl drell @l g
fOwFaansit &1 auid wY IR e gonfad H Awrdeea ufafhanid & gaR wcd AT @
3TN 3T Yellfadl & 58 YR & Tolel $r sl f Tafa & R & #fasgamh &= &
for & wHg garr FOfRd AU v Aeg § () Wl AR aAEl garT 3cded Sifdw
gunfordl WX fAhRT &1 3eqTqT e, (i) 3oTfae 3ifdcaied 3R aRuRe fawredaar Assr &
gRadd $r FIRET 3R ARt [weaar fr v dFdT @Hsr grtd e & v e &
Tehihd e AT (jii) fawrerqarqot gfafhanit & sfasgah & fav saAe efdd ik
He hT|

AFeS-ATSETA Y FT YWa-qd TFHUGR GE1 & e F Aass swfdafois feaa #
& §

TIATT T H lFsa-ABETAN T (THAE), Th o5 N & ez 2 [ARE arryTs, &
v % FHROT el ggi & HIE FRieA A SifAafs aRadd @ 3 3orfad aF #t
FAST W €A higd fhar mam g1 Tarder (0.5, 1 3R 3 &eleama / far ¥R & a9 ) &
W Y9 UFHUIGR & SeA & 22 e vd 45 e & 3w (NS 22 v 45) Fwfad & ®
TgT & HIE TRCA # IIRC-E 2 Raed i wmear iR 9da & sifcafadd © w5
A e 93Tl Tedier (1 3R 3 fAeiemA/fer iR & ao) &7 9§d qd vEEheR &
IRUTHAETRT WAT eI & Hehiael AT 22 W fashraediel @i & Hidd T # 3RS 2
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RATY & THIRTAT 3R T & TR F Fl S| i TR # 3 TI-T9RT 61
TS A wefl, S ST-Er 2 RATTH HI ol Har §, TSN 22 W =q@r & faopr & o fafrse
A 3o <@l A qa-SrarfAsAtores feafeler & #mr o arell N dua, Sedr 3R doAwd 2 Hi
dffcafead & off ey o7 gets fram s@ah 3remar, STRE -32 Y iffcafda & s 3R
IERUS T geftr @ Jifdcafdd & 1 NASHRE, NS 22 W Tr & v & fow Tase
| Gorered a1 I8 & T g7 Wil 1 fPeatea & #AvgH g (1.0 THST / fham & R
& dofel) W TS & HYS H 3G arol ggi A o a5 ATl 31 WS dr fdeaied A
aRade 3= GUeh (3.0 AT / fhar R &1 gofel)) W AATT g T Jolat H NS 45
W gaH ¥ Ry off 9T &1 3ifcafadd & @IS Agcaqul deora =g 91T 97 ST WA gl
I Jolell H Wiy 22 3R N 45 W wA GAS (0.5 Aehamwm / fhar R &1 gofer) &
faefid g @ 9gl & 9 FReA # ¢ur =1 A1l IRonA ey d9d YalT ad § b
Tl vaEdioR WY SIaTfdefsie [eafesn # geora Sedr 2 Rawed & =i & favw &
FIUH FRITH H TGeAcAS® IRad & HROT g1 SHG 3N, 3 IRacel l Fhraeie 98 &
AT & T TFAUIeR W g Al Ay & gifar & v SFaeR g™ a1 dahdn
gl

aigah. YR, @ AMaedd, 3R, YFa, IRICAl, I [bE, I WAR, T 9d, did
Goal. cliFaepiarar, 2017, 386: 49-59.

PATRAET & W T & gefr 1 Ay v e dfier et WA w1 w@e§y

38 1 & 3¢ard faarfda & 12, wifas ths, 3R AfaEda 3R sefes feamded &
fRar 3R AT dRFr FER WA (IRTATHTA) & AT I H TIIFA 3HT JATCTehel
PIEE AT (CHS-HHE) & A TR & G FaUl B IEAIA K A1l Jeddn
CEHTS She-3MUTRT FHITA IR-3RNT 3reqaeT # 60 Hfafdesr aAwer 3R 40-65 asf &
3 THE A 20 T&Ey faor anffer U av | GRS 3uAR AYAE & WA reage
(EEENRTH) FIffrIoT & ITER HHCT T G ' el THgt A fqenfora fovar arar: eadeh
(T = 20) & 9T AYAT Acled, HFYeR URSAT (TH = 20) & @Y #Ald- Wfeifed AyAg
eardell, 3R AFger fgar & @y Nfoawied #yAg WeAdd (T = 20)| ThH AR
gIcihlel &l 39T Fah fqerfae o 12 3R wifoss s &1 d@RA TR AT =77 | @RA
BIAAEST &1 AT Toh UollsH & 3 W@ (Vo) fhe &1 39T o Jeelel fohar amm |
A INTATHTS AlCS FI THI-ARNET GaRT AT 737 | 3eITA INTIT & ST & goui
H 3Theled F1 & fAU QifEThT faRelwor &1 3uaer fhar a@n | #yAg & A &
igr & gAfaEET & @A T & gef (Th = 53.79; dr <0.001) & &Y HEHa glar qrdm
= | fGafEea & 12 3R wifos i & g @RF TR a#FeT e d# T & fia] 9m@r
7| T dRFHT HEE W e 3R GATAET & A TR (4 <0.001) & <fiT TH
HHRIcHS HEl YRIT IAT | $H HEATA o Ugell a1 HRTAUHUS Hiers H HAl R AYAg &
et & digar & gef & Y BT g3 AR & ST Uh TAY 1 g |
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F. Aaead, TH. FE, TU A, 3R, YFAl, LU MW, T IFGH, dF. Tol.
Hlfc\ﬂgwi{ fasr=, 2016, 22: 1352-1360.

A#HA (IRT) TFEGR THTAG 9 IffcafFa ¥ vReARtE Agde gart e RAaea
# 3ANT T § 3R ¢ A g B W gfAwd waE s @

HRY YT Te¥ehl H URT Ush JHE Ye¥eh ¢ it Ulfcaeh, 3rheieieh 3R deicier &7 & 9r el
1 TR fepreleleh IRT Jord Icdial TN ITASTE ofallel & HRUT AT H THAAN T IR M
TFIH  AUSST AR @RI TgNd Aol 3R 3T Tl @eg Jerit & @ud & FHROT giar
g1 9 3R AGHARY AT & eTTA H Hohd Aol & o6 AU AR 1 @S dfFar 3R
& N FHITAT AT § GHART AT AASS HPY & & W Hiclhel FoMd & LI W
Ffgd Bl 39 JEITA H, A gl IR Ad fhar § 6 fFa vor Aysa aRd #Afcew
ATAIEAST (THTAD 9) HT TiUSlAfeh JhR & Yoffdd < ¢ A fAWerddr 1 Sgrar o g
fRuser #HT & A RAeeFaar &1 HRoT a1 S d@RA R & ged TR 3 eI
SeiFafRd Regl ( FF 1, FaeeRe, 3 M-10 3R Mpmsvad) & fPcafFa a a@r
Tl AU #HY teEdek TH 9 TARUAT MR Wide @ sfRcafdd @ s wues
IRE e ¥ 37 9rm 37| Safd TATAR 9 F Ageheled f[dued iR A T 3T
& ohdle I Fgar &, TATAW 9 & f¥er 57 AUl A A e & T grar =& =&
faReNuT  GaRT §FEA R fF ARY F H@Ede H A ¥ vATAY 9 & fAuwe & H
SAARE B Sl § o #RUT uATAGT 9 &1 Jifcfdd # gefar g Sl § oS
TrseIThelea faues IR I & AT fohar ) gfdge yemma e 8|

T, @, IREL g, 3R ey, ww deueEm, vas, 19, & RE, & serde.
cIfFalarsir, 2017, 386: 28-39.

AARAYT FT e F TFadoR qedl # I Al & W ANgw addwe P450s i
R 1 wgrar ¥

TARANT (FAf@® 7 F 5.0 Al / fomam) & sreaedr fGaw (S dar 5 & 21 f&ar wa
der gU # g Hael oo A vReRfesd segae fRr aw 3R 9o 39PR g daer #
AREASH TTsehiA M450TT (Warsd)) & 3cafds [AYATT & YR | dF & JAs & fov
FITHAT W (12 Iodg) aRRAdd (Af@s & & 10 Felena / Rar wag 6 &) ser &
AT 1 T & gAY e & ¥ v 3 vhafcerR 3R Suaw Afderes & aRade & gar
T § AR & S-3msdseasH (AR 3T A § eRT ARASE H gl $HG 37,
JSHehSe  AFATHT  oFf HIRA 2 & 1 & gAY # Jdis didq (Sfagie REww dca) iR
IS (O AR ded) H AGaqur el ATYAR Sgendl & 9dr Jem g | dFes
seliféar 3R STAT fause & 3HEqIT § gl ol & Sy # vdreefad § 53 feetoir
IET H OF AT FH Ol g5 ¢ Adsl F Fhd fGam & 5 dpmsd i ot F wRor
AfETsh WMISH & 3t F IS T ARG & Tohdd &1 $8h IHorar, G faediRe drat 7
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TR A gHa A & & W F A efeiifes dRade qdwe # 36R gU Al
3 gansit 3R e & sgeiiaas yaE & fav qdfafdia & d@wd &

v. 88, U & RN, 3IR & (g, 1T &. Jeg d&F &. NIEdd, 3 . WAR| dASecithe
Rarca, 2016, 6:37426.

FEAHA ot 450 1df1 &1 BR 3R KT & Fav & If@F & Fau

HIAATAF TEEIAHT F5 AISCIHA G 450s (Farsd) Sfiw, e Hr dasdidt off afae
g, H U A g, S deg A 3uRud Deiiieeld # Fieed Avgafdar # aRafda
I &l asdrial & Jafcd aRUeH 3R g8 U8 aAdh TFAAT T FIGAAT (TATITHIET)
& SN@AA & T GET B ATl & T 3T AR STAGET H Th ha-sheld T Hl
SEAATA fham T AT §Fe 37 Hiagdil A1 dr Rt wgfFasierss aifodAifhed (TaTd)
#r fafds Shatersy 3R goaiersy WHieradr &7 SIrg AT S 6T ST EEr § 9=l J1ar g
g fAFafaaer & ganT gAY 817, 3 1 AR v 2 3R 3 & 9 vauaAdr Fr ugdaeT
IRy a$ | gTollersT fAReWuT & AT "em § fF 5 THUSUr (WHER &1, 3¢ 3R ueae)
fofrar feawsfafsa (TaE) & @ 08 7l O O-v-d-f-8-gvdiersy a1 af #1dhr &g d&
TIACATEERT & SITEH ¥ I3 | fge=ey a1 I8 § & 3R g7 a-u-d-s-& 3R A@-ah-ar-
-3 goallersd & Jofell &, df FYIRE-UANNR & 3eqqd § 9l o9rdr § & oot Adat
A-TE-S-EY goalleIsy I@aT & 38 Tasuiidll & THANRTAT & JfFcaFd # Sea@ad
T BT &1 AR TS I SAFASRT Tg Fed Yald Xl g [ dvasaridil geelersy
TIUATHEET SITEH &I AT 9T H 31t gorrar g Hevel &

A Ffear, vgug. AT, th. goa, v g, TS @4, 3R, 8K, vy, 8, 'H.Ud &
HTT, I, WAR. Searsieiced  Alfoager Fcreiitad, 2017, 58: 443-450.

Arflsr @ 39PR 6T T AT AT THUT-THIATE5ATE FIRNFEHT F TeEd SeAw
AR WwEfeeT & gar gar fF o Qo @ 3 ST & cReARes wRada §

FET dRFE dF H JeR STRERIHE AR & FSCAA FABNS & v AT Th HaTH
SH dcd gl AN & 3Td gARely 3R cua@Re Ul & ATEIH & aRunaTawq
HAmiAeH JHs =gUeiFas Jod &1 Thd o, fords RfhcHeha o&Tor ATy aifdad Jer
F A 8 gl vheefead & 39 [ffea Jom fir Sfaw Tham@er & @Fsa & §T &
HAIAT 9T g1 38 7T H gHeT Tifchodst T I GATIRAT H AT QA sel AT (THTI-
THR5ATS) HIARST H el Hieer (100 ABH #Ale) TFAUSR ¢aRT 30T
fArargerersT Bage & HfFwr Hr ara 1 afdad er-Fafa s & v Sivae Afdders
AR i TrEsRe Ser # GEd AR fRAT T EEOUT-SIAA Sedmse ®ATAROT 3R
HTHAUT, wgUAel el ged U ST Sifdes IihAm3t H A g7@ Sl & viasfes agas
FT Tohd ¢d gl ST &7 3fAcafda & @y AvaAv ATV 3T T THHOT T gaT o fF
A1, a2 3R dug AT & wieeets akadd aRfe-aifaen f qesrd d Ageaqo’
AT AT §1 adAET HeTIA § 9ar goar ¢ fF w1, a2 & Svaw Aafl¥ees & Hele
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ZaRT RA TEaTT ASCIPiesdd Bl H FHTTAd I Fhd ¢ N IRFAAAIEA &l Ferdrl &
Thd g1 gAN foshy ufisehfesa aRadsl & garT Adeler &1 aahr favTeldr Ses & foe
3R AfRF Ay & fow aRa & 2

4. eRel, TH. Aaedaq, T 9 3fdd, 3R R, U §6er  dha. 93, 3 WAR, <.
Tehadl, P. Plelel. 3TPIBeal 3 crfaddediare, 2017, 91: 2629-2641

FfafFafaa 1 sk gfafFafas 2 &1 e 155 Wrekra: FRAAT wweror 3k Feadw
9T 9T

gRfFafes oo vr & @dies 98w § o & gRegR@ga dée a afeaasw & smeey
FIA &l FAN FAERen & Y & ¥g RO G & gfaefow Se & feftasor &
BhS & HET P WA H IEE gl TS H 50% Ichi A Ig faecd grT I ETeAlih
giafFafes Siie & faeffcaeor &1 HROT gl JEdifad fhar I—ar o1 3R &7 & =IhelicAs gard
&1 giafFafaeT S & faqicantor & s &1 Ied@ fhar =r gl fammefer ot &
HENRI # Siolel Woliee Ulicehel Teh YA TIdT & fawg § qur Siofe wesiiee diidehe &
TFUles G # fafdieet Aot fAdwe g & HEX &1 wROT gl IfafFatae et iR oo
TISIee diféchel & AT Heawra-dl 1 Fell qF A TS T g TR AT H gHA
SISTel Wasiiee Ulfeehel & Bths T IR O TId AT 3EH iaferdiold SiieT &l e
T YT fhar I/ T § AUT g Ig U T RATFaieleT W &1 TR 3Rudels ®9 4
9 ST gl 3r8el A FRfFaferT S8 &1 §gT g3 TR PIRBIHT HT Siofel Tsiiee Tfeher H
AuTFadr & TI&TUT YT FHaT gl SrTel TISliee qﬁw%qﬂwﬁgﬁ%ﬁa%aﬁg&rw
dr fharfafer & sreaee & AU gAa Tonfad AT, St & giRfFafas S a1 f@gas
A g, P gl HI JAT gFT IR fF FTRSTIP ABHINRAT-155 STel Tasiee e &
vHE § G ST B A gHA Y fRar & ASaeT-155 FiafFafas e giafeafos
H1 fATHT AT §, TUT AGHIARAT-155 T ST I T FIRNBT F gofdofed, ATGIAA 2T
FellATAATHET T ToTcll § TTHPT HROT JGFI(AA & TR HT A gl gl Jg 9¥H7 e § s
for forel TaTeRolir Sereres e & Ieagfom & Fawe it g 81 g7et 95 qefar & &
SISlel Wit Uiicehel Jiafarafole WéleT &1 TR &l § dUT ATSHIIREAT-155 Fiafeaiors
ST 1 JAT & TR FT FATHT Far 8131 &7 Ig IEANAd FT A ¢ [ Sroldl TISliee
uIicehel @RI HAGHIARAT-155 & &HeA & HRUT Jiafaafosd WéleT &1 &R dear g, i &
FFAad: HE RGBT W) gRfFafad S & faefCaaior &1 au=icqs gard e 2l

TH. Uied, U, 8, ddl g, Stu. ey, 31 Afde, U Aldedd, S e, Seog Ud. o,
Seey Ssey, dihds, V.Sl ddell. faacemi@ar 2017, 19: 321-332.

AT & gU T G 9 AN WS AAF F @aw@T T W FHE GHE H g IGur H
S&TOT guteT

I ARA  H (PREFQ) AT AR 3R (TG HSHIIATAAIRAT aTel THS T & (THTY)
3ieY Ay Ye¥uT R RN Hhrsel & & Y FT G AT 27| fawAt A fAgEer 145
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fawa, 3T #RA & THIS Ay WA U Sl T 186 THIS Holgy 3R SIET0T R & 233
W FFad 3R caraaResiiera 3 AWl & e @ G6ftd SEel SeeATgEd -
RTINS 3UAFT aleh Tha T a5 At AfAFT & B T 1 U TN I HAYT 317
AT 3R T HIRAAIHT AT STAET Fleh TFqad @l IR S 715 AT 7T ATy 7T [
CART HTAT I AT FeTehl 1Y IOTAT HifleX S UL ch Hivleh Fard (Nva), Fol arcaeiier
Faforeh AT (SN, FeaT SEHFARES (2 TB3MIAR FeaT AABFAES & (3
T (THSUHA) FLlel HSHIEHUIT @S & 3aleh gar & FoReEr H a8| ven i g
3YANT &h $eIsR Y & R AR Gfpelc HUM & MMHR I Hediched fhaT ardm o]
BRI TTAGIA faeFd FTIFCERA HI IYART gal & Adsl H Fefedeh AT (THEIATSHR)
S &t A g-arl N e AR Foaar o F fow A e 7 3 3k afEor
AR TS A uricshole AEer digar 2 9ww), (1 AR divs Sarhr 3ifeen o) 3nsnsi,
13T 3R AT AT JoreT # 3 IR ST HRA (WS &E-IR) A Higar AT FUE 2
& A1 IguA 3k Afdexas W § JfAfaever garr gt TrEr § @S A §3, A 3R
Eh Fewsd HUT AR HF dca o 9T U] AT FOET W @S WX F 3L T gal &
THEHTSHR Tl Hidfoieh HI &1 3uieAfad fe@ra &1 f@g=or fawgi & qoem & a=t
SRTET W UATY & WY S AAwr 7 GFed sa8 9 HR BwsT F FRIGTHAT H Ageaqur
fIRrge e a1$| @or & HwEa ol & & #Aoqy & @ W< (0.01TATY & |1y
TPIAC & HAHC HI Th 3Td YOR @ IAT| SfA0T ARG & WS AP & 9 FH BHs Hr
&THAT 3R 3TN AR & 3oAch FHKEN I Jolall H Iaeeh IR GfdatiicAs IFAHIAS H
31t SN I T 3T 9 For § R S TS W F 3 Ay TIqTF HecThrs )
Full, fewA2.5, dwe 1, T, @, @6 (23R vdRmSiRegcues I-oifds & faw
TSR H Bhs & HF H PRIEC & T Faey ohdr o (Iideercas AR s dea)
e HiaNford TAT F 3T & HEIIeA H -Ghdl ¢l ATAPT & Y FRAKAI AT H 37clT
¥ X Algg aftals & 4ffAwr & da saas TqC B AT ST HaeTH g

U A, O F.0d &. HUATUG, IR . HAA, d . [§gRY, T &. IR, 9 .U &. 37eiar, o
F.0 . FFAAT, TH.UH &, FAR, T H.0T &, Tl Fedlgieidcd ged 2017, 16: 33.

HPIT vF TRT oAty EEed dfde # afFy wtar ¢ S B AR 7
el

afohd 7T JRITSaT & duT TUER Sfied FFET PR # T gid g St fob Afeash &
faffiest gopR T HIRFBT JA S0 GqUod, TERIAGCH, ~glede A ded e HA Afeash
%H'\"ﬁaﬂﬂra?ﬁ%*lEh‘é’ﬂﬁig%ﬁ&-‘ﬂ’féﬁf%um%alqd“q,ﬁaﬁ?aTﬂWHﬁgm%l I,
A U UHIRAS-Het didd 2 (TE3Nvay 2) grifhedd [@ame Acas T ugard & §
S 3aEdH wfFger Fgeue AR dd yeR @ waifad A€ B gFe afaeiseasiase g
gfder@d &Re& 2 (3T 2) 3R GiF R § sied aEfEe gaaed 1 (Sssdr 1) $r ggaeT
#r g 0 a2 Jfaafaa aar 1 eaR aRomE & 9ar gaar § & g7 dEr afderas
FRE T TFEEHA TRIHE Fge (Ahrel, I A auad) 3R Ffr g W AR
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TR ATl T Al ARRASH FEX A 3cufd AR @@ & v 3mags iR gaea g1 3ar
ThR & "HN AR R dAcas” H 3UATT 30T FaT H gl @ U FAGm § |58
Farfaa &9 & go1 Qe & fow afaia fFar a1 a@ar &

3. &, g, 3IRF. Fifeaunrr, dr. afREE, tFT. To. I9T, TB. T, TA. WA, TH. Feomer,
&.of. gcadl, of. Xdel, THE.Hh. A do Rued, 2017, 18 (4): 961- 976.

AT AR RFEe TEENws g F GEReREFEdR cgRaEed A IFN-y, Fafede
TFHESTA-HEITYAT T ITETANTH-FadT AFHsfed o F g s=ar &
AT A AelW AR WA (vAST + d9y) IR fFEsfed deg A Gg &
AR eghrased (NUAT) 7 Fleds JFHss 1 fffdT IR STATH
AR TR AIScIderd GaNl 38 [Afiadst 6T §{fHer S Tuse a1l AT 3R WRreFare
ol yiafshandier  Jifeder  geiadl  (IR3NTH), FuRsieags, aAscesiided, foms
RITFHSAT (TARN3N) IR ATgrse R AETANTH, giieass Sarges (vasis)) 3R
TFH3T T 3 AT & Y @1 aA7| TFE3T 3Haeeh, T allel (TH), Alsee qrea
AR amveasivy afafafr @ sise wAdr + Ny 9RG Scamat @ oger fGar wmar gl sk
odid, U METANTH Y FIearer, UAAIASA (Tol), TH + drorg IR Terdia,
ATsgrse, IMSTANTH I’ ARV TR FT FA H GIT, grenifh IR3NTH, T 3R
TFEN A Ay IRAdA TG g WA FRh- kB IRUF, IR swwdAc
(MEER), TIFR AR hereT-3rewT (STATH-0) IFAUY HAdTe, JerFHIbEdsd (Nivey)
3R v R eSS Tole, SFAEIUEE  (SSTHE), a3 H UA + deg 9T gefY, YW
AT H STIPUA-IMAT (ASTHTA-y), ETATH-¢ 3R SeAfFaA-1 3 (3MSuaa-1 &3f) v
JfFcafdd # FACR Hell & Ty Fu3iearss iR AT AT & @HTor 3R vaer +
Gy SATSl dTl GEl A THEISE  3SUBUA-y, AUATH-o AR ETA-1 AT derE
YUI3FATSS, HRBNTH 3R THE3, grelitch, MSUBTA-y Had feFaemell gsad qrar argn |
$Hh 3Helldl, T Seold HIFEIhIgeT IR HFd heeudl N 3R FmAa Fufa v 3R g8
wFH3t fafafer q&r o) aRome RRara § 5 weast vadr + diey teedies gt & dieate
GMSTANTY) & 3edEfetd ddg H ATIRYAT aRdT g off TATd ¥ Tadd olfchel
HISelhsa (HEA: IFN-y) -FURa o & ganrr g |

& Rfe, & Far, @ B Afoger srissfAed, 2017, 427: 133-143.

AERAR FRe asaFdves sufAafcie dafE-rnaas (FRRsEeE)3iR FARRE-
FfAET Feg-adff (W-3raceids) aeavdl (AfFAeH) qur AEdeE-afET W8T FEAT F TR
# ST & FA

Tg AT ABRATIA-IFIRT ifeheded afawT (F15w), o F 9ol &7 & v gt
ITET (Aisel) &, & TSTWIheT T FRETcHS H[ART F Tiol & 3682 F fram arm| Seai
T AISTRATYT T 3ufEAT/3rgafeafa & IS § STaRe/3egueaniRa fohar a2 arfdheder
T & Feglieh, T ST FIoRET (FFg-IgEcIhiahe) AR Sa-Iamafae Avest &
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AY-ATY FolTatish (-S-FelAd) AR HACRIT-HIART Feg-atieh (M-3rdTeeiélen) Wéled
HATSCISA-TFEIACS U ShiSaiol (VATUh) & TR I TUROT fohar a7 asuaa-3ifaaRa
gaeR Gedt f9eR, Tved S 7 &al, ASaeucd 3dal # JadeRe (3Fdsied)
delTd, SIS 3cUIeeT il dTell hRABIST T TEAT H HAT AR FEAARG (ATSHITIel37el)
HIRAHIIN T FIhTT A Jef& & AY-ATY Fololatieh (N-SeFlae)) IR FHACRIT-HIRIST Fcg-
e (W-3celieen) e S gl TeFaIToelal-2, TYHA AP $heet-o, THATRS (HI-
ST UA-cffeTe Hrgeier, dF 38 3R TrecRicToR [Aaelo-3a[eles @igatel), o Aol foltraAr 2-
TEIfATes RN U, TR AU WA-0 53, FgehlA-d 3R FEIS-3 & AT &R
Y ST heT HAT HFIAT &1 FoT IROTAT & TAT Tl & b HTSTHhe, Folol (SeFIA)
P HH AT §, THTUS & TR A AT F1dr § 3R asRARDT affRa ofeegss e
& A&TON P 8 HH FAT B

. g, 9. FBurdy, 3. gehrer, vadl e, Afdser wgueridist, 2016, 53: 6849-6858.

AT ¥ ARRARF-HIRT fatea ssfes avar$ ik Tuse & waica & o A
aRader & gam

gmmﬁm@m@amwm ) 7 SegeH H S, s IR
TqISeT & Eolcd WW&H%H&W@W@WI JHAR  (AReaAcel) T Jaraedr
(37seT §3) A N Yl & 3eI[El (SreraRfATH) A WFWARNA ST UTfchediadl AT & S&TOI
P 3cUea AT IAT|  YATIEAT (TSee g3) A FO Y@l H WA & 3TaRAT = 4 2
gUS qd HSTthaT @ o 3uaria foham aram| arfshalioea/dfhg-geet (wguviearre) # qite
& fov A fafet & seaaTer fohar | egea sfegfes nmepfa, oS, Tase deam 3R
Recemsfaa dur dReffdfted 3fcady e (fTas-95) & TR & TTY-T1Y ATSNTIITCH
Foraadeh (M-geFoiAd)) 3N FACRIG-RRASA Feg-ade (N-3rdceiéls) Nt & T Hr o
AMT AT ARRAYT F afe@ifagd @eol # 3ORa fFar 3k s awers, Tasa
e dur Rewf@a it frados & TR oA wA Far eI aswaAlde a
gexegfehel-1 dIeT, Selegfohel-4, STIBUA-INAT, FesgiAael Asice leags EIq, HFAder-3,
Fader-9 AR A e (Frive)-vaard W F T H gefY H quiy Sl 2 F
TR A Hh Al o TS| IMSguhed o Sfesfesw el owrs, Toma dear 3R
BeceIwsils, NTadi-95, Foloates (W-seFoidd)) 3N HACRIT-HIRIA Ag-ads (A
IACNEF) NEA F TR A gU IRade 1 off aAea fham ga@ e & aRome gd §
AERART Holel (SAFAAU) T Fardl § 3R Sfesfedh mepfa, orars qur g H dear &
SeoTd AT g1 STt 37 Hel IRl ! AT G # arqd orer g

dr. Fardl, v fAg, el &, S, 9ed, tAd. g SOt WiedcHd HH AgWRARY -
$3gFSN I 31 g Tgrosed sf3fesd olvur Us wurdse ST Aifeper sgierarst  2017.
23M3mS: 10.1007 /Tg 12035-017-0491 - 9
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THXFRENT ALATYAYFA ATAG-HIS FA T HRAFEHT F ~qAaer BHEAerer & diwe-
sheead 3 &t 3k dv-defae Reafeer i agcaqt sfaw

R (IREY), UH Uihfceh Ulelthellel, T AP ST g ¥ TG &, &reliieh
ST W FHAT fHHT W o fdaeeug § 3R ww wAsh S gl gdfew,
TUSATHE T IRAL HT AofeR AL & FHSTA & U, gAA T HIRBBT & ToFa-
YcUeel AYARSHA FCH HIRIBBT (TIAETATHE) & e, TR 3R =Tl Aesra
AR & @A gerdl @1 Sita B cgierer 3w, ey 3R volidvaTad Hr
e & fow 3mdr. (10 ASHEAe) i s qwEa guew & v ek 3R dfFer gefar
FRE (TASIUS -50 TeAsll) & AU FAS fHaT IR&T ATl 7Tl HAHT & [T HHRIcHAS
fIF0T & § FH FHad TAUh (50 TS / THATS)HN FAET fohar I=am| desma $r gfshar &
HAgcaqul AENERT fe@me arel Sfiel @l #gTeiel grATHCTel 3R oA R W AR &fer
AT I ST T o AR.AY. Fedlfdchel AT & IRT Feh TTHEITATHAT H Hohu-Aeaedr
Tl Tl SRIATEs @1 gerar aar g1 el st & @y wewwe F g o gite
5 dhT & Sfivass 3 &3 oRoT & IRT der-Fhefaa fr sffegfFa w aRka fFar 3k @ 3w
O PREPRTARE 3R NEIRF 1/2 ROT & 33fSd Far| 8% 37em@rn, g & Jg off
qar Ferm o v 3R Sheass 3 A3 & ear IR & AfARed IoET & v sreasry
s o 8, oe Ay Ig HAl-Hedl N HA AT gl daAT NI H TadvATHA H
S 3 &R, §iv FesfEd, @RmE, 3R $S3mE 12 & der-Acarydr & Aregd
TIHTATEA & 3HEdca, FER 3R ~gAUeTel Aea W IRl & FHRIcHAS FHT T ThRM
STl a7 &l

Ty, Sigl, vd. fg, v Mada, d $AR, 2 AR, U sy, el TR, TR,
qfed, d. Teel, TAL dd.  AfdFgeR FeEerST , 2017, S 10,1017/ T
12035 - 017 - 0539 - U=,

e AT MNREANEEE # wave-Fdl, g / ddfiva -2 AR & Aeaw @ g@-aR IRa
o #r aifd A A% T 8 BT IRFAT §F T 3G

Fifeleh RIS fafeheor (FAT-31N) SIfEH caem f9hRT T HRUT a0l § o9 SRIAT, vz,
gER A, BUfSer 3R BrRRRRAASATRT | MEhd3 & gl & MET TSI o et
R grpfaer weiel T ggarer AR 39AeT W 3 eare dfed fhar g1 asaRe (dams),
T G & &R & &7 A, Froll A (TSR ASIA) #H Uh Hgea ol ueeh g, S Igdiesd 3N
3T YRYR garsil F euTw ® § 39T fHar S § AR gk g ey aqor g |
Tg YA ATAT IWICASE (Fhe) Tl Sl H WA AT WleUcTeided THGHRAT &
foT fhar arr ol g FIRGT Fog & Agoed (I / dfve -2 AR A 21) & a@y
AT A 9fdel@d FReb TAUh-«dl & FA-3R IR Flhaor 1 Fediehd fhar g1 wordl-
TATH / TATH TAReS0T & 9ar el foh f3msar gdf-v 3R Fd-a varadion & d6d hleeedd
TIHTT T AT| 3T (10 ATSHIEH / TATS) Tl Tagiidl, IR3NTH iR Aciaosgrss dier
& vy & AreIH ¥ FA@-3R (T R &) 9T wreeiFafdd w canT ar g1 6 37,
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WIS o FAI-37 ALIEAAT ST &I &l S AT 8, SHA HASHITGFelIATS ST I Ueh
fear 3R AT I F FA 3U-5T 1 WUT, A PlelARFAAE & Weih THIT FIaT ATl 39
I F TT ol § fob NS Sedie o gf-311 9Rd BIISAS &t At & gar &
3TUTTAe STfeheT 3TETAT & Il ol & b MM vaATh-at fr TfhT @rse w guar g, 3R
T YR, ANfAS HI SHh CrAUICRET P Uched H TGS gl SHh 3Halrdl, TR 3R
greeRITe faReNur TaAUh-«al Y Jeftr & HffeafFd R FH-3R IR U FRFBT &
dgd |kB-o f@cafFd # @gadi &A1 i Fag &ad § IR weafdy 1 areg / Sided -2 3R
9 21 9T & ACIH & TAYA HXd gl greliteh, [kB-a & d3msdr aRka ifdcafFa & vaus-
K& TFITReT F galed & fow S fF vdceifiss A ST &1 g 3R wier g &
AT WEIAT & FRUT gIaT §1 AT, &7 Blekedd UITsd HI JAeIdr Hi AT 39I6T &
T wiesieadse Tolc & &7 # FoId 2l

U. gHAT, TO.U. FUATET, Uah. AAEad, TH. Adedd, Tof. STAT, &. Alddd, 3R T X
SRAT AP BIFET waEmest &, 2017, 172: 139-148.

AP ARFAASH RS fmsrd/s-3-afFsit vh-vdidt -7ddiwam-y gelsere 3k vaddt &t 3
fifa e § Ot 93 7 ass veeiasew & e 7 shvevd 5t 9grar §

UECIATSE AT, TolTdel hisoll 37l W (Shuwud)) & AfEdsed & 3mads & gid g,
JAfraT 310 T 30 cgad B W T TRIRT IR &Y Thdr &1 SPaRTasss
g (Jvan) Th U -3 hE Uil § S ARRase & fah & eI gRatcAS g1 grelifh,
aeraefiear ARRTSH & SHTTHTdr TR W SATAT & GAT T ooiig golel g1 TgT gHel Urm g
f&h TIT-HACY ATN-A F WY gl F A F FROT GIh W AR Sewedr gefr g5
g g Shiudiudy & derar & dtell aF &1 o fI, her viag-aEfEr Nide -7 (Thudr 7)
Fr arfierly fr aReeuan *{&?,WWW%WWW%IWWm
& Juvg F TEeEeH H THhUEr 7 3AfReadd #f 9Ra Rar 3R Twhuedy 7-aselfder o
ST URA Shuwudr @ gar e, St Thuddy 7-AEaeddr arel Siuhedl JEf # gl g
3 A ST @ gg R v 7 sfdeafdd srebfessfadiaits 3-dgds (M3 3 &) /
TET 3R WATY] RATeY RFAEH Aifothiel -Aishy RATe-amar (fhwsm-y) -Feida) gae
T R 3ms-3-% / TR afpg dwmR-y & 3 S F oR AU3R-y - 3aRerRY dear
F ATEIH T THUEr 7 fRaFd F aRT Farl vhrddy 7-sEaEd e AwEit fr ggaet Fa
Fr 3R, g7 gAY MNoer ROE w AR fFar & o Shuwedr & g & fov asfEaa-
AR Frsas 6 (@EF 5) - NNTIHR-y - NEF-NET IRTAT FT TeT=T FAr &1 g&7ar g F
Jugu INRT THUES 7 o QAU Seid ¥ dRmRUnRmEimR fomr, Gae @@ 5-
FURBMSEINEST & ST &l dMfad fhar| safae, I8 @ ¢ar § & @ 5- ddiusmey
& Seof ¢ g5 THUANN 7- NNCHR-y A Jef g7 Nwdiss f3ng 3 & / W 7 o dae
THTAT 7- TU3R-y NEF-NET IRET F o A IRT 7, sfed v vhrddy 7-Tadw
TATY-fharoT-hiethe-3 AT & 8t R_faaf@a frar § o 5 @8 5 AfSeT & fGar § 3k
gafaT vSiegues Wl 5-NURANR| Fol RellhT, gAR 3Rt & T Tolal ¢ o Fefoey
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d3MS 3 F / T KT F AIA ¥, v SiAfAd 3R RNARE G F Aegw @ ik
TATH-fFadal-hlEhesl -3 & TUAUaAgues g 5-HfUamésmses W igd ar § 3R
gafaw, SHUHUd ST ST gl deaf@R, AR 3Eqd H Th SUUU-HEIEAA  dlell
TN Terdel gIBWRUIFedeld ETar I §, S Afase & faed & Svaw & genfad gifaers
$1fART T 3T SART T g

Ty, YIS, 3R, FHRarel, 3. A1, TAF. Iedr , TI. $AR, . deard, 31 g, T
AT, T. U, HeEAdey, UH. HHAY, UA.H.3R| HCIH, T, qUlued. Soid 3%
m@ﬁ@, 2017 140: 96-113.

s, Fsfgw, 3k A5 ff wE A ft 97 & aftass 6 vy FifvFBET &
fwR-y -3 diell (TAd-trgaten) Qeimsr vravere F IR 3R a1 # varcaf@w der
T &

g Tgol I8 fe@mar o1 f6 wiaRer wedh gwife gue W oamdfaw, sfaw, sk os
Hor ¥ A ARTSh TFeBse #§ TOeeiad 3¢9 gidl &l J8l, g« TaIeeiad &l
IR A A TAF U] & dF AR A9 A S HgH Ifdoad FRE Hr gfaeniar
IR&FeTAT Ra &, Wedaa dNfohe-afra Racexr e (fomeEnRmsd) a1 vwedse
AT W@ 1 9iad i T Gaer & §A HIAA g WEEIHSCH & Tehel 4T3 3R
3% AR IR fAsufed taieel@E W@ & Ay soret fhar 3 fredidnm sffcafda &
TR & AT §AA U fh HSTRIHE o NuREEmSst 3R A vacafdw fean gefer @
el T §, 3% dg T W urer forar 3R e dar ) off Reaeg s ag § &
gHe @ § 6 arqt o UARAIED wafaee, Affdese, 3N Terr NuRANSEE-
Zrafecerster afafafr & sor Gar arl fdfusm-y -TE3mE3muar a7 ffiuam-y -vernfase,
Sssey 9662 & WY WE-3UUR, TECIHSE TUCIi&H & ol oFl, o1 (VH) -fawey
TECTSE Bl A NUARAINGE i Uh YHT HENER T FHT G gUI EHA NUAATS-
rafecester afafafr &1 gar oemar 3R taafaw & sad dfed S fr ugae &, S
fafcoes hifder & frar = a1 g7 gTaR (TEd-IEad) deleas (@sd) e & 3iex 3R
So-Rife @ FAa arg (@) & AeIHm § frdd-qdpmed & v sregwry
UIREBMSHLE HI ¢@T| aRAdS TAT TR 3R dFcd sallfcsr GaRT 9oT HIACA-
sEgAIERE 3R TgEe-RAeY T, drds-AeTar are damd sfteafra afva g,
gl hsfAgH o Fad SITel Aerer fear 3R & & &F &l Aded fhar, 3R urg & &7
THIT CIfTereeil & Jo=a AT| VAR, GIH-3MAT FGT0 ITT- NUIRYT / TR 31eqara
ﬁgﬁv@v&uﬁ@ﬁﬂﬁgﬁl 3H% AR, g IrT o dfws3R-y 3R e
AR -5 T it AR ASfF-3nTAd Fgalsl 5-3M3d &) ureg3i & @y
faeraelier ggi & faar 3gar A dME3m@smsd-AeR demdr ik vedase waeefay & gfte
gs, oigl 3N de FsTAuw o waw 3w Aeree AT For Ao, AR eI A UwH,
e, 3tk NIRRT weeiase taeafad &1 veh NudEnRms-FsR dF Jefaa & = #
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