75/, /

ISSN: 0970-437X

faufaarer ater afen
Toxicology Research Bulletin

@us 37 §&Ar 2 2017
Volume 37 Number2 2017

HTHIEHR- AT FAwfaaarer sgwensr g
AR s19e, 31 AgeAT et AT
dGT3- 226001, 30T 9eer, AR
CSIR-Indian Institute of Toxicology Research

Vishvigyan Bhawan, 31 Mahatma Gandhi Marg
Lucknow - 226 001, Uttar Pradesh, India



Toxicology Research Bulletin 37(2) 2017

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 :
o 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.
e 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.

Role of miRNAs in development and disease: Lessons learnt from small organisms.

MicroRNAs (miRNAs) constitute a class of small (18-22 nucleotides) non-coding RNAs that
regulate gene expression at the post-transcriptional level. Many small organisms, including
Caenorhabditis elegans and Drosophila melanogaster, have been instrumental in deciphering
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the biological functions of miRNAs. While some miRNAs from small organisms are highly
conserved across the taxa, others are organism-specific. The miRNAs are known to play a
crucial role during the development and in various cellular functions such as cell survival,
cell proliferation, and differentiation. The miRNAs associated with fragile X syndrome,
Parkinson’s disease, Alzheimer’s disease, diabetes, cancer, malaria, infectious diseases and
several other human diseases have been identified from small organisms. These organisms
have been used as platforms in deciphering the functions of miRNAs in the pathogenesis of
human diseases and to study miRNA biogenesis. Small organisms have also been used in the
development of miRNA-based diagnostic- prognostic-and therapeutic strategies. The
molecular techniques such as genome sequencing, northern blot analysis, and quantitative
RTPCR, have been used in deciphering the functions of miRNAs in small organisms. This
review illustrates how miRNAs from small organisms especially those from D. melanogaster
and C. elegans regulate development and disease pathogenesis.

Chandra S, Vimal D, Sharma D, Rai V, Gupta SC, Chowdhuri DK. Life Sciences, 2017, 185:
8-14.

Isoprenoid-based biofuels: Homologous expression and heterologous expression in
prokaryotes

Enthusiasm for mining advanced biofuels from microbial hosts has increased remarkably in
recent years. Isoprenoids are one of the highly diverse groups of secondary metabolites and
are foreseen as an alternative to petroleumbased fuels. Most of the prokaryotes synthesize
their isoprenoid backbone via the deoxyxylulose-5-phosphate pathway from glyceraldehyde-
3-phosphate and pyruvate, whereas eukaryotes synthesize isoprenoids via the mevalonate
pathway from acetyl coenzyme A (acetyl-CoA). Microorganisms do not accumulate
isoprenoids in large quantities naturally, which restrict their application for fuel purposes.
Various metabolic engineering efforts have been utilized to overcome the limitations
associated with their natural and nonnatural production. The introduction of heterologous
pathways/genes and overexpression of endogenous/homologous genes have shown a
remarkable increase in isoprenoid yield and substrate utilization in microbial hosts. Such
modifications in the hosts’ genomes have enabled researchers to develop commercially
competent microbial strains for isoprenoid-based biofuel production utilizing a vast array of
substrates. This mini review briefly discusses the recent advancement in metabolic
engineering efforts in prokaryotic hosts for the production of isoprenoidbased biofuels, with
an emphasis on endogenous, homologous and heterologous expression strategies.

Phulara SC, Chaturvedi P, Gupta P. Applied and Environmental Microbiology, 2016, 82:
5730-5740.

The role of antioxidants in attenuation of Caenorhabditis elegans lethality on exposure
to TiO;, and ZnO nanoparticles.

The exponential increase in the usage of engineered nanoparticles (ENPs) has raised global
concerns due to their potential toxicity and environmental impacts. Nano-TiO, and nano-ZnO
have been extensively used in various applications. Thus, there is a need for determining the
toxic potentials of ENPs as well as, to develop the possible attenuation method for ENPs
toxicity. Both in the in vitro and in vivo systems, exposure to the majority of ENPs have
shown Reactive Oxygen Species (ROS) generation, which leads to oxidative stress mediated
inflammation, genotoxicity, and cytotoxicity. Hence, with the rationale of determining easy
and economical protection against ENPs exposure, the amelioration effect of the antioxidants
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(curcumin and vitamin-C) against the nano-TiO, and nano-ZnO induced ROS and lethality
were investigated in Caenorhabditis elegans. We not only employed pre-treatment and along
with treatment approach, but also determined the effect of antioxidants at different time
points of treatment. Our study revealed that both the antioxidants efficiently ameliorate
nanoparticles induced ROS as well as lethality in worms. Further, the pretreatment approach
was more effective than the along with treatment. Therefore, our study indicates the
possibility of evading the nanotoxicity by incorporating curcumin and vitamin-C in everyday
diet.

Sonane M, Moin N, Satish A. Chemosphere. 2017 Nov;187:240-247.

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.

A novel function of TLR4 in mediating the immunomodulatory effect of benzanthrone,
an environmental pollutant

Our prior studies have reported that benzanthrone (BA) manifests inflammatory responses in
the spleen of Balb/c mice. This investigation was carried out to study the impact of BA on
macrophages, which are the primary scavenger cells in the body acting as a connecting link
between innate and adaptive immunity. Administration of BA (daily for one week) to mice
resulted in enhanced levels of nitric oxide (NO) and overexpression of inflammatory markers
(COX-2, MMP-9 and PGE-2) in macrophages; however, the level of MHC class-1 and MHC
class-11 receptors were down regulated. Further, the potential membrane receptor targets
(TLRs) of BA and its interaction with TLRs was investigated using computational methods.
Professional phagocytes play pivotal roles in sensing bacteria through pathogenassociated
molecular patterns (PAMPs) by various pathogen recognition receptors (PRRs), including
Toll-like receptors (TLRs). Several studies have implicated these TLRs in the amplification
of the inflammatory responses, however, the fundamental role played by TLRs in mediating
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the inflammation associated with xenobiotics is still obscure and not understood. From the in
silico analysis, it was evident that BA showed the highest binding affinity with TLR4 as
compared to other TLRs. Western blotting studies confirmed that BA exposure indeed
upregulated the expression of TLR 4, 5 and 9. Moreover, the downstream signaling cascade
proteins of TLRs such as myeloid differentiation primary response protein-88 (MyD88), IL-1
receptor associated kinase (IRAK-1), and TNFR-associated factor (TRAF-6) were found to
be enhanced in the BA treated groups. It was also observed that BA treatment increased the
expression of ICAM-1, p-Lyn, p-Syk, p-P13-K, IP3, PLC-[], cAMP and Ca+2 influx, which
are known to play a critical role in TLR mediated inflammation. Earlier, it was observed that
toxic effects of BA in spleen were mediated by oxidative stress which was partially
neutralized by N-acetyl-L-cysteine (NAC) exposure. Here, we report that NAC treatment in
conjunction with BA attenuated the expression of BA induced TLR4, as well as the
inflammatory markers such as COX2 and p-NFkB in macrophages. These findings
demonstrated the critical role of TLRs in the regulation of the BA-induced inflammation.
Tewari P, Mandal P, Roy R, Asthana S, Dwivedi PD, Das M, Tripathi A. Toxicology Letters,
2017, 276: 69-84.

Arsenic exposure impels CD4 commitment in thymus and suppress T cell cytokine
secretion by increasing regulatory T cells

Millions of people worldwide drink arsenic contaminated groundwater. Arsenic exposure
compromises the immune response and increases the susceptibility towards infectious
diseases. Arsenic is well known for its immunosuppressive nature but the definitive reason
for this nature is still elusive. In our immune system, regulatory T cells are well known for
maintaining immune homeostasis. These cells maintain homeostasis by suppressing the
function of other immune cells. In this study, involvement of regulatory T cells in arsenic-
induced immunosuppression was investigated. Exposure of environmentally relevant doses of
arsenic to the experimental mice model resulted in arsenic mediated thymocyte
differentiation into CD4+ T cells by elevating the expression of ThPOK transcription factor
without affecting CD8+ T cells. Arsenic exposure induced immunosuppression which is
characterized by low cytokine secretion from splenocytes and increased susceptibility to
Mycobacterium fortuitum infection. Arsenic exposure also promoted splenic T cell
differentiation into regulatory T cells by increasing transcription factor FoxP3 level. Studies
were also conducted to find out whether these regulatory T cells are responsible for arsenic-
induced suppression of T cell function. To validate this, wortmannin was used to inhibit
regulatory T cell differentiation in vivo following arsenic exposure to mice. Interestingly,
inhibition of regulatory T cell differentiation reversed the suppressed cytokine production
from splenic T cells. Therefore, regulatory T cells may serve as a potential target to prevent
the suppression of immune system due to arsenic exposure. These findings will help in
finding out the reason behind higher risk of infectious diseases in arsenic polluted areas;
thereby help intervening arsenic-induced immunosuppression.

Gera R, Singh V, Mitra S, Sharma AK, Singh A, Dasgupta A, Singh D, Kumar M,Jagdale P,
Patnaik S, Ghosh D. Scientific Reports, 2017, 7: 7140.

Baicalin and chrysin mixture imparts cytoprotection against methylglyoxal induced
cytotoxicity and diabetic tubular injury by modulating RAGE, oxidative stress and
inflammation

Protective effect of a mixture of flavonoids, baicalin and chrysin (BCH), was studied against
methylglyoxal (MG, a precursor of AGESs) induced cytotoxicity in NRK 52E kidney
epithelial cells. Flow cytometry and microscopic analysis showed increased ROS generation,
compromised antioxidant status, depolarization of mitochondria and apoptosis in MG
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stressed cells which were significantly transformed (p<0.01) during BCH co-treatment. In
vivo studies in streptozotocin induced diabetic rats increased protein levels of INOS, protein
kinase C (PKC) and decreased 1-JB which was modulated by oral BCH treatment (75mg
baicalin and 10mg chrysin/kg b.wt.). Increased levels of AGEs and their receptor proteins
(RAGE) in diabetic rats were reduced significantly (p<0.01) in BCH treated group. Renal
tubular injuries and deranged kidney function were significantly improved in BCH treated
animals. The results indicate that the protection accorded by BCH through its antioxidant and
anti-inflammatory effects can be explored for the management of diabetic nephropathy.

Singh J, Chaudhari BP, Kakkar P. Environmental Toxicology and Pharmacology, 2017, 50:
67-75.

PHLPP is a putative cellular target during insulin resistance and type 2 diabetes
Progressive research in the past decade converges to the impact of PHLPP in regulating the
cellular metabolism through PI3K/AKT inhibition. Aberrations in PKB/AKT signaling
coordinates with impaired insulin secretion and insulin resistance, identified during T2D,
obesity and cardiovascular disorders which brings in the relevance of PHLPPs in the
metabolic paradigm. In this review, the impact of PHLPP isoforms in insulin signaling and its
associated cellular events including mitochondrial dysfunction, DNA damage, autophagy and
cell death was discussed. The article highlights the plausible molecular targets that share the
role during insulin-resistant states, whose understanding can be extended to treatment
responses in facilitating targeted drug discovery for T2D and allied metabolic syndromes.
Mathur A, Pandey VK, Kakkar P. Journal of Endocrinology; 2017, 233: R185-R198.

Non-invasive topical delivery of plasmid DNA to the skin using a peptide carrier

Topical delivery to skin is an essential step in non-invasive application of nucleic acid
therapeutics for cutaneous disorders. The barrier posed by different layers of the skin -stratum
corneum on top followed by the viable epidermis below makes it extremely challenging for
large hydrophilic molecules like nucleic acids to efficiently enter the uncompromised skin.
An amphipathic peptide Mgpe9 (CRRLRHLRHHYRRRWHRFRC) is reported here that can
penetrate the uncompromised skin, enter skin cells and deliver plasmid DNA efficiently as
nanocomplexes in vitroand in vivo without any additional physical or chemical interventions
prevalent currently. It was observed that efficient gene expression up to the highly
proliferating basal layer of the skin occurs without observable adverse reactions or toxic
effects after delivery of reporter plasmids. The entry mechanism of nanocomplexes possibly
involves reversible modulation of junction proteins accompanied by transient changes in skin
structure. This peptide holds potential to be used as an efficient transporter of therapeutic
nucleic acids to the skin.

Vij M, Natarajan P, Pattnaik BR, Alam S, Gupta N, Santhiya D, Sharma R, Singh A, Ansari
KM, Gokhale RS. Journal of Control Release, 2016, 222:159-168.

Aryl hydrocarbon receptor activation contributes to benzanthrone-induced
hyperpigmentation via modulation of melanogenic signaling pathways

Benzanthrone (BA), an oxidized polycyclic aromatic hydrocarbon (PAH), has been found to
be a potential health threat to occupational workers involved in dye manufacturing factories.
It has been observed that occupational workers become exposed to BA either during
manufacturing, pulverization, or storage and developed various kinds of skin diseases like
contact dermatitis, itching, erythema, roughness, and foremost, hyperpigmentation. It has
been shown that some environmental organic pollutants (POPSs) like dioxins, furans, and
polychlorinated biphenyls (PCBs) may act as ligands for the aryl hydrocarbon receptor (AhR)
and regulate hyperpigmentation. It was hypothesized that BA may also act as a ligand for
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AhR and possibly regulate the melanogenic pathway to induced hyperpigmentation. The
computation results indicate that BA has a high binding affinity toward AhR for the initiation
of melanogenic signaling. Following the in silico predictions, primary mouse melanocytes
(PMMs) were exposed to BA (5, 10, and 25 pM) which resulted in an increase in AhR
expression, tyrosinase activity and melanin synthesis. Moreover, to study the physiological
relevance of these findings, C57BL/6 mice were topically exposed to BA and enhanced
pigmentation and melanin synthesis were observed. The study was extended to assess the
mechanistic aspects of BA-induced hyperpigmentation in PMMs as well as in mouse skin.
The results suggest that BA exposure initiates AhR signaling and increases tyrosinase
enzyme activity and melanin synthesis. The genes that regulate the melanin synthesis, such as
TRP-1, TRP-2 and the transcription factor MITF, were also found to be increased. Taken
together, the study suggests that BA-AhR interactions are critical for BA-induced
hyperpigmentation.

Abbas S, Alam S, Singh KP, Kumar M, Gupta SK, Ansari KM. Chemical Research in
Toxicology, 2017, 30: 625-634.

Non-invasive oil-based method to increase topical delivery of nucleic acids to skin
Topical delivery of nucleic acids to skin has huge prospects in developing therapeutic
interventions for cutaneous disorders. In spite of initial success, clinical translation is vastly
impeded by the constraints of bioavailability as well as stability in metabolically active
environment of skin. Various physical and chemical methods used to overcome these
limitations involve invasive procedures or compounds that compromise skin integrity. Hence,
there is an increasing demand for developing safe skin penetration enhancers for efficient
nucleic acid delivery to skin. This study demonstrates that pre-treatment of skin with silicone
oil can increase the transfection efficiency of non-covalently associated peptide-plasmid
DNA nanocomplexes in skin exvivo and in vivo. The method does not compromise skin
integrity, as indicated by microscopic evaluation of cellular differentiation, tissue
architecture, enzyme activity assessment, dye penetration tests using Franz assay and
cytotoxicity and immunogenicity analyses. Stability of nanocomplexes is not hampered on
pretreatment, thereby, avoiding nuclease-mediated degradation. The mechanistic insights
through Fourier transform infrared (FTIR) spectroscopy reveal some alterations in the skin
hydration status owing to possible occlusion effects of the enhancer. Overall, the study
demonstrates a topical, non-invasive, efficient and safe method that can be used to increase
the penetration and delivery of plasmid DNA to skin for possible therapeutic applications.

Vij M, Alam S, Gupta N, Gotherwal V, Gautam H, Ansari KM, Santhiya D, Natarajan VT,
Ganguli M. Molecular Therapy, 2017, 25: 1342-1352.

Topical application of nexrutine inhibits UVBinduced cutaneous inflammatory
responses in SKH-1 hairless mouse

Ultraviolet B (UVB) radiation is the major contributor to skin inflammation which leads to
the development of skin cancer. In this study, the effect of nexrutine (NX) on UVBinduced
cutaneous inflammation and its mediators was investigated. To conduct the photoprotective
studies, SKH-1 hairless mice were topically treated with NX, 30 min before to the UVB (180
mJ/cm2 ) exposure. Twenty hours of post UVB irradiation, mouse skin was used for edema
measurements, H & E staining, myeloperoxidase (MPOQ) activity and estimation of plasma
cytokines. In addition, expression levels of inflammatory cytokines, cyclooxygenase-2
(COX-2), and inducible nitric oxide synthase (iNOS) were also determined by western blot
analysis. NX displayed absorbance over the UVB spectrum. NX significantly decreased the
UVB-induced epidermal edema, skin thickness, leukocyte infiltration, number of the sunburn
and TUNEL positive cells. NX treatment also decreased the number of mast cells, MPO
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activity, expression of pro-inflammatory cytokines and inflammation mediator protein in
mouse skin. These results provide evidences that NX inhibits the UVB-induced cutaneous
inflammatory responses in SKH-1 mouse skin.

Alam S, Pal A, Singh D, Ansari KM. Photodermatology, Photoimmunology &
Photomedicine, 2017, doi: 10.1111/ phpp.12348.

Glycation of clinically relevant chickpea allergen attenuates its allergic immune
response in Balb/ ¢ mice

Glycation of food allergens may alter their immunological behaviour. Glycation of food
allergens via Maillard Reaction (MR) occurs due to the reaction between protein having free
amino groups and the free carbonyl groups of reducing sugar. The influence of MR on
allergenicity of several allergens from leguminous as well as non-leguminous foods,
including soy, peanut, egg, potato, milk, buckwheat, almond and shellfish has been reported.
An investigation was carried out to examine the impact of glycation on the allergenicity of a
food protein. Herein, a chickpea (CP) protein (26 kDa) was purified and characterized as
lectin. Further, glycation of this purified protein was carried out. Thereafter, allergic
behaviour of this glycated protein was compared with its native form using various allergic
parameters in Balb/c mice. The reduced allergenicity of glycated protein was observed as
lesser allergic phenotypes, reduced serum immunoglobulins such as specific IgE as well as
IgG1 and allergic mediators (lower mast cells and eosinophil counts), lower protein
expressions of Th2 cytokines (IL-4, IL-5, 11-13) and associated transcription factors (GATA-
3, FOX-P3, Thet, SOCS-3). In addition, more Th1l and less Th2 cytokine production in
exposed splenocytes were evident in the glycated protein treated mice as compared to its
native protein treatment. Conclusively, the study demonstrated that glycation of purified CP
albumin with D-glucose attenuates the allergic potential of CP allergen. Suppression of
allergic behaviour occurs by two important mechanisms that include oral tolerance induction
by CP albumin specific T-reg cells and shifting of the immune response from Th2 to Thl
type. Overall, purified proteins having allergic potential may cause severe allergic reaction in
sensitive individuals, separately. Glycation of these allergenic proteins via MR could be an
effective approach to combat the CP allergy.

Gupta RK, Raghav A, Sharma A, Gupta K, Neelabh, Mandal P, Tripathi A, Ansari 1A, Das
M, Dwivedi PD. Food Chemistry, 2017, 235: 244-256.

Intricatinol synergistically enhances the anticancerous activity of cisplatin in human
A549 cells via p38 MAPK/p53 signalling

Platinum containing drugs are widely used to treat advanced lung carcinomas. However, their
clinical success is still limited due to severe side effects, and drug resistance. Alternative
Mechanism of allergy and anaphylaxis caused by chickpea allergens approaches are
warranted to augment efficacy of platinum based chemotherapeutic drugs with minimal side
effects. Intricatinol (INT), a homoisoflavonoid, has been shown to possess anti-tubercular,
antioxidant, hypoglycaemic and hypolipidemic activity. However, its anti-cancer activity largely
remains unknown. In the present study, anti-cancer potential of INT alone or in combination
with cisplatin (CIS) in human lung carcinoma cells (A549) has been examined. Treatment
with INT alone reduced the viability of A549 cells in a dose-dependent manner. Interestingly,
the combination of low doses of INT and CIS exerted a synergistic effect and induced
apoptosis as evident by DNA fragmentation and Annexin V positive cells. Enhanced
Bax:Bcl-2 ratio, loss of mitochondrial membrane potential, cytochrome c release, cleavage of
caspase 3 and PARP1 strongly corroborated our findings. Further, increased expression of
p53, p38 MAPK and their phosphorylated counterparts, loss of clonogenicity and reduced
migration potential were also recorded with INT + CIS treatment. Most interestingly, INT
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could not induce any significant cell death in primary mouse embryonic fibroblasts (MEFs).
Moreover, no additive or synergistic effect was noted with INT + CIS in MEFs under similar
treatment conditions. In conclusion, INT has a selective anti-cancer potential and could
synergize cytotoxicity of CIS. Thus, the combination of INT and CIS may serve as an
effective anti-cancer strategy for the treatment of non-small cell lung carcinoma.

Singh VK, Arora D, Satija NK, Khare P, Roy SK, Sharma PK.Apoptosis, 2017,
doi:/10.100751404-017017-10495.

Identification of anti-neoplastic targets with systems approaches, using resveratrol as an
indepth case study

The identification and validation of novel drug target combinations are key steps in the drug
discovery processes. Cancer is a complex disease that involves several genetic and
environmental factors. High throughput omics technologies are now widely available,
however; the, integration of multi-omics data to identify viable anti-cancer drug target
combinations that allow for a better clinical outcome when considering the efficacy-toxicity
spectrum, is challenging. In this review, an overview of systems approaches that can help
integrate a broad spectrum of technologies and data. Focus was given on network approaches
and anti-cancer mechanism and biological targets of resveratrol using reverse pharmacophore
mapping as an in depth case study. The results of this case study demonstrate the use of
systems approaches for a better understanding of the behaviour of small molecule inhibitors
in receptor binding sites. The presented network analysis approach helps in formulating
hypotheses and provides mechanistic insights of resveratrol in neoplastic transformations.
Singh N, Freiesleben S, Gupta SK, Shukla Y, Wolkenhauer O. Current Pharmacentical
Design, 2017, doi: 10.2174/ 1381612823666170710152918.

Enhanced chemoprevention by the combined treatment of pterostilbene and lupeol in
B[a]Pinduced mouse skin tumorigenesis

The present study is aimed to evaluate the inhibitory effect of the combination of two
phytochemicals; pterostilbene and lupeol (generally obtained from blue berries, grapes, white
cabbage, green pepper, olive and mangoes) on mouse skin tomours. It was hypothesized that
the concomitant topical treatment of selected phytochemicals would lead to improved
impediment of skin cancer. Swiss albino mice (n = 25) received a topical dose of
Benzo[a]pyrene (B[a]P, 5 pg/animal) with pre/post application of pterostilbene (16 uM/0.2
ml acetone/animal) and/or lupeol (500 uM/0.2 ml acetone/animal) for 32 weeks. Results
showed that pterostilbene and/or lupeol treatment resulted in a significant delay in onset of
tumorigenesis. However, a more promising effect on tumour suppression was noted with the
combination of both the phytochemicals. A significant reduction in average tumour volume,
cumulative number of tumours and tumour multiplicity was recorded in combination treated
group. The histopathological analysis illustrated the marked suppression in epidermal
hyperplasia and necrotic cells in combination treated groups. The study suggests that the
combination of pterostilbene and lupeol was more effective in the prevention of skin cancer
as compared to either of the phytochemical alone. Therefore, the combined treatment of
phytochemicals has better potential to prevent skin carcinogenesis.

Singh P, Arora D, Shukla Y. Food and Chemical Toxicology, 2017, 99:182-189.

BH3-only protein BIM: An emerging target in chemotherapy

BH3-only proteins constitute major proportion of pro-apoptotic members of B-cell lymphoma
2 (Bcl-2) family of apoptotic regulatory proteins and participate in embryonic development,
tissue homeostasis and immunity. Absence of BH3-only proteins contributes to autoimmune
disorders and tumorigenesis. Bim (Bcl-2 Interacting Mediator of cell death), most important
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member of BH3-only proteins, shares a BH3-only domain (9-16 aa) among 4 domains (BH1-
BH4) of Bcl-2 family proteins and highly pro-apoptotic in nature. Bim initiates the intrinsic
apoptotic pathway under both physiological and patho-physiological conditions. Reduction in
Bim expression was found to be associated with tumor promotion and autoimmunity, while
overexpression inhibited tumor growth and drug resistance as cancer cells suppress Bim
expression and stability. Apart from its role in normal homeostasis, Bim has emerged as a
central player in regulation of tumorigenesis, therefore gaining attention as a plausible target
for chemotherapy. Regulation of Bim expression and stability is complicated and regulated at
multiple levels viz. transcriptional, post-transcriptional, post-translational (preferably by
phosphorylation and ubiquitination), epigenetic (by promoter acetylation or methylation)
including miRNAs. Furthermore, control over Bim expression and stability may be exploited
to enhance chemotherapeutic efficacy, overcome drug resistance and select anticancer drug
regimen as various chemotherapeutic agents exploit Bim as an executioner of cell death.
Owing to its potent anti-tumorigenic activity many BH3 mimetics e.g. ABT-737, ABT-263,
obatoclax, AT-101and A-1210477 have been developed and entered in clinical trials. It is
more likely that in near future strategies commanding Bim expression and stability ultimately
lead to Bim based therapeutic regimen for cancer treatment.

Shukla S, Saxena S, Singh BK, Kakkar P. Eur J Cell Biol. 2017 Dec;96(8):728-738.

Long term impact of the endocrine disruptor tributyltin on male fertility following a
single acute exposure

Declining rate of human fertility is a growing concern, where lifestyle and environmental
factors play an important role. We recently demonstrated that tributyltin (TBT), an
omnipresent endocrine disruptor, affects testicular cells in vitro. In this study, male Wistar
rats were gavaged a single dose of 10, 20, and 30 mg/kg TBT-chloride (TBTC) (to mimic
accidental exposure in vivo) and sacrificed on day 3 and day 7, respectively. TBT
bioavailability was evaluated by estimating total tin content, and essential metal levels were
analyzed along with redox molecules (ROS and GSH/GSSG) to understand the effect on
physiological conditions. Blood-testicular barrier (BTB) disruption, levels of associated
proteins and activity of proteolytic enzymes were evaluated to understand the effect on BTB.
Histological analysis of tissue architecture and effect on protein expression of steroidogenic,
stress and apoptotic markers were also evaluated. Widespread TBTC pollution can be an
eventual threat to male fertility worldwide.

Mitra S, Srivastava A, Khandelwal S. Environ Toxicol. 2017 Oct;32(10):2295-2304.

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 nano safety, 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
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
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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 photocatalytically
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 Thermogravimetric 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 m2/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
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(l11) concentration on As(I11) 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
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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.

Targeted smart pH and thermoresponsive N, O-carboxymethyl chitosan conjugated
nanogels for enhanced therapeutic efficacy of doxorubicin in MCF-7 breast cancer cells
In cancer treatment, developing ideal anti-cancer drug delivery systems to target tumour
microenvironment by circumventing various physiological barriers still remains a daunting
challenge. In this study, a series of pH-and temperature-responsive nanogels based on poly
(N-isopropylacrylamide-co-1-propene-2-3-dicarboxylate-co-2-acrylamido-2-methyl-1-
propanesulfonate [poly(NIPAAmM-1A-AMPS)] cross-linked by ethylene glycol dimethacrylate
(EGDMA) were synthesized by random co-polymerization. The molar ratio between
monomer-comonomers-cross-linker was varied to fine-tune the optimum responsiveness of
the nanogels. These optimized nanogels were further coupled to N,O-carboxymethyl chitosan
(NOCC) stoichiometrically using EDC-NHS coupling chemistry to enhance the swelling
behaviour at lower pH. Interestingly, these NOCC-gnanogels, when dispersed in aqueous
media under sonication, attain nanosize and retain their high water retention capacity with
conspicuous pH and temperature responsiveness (viz. nanogel shrinkage in size beyond 35 °C
and swelled at acidic pH) in vitro, as reflected by dynamic light scattering data. Doxorubicin
(DOX), a potent anticancer drug, was loaded into these nanogels using the physical
entrapment method. These drug loaded nanogels exhibited a slow and sustained DOX release
profile at physiological temperature and cytosolic pH. Furthermore, confocal and TEM
results demonstrate that these nanogels were swiftly internalized by MCF-7 cells and cell
viability data showed preferential heightened cytotoxicity toward cancer cells (MCF-7 and
MDA-MB231) compared to MCF10A cells (human breast epithelial cell). Furthermore,
intracellular DNA damage and cell cycle arrest assays suggest a mitochondrial mediated
apoptosis in MCF-7 cells. The study substantiates NOCC-g-nanogel platform as an excellent
modality for passive diffusive loading and targeted release of entrapped drug(s) at
physiological conditions in a controlled way for the improved therapeutic efficacy of the drug
in anticancer treatment.

Verma NK, Purohit MP, Equbal D, Dhiman N, Singh A, Kar AK, Shankar J, Tehlan S,
Patnaik S. Bioconjugate Chemistry, 2016, 27: 2605-2619.

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.
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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
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 TiO2-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 TiO2-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 TiO2-
NPs in the cytoplasm with the confirmation of elemental composition through SEM/EDX
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analysis. TEM analysis also showed TiO2-NPs induced ultra-structural changes such as
swollen mitochondria and nuclear membrane disruption in V-79 cells. TiO2-NPs generated
free radicals, which induced indirect mutagenic and genotoxic responses. Apart from
measuring the genotoxicity by Comet assay, the mutagenic potential of TiO2- 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
indicator of potential carcinogenicity. Hence, TiO2-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, 105:127-139.

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-1 and TNF-[J 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 nanoparticlesinduced 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-[1B pathways and IL10], MIP2, IFN-T], TNF-[] 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
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.
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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+0.03umcm/Vs) that results to the electrostatic interaction between ZnO
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.
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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.

The role of antioxidants in attenuation of Caenorhabditis elegans lethality on exposure
to TiO;, and ZnO nanoparticles

The exponential increase in the usage of nano-TiO, and nano-ZnO has raised global concerns
due to the issues related to safety of environment as well as health. This has increased the
need for not only determining the safety of using these nanoparticles but also for developing
possible attenuation method to overcome their adverse effects. Majority of engineered
nanoparticles (ENPs) exposure to both in vivo and in vitro systems have shown the generation
of reactive oxygen species (ROS) which leads to oxidative stress mediated inflammation,
geno-, and cyto-toxicity. Hence, with the rationale of determining easy and economical
protection against ENPs exposure, the amelioration effect of the antioxidants (curcumin and
vitamin-C) against the nano-TiO, and nano-ZnO induced ROS and lethality were
investigated in Caenorhabditis elegans. To determine effect of antioxidants towards
amelioration of nanoparticles toxicity pre-treatment and along with treatment approaches
were employed. It was observed that curcumin as well as vitamin-C antioxidants efficiently
ameliorate nano-TiO, and nano-ZnO induced ROS as well as lethality in worms. Further, the
pre-treatment approach was more effective than the along with treatment. Thus, the study
indicates the possibility of evading the nanotoxicity by including curcumin and vitamin-C in
everyday diet.

Sonane M, Moin N, Satish A. Chemosphere, 2017, 187: 240-247.

Curcumin loading potentiates the chemotherapeutic efficacy of selenium nanoparticles
in HCT116 cells and Ehrlich’s ascites carcinoma bearing mice

The anti-cancer properties of selenium (Se) and curcumin nanoparticles in solo formulations
as well as in combination with other therapeutic agents have been proved time and again.
Exploiting this facet of the two, studies was conducted to club the tumoricidal characteristics
and designed curcumin loaded Se nanoparticles (Se-Cur-NPs) to achieve an enhanced
therapeutic effect. Their therapeutic effects on different cancer cell lines and Ehrlich’s ascites
carcinoma mouse model were evaluated. In vitro results showed that Se-Cur-NPs were most
effective on colorectal carcinoma cells (HCT116) compared to the other cancer cell lines
used and possessed pleiotropic anticancer effects. The therapeutic effect on HCT116 was
primarily attributed to an elevated level of autophagy and apoptosis as evident from
significant up-regulation of autophagy associated (LC3B-11) and proapoptotic (Bax) proteins,
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down regulation of anti-apoptotic (Bcl-2) protein and Cytochrome ¢ (cyt c) release from
mitochondria along with reduced NFIB signaling and EMT based machineries marked by
downregulation of inflammation (NF[IB, phospho-NF[1B) and epithelialmesenchymal
transition (CD44, N-cadherin) associated proteins. In vivo studies on Ehrlich’s ascites
carcinoma (EAC) mice model indicated that Se-Cur-NPs significantly reduced the tumour
load and enhanced the mean survival time (days) of tumour-bearing EAC mice.

Kumari M, Ray L, Purohit MP, Patnaik S, Pant AB, Shukla Y, Kumar P, Gupta KC.
European Journal of Pharmaceutics and Biopharmaceutics, 2017, 117: 346-362.

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,
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.

Comparison of two microextraction methods for multiclass residue analysis in river
water

Two low density organic solvents based liquid-liquid microextraction methods, namely
vortex assisted liquid-liquid microextraction based on solidification of floating organic
droplet (VALLME-SFO) and dispersive liquid-liquid microextraction based on solidification
of floating organic droplet (DLLME-SFO) have been compared for the determination of
multiclass analytes (pesticides, plasticizers, phthalates, pharmaceuticals and personal care
products) in river water samples by using liquid chromatography tandem mass spectrometry
(LC-MS/MS). The effect of various experimental parameters on the efficiency of the two
methods and their optimum values were studied with the aid of Central Composite Design
(CCD) and Response Surface Methodology (RSM). Under optimal conditions,
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VALLMESFO was validated in terms of limit of detection, limit of quantification, dynamic
linearity range, determination of coefficient, enrichment factor and extraction recovery for
which the respective values were (0.011- 0.219 ng/ml), (0.035- 0.723 ng/ml), (0.050-0.500
ng/ml), (R2 =0.992-0.999), (40-56), (80-106 %). However, when the DLLME-SFO method
was validated under optimal conditions, the range of values of limit of detection, limit of
quantification, dynamic linearity range, determination of coefficient, enrichment factor and
extraction recovery were (0.025-0.377 ng/ml), (0.083- 1.256 ng/ml), (0.100-1.000 ng/ml),
(R2 = 0.990-0.999), (35-49), (69-98%) respectively. Inter-day and intra-day precisions were
calculated as percent relative standard deviation (% RSD) and the values were d” 15% for
VALLME-SFO and DLLME-SFO methods. Both methods were successfully applied for
determining multiclass analytes in river water samples. The validation procedure indicates
that VALLMESFO method is reliable and appropriate for quality control of environmental
samples using the ecofriendly sample preparation technique.

Asati A, Satyanarayana GNV, Patel DK. Journal of Chromatography A, 2017, 1513: 157-
171.

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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Japanese encephalitis virus infection results in transient dysfunction of memory
learning and cholinesterase inhibition

Cholinergic system has an important role in memory and learning. Abnormal cognitive and
behavioral changes have been reported in Japanese encephalitis (JE), but their basis has not
been comprehensively evaluated. In this study, we report memory and learning and its
association with acetylcholinesterase (AChE) activity, JE virus titer, and with
histopathological observations in a rat model of JE. Wistar rats were intracerebrally
inoculated on 12th day with 3 x 106 pfu/ml of JE virus. Memory and learning were assessed
by the active and passive avoidance tests on 10, 33, and 48 days post inoculation (dpi). After
10, 33, and 48 dpi AChE activity, Japanese encephalitis virus (JEV) titer and
histopathological changes were studied in the frontal cortex, thalamus, midbrain, cerebellum,
and hippocampus. There was significant impairment in memory and learning on 10 dpi which
started improving from 33 dpi to 48 dpi by active avoidance test. Passive avoidance test
showed decrease in transfer latency time of retention trial compared to acquisition on first,
second, and third retention day trial compared to controls. AChE inhibition was more marked
in the hippocampus, frontal cortex, and cerebellum on 10 dpi. However, AChE activity
started improving from 33 dpi to 48 dpi. AChE activity in the thalamus and midbrain
correlated with active avoidance test on 10 dpi and 33 dpi. Histopathological studies also
revealed improvement on 33 and 48 compared to 10 dpi. The present study demonstrates
transient memory and learning impairment which was associated with reduction in AChE,
JEV titer, and damage in different brain regions of JEV infected rats.

Chauhan PS, Khanna VK, Kalita J, Misra UK. Molecular Neurobiology, 2017, 54: 4705-
4715.

Prenatal exposure to lambda-cyhalothrin impairs memory in developing rats: Role of
NMDA receptor induced post-synaptic signalling in hippocampus

Effect of prenatal exposure to lambda-cyhalothrin (LCT) has been assessed on the integrity of
NMDA receptors and associated post-synaptic signalling in hippocampus of developing rats.
Decrease in the binding of [3H]-MK 801, known to label NMDA receptors was observed in
the hippocampus of rats prenatally exposed to LCT (1 and 3 mg/kg b.w.) on PD22, compared
to controls. Consistent with this, decrease in the mRNA and protein expression of NR1 and
NR2B subunits of NMDA receptors was evident in rats prenatally exposed to LCT (1 and 3
mg/kg b.w.) on PD22. There was no change in mRNA and protein expression of NR2A
subunit of NMDA receptors. Prenatal exposure to LCT (1 and 3 mg/kg b.w.) decreased the
expression of positive regulators (PSD95, pERK1/2, CaMKII[! and pCREB) and increased
the expression of negative regulators (Cdk5 and SynGAP) associated with NMDA receptor
dependent synaptic plasticity in hippocampus and impaired learning and memory of rats on
PD22. The neurobehavioral changes continued to persist in rats exposed to LCT at high dose
(3 mg/kg b.w.) while trend of recovery was evident in those exposed at moderate dose (1
mg/kg b.w.) on PD45, compared to controls. No change in any of the neurobehavioral
endpoint was observed in developing rats prenatally exposed to LCT at low dose (0.5 mg/kg
b.w.) on PD22 and PD45. The results suggest that alterations in NMDA receptors on prenatal
exposure to LCT may affect postsynaptic signalling associated with impaired learning and
memory in developing rats.

Dhuriya YK, Srivastava P, Shukla RK, Gupta R, Singh D, Parmar D, Pant AB, Khanna VK.
Neurotoxicology, 2017, 62: 80-91.

Protective effect of curcumin by modulating BDNF/DARPP32/CREB in arsenic-induced
alterations in dopaminergic signaling in rat corpus striatum
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Earlier, protective role of curcumin in arsenic induced dopamine (DA)-D2 receptor
dysfunctions in corpus striatum has been demonstrated by us. In continuation to that, the
present study is focused to decipher the molecular mechanisms associated with alterations in
dopaminergic signaling on arsenic exposure in corpus striatum and assess the protective
efficacy of curcumin. Exposure to arsenic (20 mg/kg, b.w., p.o. for 28 days) in rats resulted in
decreased expression of presynaptic proteins-tyrosine hydroxylase and VMAT2 while no
effect was observed on the expression of DAT in comparison to controls. A significant
decrease in the expression of DA-D2 receptors associated with alterations in the expression
of PKA, pDARPP32 (Thr34), and PP1[1 was clearly evident on arsenic exposure. Expression
of BDNF and pGSK31( in corpus striatum was found to be decreased in arsenic exposed rats.
Simultaneous treatment with curcumin (100 mg/ kg, b.w., p.o. for 28 days) resulted to protect
arsenic induced alterations in the expression of DA-D2 receptors, PKA, pDARPP32, pCREB,
and pPP1(]. Neuroprotective efficacy of curcumin can possibly be attributed to its
antioxidant potential which significantly protected arsenic-induced mitochondrial
dysfunctions by modulating the ROS generation and apoptosis. Modulation in the expression
of BDNF and pGSK3a4 in corpus striatum by curcumin exhibits the importance of neuronal
survival pathway in arsenic-induced dopaminergic dysfunctions. Interestingly, curcumin was
also found to protect arsenic-induced ultrastructural changes in corpus striatum. The results
suggest that curcumin modulates BDNF/DARPP32/CREB in arsenic-induced alterations in
dopaminergic signaling in rat corpus striatum.

Srivastava P, Dhuriya YK, Gupta R, Shukla RK, Yadav RS, Dwivedi HN, Pant AB, Khanna
VK. Molecular Neurobiology, 2016, doi: 10.1007/s12035-016-0288-2.

Differentiation induces dramatic changes in miRNA profile, where loss of dicer diverts
differentiating SH-SY5Y cells toward senescence

MicroRNAs (miRNAs) are generated by endonuclease activity of Dicer, which also helps in
loading of miIRNAs to their target sequences. SH-SY5Y, a human neuroblastoma and a
cellular model of neurodevelopment, consistently expresses genes related to
neurodegenerative disorders at different biological levels (DNA, RNA, and proteins). Using
SH-SY5Y cells, the role of Dicer and miRNAs in neuronal differentiation was examined and
involvement of p53, a master regulator of gene expression in differentiationinduced induction
of miRNAs, was explored. Knocking down Dicer gene induced senescence in differentiating
SH-SY5Y cells, which indicates the essential role of Dicer in brain development.
Differentiation of SH-SY5Y cells by retinoic acid (RA) or RA + brain-derived neurotrophic
factor (BDNF) induced dramatic changes in global miRNA expression. Fully differentiated
SH-SY5Y cells (5-day RA followed by 3-day BDNF) significantly (p<0.05 and at least >3-
fold change) upregulated and downregulated the expression of 77 and 17 miRNAs,
respectively. Maximum increase was observed in the expression of miR-193-5p, miR-199a-
5p, miR-192, miR145, miR-28-5p, miR-29b, and miR-222 after RA exposure and miR-193-
5p, miR-146a, miR-21, miR-199a-5p, miR-153, miR29b, and miR-222 after RA + BDNF
exposure in SH-SY5Y cells. Exploring the role of p53 in differentiating SH-SY5Y cells, it
was observed that induction of miR-222, miR-192, and miR-145 is p53 dependent and
expression of miR-193a5p, miR-199a-5p, miR-146a, miR-21, miR-153, and miR-29b is p53
independent. In conclusion, decreased Dicer level enforces differentiating cells to senescence
and differentiating SH-SY5Y cells need increased expression of p53 to cope up with changes
in protein levels of mature neurons.

Jauhari A, Singh T, Pandey A, Singh P, Singh N, Srivastava AK, Pant AB, Parmar D, Yadav
S. Molecular Neurobiology, 2017, 54: 4986-4995.
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Cyclooxygenase-2 directs microglial activationmediated inflammation and oxidative
stress leading to intrinsic apoptosis in Zn-induced Parkinsonism

Inflammation is decisive in zinc (Zn)-induced nigrostriatal dopaminergic neurodegeneration,
however, contribution of cyclooxygenase-2 (COX-2) is not yet known. The present study
aimed to explore the role of COX-2 in Zn-induced Parkinsonism and its association with the
microglial activation. Male Wistar rats were treated intraperitoneally (i. p.) with Zn as zinc
sulphate (20 mg/kg) along with respective controls for 2-12 weeks. In a few sets, animals
were also treated with/without celecoxcib (CXB, 20 mg/kg, i. p.), a COX inhibitor. Indexes
of the nigrostriatal neurodegeneration, oxidative stress, inflammation and apoptosis were
measured in the animals/nigrostriatal tissue. Zn induced time-dependent increase in the
expression of COX-2 while COX-1 expression was unaltered. Zn reduced the
neurobehavioral activities, striatal dopamine content, tyrosine hydroxylase (TH) expression
and number of dopaminergic neurons. While oxidative stress, microglial activation,
expression of microglial cell surface markerCD11b, cytochrome c release, caspase-9/3
activation, level of pro-inflammatory cytokines, such as TNF-a, IL-1B and IL-6 and Bcl-2-
associated protein x (Bax) translocation from the cytosol to mitochondria were induced in
Zn-treated group, expression of B-cell lymphoma-2 (Bcl-2) was found to be reduced. CXB
significantly attenuated Zn-induced increase in COX-2 expression and restored TH-
expression, dopamine content, level of inflammatory cytokines and neurobehavioral indexes
towards normalcy. Moreover, CXB also attenuated Zn-induced increase in microglial
activation, oxidative stress and apoptotic markers towards normal levels. Results of the study
thus demonstrate that COX-2 induces microglial activation that provokes the release of
inflammatory mediators, which in turn augments oxidative stress and intrinsic apoptosis
leading to dopaminergic neurodegeneration in Zn-induced Parkinsonism

Chauhan AK, Mittra N, Patel DK, Singh C. Molecular Neurobiology, 2017, Doi:
10.1007/s12035-017-0455-0.

Neurotrophic factor mediated neuronal differentiation of human cord blood
mesenchymal stem cells and their applicability to assess the developmental
neurotoxicity

Plasticity and developmental capacity of stem cells have now been established as a promising
tool to restore the degenerative disorders. The linearity differentiation of human
mesenchymal stem cells (hMSCs) into adipogenic, chondrogenic, osteogenic and even in
neuronal subtypes has been demonstrated. The numbers of chemicals such as dexamethasone,
insulin, isobutyl 1-methyle xanthine and retinoic acid have been reported for their potential to
differentiate hMSCs into neuronal subtypes. However, the applicability of indigenous
neurotrophic factor-nerve growth factor (NGF) has not been explored for the purpose. Thus,
investigations were carried out to study the NGF induced neuronal differentiation of hMSCs.
Following the isolation, purification and characterization, hMSCs were allowed to
differentiate into neuronal subtypes under the inQuence of NGF (50 ng/ml). At various
concentrations of NGF, the neuronal makers were analyzed at both mRNA and protein levels.
Cells exposed with NGF showed significant and gradual increase in the neuronal markers in
differentiating cells. The magnitude of expression of markers was maximum at day 4 of
differentiation. NGF at 50 ng/ml concentration was found to induce neuronal differentiation
of hMSCs into neuronal subtypes.

Jahan S, Kumar D, Kumar A, Rajpurohit CS, Singh S, Srivastava A, Pandey A, Pant AB.
Biochemical and Biophysical Research Communications, 2017, 482: 961-967.

Photosensitized methyl paraben induces apoptosis via caspase dependent pathway
under ambient UVB exposure in human skin cells
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Methyl paraben (MP), is a widely used preservative in pharmaceutical, food and cosmetic
products. Its molecular mechanism under ambient ultraviolet radiation is not well understood.
Studies, therefore, were conducted to examine the photosensitizing mechanism of MP under
ambient UVB (0.6 mW/cmz2) intensity. MP showed dose-dependent decrease in cell viability
of human keratinocyte cell line (HaCaT) by MTT and NRU assays. A 40% reduction in
antimicrobial activity of UVB irradiated MP through E. coli culture was observed.
Photosensitized MP (25 mg/ml) significantly enhanced lipid peroxidation, intracellular ROS
generation and disrupted mitochondrial membrane integrity. MP induced loss of lysosomal
membrane integrity and endoplasmic reticulum (ER) mediated stress as evident from Ca+2
release. Phototoxicity of MP showed nuclear fragmentation, phosphatidylserine translocation,
tail DNA and micronuclei formation, mitochondria mediated apoptosis via upregulation of
Bax, Apaf-1, Cytochrome C and Caspase3. Upregulation of Caspase-12 (2 folds) specifically
showed role of ER in apoptosis. Specific caspase inhibitor, Z-VADFMK showed
involvement of caspase cascade pathway in apoptosis. Results indicate that photosensitive
MP leads to oxidative stress mediated DNA damage and apoptosis through mitochondria and
ER. MP causes deleterious effects and its long term exposure to human skin may promote
skin diseases. Therefore, MP may be considered for replacement with other photosafe
preservatives for human safety.

Dubey D, Chopra D, Singh J, Srivastav AK, Kumari S, Verma A, Ray RS. Food and
Chemical Toxicology, 2017, 108: 171-185.

Synergistic effect of piperine and paclitaxel on cell fate via cyt-c, Bax/Bcl-2 caspase-3
pathway in ovarian adenocarcinomas SKOV-3 cells

Ovarian cancer is the fourth most common and lethal among all gynecologic malignancies.
The chemotherapy usually requires in all stages of ovarian cancer but drugs have several side
effects. It was hypothesized that use of combination therapy of paclitaxel (PTX) and
phytochemical piperine (PIP) may reduce the PTX dose as well as toxicity. The human
ovarian adenocarcinomas SKOV3 cell treated with PTX-5 nM and PIP-10 uM after
determination of IC50 by MTT assay. The dose-dependent treatment of SKOV-3 cells
showed IC50 and synergism at combination of 5 nM-PTX and 10 uM-PIP in cell viability
assay. PTX and PIP increase the accumulation of reactive oxygen species leading to increase
in JC-1 and fragmented nuclei in mitotracker/DAPI staining. Comet assay showed 4.4-fold
increase in DNA damage in PTX-PIP treated cells as compared to control. PTX-PIP arrests
the cell cycle in sub-G1 phase. Immunocytochemistry of Bax showed the increase in red
fluorescence intensity and a decrease in green fluorescence. Significant upregulation of
apoptotic genes, such as, Cyt-c (3.4 fold) Bax (2.8 fold), caspase-3 (3.6 fold) was detected
whereas, no change occurred in Bcl-2 mRNA expression and protein level. The combination
of PTX with PIP produces synergistic effects in SKOV-3 cells via the modulation of pro-and
anti-apoptotic genes and may compensate the toxicity and side effects of PTX.

Pal MK, Jaiswar SP, Srivastav AK Goyal S, Dwivedi A, Verma A, Singh J, Pathak AK,
Sankhwar PL, Ray RS. European Journal of Pharmacology, 2016, 791: 751-762.

Arsenic induces hippocampal neuronal apoptosis and cognitive impairments via an up-
regulated BMP2/Smad-dependent reduced BDNF/Trkp signaling in rats

Arsenic promotes hippocampal neuronal damage inducing cognitive impairments. However,
mechanism arbitrating arsenic-mediated cognitive deficits remains less-known. Chronic
exposure to environmentally relevant doses of arsenic was shown to increase apoptosis,
characterized by caspase-3 activation, poly(ADP-ribose) polymerase cleavage and Terminal
deoxynucleotidyl transferase dUTP nick-end labeling of rat hippocampal neurons, marked by
NeuN. Investigating apoptotic mechanism through in vivo and in vitro studies revealed that
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arsenic promoted bone morphogenetic protein-2 (BMP2) expression, supported by increased
BMP-receptor2 (BMPR2) and p-Smadl1/5 in hippocampal neurons. BMP2-silencing and
treatment with BMP antagonist, noggin, attenuated the arsenic-induced apoptosis and loss in
hippocampal neurons. To investigate whether BMP2/Smad signaling stimulates neuronal
apoptosis independently or through other intermediate pathways, it was hypothesized that
participation of brainderived neurotrophic factor (BDNF) may promote neuronal survival.
Arsenic-mediated attenuation of BDNF-dependent Trkf signaling was identified and arsenic
+ recombinantBDNF co-treatment reinstated BDNF/ Trkp and reduced neuronal apoptosis.
To probe whether BMP2/Smad and BDNF/ Trkf pathways could be linked, co-treatment of
arsenic with noggin or recombinant BDNF resulted nogginmediated restoration of BDNF/
Trkp, in signalling while recombinant-BDNF failed to affect BMP2/Smad signaling. In
addition, it was observed that Trkp -inhibitor, K252a, nullified noggin-induced protection,
proving the necessity of a downstream reduced BDNF/ Trkp signaling for BMP2/ Smad-
mediated apoptosis in arsenic-treated neurons. The above observations were co-related with
cognitive performances. A noggin-mediated restoration of transfer latency time and learning-
memory ability for passive avoidance and Y-Maze tests was observed respectively in arsenic-
treated rats. Overall, the study proves that arsenic promotes hippocampal neuronal apoptosis
through an upregulated BMP2/Smad-dependent attenuation of BDNF/ Trkf pathway,
inducing cognitive deficits.

Pandey R, Rai V, Mishra J, Mandrah K, Roy SK, Bandyopadhyay S. Toxicological Sciences,
2017, 159: 137-158.

Cytochrome P450 2D6 and Parkinson's Disease: Polymorphism, Metabolic Role, Risk
and Protection

Cytochrome P450 (CYP) 2D6 is one of the most highly active, oxidative and polymorphic
enzymes known to metabolize Parkinsonian toxins and clinically established anti-Parkinson's
disease (PD) drugs. Albeit CYP2D6 gene is not present in rodents, its orthologs perform
almost the similar function with imprecise substrate and inhibitor specificity. CYP2D6
expression and catalytic activity are found to be regulated at every stage of the central dogma
except replication as well as at the epigenetic level. CYP2D6 gene codes for a set of alternate
splice variants that give rise to a range of enzymes possessing variable catalytic activity.
Case-control studies, meta-analysis and systemic reviews covering CYP2D6 polymorphism
and PD risk have demonstrated that poor metabolizer phenotype possesses a considerable
genetic susceptibility. Besides, ultra-rapid metabolizer offers protection against the risk in
some populations while lack of positive or inverse association is also reported in other
inhabitants. CYP2D6 polymorphisms resulting into deviant protein products with differing
catalytic activity could lead to inter-individual variations, which could be explained to certain
extent on the basis of sample size, life style factors, food habits, ethnicity and tools used for
statistical analysis across various studies. Current article describes the role played by
polymorphic CYP2D6 in the metabolism of anti-PD drugs/Parkinsonian toxins and how
polymorphisms determine PD risk or protection. Moreover, CYP2D6 orthologs and their
roles in rodent models of Parkinsonism have also been mentioned. Finally, a perspective on
inconsistency in the findings and futuristic relevance of CYP2D6 polymorphisms in disease
diagnosis and treatment has also been highlighted.

Ur Rasheed MS, Mishra AK, Singh MP. Neurochem Res. 2017 Dec;42(12):3353-3361
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TATTAT SR JATHT GaRT HSHVNAISS TR S1d SYT 3cUIGsT Sl ATATAS Farfa I Giged &9
H carear o g

TH.HY. PR, O, TS, o, I[CAT. TS SrarsiIAHee  HIShISTS3Melol, 2016, 82: 5730-5740.

grey, e va e Refass

HISTT &1 Aged HATUR § Fifch Ig TOEY Shael g AT AMET & ey gl QU faeq & qafewor
UGNl 7 fAeTae & HROT Wied Feel AR WieF Heuor & aX # AT dedr o W gl IR 3cueh
Jraferdt & el gdicd @ied 3gfd gARTT #er & o, el @ TiEd 3N Faftd e & adhi
& TIeT HETH & IS ¢l W FEEHIOT 3cha 1 doil F Jeft & ATy, deheiichl HRON & Ted
gerelf # faffee ofsfed & 3uaer i ggfa & off JEftr g3 &1 sise & ufsfecy & &7 AT SRl W &l
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e T ST TgT &1 ol QU 3Yar i oy 3ol aal & el vardt & foe T & volel
& ST [AH0T 8 Ueh a8 §HEAT &1 S8 3elar W WHI H fAcrae IR-Seasie 3cures
T FHERIOT 3R HSROT & SR & Hehell &1 WIGT @I &1 I & AU gof: HAlsteh Juaw
Gl fahr & gaer shva @reg gerdf & 3caesT & fow gaer fRar smem 3R @y & sygariesor &
UEd SHUH Wieg / wHo H F&T FiARHd H S ARV §AN IRARS Al & MURX R, STS-gfeat
F BRIGHG YT FI FETTT g fa¥ell AMOAT & 3UAR & T T 3MAeias & WMl 39 IR,
SNUH @ied, g1 AT IR WRETT & § Jgad ST81 qfedt v faurerddr / geafm ser & Headl H
HAISFAT §| TAAT H $H T AN HAIT Hegl W F AT I @ § (i) 3rerer-srerer Afgew 7
Fenfad AWFd Toic & A9 & forw adieel &1 faema/ TU9T; (i) 3WRIFd I0™aAT 6T Aurerddr & e
A TS PISelhAGhed /| gadl T H I (ji) AT IWIAT 7 Adar § O & gESET (iv)
ST Wied / BHA & Il AT 3R 3eTehl FR&T / Telsiiareh Hodishad AR (v) s weifdat & fow
e iR @i gren & fov e fAdet @ e

TF TATEONT YU, ST & WfoRatTcss Wi 7 Feqeyar # AU 4 A v agya frarefiaar

FHAN Jd 3EATAT @ Il el § fob St Yt (N0) ared - AT =gl 1 foeel 7 goret S gfafhamd gehe e g
FAATST ST F AT & THIT T 3 Thol G T FAT 317 24T St R F TrAfAF ThdoR HIfRAAT § F TgoT
3R 31Tl TfeRaT & e Ueh Siige aTell st & 9 3 R Tl § | g1 i a7 (T Foallg & Tov &foten) e
gt W Hers & Asfies 3ifaass (Ta3) 3T 3o AT (COX-2, TATAY -9 3R ol -2) & TR Y dar
qrAT AT, gTeAlh CATTRT Ferd-1 AR AT Folrd -2 RATed & TR a9 gU A1 38 JfaRed, v &
T Beel RATeY 787 (STA3R) 3R VAR & ATY SHAI HatT Y 0TAT hEcgeleiel [T & ATegH
FH G| IATR BRIATSCH cral-h RACH (ETAIR) Afed Ao IeToteten ggare Reced (f3R3R) garT
AerateT-Ha e 3morfaes deet (drewead)) & Areas § SFARAT H TG FeT H Ageaqur dfHF Famd §1 w3
GG o 3o VAR I 3dloteh TN & Jatied & Qerer g, grefifeh, Shellaraifes & 53 gore 6
FEIEAAT H ATANN @RI 1S 918 el ${fAhr 3relr o 3reuse & 3R @A A 7767 37 W g1 go-faferr
faeeisor &, g8 Tuse o7 fh AT 37 TR & HHEd, VAR 4 &F Y STacdd SEIHRT Al
R &1 a¥ee elfear seagal & qfte & & div voradioR aeda # Auesm 4,5 R 9 &
3fFcafdad A Ferar g1 sad faRed, AvasR & sEaEA [eafas Frhs e o F dAdiss
BRI gruffs gfdfhar Wi - 88 (TAASSr 88), ST -1 RAT & F3 Fsalol (3MSIHRTH) -
1), IR ETATHIR-5[3 FR* (HRTCH -6) U & Fefgl #H ¢ 9 | Jg off 9rar a7 o v &
3TAR A v -1, d-fogd, i3, -0 13-%, 3medr 3, duel-y, d-tvadr 3R Hfoerm+2 &
HfFeTFd # gefer §é‘ g, S & Auerir AfSAes sevrore # AgcaquT A e 81 sE8 ugd g
Ig IaT el F fv F oier F [Queda wemal & ek dae @ gafdd & = o1 &Y Je
TFHAeR EanT 3% ®0 & fAsysniaa fear am anl $9e @, g4 IE 9ar ger § 6 dw & Ay
A% 3TAR div IRT TR 4 & HY-HYT F&H AR S0 Ashlthel WINTFH 2 3N N-veaudmene $Hr
Hffeafda & wl e g1 sl & v aRT serelered & vaud 7 Auasm i Ageaqot sifAer
HT YT |

). faarll, @, #Asd, 3R T, T, IEYEn, wA. gfaady, A g, T Burdl. afFaders ded, 2017,
276: 69-84.

Irffas vraueR grAEE & @ 4 Y yfdegyudr 1 IRT Far § 3R FaEe & FIfREEt @ gemt & a9
TS fheT W1 FY gaT 3aT &


http://www.shabdkosh.com/translate/%E0%A4%89%E0%A4%A4%E0%A5%8D%E0%A4%A4%E0%A5%87%E0%A4%9C%E0%A4%A8/%E0%A4%89%E0%A4%A4%E0%A5%8D%E0%A4%A4%E0%A5%87%E0%A4%9C%E0%A4%A8-meaning-in-Hindi-English�
http://www.shabdkosh.com/translate/%E0%A4%89%E0%A4%A4%E0%A5%8D%E0%A4%A4%E0%A5%87%E0%A4%9C%E0%A4%A8/%E0%A4%89%E0%A4%A4%E0%A5%8D%E0%A4%A4%E0%A5%87%E0%A4%9C%E0%A4%A8-meaning-in-Hindi-English�
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TG AT gfAaT :X H I dgfa e 9 9 § 1 3o sifaw wfarer wfafear & wasiiar sxar g 3k
HHIHAS W3 & G HagaANeTdr Serdr §1 e 319 Tl gahfa & fov 3t avg @ e Sirar § s
3 Uohid 1 fARET HROT 379 o aRersT g1 gARY UlaReT gomelr #, f@arees & st wr gioReT
AR ST @ & foIv 3 aRE & ST SATdT §| I HIFNBIV 31 TfaReT FIfAH3T & FHT Fr gar
Y QIANEIA T F11C TGN &1 38 3T A, §HA 3R Tareh IR FYATITT A farash & mfRrehrsit v
HTINERY T T SIaTTeY Y PfRrer & 81 gAY I fares gt ot 3ffarens it gaiaRor Heel T w1 vaater fear
3R grar f& @Er 87 & AR Fr ysfad fev foar ThPOK erafseed are &1 3ifficafda i seraw
3R & ATTATATSE T WY 4" & AIABT3 H TEIel gled o TV Ferar ferar| i faieh TrauisR gEg=ITvRe
F ARG AT &, S T TelAASCH T FH ATSIRET F1d 3R ABHINFERIH BRedcH ThAUT & [T sl
HagaTelierar & @S dgar &1 Ifeie Taadion & e theel Biaddl 3 TR &I Tae arHes &
HITARIT 7 Toelifaen & T BHIRRT &t gerar fear| 3rifas teaaer & gifEsmeerT thaet hleFadr 3 TR
PY TETHT TColIToTeh & T Y [AATHS & FIRNFI3T 7 Tl 1Y & ToT sorar &ar| 57 gRomaAr & g3 Ig aar
et F forw IRa foram o o7ar I Aares & RIS 3mdfae IR & ae hae & i & fov SR &
AT AL | 3/ AT A & AT, §HA g1 T TR TrATIoR Sl §U ATCHTSA o1 IYANT ek Soi-Taal foramaeh
& AT Fr 3cufa &F welr | oraeT a1 I8 & & FaEs & A & [ F Teiifad & HREnt § g v
TSI 3cUTesT &l 3ol f&ar| o7 aRomAT o qfe $r i =gt & Afsar 7 3mdfas H gafawor deaeh g
TS & Aol T TG SFIATTUHT T o | FATAT, IS @A & FROT YIARET dF & GHeA Y Udhed &
T foramses & IR FTfad e & &9 H 1o T Tohll & | A sy 3dffares gefdra &t 7 Heprereh qett &
TGl T HROT STl H Hee hidN; T I IR SFIAGITT H gEdald kel A Hee Rl |

IR, aw, A @, v @A va e v e, vogeedn, 9 g, A $AR, 9L Seed, T
qedTs, 31, 8o, arsfefiees Rdied, 2017, 7: 7140

dFfae vd Frafda faor, Pumarassed @R 3o R Reaar @ ayde WRa gEer
&fa F IRCAE, MNFARRT-TET 19 STFARAUT FT FH FI&h, FIASIT Y & FIaTm &
TAR®-525 fohsell virefiforaer I3t # fAugavasdsd carT 3cdes fAWaddr & favey swice
Td HEAf TAvAlAssd & AT (deve) & GRETcAS THIE 1 I hAT IR FeAl-arserady
Td AHRSINE el ¥ AUSerdsasid-3uaiRd HIREET H JE-39eT H ey, &R
gfasTerde e HaTUT, ASCIHIadT I [SUleRISe Td TS AT gl & IdT Joll o foh SiEva &
HE-3UaR @ Hgeaqul &7 & (p<0.01) FH & I 57 faa) el #, e IRT #AgAg 4
aﬁaaﬁﬁaﬁgﬁm—mﬁnwo,Eﬂaﬁaﬂsﬁaﬁn‘q‘wgﬁm@’réwﬁ,Eﬁ?ﬂﬁ(&‘ﬁ?—f
7579 Ud Hafde 10/ # R T @ T @ W, gree ewrn| wyRe @ qRd @ A §¢ g
TS, & TR UF 30 RO el ANCSAEG. & TR A H0d & 309R g@RT Ageaqor &9 &
(p<0.01) F& M| JoTeT TR &7 vd Rffea frseh & daf 7 v 39aRa 9@t § FAewaqor
nglﬁﬁwwmam%%mwmﬁﬁaﬁa@% Td TE-SeFAET TsTTal &
ATEAHA § 3cdow] GIAT T AYAT 7 gled aroll BN & JaeeT 7 Jer fhar S et B

. &g, d1.dr. ity 9. Fhs. SeasiTHcd  cIfFddIdTell BHIeST 2017, 50: 67-75.

fr.o.radid. : §gfae Wowds v ey 2 ayde # vw wanfaa AT Ta

94 A gU SeoAioreier el A dLuw T dLdr. T NBEIH/THE IR IR FRAT-AeE T &
fafeassr & wgeaqet siffer #t weflia frar §1 dd/eRd Reafder # 3cuear alv, @sv 2 Ay,
AT T e ARt & fafegd, fahd sqfos @ vd sgfos Woeed & @1y qoeay T1id akdr
g o % Ao gfawal &
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TE.T AT, B GrES S ¢l 39 Reg # gAe due.uadndl. & gt ®ai T SHiAe Hehdel T
300 Tafeyd SRR gean3it 3 fF Ascsiizgar fr ifhaefieran, 3vav &fa, 3iethsl va wifrer
g W YSe dll THIET &1 qU fham B IE oW 3 YA 3MM0ash ofedi & fAASAT Serar g it
sgfoeT USreda &1 Haedr & el Hgcaqul ${fAHT @A g1 37 @& HT ST BT 2 HYAG T4
389 3 g Acifos AT & 3TN g @& IR gansit B WS A HeAd Ageaqul HfFPT e
T TqHd &

T. AIYY, A, qIusy, Ul Ferhs. SeAel 31 Tesishellelsil, 2017, 233: 3TX185-37X198.

@dT # Plasmid DNA ST Peptide a6 & SIRA ITAT FTd §U A 3mhAvRRfer fewor

eI @Rl & U ~gfaed e & caar A Al-geafoid AT dhr Agcaqul A g g1 caEr
RAffied W AT a9 IR -Feiid Ted FRIATH, (Stratum corneum) TAT 3T &1 Sifdd STUsAEY
(epidermis) TOEY caal H d3 gISIMhich (Hydrophilic) 303 S ~gfFerdes 3oel & Jda # cafh
e ug ﬂﬁ?ﬁ 3c0ed Al &l §H THh TFhidfde Ucerss (Amphipathic peptide) — Mgpe 9 (CRRLRHLRHH
YRRRWHR FRC) 3T JECIoRIOT X & ST 3@ oaar d cadl &I IR & yaer &% Fehal § Ul
g & yarfad fFar oY 3faRed e a1 Taf@e g5aelT & a1 s [@er va s f@ar (In-vivo)
T A AARIFCATFHE (Nano complexes) & ®T H CollSIfAS Feridqdes AaRd #X gAa RAY carafAs
& faawor & arg foer el gfager gfafsrar srear awera gama &, caer &1 3cafe gl aud
(Basal) Tl & FHerel Sftel fHeIfFT qrlt &1 Aishrecoifrad v yaer forarfafer & deraar daerh wiéeT
& gfdadt (Raf@faer) AgaRe & @Y caar & =0 7 TagA A (2ifavee) aRads anfaer g1 sa
¥ 2138 F T ¢anT RAfRcIT .U, & HaAgA & &I H STAATS gled FI &TAT &l

TH. 4T, W FAS, IR, UeAdeh, TH. 3Teld, T, o, 3. §har, 3R, oA, T 8, S
3R, AR.UE. MG, ST ATh shelel Rellel, 2016, 222: 159-168.

WA ggFea RAvex Aaaiefas  wqaRa scda TFar & (Td)F afeaor Seaaea (IR.ee.Y)
Fohae AT gaRT THTRAT T §
35 fafalor #REE # SeoYle AEe T IR dioarsidde Il gisgiees (T
T ST &1 I8 9 (TI.T.UN)TY dgl SRR Saaral $F Jgd & o gifaere giar &1 3%d haany
9 s, s, G e afafafE & ek o9 v & §9h 7 I € a9 9ga § @y
T S Gololl, el T GIGUA, FFh cadig Forol AT AR FGH 9@ eI eRotehal S A &7 -
3R RATR waemgiist f g v (W3ndgys ReR gd &1 I8 W ™1 ¢ & $o w&@iwor dfas 7
TR FF A § 3R 3T Tpar & Fafad = &1 g7 T8 IReeue & 5 @il wmw F =
ﬁua@aaﬂm%aﬂﬂﬁmm&mﬂmaﬁﬁﬁﬁamymaﬁmw-
T.| AR HI0Te IROTH g2 § R Sreeher RfAeiAsieis dehce i LRI e § TN A SE T,
STEAHRY HAY Yohe AT ¥l SeATAferent & IROTHAT F €A F WA U gHA Hierod qE [Aeeased
5)T &7 HATGROT &I gAer fhar 3R 39 X & (TA.TA.9),10, dar p25M) o fGas R §r .
m,a@ﬁmﬁmaﬁaﬁaﬁeﬁwwgmwmwm:mamm
® THSA & §HA C57BL/6 Tgl WX & T HI.37AGROT Y Jg Ul o $8h hROT YgI & 37cdcl Iotehell
g A Gwer sedr 1 3T JfalRed 59 s & g4 g8 s o FRef@a geever w [Efa
I § S AR, & 2-MIRIR gfderes R T A & 6 N 9¢ g I ATISH R JA-
¥ &H g 9T agd ¢ fF fU- T TR & WER 9E SLTaIRdT 3dd Sfedar & e Ageaqot
gl
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TH. 37eeTH, TH. 3MeH, .. e, TH. AR, TH. I, F.UA. IJAN. HAGd RET g eTfraenrerst,
2017, 30: 625 - 634.

TYfFAH HFT BN @A dF SIET T BT AAAF del HUTRA Ia7h qlehr

g [9eR & TAfhcahd geel & fav #gfae® 3% &1 (Nucleic Acid) WHRS fdeRoT 36ieh
HATTATT Yehe AT & cadl & AeEfae & A TfhT ardraor I golg ¥ oid 3udedrar iR f&erar
ST HfAAT 3UTSY gl 81 3T HIAAT dI aolg A IRTHD ABoldl &l & Sds]G, sialfeierl Translation
IR U 9T AT &1 ST HIAAT Hl geled & ToIv F5 g & HAifads AR = aliwr & gaer fhar
ST &1 T8 altes 3mehrAeh gfshar a1 A S g 8, S T camn i @qoTar & @y @HSAr R E
Sogl FHEAS AT golg ¥ AT caar-yae- atet &1 fawrE ash & fRar o T &1 Og ade ogfFes
mﬁ@m@mﬁt@maﬁa IgT gH ¥ fewmr ugd € & ogur & sore 3R fAfaee
JoT & TN & §IG T ST Al Alel-hldH wcoll T ICIE3-CalloHS-3IUAT Adlheceldd@ Eqgiciency
& caar # rcoivo AT Invwo FFT8 ST Hehell 81 38 s @ §H ca<n &1 quian &1 &= wenfad 3

A @ A Fhd gl A & & AT gaa &5 99 & 8 F SIRkEmRysar 3R Qer aradar-
NUTSTelehell &1 AR, AMhell-cd aEd-, Tosd afdfafer searhed AR Ffewr Ao w1 gea

Hodishel 3 HIRABT TAAEAIOT T G&H Hediohel | AAGNIE F61 gict I [FUIAT IF SeTol AehlAvFH-
g 3R gANuclease FEITAAT Idd & 8l A Vb od &1 THHI T UGld T IS Fhidel $HI dolg &
FITR Spectroscopvy # c@dr Sfadieid RUfd F &5 scard @ o FAed & I9ed ¥ & e
v & fAU gAa v @ERe, @i IR AT e # aofa fRar § S % Plasmid DNA &
cadn # g9 3R 9gTe # dh e &

TH. fasl, vE. 3TelA, T, e, ot AT, vEL MAA, FA. AN, S qhn, L &L e, .
IMTelr. Aok AN, 2017, 25: 1342-1352.

F T FT WATAF IHIANIT qTedlel qgi & Wratarah fHon & T = geramieaa Ft dFar ¢
g SFAERT H YAE HRb AL (R fafewor g S g dEx giar g1 ogEe
AFEERET H LAl AN AT H SFARARNA F, THIE CWT| A I G-I 3aRior, FeRT
TFgierHey ¥ AT AT WieseiFed g & fAr 30 fAde gge aTedl wH & wa-1 ggh @
AT W AFHESNA o@Ar IA7| ANy fAfeRor 24 6 a1 Ggl v caEr w Ay Hr A (Feld), TS
refAe, Aareiugsiifeass aifafafe vd carsar areseag & [uior & v gaer Far @ sd@ &
ATY, STFATAL TTICIHSeH F Yhed Hl TR, ASTFARNFHISIS-2 (Cox-2) a7 IRTABR* 3ifearss
fHAST (i Cops) & UROT dFeet sellc & @RI FRAT a10T| AFARET FALAT FhaeH FH aVor geffdr
g & Ol A g@rRT  §& caur 1 A, oghase & Ra™, TUNEL HRicHas @RISR Td
Wﬁﬁmww#wg‘él AFHEET EIcHTe & TgI I caal H AEC HITABT Hr T,
MPO afafafer Wseramdd! Teiased FT Tohcsd dUT SeFATHAT JALIET N off g 15| Ig g8y
aRoma gefd § foF AeawdlsT SKH-1 gt &t caar # UVB 9Rd dia seamaert gfafsar &t Jdehar
gl

Tg. oA, T U, . fAg F.uH. 3ad.  wesHerdre) thdlsa—gaﬂcﬁoﬂ BIeASET, 2017,
3r3M3ms:10.1111 / droadidy. 12348,

Fafaeea ¥ & Tt 90 F Vecoied F TASHISOT FT dTed / W g hr vasiredt gfowem & FA
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e Velsied HT TASHIHIUT Iofoh FTaRaT IS cIIgR &l gl Al gl Hes RueeeT (TAMN) &
HEYH § W Toloil T TSI WET & HeFd Ul THg AR Fralerggesh HoFd Hisiiclel THE &
e @ gfafhar & $ROT g T TANN HT YT HIGeN, 33, 3o, qU, SEH S F$ W uardf w
W T ¢l A Uh W Wi HI Teloll I TASHHUT & TGHIG HI g &Il $6&6 T, Th Tel
WEI (<26 H30) H Yy fhar AT R W AMeA & T A RFAT Fhar sEd o, 6 ey
W& & TATSHIOT THAT AT S 16, SH TellSHIhes WEle & Tololl cqdgN T 3G Hel & &
cqqsuﬁgcﬂdlﬁ?ﬁﬂﬁ?%ﬁwlﬁaﬁﬁmmwwmym
TAT|Teghes WA H A HARAT H HA Teloll Hath Welemy, HA A SFEIAFIG o F
fafdrse IS 3R ISeleh 1 3R vt Feaey (8 AR ST 3R SiIf@afra, s dva
TSRS (ST -4, S -5, 3BT 13) 3R F&afAa cifepuaa haed (mer-3, wiaq-dr 3, &-3c,
T -3) & T A W IAT| $HS Al Hel WET &I Jololl H TolSehes Wl @ 3uaRd Tgi
elraseH # 3w dua 1 3R wA dua 2 AscEsey 3ced g a1 Fsedyde, adAe
Y T "ol § o et Wl ToqfAeT HT SI-TehraIeTsHeor HI Tololed &I Ueloll &THCT &l
V% &1 EITASl & TGER A & e H &l Agedqol ol & AerEr gar § o @ vogfae
fafirse &-Yar IR garT AifGs afgsorar iR dva 2 & qua A TR AT BiFe B,
Tofsll T FHTEAT arell ey N Haeaher eafeadl # aisfR worslt &1 gfafrar & @bt &, 3er-
37T 3R THANRT & ATEIH ¥ 3T Tdlolieh WA & Tadiaor U I T Tololl I e alel aT feer
H gHTaeT g Tohdll gl

3R, I[Ccll, T. 6, T. AT, . e, aAierer, ol Hsel, T Bordl, ImS.v. AR, A, e, drE). gfaady.
T8 AT, 2017, 235: 244-256.

gA$feaATa 1 Tefharefierar #a A549 HIRAFTHT F p38 MAPK/p-53 Rvafaesr & aArcgswr & RAucafes
A Fyeh afafdfr F qordh §

cofeaa 3maa g8 &1 313 3aTar H BHalt & FIFAHAT FT Sollol A & [T SAYH T & 3YINET
faar Srer &1 grenifes, 3t derfars @horar el oft a1 gweTal 3R geT UfeRIY & FROT WAT
dHhfeqsdh TH A HH A HA TES Shacd & AT Tolfedd MURT @ RAfFcar garst &
THIGHIRAT S & foT R &1 SEHieald, (Th gIAMSHEFangs) H Tegsger, Tasiifease,
grsUlTaTsaiA® 3R greufafisiAs afafafr ggear & w1d &1 STafd, sudhr Fawe ygfa sl g o
AT §1 TIHATA ETTT H, §HoT Aled THTT Tol BHaT (A549 FHITAAAT) HIRNFST H Bacafea & arg
TS A ST &THAT &1 Hedichel AT &1 SEbfealcl &1 THE T MURT 3TaR A549
HIRAAIIHT HT TEHALTHA T Terdr ¢ | Safh sérhfeaiar 3R Racafes & ARG gus 1 adisH
Avee Sheaces R wfFwd & difafead HIREET garr e & ded F @R god, maid
gRUTAT & TS &7 F Telharefiedr & derdr g1 sddfeata 3R facafesd & Bfa sar a s5v -
T2 31qard, Afgrq ACANIAIT Aym HT Tl Fetshid T Reflst caspase-3,PARP,- & Feldof
A gAR fosenst 1 gite 1| g@d Hamar, ddfeadra 3R f@gcafea &1 AT 3war p™, p38 iR
3 BREBIRCICS GHRell 1 geffl, aUr FAlAGATAE AR AGHAT &AM H HHA HI & FoH
feorered a1, hfealel WUfAs A3 YUl wisslecte # (TASUH) el off HfHT FHog & IR
TAET HIAT| STh AT, TATA Sollel T TUfT & Tgd vaAsu®w & shonfeaia 3R {acafea & @y
P ST AT TElhATCHS THTT 18T ST AT &1 Ishy H, SEhfeaial H T TIAcHS U Hax &7 T §
AR Racafea $r acreiiFaind 1 agfraecy & dFdr g1 ST, seihfcaia AR Racafea &
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TSI el THATST T HHST HIGAAT (A549) & 3TIR & T U JHTE U8 FT & & H FIA
Hohal &l

&dx @ F O3NS,  TAE e, 9 W, TEF. U, 9. AT wqeafdw 2017,
313713115:10.1007TH1404-017017 -10495

wfaaicoTiies wad 1 TEU, A wiNe $ A1, RS F STAT FC §O

gar &1 @iet Gishansit T ggurel 3N FeAT FT gar S Giel GhAst A Agcaqul FeA gl hE Th
Sifeer ARy 8, SHd #3 Ieails iR =&iaohy e aiAe g1 39 - yge A SFrdisier
mmwﬁ:ﬂm%Wagmnﬁ%aésuﬁwwﬁcqqsuéﬂa%MQquﬂ@rqsum
& ST FH, SN THRN-FNRAI-FAFCH AEd HOIFATT T g, Tl §1 3@ wHET A, gH
YUl & 3ideilhed X ¢ St Hleaifaifhal 3R ser & =a1ueh TIFCH &l Tehlehd oA H Hag &
FHd g1 FH dca®d & dlel W AT Hfgd Hd & 3N Ra¥ wefRrer A 3 Reawee & dfds
e H ST A §l TH A & HEFTA & IRomH AT aiEET dged A o 3] HRIuE &
IR T SER A & TAT BEeH & 3uhT 1 qufd §1  TEJd wAcash [aeeyor giiehior aReeer
PR I H Ace FaT ¢ 3R F QT H AAcaites IRadaAT & Jdee TS Har gl

Uel. g, TH. RS, TH.&. o], a1, Y, 3. doehgR. e BrEHiehd fSTse, 2017, SIS
10.2174/1381612823666170710152918

@@ (it T AT @ FERNART & RfFecafda ik RAT F @gFT TR F ogErr
FAfdee & gefr

TAATT AT HT 368, ABH cadl TIANAHT W & WigcihiAdhod; el Ig o] Rkeade
3R i, 3EY, @the el & fAE, Siqa, 3H @ uIod @Y S g, & GeNd ol Hedichel e ATl
§HA TG A T & & g a0 wreAfhed & AHARS (FehlAdee) 30TR & cadl & HI A
ST 3ced gl Faw vafddr wgl @ de () usde [(@(@d] Smg/ayy, RifFeafa(@Emsa
TH(0.2UAWIU, AT AT H ool (500 HISsh UH/0.02UATS THISI/IR]) 32 gFcll cfeh Ueh HIATIoTh
U & M| IROTH § 9T ToIc § F SfFeeeal e e 39aR & IRumHEEwT TR
T # Y g5 M TN TTARGARAT S YEITT # Toh FAged T TFANGAEH 37X & IROTATS
T YEIATT H TIHA EHA W Al BIgciehdehed & HIAISId IUAIT Ueh MRMTSTeleh Yo7 fe@re 9w a1
dr. 18, 1. 3R, aTS. YFell. S US Shidehel cliFahleell, 2017, 99: 182-189.

AaAdRTe Ryfaae

T oo g2 & o4 _Avfaaa & 87 F &1 & W ¢ 3R [dvaar Gefaa &= § gaa @
Tl TEE F 40% FAME FH AGAYDT 3T AWEddT & & H ANEe W T &l HUHISIR-
IMEIMSEANR, o Aelr WA 3menRa MTAIMEINS A A GHqW Acash IRASA3NT 1 Adea forar 3R
SL-UHT 7, Toh, T 3R AU & ©F ARSI 97T GRASET # efie’y $i| §8ue o, olifargs
AAACRIACT (STATH) & HLATOT 3R o&ToT qoied H Agea T, fawerdiar #FedienT & T srdvomel /
U/ dehellen fIhf@d &1, o gram & fov feenfader, dwfeus Alsa, Svava & fharcas  gema 3R
Sifder yonferat & @ SuaATA & HeHatl W HAgcaqul H fhar g1 G &, 3MSITSEY, HSINSTHET,
faeafaeareral, ITHuE HEUEl 3R 3N & @Y AAa ARl & & # Slidd wcash qarar gl
AAARICH & GRET / ANFATT 1 3Mheled FA & [0, TGH AgeaqUl el # & F© & G
e T IMARTRAT & i) PR AR AT FT gIIG; i) SRS, i) AaRor 3R FT & AR iv) gderor
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Aise & A AR T, v) 37 S a9 37 diar vewgerRe vi) Sy vil) FEegeerse
Aeteiaafadr 3R vii) Shaet @k fa2eIvoT| AAASRT cIiFalclol FHE & d=iliolh a1 HET e
ANAORTT F Ay IR gATRONT garat T S e ’R sAR [AwFaar Afad wer & Saw
3UHIFAT 3cUTel, TARELT STl 3curel R Rfthcar 3wl &7 gashr giad 3uAler glaRad v &
|

THHTE -7 FA FW HREET A SFRala f 9@ ¢ Rivrces awa & Qe aflfa e
W F 39AR A, faffier aORF Sremsit A 9R R §F T F FEAICIROT A AfRIT I F
faw 3med Thdat M Belad womel daR e 3l o U aga 991 el §1 AR EERT YEdd
$H H H, gah (T-3MeH NS AUhelHTSS-hl- 1-H1Ie-2-3-STS el elc-hl-2-TshaTHTss - 2-FRUgd-1-
AT ehe[dlel  (VANSHUUTH-3MET-TvAYTd)] ) 3meRd, Uidelld  Jomssial  ssAYUushiee
(3STETAT) EaRT HIA-foldh I AAA FIAIFAISART aRT  F5 TR & dog AR ATIHTA-3TRGr
AAoierw TR fFY T Al 57 AAoedm HT svead dfafkar & oI AER-FAAA-HI-faem &
S AR 3UTd 37eleT-3(eT IWT 141 U1l S @ JifCeASSs aelolod 1 Ted, Jil-aefrdiAAuse
R (T3 & @y Sisd & fAv SE-vATaTE oA HAEE 1 SEAATS fhar g, S
HFT NIt W 37 Adoied & ol cGgR N de H Hfd3maTs gl fGeaaes ad I8 ¢ & 3-
faer gftetor & arfaeiier g feEwE (Sivervd) ser @ aREfEd g3 ¢ & 3 wasidi-anwes-aseied,
AAFAT ¥ W 9 STy Afsar & FaRa FF a9 &, O adass geg & o9 g1 3R T &
3T o gfauror e dar, fafse drog qur g fr gfafear (@ 35 3 afeasw @ 3w
AT W AdASTd & JHPR H TATT IR FFelg Gvd W AR H §¢ Siel) H §0 W@d gl
SiFArea e (S3NTFF), TFH AFaemell ThaX &al &l 3 aadloied # Hifde gaur geufa & 39T
Fh oIg HIAT I™T AT| 5 -5 oAddloled of RIS dUAT iR TEcdlieod 9t . Teh Har 3R
faw Sived Reliar Awsa &1 geds fFar g1 $8% 3fendr, Faniha geaeet 3R geafaee
Soideled gaAgel & aRomAr & udr gear § &Aoo doh @ THATG -7 HRAFEHT F gaw S &
FIfAHT AT 3T & HAAR, FI-AIS Aeiloted THATUE -10A HIAFBT (AAT AT Tl 3Thell
HIRAPT) A Jofall # HE Tlal PIABBT (TAATS -7 IR vASw-vaAdr 231) & e R@ereaar scoe
FA gl A 3IAMET, 3 Adloled GaRT 3ed: PRI ST A &47fd vad FIfRNFr g Fdaor g
T § OHd §Had: ASCIRigdd ALIEAAT & TACIfAd @Rl THHITG -7 HITAH3 & #Ad glel
giSe gl §1 IE AT §AR TASNEISH-AHES Aeliolel Tolehre S 4ffd Bwpfaa aifser ik e
3R H gar fr SR Rfeca gsasdiRar & v e HEfa % ¥ e canit & afea Reler
& AT 3cpse Aee & &9 & ey T &

T, . gAY, TA. 9. QAfRd, 2. ghardd, U AW, T g, T oF FR, S A9, TF. dgolld T UE.
CrGIRED H@Wﬁa FIATET, 2016, 27:2605-2619.

MeaifasEiry v W A agfagsmaass (Tio,y) 3R At G+  mFwEs (Zn0) & Jf@w @
3cqel "IAHAT & 39AR A TS fr sfaar

Aeteholl (Aalt- TiO, 3R #i- ZnO) & 3HcTfesh 3TN & gATeRoT IR TIRLT &1 & & wid faeg
TR ® ﬁmmg@%l%ﬁﬁ&ﬁ%mgﬁﬁ,aﬁﬁaﬁﬁ%@ammaﬁr
19T, dfedh 37 idpel JoTal &l g7 o & fav @enfad &l fafer & faera & off smaegerar
&1 37 f3gt 3R 57 faar RAvew & <@r ar § F 31O soiiiigs Ao (ENP) & @& & 37
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a, RufFeg sitadaa gonfa (ROS) &1 e giar § o iRt T, Safaweddr, 3R sifeh
st # #d Sl g1 ENP fawigdar fauRor & o & @y, @eol 3N amve ENPs

TFHAIGR/IATEROT & Hedihel g, aAal-TiO, 3R Aa1-ZnO garT fashfla Rufdea sfferdise Forfa
3ryar NAufél arcderdr &1 &fvre tasfifdasen (Feiffa 3R Rafasa-d) & seadare @ darfassiew
UfelTled A 3T fRar | Aol f fserdar & 3uarR A dsifEEse @ gwe AU & &
fow gaer gqa ddsiifease suaiRd fhar 3R 3var & el wésiifease afFafaa & sreaae T

BAR AT F Ul ol § foF FrifAe 3N faarfa-d@ ddsiffease aa-Tio, 3R aa-Zno 9
ALGTAE/ETARAT &THAT T HH el H HEIR §| e Holal, qq Uai3fifrase 3UaneT it gemdy
g1 FE ey 3ifhd am § R, Ife e AR feri@a-ar & Ast 3R & wiFAfad & S ar
T Aediwol 6 fawEaar & f@eTe gAY geaT A Herad Aifad 8 #@hd ol

UH. Ilellel, Uel. AT, T. Tl FIARTHT 2017, 187: 240-247.

s Ryfaae

o favfaeier aoqg, Affes dAfteq & favavoreAs ser 3R Affie 3ot & fov et 3er IR
A #A SRIRA gl TE v, He swsdl @ Sl el SiwErE,  garsaive,
Hleed gaTgsT 3curel 3R WieT / BIE Aol MG & 3cdies, Ao 3R 3uaier & fov Ao o= &
TrereT FT § e 3R 3used Ieurel W GRaT st / Rl i siawrsdy w&@hgfa & fav
398 GAERMAT Jeufd (Sivedl) & 3equrelel #geaqul &1 e #, @umes faufae= seage &g
STTerdT qleior giaer 2014 § T 1 TS| WTHANSHR-3MGISIIN, WTHIEHR HT qgell  Td
WHAT & H @l GAERNeT § o faurerdar wieior & fav Shvedt yAor oF gred g1 Sierdy
TIEToT GiAem & aRR @ fAEaR e &1 fur F foReR saret & 3dier 2016 7 STl 3R TYAg Shat
W YAERONT HEFTA" g FEUE I FAUNROT Jred §34T%,ﬁ|wqﬁwq,mrm ECo)
SFHTTSTRellol TIETUT 3TeqTqAS T TR &8F H, THATT SNvadl YAfod JAeRmer & s§ dvy,
giaer & Yo YA & aRE, Sivedr glefor giaem #, & FrelaT Rwreaar rewye, s fagr
FERAfAE yeags, wufAs oy See (IeAd [Fha sRews) R cgmr wadewor (e
Tefersarerst) qligol &t o SeT I ¥ | 39 gRWT A, 39 ellee difgafEa & fav, o ik
#H s O A fGAm ¥l wAS & AU dafae A gee e, [Affied 3eae & @y g9y wmd
A AR favg # RS Fpra & 3eged @ TG / A Rnfaded 1 drefed 3 gu Heger
GIaemsit &1 3eaager fhar ST T g1 UIRTEATdeh oF & Fdicleh Yo¥h HIcqTsh § 3 g & Hfeehier
FET (Ao @id & 3R 58 R 309 gfed TR & Sfdt F o @ @ § @ faer &
ATETH T AT H TAAARA & I & 3R 371 & gifasrs gana der ax @od g1 safav, ariRifEufadr
a7 & e del @ v @ieg FFe 7 5T 3aA H R, A @y & aRk9ed § Agcaqul
T SHF 3elrar, 937 AT A YW & deft ¥ fagewor & & fov 3R faftet o Rl ik aew
AT HecdqUl § dlich FHT W gEATT T WEd dIR 1 ST Hh| $H W SR Helied Heal H
qEg g (i) ¥ @I $ AT Td 3 ROl A Sig & T AU fAeeveHs clleht @ faeh
3R (ii) Swerdr AAfACRT & 3FER @RET 3R Scarel i fAuTerddr / gRaT Hediha|

A& F gl H AAFAH AW F fAvaAvor & fAv o) AFvTHeT fAftat fr goen
AT F UG F FAHA H AEFAH TATASCHIRICHIN, TellEcHSoR, AcH, BIANIRHeH 3N q¥ielel
HAT 3cute AUROT & (8] & HH Helcd Hlfelch Aloded TR el Shickel A-TFHeHRI fafer -
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aiéery HT HERAT JFd el Aol HATGHI-FACHAT ANUCATATHS-THUR3N AR Beuffia ael-aRel
HISHI-TFHCHAT STATAIUAS-THUBRIN ST Fellfer wafeier oI dg & SIFHOr W 3emid §, el
HIACIATH TSH A TAFIAL T IUANTRIh dolell (ToRi-UaATd) &1 5| et et $ gafar 3k
3o FSCAA Hedl W A vlecHs HAUEST T d dhoard Sedifoie Bofse (3RTaTH) 3R
Reaw aha AUEEer (8 ssean Rufadt & eddd @gEar & egad fRar I
AUTATATASTAVR3N T Ugdlel hl FATHAMET & Sgdd &1 WAL, SaAtAs fAfAamd &, qum &
fURUT, a9 sRe IR Realdl & AT & AT Far =37 3R 0.011-0.219 AANET./TAT, 0.035-0.723
AN /TAT, (IR? 0.992-0.999), (40-56), (80-106%) HHAM: & I URM TS| I STATATHSTHUS3
ey Fr-gseda RUfaAT & dgd AT fhar 3@r aF g9ar oemer $r AT, AT & Sgaeh! diAT, SBaA{as
AT &1, unier & faeiRor, dade, sre R foasador Revadr 0.025-0.377 #i=r 9AT./vATS, 0.083-
1.256 AT IT./TATS, 0.100-1000 AAEIT./THTSA, 3R> =0.9 9 2 9 0 99, (35-49), 69-98%) sheALT: URNY S|
3 3 AR e fr T AUET gfarrd TUeT A fAges & & A Hr I AR (IRTIAI %)
AUTATATHS-THTHRIT 3R ATeveawas tarest [t & Pvag 15% =i 7| s =t & et
F A & AA! H AT Uodllscd & fAURoT & AU ahoarqdes 3uder far am@m geams
ufshar IE ST A § b gieroliy afet &1 quradr f@gaor & fav diveduauastaunsi- fafer
faeaweig AR 3 8, fSes 9aeror 3ieiehel FHAT IR ceheiieh T 3UGNT f&har STl &

T. 37T, .U, @Y. AcaARI0T, 8., U, SReld 36 HIACEm T 2017, 1513: 157-171.

yorrell fawfasmer 3 wareew Sf@w gearra

s ANl 3R 9T ROT & ARGH @ hS WEEA @ H @ g vt 3R @elEs
TFgUe] & AT T W AIfQH & FHS & O I8 gHsEr 3mads § F ¥ shiaefes &
AT FIART I3 A worfdd & Fhd § 3N Gwd fwed aRomr & @hd §1 3= g2
SAfAe THT & IEHAA o oifde Yunfadl H SAAEiicad & Y3d dl JASTT H HIhr 3
FATGATT Yo7 fr &1 g% dmEn, 5 SiAlfAe @ F Saeiftes tFauleR & g&die” & & &
3UAIT TS HI GHGS §é’s" g T gPeTor gfhar & ¥ A [AWedar g9 @aX Hr 9gaeT &
fIT U2 fohar ST @l 81 56 HHE & 3682 Sifdeh Haodl & faffied TR X @@= 3R 377
TARONT TATdl & WGt T qUTT AT, AT el o TIU Teh YUl S faailel efSeenlor &l wmg
AT AR GHY e 7 Jgalel HL g S Tfdhel TR IROTAT HT 3R 3T & Tohd &1 THE
& 36T AT 3R Joral &1 Sifaes gonfordt . 3egas e, e ffcafdd & aRad«r $r
AR 3er, gRaRe fader RAed A eare # @ ge RAfkse Averdar & o d7ad ga7sT gred
A & AT e A Thihd wE IR ISR g7 ¥l gfafhansit &1 sfasgah &&= & fov
AT SRS [3hf8d 3R AT HE g1 faweddicas A 3R Ser faeeyor gl $ ggure &
ACIH ¥ Th Tehish o) @l [, AeTd TEed 3R GATaROT W @A & Ficghel Fermat 3R 37
deral B FASH F AT GAH HT Uh A¥eet 307§ TR WA & Yfdhel THET HT Hedi =
& & fov Rt & Gem, Aeaed 3R s 9T W Aw eae fGar seem s@ # @Afead
adefor WAt & e 3R Aediwa w1 o anffer frar Srwer S @l yenfadt & deraqet gfshar
& dgd gl arell Il YR AT fAweFdansit &1 auie # 3R ve genta # RAwedsea gfafmanst &
TAR UItd AT & 39T 3o Tolliadi # AT YR & Usicl I Hrder & ufd & sk &
Higsgarol el & fav a1 Gog carr AT e v #qeg & () WEer 3R FeEl g@nr Sede
sifasw vonfordt R ARt &1 3reg9e e, (i) 3moifas 3iffcaffa 3R orRuRe [wedar #@esr &
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aREdT &1 AR 3R RIS fawrerddr & weh df¥dr GHST Ud e & fU SeT dl Tehlhd e
3R (jii) FaTeraarqer wfafranst H afasgach & v s Twfd 3R AT w@

I TCAGATERY ard WHAYT IRUMATIST AAN afefer 3T Frelavredd @y

FrefAtore gomelr H T 3R daet 7 v FecaquT HAS §1 O TABARd (S1%) F 3T
TAEcHS AR aages aRaded Ad §, AffheT 3% WTUR &1 A9 Aediched gl fhal =-T ¢l 39
T H, A AAN 3R Tr@ar fi IR 3R zae vhafeta seiaveed (vdivas) & afafafar &
FET G H I @ gl 95 aRRE H FEAT 3N A5 & [>T Alsed A REIAATSdmer raciiehed saeH!
gie ol g1 faser Tgi & 3x10° fuhy / el e oi$ ad SgRikdeel 12 d e W Salpoelcs
frT amw] A 3R drws 1 gdeTor ST (3dBTS) & 10, 33, 3R 48 oAt & s a@fpw IR
At aer aftaon garr fRar s 10, 33, 3R 48 Idiens wiivas sfafafer & s, SO
TAAwasied IRy (Sisdl) & e 3R Rretueiiewme aRad=l &1 FeTTd hed Hicad, Joad,
fAsse, aRdew 3R Rediderow & frar am=m AAl # Ageaget @far ik 10 S w d@ae f
aa%’@aﬁwawméﬁ%aﬁmmmqﬁmmgm%ﬁgmﬁmqﬁ%ﬂwaﬂw
A fAa7ol & HhEel gEd, gfadg 3R fEy wfduror e qlieTor WX fReEer T Jele A wfduror
TEIUT & FEATROT AT & AT H Fet &) vAwIs 3@ Beaiheay, Hhed Ficeg 3R aRSeHT
# 10 Sh3mg X e RfTed ar) greifs, whvas fafafer & 33 Sfems @ 48 g & gur Y&
Far a1l doprw iR Ay Aftass & wlivas afafdf™ 10 g 3k 33 e w afey s=a
oQell & Heftrd &1 RECTIANATSThel ezl & 10 3R SN3MS &1 Jorar 7 33 3R 48 # FuR &7 of
G fRaT| adAe reaae it wfa 3R dwe f gl @ gtar § s vilieag & e, Sisd B
e 3R S TR ggt & e aftass aE # afa & @y S 2l

dred. wie, dLd e, o Hfadn e, B Afdser FgReiEdrst, 2017, 54: 4705-4715.

Aresr-agETardle F1 I A qF tFEUeR, 9@ & FHf Rew 1 ave w1 ar 8 fendeaw # seadye
Thd & 915 WA warASiv RAeer ¢ i

TAA AT H AFSS-HEEANYA (TAHEN) & ToA-qd TFHUIGR & GG TATASIT RAed &
fahrd vd feeaiheay # G dee-argafted Aaetel W Hodishad T a1dT| WA Tgl & Fehre,
SeH & 22 el 3WIA & =@ (MSr 22) R Tordier (1 3R 3 TR / foham RR &l aofel) & ATHe
gt & Rodrhraw 7 [3 va] -uAG 801 & Ut # HA1, [ A vavAdv RAwed & & #F gdr =)
SHG WY HIA, TAIRTAT H IREE 3R TATASIT & TR 1 3R AR 2 & dagfaeq &1 Wée
&1 AfFeafad dEr 22 W Taddr (1 3R 3 fAclom / fFem iR &7 aofe) & fow aes 3 arelr Tgt
H TOT §l UANRUAU # TAUAST RAE & TAAR 2 U §agfdc & Wi i dffeafda & @9
qRac el g3 TerEer (1 3R 3 fAehame / fham e’R &1 aote) & AU gaaqd shf@a o aoRricAs
@l (Neasr 95 |, NEIRF 172, FAFEAST 2 3o IR TS3RE) Hr 3iffcaida & s &1 3Rk
TAUAST RATR & Y 3 AhRIcHd fFa@eh (g 5 3R dvashed) i fdcafedd # gefer g3l
S 22 TFAASR W Redihend & A 3R ggl F fd A @IIer & g 9w 45 ) AegH
I (1 TAeama / fham & R & gofe) W el 3R g% | 300 Gueh (3 Ao / fham X &
aolel) WX TrEel & "9 & 3o drel el A wgUiaefasiRe aRade Sy @1 @igr 22 3R g 45 W
A GUeh (0.5 THME / fham R T aofel) W gl & [ & ek fonelh =qifegfaer vsdise &
aﬂ‘é’qﬂa'c‘r;ra'g?‘rgaﬂlWa&ﬁé%%wﬁvﬁ@zﬁﬁm%m?m%maﬁ
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ardl IRacde A g & A & v d@er 3R ST & @ S8 HefhiA Hehd @ FHTAA AT ST
SETIR

as. . yREr, NAEEdd, ARE. o, AR, SRE, SWAR, U S ud, dk. Teel
sgUerfedentars, 2017, 62: 80-91.

T & F4w Terew # arifas-aRa safefes Reafdr # sqemet & fifivars / Sreamddt 32 /
IR & AZAUT GaRT FFAAAT FT FRaTcHS T8

sad ued, Iifas URa Siuasa () A FHAT B greTeRs HfAET # ww wveA # & 2
Racey fSawae &1 Jedd §AR @ fhar a—m § | dAe, e H HOE Feed H OImifas
TFHUIGR & HRUT STHAedioeh [@eafoar & aRadd & S 3orfds dF H FHs AR werdfadT &
GReTlcHS THIGHIRAT HT 3Mehelad ol & U eareT Hfgd fhar = 81 9¢ & mffas (20 ey
e SR 1 aott, 28 et & faw) &1 vaadioR fohar 3 | f9ash FROT AHT gl & Hbeel ST
N APTFT W FS I/ Fg W@ IR AT SIih NET-eRRIAT gesiediee iR fvAwd 2 $ir
3ifreafFa wa gl diehy, NETIRAD 32 (IF 34), IR AN 1 o F HfECAFT F geeT T o9 -
3 2 fEew &1 sffafdd & v Agcaqel A e ifew & Tose §1 Fw FeReR A
fETeen AR dsiead 3 & i EcaFd IRiEE & veader gU gg A A gl FEAE (100
THeIma/fFam R &1 gofe, 28 =l & fow) & Iy, 3uar 3w-dr 2 RAced, dhe, dfiosmddr 32,
mhém,sﬂ?mﬁﬁ1m$raﬁm%rﬁmﬁﬂﬁﬁwﬁrm$m§mmﬁaﬁ
FgUefFea JHTTRINAT FHAT: HD TEINTFNST aTHaT & FAGR dereh & ot & 3msiew 3
el fiE T wAMftT w mffee aRa Asciwizae Bakhee @ @ifEid R §1 FagfAdT g
FH FEgREA d dETawe 3R deivas 3 o dr sfeafdd 7 Alsgere anfew aia sefaie
ffahaes A e FaTg@e TYd & Hged H AA | feraey a1 g ¥ F A v wdw
TeReR A IR & IRd Hered IRacAl 1 8T & fov off soRer 9 A 9| aRemA et §
foF FagfAeT AETAUd / FUIRAN 32 / IR 1 RS & IR Seodl #A deodr §, S gg
FIY TeAe A A=Al [aafaer 7 g

dr. AMareda, drE. YRAT, IR, e, IR.F. Yo, JR.UH. Ied, TA.UA. gfaddr, Tl ud, dra.
Teall. Ffeiher wQUSTTelsl, 2016, S33MS: 10.1007/TH 12035-016-0288-

ABIRATAT MmIRNA NEFA #H ATehT IRTdeT a1 §, STgl 3EET A gifer THoea-vasng 5 a8
FRAFTIT FT afaReT Hr Rem F reer ¥

HATSHIARNTAT  (THIMSIHNTAT) SEE & SSelfFared  IfAfafd, garkl 3cdes 80 & of f& ws
IEIRTAT Fl 3% I TFdedadd W olg aal & i A Al ¢|UaUI-UHdssars , Uh AT
FUeAEIAT 3 FIUSIATHTE HI Teh Holok AlSe, INAR wgUsalenfed R & Haftd Sher r
AT Jfdd W TR (BITAT, IRTAT, iR GE) W ¥aFd T ¢ TIUT-THAS5aTs HIfASIT  ahr
3T Fh §HA SBET N wqeTer FSIHRITAT H THNSIHRTAT i AT & reads fram §, foaa
W53 & @Wer Fr o F ST vedesT R BShRves - aRa ST 3% TANSIRUAT &7 ARl
WeleX § | FAMRT 3131 SIS Aol THUT-THASHATs SIS &l AT H o A1 &, S ARTH
& A A SEET & IaTEH HAST T W I &d ¢ | deAlss TS (3IRU) AT IRT + ATETSh-
el ~GUCIheh GaRT HIRAFHT HRF (FETATF) GaRT  THUI-UHAS5dTs AT i fShfRrversT
T UANGHRTAT H  Alchiy qRads ol g U RE ¥ THUT-UHArgHars HITARS &l
fEhfRITe (5 e HRT 3-foeT MATATH & a16) Agca T @& ¥ 773Neies 3R 17 SFNIeles
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THANTSIRSAT T 3iffcafFa arar & vava-tqgarssars Skt & 3IRT tegdieR & dic 3ifhsde
el TANGHR-193-5d1, TANSHR-199a-541 , TANGIHR-192, UANGHR-145TANSHR-28-541
TANSIR -29 &Y, 3R THANMSHR -222r 3fAcafFa & @ =1 Sefh3me + fEvars teadeR &
16, TANTSIR-193-5 U, THIMSIR -146, THITSIHR -21, THIMSIHR-199-5¢1, THIMSIR-153, THSIHR
29 &, 3R THIEHR -222 T FfAFa A @r | RHRTiT tavg-raassars fifewEt & dr
53 T @l Fdh g @ [ THANSIHR -222,TFA3MSIHR -192, 3R THMNMSIHR -145 @t 53 o R
AT & SafF THIESHR -193 T -5, THIMMSIHR -199 -5 oY, THINSIHR -146, THISIHR -21,
THSHR -153, 3R THANMSIR -29 &Y O 53 Tada & sy &, &y Ig <@l Y T’ S & Far
o fehReier Jeu afada & 3R Jrar g, 3k RFReir tava-tgargsars wiftesit & aRued
R & WET TR A aRads & @Y @HAT Hel & v d153 & gefer v s g gl

T. Sgd, & @, v gusy, @t @, A @E vE dadg, vl U9, &) WHAR, Ug. Jeq.
Afdrger ~g«rATels , 2017, 54: 4986-4995.

TRFANFHSAE 2-ARFI e WiHIoT FeaTyar gow AR dfFERRe aaw #@ @der dar 7 -
SEdT IR ifdeas a1y & 3aRs voeifdw & Qv ol gar §
SET (NTA)IRT  ASAERR—E Al FgUselenee A ol uigs g, goife s@d
ArsFNFaSeTST H ARG 3 T AT g1 gl TAHAA IEATA HT 30T (2- HIed) 2-FFdT IR
i sarfer & @l 2-dr fAeT 3 ASHITAs WihavT & A sHF WAl A WS HE g
M faver ggl A dvag & fov dafla & 12-2907 & @Y e dr ohe  20)AMeme  (FRam g
aRAfaae  (mEMmar mar Fo A A, S F vs FEE HAUUF, Fodieas (HedEd, 20
foram / e, 3 & RRar  (rml foeieeres SfSSenee & gow, Aifdasiea aam, e 3R
T SRl 2- foeieeged feyl & Aar ar | divey /A e # SET A FHEG-3RA
gef ORa 1 Sefe dsived  1-3PegfFa fowed @ Swdr A SgRiEefasiRe afafafedt & wa
forar, @1y & FeRiTd  SUTATSA ST, TSR FssiHdicel Afdeafdd IR iAo == (o)
#r awar # ot waAY Fr| 3iedRica dama, AERITae afhaur, AsHITaTd T HI Tdg AT 18-
& fr fcaiFa 11, IseamH @ ReEs, Haus 3 / 9- FiHaur, AuaTh-o, 3T 1-91317 3R 38U -
631 Sdive s ¥ (499) F3 WIS UFg-2 -ATSCIIo5aT & FUEATcROT I STl Sollol TG
H ORT forar srar o1, o T fowrar $r sifficafea & da foear sr ar| deeast wrdr (2- didivd) 2-
2- AeevaEsicafdd A Swar IRT AR o wgrl duw JifdcafEd, Sumese @, gt
AFFRA & TR AR TAeT RUfd & 3R ~GUERTAINR IThfAT §UI 8 37emar, HuwrdsT o
ATSHITorael Tldeaers, iedisied dela 3R TaIdifesh AT & GHATT ERI & Hhao STEdl THEUES
# 9RT a1 58 9eR 3reade & aRonH a8 s 2-geAeelt afaer & aRa & @ oS
IS ALIEAT FI Rer$ #F 39T Far §, S IRER F 3R aae 3R 3aRs waea@a & -
HROT Bl &, S Siean SR aifdaw s # SafAafss sgQseeneeT & fav seoh g gl
T, digeE, TA. fAE, g & geadn e Afdger sguEiaerst, 2017, M 10.1007 /vd
12035-017-0455 - 0.

A AT W AVTFEAT RH FAFHT FT ~qAIod FRE FALIqdt sqiarer eI, 3
s AT F1 aFaa & F v sahr w@sgan

BH FIRAT A cofeef@dr iR Fem aaar 3@ BRis ferl @ gaedlifta &=« & fov o
39T 3YROT F T H TAAT FT IS §| AT AAAREHAT T¢H ol (VAuATHE) F YW@har dgama
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g Ufsiefae, Fgefae, dfFcaafas i Fqiaa suvert 7 geffia frar am=r g1 sg3iee
3UGHRRT H TITATHH H HR FA B &dd & v Saeaieed o sHdauEe, sgioe,
ISERES 1-AYUSA TFARA 3R WeeAlssh vfds & sudfdar Roe a1 g1 Afdhe, 3g¢g & fav
T 7 geifthes HRE-dfe [Aad HReE (TASUE) HI JAeddl H Odl Fg1 o@mar -0 gl 39
YR, TAT ST T TATHAT & TA.SN.UG. URA oqUelel Shac &l HeqTd el & fov & 775
oEd & §lG, TUNMSUATHE & efieiol 3R o&ior goied @l TAeiuh (50 UsTSll/TATS) & ded
AT IUTRRT H HA A $T AT & 75| ToAohud & faffiess digolt W, =qieter AT &1
fI2AN0T THNRTAT 3R 9 el TRl W R 3T TAeiuh & H% H 37 arell IRt &
wqUiee AT A HiAG qeft RErl g9 S ARAAHT A g et & TA7g & af@d gl A
Fr FAATFT H HAGEdT el & gd 4 H AR™FaA | Tasiivd 50 Telsll / TATST WX U
THATHH & Ul 3UTHRT H w3l SHIATAT H GRA et & v qrar |

. SfEl, 9 AR, U FAR, oW qGRRd, v e, v Haedd, U 9osy, Tl 9d.
SRS TATS U5 Sfhiodhe RET wegershed, 2017, 482: 961-967.

AT 9 FRAFE | tfave TS rrader sRRifieEss usa aEe Few s At &
SR worceifdw ard

AU IR (TAW), BEHEAEGRES, 5 AR FEARE cuel H T Guh § @ SEIATS TRAT ST
arelr gRTeTH &1 Tave WEIet [AfSRor & dgd sger 3uifae a9 F 3 dF ST RE ¥ gHsST
At T B1 gHe vfave gde (0.6 AmETe / @A 2) dgdr & wEg AU IR & Bl
T & ST Fr gl AUS URTE S TAET 3R TANRY TH GaRT AlTd IeAHSe Al oSl (Fh1e)
& Aol gaEddl # guUh W R geh @R 50 30eqTd # SHeg Foek A FA Al
e o #r Jemopeh afafafr A 40% weAr oW g1 wlcedesas tAd (25 el /
TATY) # HgcaqUl &9 A AUS RIFEEse, SelicgeR IR3NTH G AR ASIwiicsge Boel
UHIEIAT ST & doldl &1 v Rollsl ¥ Tose ALATY ddld H s@@d o Bleel 3@sar 3R
USeeiEAs WHed ($IR) & AU IR IRA gl AU IR H BIEIeiFarae & AT
faEss, BrethfessaaR radiele, 30% Y& 3TAT 3R ABHIIFAIINS TS Al @ | HeaTqeT
IFH, THUH -1, Igend A1 3R FEIS-3 & YIS & AIH A HASCIhlesdT HALIEY TYIaT
Ramar &g -12 (2 7=) & HuPSA A AN T F vdrcAfHE H SR K A eS| fafrse
FEATS TARULH, SIS-ATUE-UHUHS of TAICITT H HEdsl hehs ANT AT ARERT @ gear| gRoma &
Tohd fAear § & weedified tadr ARcei-gar AR $3IR & AgT I oAsfed aa aegeydr
Auav &fa IR taRf@E T 3R ST & AW gifAeRe Tl #T FRUT §dT § IR AFT cadar &
foT saeh drdeifoeh Hush caen A9 HT Fordl & Thol gl SHAU, AUST IRMEA FI AT FIET H
T 3 WRRRIET TRefd caRT JfaedTiad fham S=m arfge|

3. gd, 1. Avgr, o 8, T Aldead, TH. $ARY, T GAT, HR.H. Y. S US  Hidehel clidFdenlron,
108: 171-185.

Braafy SAHRAHAT tasaid-3 FfwEt F aee-dl, aww / dRfiva-2 FE9 -3 AT F AegT §
FRAFT 51177 W A ik dFeesaa &1 Rafies yoma

BFaafy &1 Fax tar aed 31 3R arae it A9t & I ardd g1 FARG HHIR | Braafd &
ST & @l WOl # JTaeTh gl g Afhed At & #F goved g1 §H 3§ UIRSeuT Hd g fh
AfForearae (MIETTad) 3R Brgerhifcher Ul (MSH) & FhIel ITUR T 39T NETFT GIh &




At s gf¥er 37(2) 2017

HY-ATY AT T HHA F Tl §) TACE WE GaNT SHBR & AURT & d1¢ A fBraafy
TSHIRITAAIATST THh3NET 3 Fel T NV -5 TAwH 3R NIMEH -10 FEAATN & A Follol fohar
TAT| THHINET-3 HIRAB3T & GUeh R @R 3TaR 7 ISATIHRE 3R ATANIRST 5 veava-dévery
F AT 3R AT FIgdT WA H 10 ABHA-NIEH F Ao d @mr mar g1 Ndvew 3R
e gfafsarie sifedse gonfaal & d@=g 1 gerdl § o ag # S-1 & gef 3R A /
TS ool A TS A1 g1 STel g1 IT0T & Heplael GFchd WG o I Fellol HIRABIHT 7
U8 & IR H 4.4 AT gefe @mr| féverd AEd 39-5 1 TWor & Aol weh A FTREAR Har
¢ 9T & SFYANASCIRIAES & el Yfaded digel # Jefer &, Safeh gl gfadiita & &ar g
SoE [ dRiTS -2 Jeurd A defd g5 Argee-dr (3.4 AN SFd (2.8 IN), HEH -3 (3.6 IA) A
e fEE  Shel & Agcaqul UAS H GAT el AT ik ST 2 UANRUAU THa9erd 3R 9
TFEORE A FIs GRAdA AE g WIS & W@y NAvEd HT @A THANNGT -3 FIRBEHT A
FAgE IR AU 3AcdRtE S & Ay & Aead ¥ ReRfofed geomd a1 aar § 3R
di&vFg & fawreraar 3R a1Es shee $r U I ThdT ¢l

TA.&. Oid, TE.d. AR, T, Hadd, T, M9d, T gfdddr, U A, of fHg, v, d9ew, dhua.
AWAR, IR.TH. ¥. AN SReAel (b Brehrersl, 2016, 791: 751-762.

Iifas & Io-Erees fivad-2/ arATE-araRa Regws dfivave/dmadt  Reefar & aeas
¥ Roidrre e wefRw R FAEeAEaT WS STer §

ifE & RoidrTea <R JHEe # deEl & & HAWAE [(ERT # derar feaml gt
ITHAF-ACITYAT dTel TAGACHS ¢ Sl ALIEY Folld dlell dF HHA-Ad &l JgT gdel urar g
IRfF H gHRT Feeh e g & fov oot Sifes wacdfie g g3 8 S heds-3
afsror, diell (TWRNsEE) NelesT Follder 3R Ao 3N giFodiensiea  dama SgEd
fAh-Us oafdlar 9g Rouihedd =qi-d, AU anr REad gig far 3R s g seawe &
ATETH O HOOTIR JF H ST @ 91 el o a3rifdd o Riteeue Squied A 9 fivAd-Racex 2
(ATANIR 2) IR D-TAT 1/5 AT T F JRTYT ARBIAACH AT -2 (fvAdy 2) ifFcaFa ar
Jorar f&an| gHa a9 S & R fivAdr 2 / FE1s feed # 9Rd U taf@d w&daT &9 @ AT
aeTH g AEFAA TE §H HITASH-egcUest wJAULItheh e (ASITAUH) I HEfer X fFar a
W@ ¢ Sl ~gUeel 3HEdcd & Forar &l gl §Hq SEAUh-feiy dohdt f{eaAfaer & wh 3mdfe-
AEGEYAT &Nl &1 ggarel 1, 3R g foF Gol: FASh-NATATH & WY Fg-30aR o SIS0ausd/
SR F TgTe R 3R SR v i # wA R S we & v [ oFr Seadr 2/
THTATS! AR NETATH/ENRKST AF B SIST ST Hebell 8, §H 990 I1 YeT: HIAloleh NSTATH &
Ty IS F WE-Felol A 81 GHA Ueh AINA-HEIEI T JAEA AT METaAusd / SRkt &
Tl 9T, Sefh Y HASTh-NSITATH AN 2/THUATS Ieiolar H yenfad e # faver @l
SHh Iellal, A Ul T ERhl-geiglaex, & 252 U, A IR geew, Iffas-gellst arel =3
H fivAd 2 /| THUATS -AEILIAT el TAIEad o folv SIEaecidA dSIUATs /E3Rehal A dlel ol
TIIHAT AT AT IS &1 Tg§ TAACHS Y& & AT AR dcllhad I W Ford g, 3R dfAs-
g H HAT: HiAG IRER AR a$-Aa 9leror & v weiaRer Jeaar s i @aa-aal aedar
Fr AfT-FTEITAAT FT a1 T gl

IR, oSy, @Y. I, F @1, & Agg, IR HAR, TH. SeAIEA. fFahifsihd Asde, 2017,
159: 137-158.
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