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Neurological and neuropsychiatric problems have been recognized as formidable issue worldwide in developed as well as
developing countries due to a sizable mortality and debilitatagelae lot of impetus on research in this area over the

past two decades has led to a better understanding of these diseases and made available tools in the form of experimental
model systems, mechanistic pathways and genetic connections to provide the researchers with an enabling environment for
drug discoverybetter value from existing drugs and circumventing toxexes. In India, the past decade has witnessed a
broadening of research base of neuropharmacology research and a close look reveals that Indian research is very much
contemporanA kaleidoscopic view of neuropharmacology research in India in over the past five years is presented in this
article.

Keywords: Neuropharmacology; Research; Neurological Disorders; Neuropsychiatric Disorders; Epilepsy;
Stroke; Parkinson’s DiseaseAlzheimer’s Disease; Pain

Introduction is constituted by cerebrovascular diseases which are

_ responsible for 85% of the deaths, 12%\gheimer
Neuropharmacology is a branch of pharmacalogy and other dementias and 8% each by epilepsy and

which e_volved with only four drugs p”f’r 1900s qamely migraine. The lower middle income countries account
morphine and aspirin for pain, nitrous oxide as 16.8% of the total deaths as compared to 13.2% in

anesthetic agent for surgery and caffeine forhigh income countries (WHO 2006)
drowsiness. Neurological disorders (NDs) in a nutshell '

are the one that impairs the brain, spinal cord, In 1960s, epidemiological studies were restricted
neuromuscular function or peripheral nerve by to only stroke and epilepdyut now various programs
affecting central nervous system (CNS) or the such as Neuroscience program of WHO are
peripheral nervous systeAtcording toVorld Health  promoting focus on other NDs also (Gourie-Devi,
Organization (WHO), NDs have been categorized 2014). In India the crude prevalence rate varies from
into two major categories for disability-life adjusted 967-4,070 per 100000 population accounting
years (DALYs) and death data as: (i) the approximately 30 million people suffering from NDs
neuropsychiatric category including epilepsy among 1.27 billion population, of which approximately
Alzheimer and other dementias, Parkinsatisease, 6 to 8 million people are sigring from epilepsy9.4
multiple sclerosis and migraine. (ii) NDs from other million deaths with 20-30% of strokes occurring in
categories include diseases and injuries which haveyeople younger than 45 years of age and crude
neurologicalsequelaeinclude cerebrovascular prevalence rate for Parkinssrdisease was reported
diseases, poliomyelitis, tetanus, meningitis and to be 6-53/100000 (Gourie-Devi, 2014).

Japanese encephalitis. NDs contributing almost 6%

of global burden of disease and 12% of total deaths Currently available medications are with
worldwide have been a major public health challenge.inadequate éicacy, limitations of time-bound
Within these, more than half of the burdenin Y&L  administration, associated with significant side-effects
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and not affordable for most patients in developing Pharmacology has carried out some pioneering work
countries. Hence, there is need for research intoin this area. The experimental model standardized to
treatment options for these disorders. The highlightsinduce focal cerebral ischemia i.e. intraluminal
of research in neuropharmacology along with variousfilament middle cerebral artery occlusion for 2 h in
labs, which are actively working in India, are rats has been used to unravel the mechanistic pathways

discussed. and design novel therapies ranging from
_ o o phytomedicines, immunosuppressandpamycin and
Experimental and Clinical Sudies in Sroke mycophenolate mofetil, vineatrol, combination

Stroke or cerebrovascular disease refers to ari’éadment oTAK-044, an endothelin antagonist and

umbrella of conditions caused by an interruption of @SPirin, an anti-inflammatory agent, lercanidipine a

blood supply to brain either due to bursting of blood calcium channel blocker with neuroprotective effect
vessels or blockage due to a clot, leading to brainMediated through anti-oxidant, anti-inflammatory

tissue damage due to an insufficient supply of oxygenva":")di!atory ar_‘d anti-apoptotic property (Gugttal,

and nutrientsThe consequences include motor 2017&; 2017b; Chauhagt al.,2012; Briyalet al.,
sensory visual and neuropsychological symptom 2007). New dimensions are constantly being added
deficits. Stroke ranks fifth as cause of death after @nd training has been imparted to scores of researchers

heart, cancer and chronic lower respiratory disease?Nd students all over the countihe protocol for
along with unintentional injuries/accidents, worldwide. 2SS€Ssment now is not restricted to behavioural,
Twenty percent of patients having their first stroke biochemical and histopathological but monitoring of
die within a month and of those alive till six months, c€rebral blood flow (CBF) by Laser Doppler
about a third are dependent on others. The number of ©WMetry in the lab alongwith magnetic resonance

people affected annually is over 2 million worldwide, 'Mading (MRI) and proton nuclear magnetic
is estimated to increase dramatically in the coming 'éSenance spectroscopfi(NMR) is being routinely

years and to increase by one half by year 2020. employed in collaboration with the Department of
NMR & MRI Facility, AIMS, New Delhi.

In a recent survey in India stroke accounted
13% of all mortality cases after coronary artery
disease (Banerjee and Das, 20X&)cording to an

Esters of fumaric acid are the activators of
nuclear factarerythroid 2 like pathways, leading to

Indian Council of Medical Research (ICMR) suryey t.ranscription of a number of neuroprotective genes
stroke stands out as the second commonest cause dK€ heme oxygenase-1, NAD(P)H dehydrogenase
death in India. There are 1,65,000 stroke cases eackluinone)-1 etc. These are being evaluated in stroke.
year approximately one stroke every 40 seconds an IIMS has also taken a lead in clinical studies such

one death every 4 minutes (Padma, 2046}lysis as Family-led Rehabilitation after Stroke in India
of community surveys from different regions of India (ATTEND) trial, first time introduction of telestroke

shows a crude stroke prevalence rate of about 90Mm@del in India and applications of stem cell therapy

222 cases per 100,000 populations above 20 years cﬁATTI_END Collaborative group, 2017; Sharetzal,
age, amounting to a total of about 1 million deaths. 2016: Devietal, 2016).

The male to female ratio is 1.7, accounting 1.2% of National Institute of Pharmaceutical Education
total dea_ths. Significant risk factors are hypert_ensionand Research (NIPER)-Mohali have established both
accounting 57% of all stroke deaths and diabetesyicao model of focal cerebral ischemia and bilateral
mellitus (Gourie-Devi, 2014). From global data of 2004, ~arotid artery occlusion (BCCAO) model of global
the stroke-related DAY loss in India was 597.6 per  cerepral ischemia. The neuroprotective potential of
100,000 person-years (Banerjee and Das, 2016).  the newer thyrotropin-releasing hormone analogue L-

In India in the last ten years, stroke research PGIU-(1-benzyl)-I-His-I-Pro-NH (Rajputet al.,
preclinical as well as clinical has grown with many 2016), a potent and selective neuronal nitric oxide

labs actively involved in research in stroke, under the SYNnthase inhibito8-bromo-7-nitroindazole and sodium
guidance of eminent researchets.the All India ~ 4-Phenylbutyrate protected against endoplasmic

Institute of Medical Sciences (AIIMS), New Delhi, eticulum stress and focal cerebral ischemic-
the neuropharmacology lab, Department of reperfuison injury associated with comorbid type 2
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diabetes has been evaluated (Srinivasan and Sharma, While, efforts are on to elucidate basic
2012a; 2012b). Other contributions included mechanisms to look for newer targets, validating
hepatocyte nuclear factor-lalpha mediated albuminphytomedicines in seizures models and also in
over expression in ischemic rat brain, evaluation of combination with antiepileptic drugs remains a major
neuroprotective agents such as trolox, pioglitazone,thrust area. In this series, the interaction profile of
pifthrin-alpha and peroxynitrite scavengers hydroalcholic extract oZizyphus jujuba(HEZJ),
(MnTMPyP and FeTPPs) (Prajapatial., 2012). Acorus calamus, Cauma longa, Ocimum sanctum
with AEDs like phenytoin, sodium valproate, and

_NIPER-Ahmedabaq Is targeting stroke by intra- carbamazepine has been explored in experimental
arterial stem cells. Studies performed suggested thageizure models, behavioural studies and using

intra-arterial mesenchymal stem cells (MSCs) therapybiochemical paradigms with encouraging resiits.

\évgiSpromSlglng trgatment Lor st:\c/l)I;eC(JadM\C?I., q rule out a pharmacokinetic interaction serum levels
). Since in stroke, s mediated ¢ appg using high-pressure liquid chromatography

neuroprotection occuxga brain-derived neurotrophic (HPLC) are routinely measured (Pahejal, 2012a:
factor (BDNF), development of drug delivery system Pahujaet al, 2013; Pahujet al, 2012b; I%atyalet’
that can transport BDNF across blood brain barrleral_, 2012; Sarangét al, 2017).

is being explored (Sarmalet al, 2017;

Atchaneeyasakudt al, 2016) as well as for clinical Validation studies for other complementary and

trials. alternative systems of medicines is also underway
and in this series, co-administration of Panchagavya

Experimental and Clinical Sudies in Epilepsy Ghrita, a cow product composed of mainly five

Epilepsy is a neurological disorder with an overall components; cow milk, clarified butter from cow milk,

prevalence of 50 million people worldwide and COW urine, curd from cow milk, and cow dung juice,
approximately 6-10 million people in India (Megiddo With low doses of phenytoin and carbamazepine
et al, 2016)As perWestern data, the morbidity and showed complete seizure protectlon in MES and PTZ
mortality due to epilepsy is second only to stroke. M0del of seizures (Joslet al., 2015a; 2015D).

Devinskyet al (2016).In a recent review (Devinsky Selective COX-2 inhibitor etoricoxib also reduced
et al, 2016) it has been pointed out that epilepsy— seizures, oxidative stress, and learning and memory

related mortality accounts for substantial premature N Pentylenetetrazole PTZ (30mg/kg, i.p.) kindled rats.

mortality as the incidence of epilepsy is greatest amongThe anticonvulsant effect was evident at lower doses

young , remains under appreciated and public healtHdma/kg), which was reversed/reduced_ at hig_her dose
interventions are inadequate. Despite the major(10 M3/kg) (Katyakt al.,2015). Curcumin, a dietary

advances in antiepileptic drug (AED) theraalyout antioxiqlan_t was stud_ied against kainic a<_:id (KA, 10
one third of patients with epilepsy still do not have mg/kg, ip) induced seizures and nutraceutical zinc was

adequate seizure control with currently availagi®s ~ found to have protective effect against seizures
when prescribed as monotherafading to use of ~(Kumaretal, 2015).

two or moreAEDs concomitantly and associated A lot of work on mechanisms of actions has
problems like drug toxicity and drug-drug interactions. zi5o peen undertaken. In order to study the involvement
of N-methyl-D-aspartate (NMDA) and opioid
New Delhi, multiple experimental seizure models have '€C€Ptors, MK801, an NMDA antagonist and

been standardized and are routinely employed. Thes&2/0X0ne, an opioid receptor antagonist, were
include not only the models for screening antiseizure administered with tianeptine. The anticonvulsant effect

activity of compounds like pentylenetetrazole (PTz)- ©f ianeptine was potentiated upon combination with
induced seizures, maximal electroshock inducedMK801, while itwas mitigated with naloxone (Reeta

seizures and chemical kindling but also models €t l, 2016).

mimicking special situationsiz,, antiepileptic drug Besides evaluating potential stand alone and add
(AED) tolerance, refractory intractable seizures, on therapies in experimental models, lot of attention

excitotoxicity, post-traumatic seizures and s now being focused on co-morbid conditions like
epileptogenesis.

In the Department of PharmacologMIMS,
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cognitive impairment and depression in persons withet al.,2014).
epilepsy (PWE) and other perplexing problems like
sudden unexpected death in epilepsy (SUDEEN
tolerance and drug resistant or refractory seizures,
neurogenesis and angiogenesis inhibitors and
epileptogenesis.

Another institute actively involved in epilepsy
research is School of Pharmaceutical Education and
Research (SPER), Jamia Hamdard, New Delhi. Most
of the research work is focused on investigating the
novel molecular targets for epilepsy and on epilepsy

On the clinical side, till date there is a paucity of associated complications. Some of the highlights
proper epidemiological and clinical studies on different include evaluation of histamine,tieceptor inverse
aspects of epilepsy in India. This is now being agonism and glycogen synthase kinad@Bibition,
addressed by many clinicians and basic scientistsaromatase inhibitionselective estrogen receptor
across the countnAt AIIMS, in an observational modulation in hippocampus for postmenopausal
study in PWE, adverse events and drug loadtemporal lobe epilepsy (TLE), N-acetylcysteine and
(prescribed daily dose/defined daily doseshBDs medroxyprogesterone, sodium hydrogen exchange
were evaluatedThere were higheAEs and lower inhibitors as novel targets for epilepsy associated
seizure control in PWE treated with polytherapy in neurotoxicity especially for TLE, the most drug-
combination of greater than or equal to thids resistant form of epilepsy (Bhowmit al., 2014;
as compared to both monotherapy and combination2015; Deviet al.,2012; Nasiret al.,2012; Pottocet
of two AEDs (Joshiet al.,2017). In another cross- al., 2014; Rashickt al.,2015).
sectional study the body composition and lipid profile ) _
among PWE on newer and conventiohBDs was Other lines of research aAEDs-associated

compared. It was concluded that treatment responsegs'[fac’poro_s'S and obs_esswe compulswe. symptoms in
are affected in patients with existing altered body patients with drug-resistant TLE and the involvement

composition with valproic acid as compared with other of sero'lto_nergtljc_: syztem (ol);gr)e gulation in obses?ve
AEDs like levetiracetam, carbamazepine and compulsive disorder ( A case report o

phenytoin (Sarangit al.,2016). In yet another cross- carbamazepine in alleviating symptoms of OCD, the

sectional studyas phenytoin is mainly metabolized by effe_ct of oxcarbazepine, a second gengraﬁﬁ,
cytochrome P450 enzyme, the prevalence of N first ever mouse models of OCD was investigated

cytochrome P450 CYP2C9 polymorphisms in Indian (Anwar et al., 2014;Arora et al., 2013).

epileptic children was investigated alongwith Some of the projects in Postgraduate Institute
monitoring phenytoin serum levels. The heterozygousqf Medical Education and Research (PGIMER),
polymorphism was observed which was more chandigarh have shown strong evidence that
common in CYP2C9*3 than *2 along with elevated jnflammation can cause increased seizure
serum phenytoin levels (Chaudhaey al., 2016).  susceptibility Towards management of epilepsy
Similarly, uridine 5"-diphospho (UDP)-  pharmacokinetic interaction of different drugs with
glucuronosyltransferase (UGT) which metabolizes phenytoin and carbamazepine, artemisnin compound,
around 50% of valproate, frequencies of UGT1A6 etoricoxib, aceclofenac, newer proton pump inhibitors
geneotypes and alleles were reported in anothelgtc. have been evaluated. Therapeutic drug monitoring
cross-sectional study (Jaet al., 2015).A strong  (TDM) pattern of antiepileptic drugs and lithium were
correlation was observed between serum and salivagy|gg analyzed which will be of help to other centers

levels with valproate and with mono-therapy or bi- offering TDM service for hospital patients (Kumar
therapy howevey no significant association was gt al, 2017a; Sewadt al, 2017)

observed with poly-therapy in PWE (Dwivedi

al.,2015; 2016). Subclinical hypothyroidism with long- At Vallabhai Patel Chest Institute (VPCI), Delhi,
term valproate therapy and elevated blood ammoniait has been demonstrated that anxiety and seizures
levels at higher dose, 40-60 mg/kg/d was observed inare closely similar neurobehavioural disorders and are
epileptic children (Sahet al.,2012). In another cross-  'egulated by limbic system. Gulagt al, (2014)
sectional study no significant differences in the levels €valuated the regulatory roles of NO in these
of trace elements was observed with conventional ag?@thophysiological states in experimental models. In
compared to newéEDs treatment in PWE (Sarangi test for anxietyaminophylline induced anxiogenic
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responses, which was accompanied by increases imediated caspase-independent pathway and also has
MDA levels and reductions in GSH and NOS activity antioxidative and anti-apoptotic activitydinaet al.,
in brain homogenates — changes which were reverse@015). These observations related to mechanism of

by L-arginine and melatonin pretreatments. action of piracetam potentially can stimulate wide
o clinical utilization in futureAnother interesting study
Alzheimer’s Disease has been donky (Rai et al.,2014) which showed

that insulin offers a protective effectin STZ induced

Alzheimers disease (AD) is a progressive T
toxicity in rats.

neurological condition in elderlyhich continues to

be a major challenge for neuroscientisthe CSIR—CDRI, Lucknowadded to its fold a new
hallmarks of disease (amyloiél plaques and  ajlity that utilizes powerful genetics of model system
neurofibrilliary tangles formation) are associated with ¢ eleganstowards understanding mechanistic
elevated levels of advanced glycation end products,aspects of age associated neurodegenerative diseases.
oxidative damage and neuro-inflammation. In addition The transgenic strains . elegansthat are

to classical cholinergic dysfunction whichpismarily employed, express human amyloid beta&d) and
responsible for diminished cognitive functions, multiple numan alpha synuclein for Parkinson disease (PD).
neurotransmitter systems are derangédinGenetic  The model is very precious as it has been shown to
and environmental factors and the gene-environmenigyhipit similar proteomic expression pattern as that
interaction make the response to commonly usedyf nost-mortem human diseased brain. The model has
drugs such as donepezil, rivastigmine, galantamine angheen established for studying protein aggregation,
memantine less predictable and often unsatisfactoryeffect on mitochondrial content, effect on reactive

CSIR-Central Drug Research Institute (CDRI), oxygen species and for studying effect on excitatory

Lucknow has made significant contribution to the N€urotransmission, thus providing with a whole
neuropharmacology of several CNS diseases 0'9anismal environment towards studying the
includingAD. A series of research articles by Nath Multifactorial aspect of these diseases. The model
and colleagues clearly demonstrated that okadaic acid"€SENts with easy to score endpoints, making it suitable
(OKA), a polyether toxin which acts as a potent for rapid initial screenlng\'reposnory of 60 transgenic
inhibitor of protein phosphatase PP1 and PP2A,and mutanC. eleganstrains that could be employed
induces hyper phosphorylation of tau, a hallmark for study!ng various b!O|OgIC§I| processes r_eIevgnt to
feature ofAD (Kamatet al.,2013; 2014; Kamat and human diseases is pelng_malntalned. Studies with the
Nath, 2015). Besides this pharmacological model, Model have helped identify novel modulator&\of

streptozotocin (STZ)-induced experimental model of 2nd PD associated endpoints. The laboratory has
dementia/AD had also been extensively used tocarried out systematic functional genomics screens

delineate various pathways as well as effect of toWards identifying modulators like celDE-1
several phytochemicals from CDRI. It was shown (Hadueand Nazi2016a), sma-9 (Haque and Nazir
that STZ induced neuronal death involved modulation 2016b), cat-2 (Jadiyet al., 2012), ida-1 (Fatimat

of mitochondrial functioning, endoplasmic reticulum al., 2014) and micro-RNA molecules like Let-7in the

stress and DNA fragmentation (Biswetsal., 2016: context of neurodegenerative diseases. Further
2017) and that the activation of glial cells and post Methods for efficient RNAi induced silencing, that
synaptic neurotoxicity is one of the key event in can work even in transgenic/mutant backgrounds, have

memory impairment (Rait al.,2014). With regard been established by the laboratory (Jadiyaand Nazir
to the efect of phytochemicals iAD, standardized ~ 2014)Going forward, this group is working on small
extract ofBacopa monnieravas shown to attenuate RNA molecules including circular RNA and micro
the memory dysfunction in rats (Dwivestial.,2013) RNA towards possibly establishing theronostic tools
anti-inflammatory and anti-proliferative effects of that can be exploited for therapy as well as early

guggulipid was also reported by CDRI (Niranjen detection of neurodegenerative diseases.

al., 2014). The investigation on clinically used In the Department of PharmacologylIMS,

nootropic drug piracetam at CDRI revealed that it New Delhi, intracerebroventricular (ICV) STZ-
could offer neuroprotection through mitochondria jhquced model ofAlzheimer like conditions is
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established and numerous potential neuroprotectivelemia in neuroinflammation and memory function along
agents screened. with markers of oxidative stress and cholinergic
Si i di t medici | activity in brain were also evaluated. Rosuvastatin
Ince, IMmyurvedic s_ystemo medicine, Several 5 meliorated cognitive impairment in femestar rats
plants have been used in memory related disordersg, y \vith high-salt and cholesterol diet (HSCD) by
In a series of experimental studies, the effect of acting as a dual inhibitor iChE andamyloid—beta
hydroalcoholic and aqueous extra_ct_s(dftoria (AB,.,,) peptide aggregation (Husaét al., 2017a).
ternatgaand.EvoIvuI'us aIS|n0|d_esned|C|naI plants Rosuvastatin also modulated neuronal cell death by
were _mvesggated |r_1_IC-\5S_TZ |ndu0gd ”_“Od_e' of inhibiting the overexpression of nuclear factor kappaB
Alzheimer like conditions in ratd/ariousin-vitro NF-kB) and production of nitric oxide (NO), tumor
screening method; as Comple.menta.ry_parameter ecrosis factor alpha and interleukin-10 against HSCD
have been standardized for following activities: oxygen model (Husainet al., 2017b). Spatial memory

radical antipxidgnt aCtiVit’yz.’2"3‘,Zin0'bis(3' impairment reduced CBF and acetylcholine levels
ethylbenzothiazoline-6-sulphonic acid (ABTS) free o6 ovident after ICV angiotensin I, which was
rad!ca_l scavenging act|V|,t)peroxyn|tr|te radical mediated througAT1 receptors (Gtaet al.,2013a;

antioxidant activity acetycholinesterase (AChE) 2013b). Scopolamine-induced memory impairment

andpseudocholinesterasdBuChE), prolyl  qgiated through centrlChE and CBF was
endopeptidase, rho kinase (ROCK Il) and GSK-3 oo pjished, which was reversed by perindopril

Memory improvement is assessed using a battery Oftreatment in mice @a et al., 2012a). OKAIs a

neurqbehaviog(;al paramleters (l;l/lorrlis water m""Ze(;lpotent inhibitor of protein phosphatases 1/2A (PP2A)
passive avol anccteh, es?vateg plus maze an leading to hyperphosphorylation o&i protein a
photoactometer) ob4™, 21* and 28 day after STZ characteristic feature &D. NMDA antagonists

injection. Hydro-alc_oho_lic extract as compared to MK801 and memantine attenuated OKA-induced
agueous extract dtlitoria ternateaand Evolvulus neurotoxicity thereby implicated role of NMDA

alsinoideswas found to be superior and dose eceptors in OKA (ICV)-induced tau hyperphosphory
dependently (100, 300 and 500 mg/kg, p.o.) preventec{ation (Kamaget al.,2013). OKA (200 ng, ICV), apart
STZ induced cognitive impairmenia reduction of ¢ 0 memory ir’npairment and mi,tochc,)ndrial

QXidatiV(;e ztrlt_ess e_mgl r?o k@nase mrfszséio; anddysfunction, induced cholinergic dysfunction and
improved cholinergic dysfunction (Metgaal.,2012; neuronal loss, which was reversed by antidementia

2013a; 2013b). drugs like donepezil and memantine (Kaneat

Similarly, taurine, an essential amino acid and &l.,2012). Studies on the role of central renin-
edaravone, a potent free radical scavenger wereingiotensin system in memory and its interaction with
investigated in ICVSTZ model of cognitive BDNF in ICV-STZ have been established(d@ et
impairment in mal&Vistar rats. (Reetetal.,2017a;  al., 2012b).
2017b). Currentlymagnetic stimulation is being University Institute of Pharmaceutical Sciences

evaluated inAD in collaboration with physiology (UIPS), UGC Centre oAdvancedfudies (UGC-
department CAS), Panjab UniversityChandigarh, is working on

Jamia Hamdard, New Delhi has been actively Neurodegenerative including age related diseases and
working on the role of MAPK-activated protein related complications, particularly cognitive
kinase 2 in neuro inflammation and insulin signalling dysfunctions. Their primary focus is on common
pathway in neurons duringD and to identify mechanisms such as oxidative stress, mitochondrial
molecular targets that are found to be affected mostdysfunction, glutamatgic and neuroinflammatory
and could be used as a therapeutic target againsptroke-induced memory dysfunction involving
neurodegeneration &D. Insulin resistance has been 9lutathione was studied. BCCAO-induced memory
demonstrated to be responsible for neurodegeneratioflysfunction was ameliorated by celecoxib (a selective
in variousin vitro, in vivoand even in post-mortem Cyclooxygenase-2 [COX-2] inhibitor) and nimesulide
analysis of brain of patients $erfing fromAD (Singh (& preferential COX-2 inhibitor) (Gaur and Kumar
et al., 2017a; 2017b). The role of hypercholestero- 2012).
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In PGIMER, Chandigarh, effect of modulation of hypothalamic—pituitary—adrenal axis and
mesenchymal stem cells and galantamine brain monoaminergic systems in a rat model of stress
nanoparticles; granulocyte colony stimulating factor by eugenol is being explored. Further eugenol was
alone and in combination with memantine in rat model evaluated against restraint stress-induced
of AD has been shown to be protective (Mistal, gastrointestinal dysfunction (Garabatial.,2015).
2016; Prakaskt al, 2013a; 2013b). Shilajit attenuated behavioural symptoms of chronic
fatigue syndrome by modulating the hypothalamic—
pituitary—adrenal axis and mitochondrial bioenergetics
_ ) in rats (Surapaneniet al., 2012). Asparagus
_evaluated in VPCI, D_e'h'_' Dubey and _co-work(_ars racemosusmodulated the hypothalamic—pituitary—
inferred that _NO and its interactions with reactl_v_e adrenal axis and brain monoaminergic systems in rats
oxygen species could reduce age related Cogn't've(Krishnamurthy et al., 2013a). Asparagus

deficits and that L-arginine could be a potential .0 1qsusliso llustrated antidepressant actiyity
therapeutic supplement in the treatment of SAD attenuated anxiety-like behaviour and enhanced
(Dubeyet al, 2017a; 2017D). memory against amnesia in rodent models (Garabadu
et al.,2014;). Risperidone in ultra low dose protected
against stress in the rodent cold restraint model by
modulating stress pathways. Furthermore, risperidone
Two labs in CSIR-CDRI, Lucknow are working on gastro protective potential was evaluated against
psychiatric disorders-mainly psychosis and depressionstress and pyloric ligation induced gastric lesions.
Palit and colleagues have evaluated effectiveness oCitalopram protected against cold-restraint stress-
several phytochemicals such a®anax induced activation of BDNF and expression of nuclear
guinquefoliunf), Bacopa monnier{Chatterjeest factor kappa-light-chain-enhancer of activated B cells
al.,2012; 2015). Palit and colleagues have also shownin rats(Garabadet al.,2015). Diazepam potentiated
salutary effect of several phytochemicals and plantthe antistress and anxiolytic activities of metformin in
extracts on stress induced anxiety and depressiontype-2 diabetes mellitus with co-occurring stress in
Thus,Plumeria rubraexhibited anxiolytic effects in  experimental animals (Garabaeu al., 2014).
mice (Chatterjeet al.,2013) and novel Ocimumoside Risperidone was found to ameliorate post-traumatic
A and B exhibited antidepressant effects in chronic stress disorder (PTSD)-like symptoms in modified
unpredictable stress model in rats (Ahneadl., stress re-stress model (Krishnamurthwl.,2013b).
2012). In arecent and quite elegant sfiYdylav and  Risperidone attenuated modified stress-re-stress
colleagues revealed that sustained activity of kappaparadigm-induced mitochondrial dysfunction and
opioid receptgrupregulated NR2B-NMDActivity apoptosis in rats exhibiting PTSD-like symptoms
in hippocampus and acts as molecular determinant§Garabaduet al., 2015). At Neuropharmacology
of treatment resistant depression in mice. Thisresearch laboratory of Department of Pharmaceutics,
observation for the first time demonstrated the IIT (BHU), potential neuropsycho-pharmacological
essential relationship between two clinically very activities of analytically characterised extracts edible
relevant pathways that are being pursued for theherb (Brassica juncep and Ayurvedic herb
development of better therapeutics for depression(Andrographis paniculata)was evaluated in
(Dograet al., 2016). diabetic rodents (Thaket al, 2013; 2014a; 2014b;
2016) Authors have reported that standardised extract
2 . : of Andrographis paniculatdAP) and isolated pure
agonistic actions at melaf[or_lerglc .(MTl and MT2 compound (andrographolide) showed adaptogenic
receptors) and antagonistic a_ctlons at sHI activities and protective effect in foot-shock induced
receptors'aug_mented the ant|dep_ressant effecgtressed rodents (Thaket al., 2014c; 2014d).
of yenlafaxme m_dependentofkynl_Jrenlne path\{vayasAuthors have warranted that botP and
engenced by failure to redupe hippocampal indole andrographolide are pharmacologically polyvalent anti-
amine 2, 3 dioxygenase activity (Thonedsl..2016). stress agents, and that biological processes regulating
At Banaras Hindu UniversityVaranasi, corticosterone and cytokine homeostasis are involved

The efects of NO modulators in IG8TZ, 3
mg/kg induced rat model of sporadP (SAD) was

Depression, PsychosisAnxiety, Post-traumatic
Stress Disorders

Agomelatine, a novel antidepressant with
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in their modes of actions. National Institute of Mental Health and
Neurosciences (NIMHANS), Bangalore has explored
_ Department of Neu_ropsychopharmacolpgy the role of redox and mitochondrial dynamics in
Instl'Fuf[e of Human Behaw_our &llied S_mgnces IS neurodegenerative and myodegenerative conditions.
providing regular therapeutic drug monitoring (TDM) The neuroprotective effects Bacopa monnierand
service in the field of neuropsychiatry for last 20 years curcuminin models of PD (Shinomet al, 2012a)
with lowest turnaround time. The department is one 4 Huntingtorg disease (HD) (Shinor’n(ezlt al,

ofthe major providers of TDM service in North India. 2012b) were evaluated. In NIPER-Mohali beneficial
The work on tools for measuring drug use and adverse, . i< of pioglitazone, agmxisome poliferator-

effectls In neu(;ofpsychlatry p_ract(ljce_ind a(;go ON 5ctivated eceptor(PFAR)-~ agonist on cognitive
prevalence and factors associated with me 'Cat'onimpairment in 1-methyl-4-phenyl-1,2,3,6-

compliance in mental disorders will go along way in- o2 nygropyridingMPTP) model of PD. In addition
providing insights into enabling factors which can neuroprotective potential of RR-3/5 agonist and

improve compliance in this group of patients (Sharma PRAR-« agonisin cognitive impairment in PD model

etal.,2017). were also demonstrated (D&t al., 2014a;
Parkinson’s and Huntington’s Disease Uppalapatet al.,2014).

Beside®\D, several interesting and insightful studies Sleep Disorders andAutism Spectrum Disorders

with respect to etiology and pathophysiology of PD in' gegearch work from, NIMHANS has focused mainly

preclinical models were glso reported form CDRI in tjnto the neurophysiological changes such as fear
recent years. The studies on Rotenone model o

Parki . h d that both oxidati memory extinction, sleep architecture and neural
arkinsonism have suggested that both oxi at'veprocessing in the limbic circuit. They found early

s_tre'?s and :an_doglgsmlﬁ |I'et|cu(I;um str;ei:ssl playmaternal separation stress, irrespective of timing and
;'g;gc?nzt(;igb'_n(s pat Ofgéélgsw?: ?]" duration, resulted in abnormal sleep architecture
: a ; Guptat al., ) urther accompanied with the abnormal neural processing
investigation revealed the critical role on inducible nitric between limbic circuit during rapid eye movement

O’?‘de syntr_\as_e in _Parkinscsnpatholog_y involving sleep (REM) (Sampatkt al.,2014). In addition, the
m|tochondr|§1I |mpa|rmgnt and apoptosis (Gugxtal., . study also found abnormal increase in anxitggr
2015) A series of studies have shown thetherapeutlcmernory retention and impaired fear extinction

utility of acetyl-L-carnitinein rodent models of PD (Sampathet al.,2014)
by demonstrating the essential role of \WrttAtenin ' '
pathway in glial cells for neurogenesis (Sirggial., Deficits in attention are likely contributors to the
2015; 2017a). This group also demonstrated thecore pathophysiology of autism spectrum disorder
beneficial effect of MK801, a non-competitive (ASD). Sustained, spatially divided attention in a
NMDA antagonist, in Parkinsonian raia modulation prenatal valproic acid (\® model of ASD using
of hippocampal neurogenesis (Sirgjtal, 2017b). the 5 Choice Serial Reactidime Task (5-CSHT)
. _ was examined. It was found that both male and female

_ Th(_a results Of SftUd'eS at Banaras H|r_1du VPA rats had progressively lower accuracy and higher
U_r_m(e_rsny, varanasi, _mclude_ pretreatment.wnh omissions with increasing attentional demands during
silibinin attenuated biochemical and behavioural 5-CSRIT training, and showed further performance
changes induced by intrastriatal MR#Rection in rats decrements wh;en subjected to parametric task
(G_eedet al.i 2014). Coen_zyme Q10 pr(_a\_/ented manipulationsAn important finding was that in a fixed
mitochondrial dysfunction and facilitated rule settingV/PA rats could meet performance criteria

!oharmacologicgl act?vity qf _ato_rvastatin ir_1 6'O_HDA when provided with a graded, extended training regime
induced dopaminergic toxicity in rats (Prajajgdtal., (Anshuet al., 2017)

2017). Purinergic antagonism prevented mitochondrial
dysfunction and behavioural deficits associated with pajn and Sress

dopaminergic toxicity induced by 6-OHDA in rats ) ) _
(Kumaret al.,2017b). VPCI, Delhi have demonstrated illustrating role of

nitric oxide (NO) in regulating stress effects and which
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may act as a therapeutic target for development ofeffect associated with several chemotherapeutic
novel strategies against stress related disorders (Gulatigents. They have observed that oxaliplatin exposure
et al, 2015). Dehydroepiandrosterone sulphate, leads to accumulation of damaged mitochondria
ADMA and estrogen protective effect was illustrated leading to enhanced ROS generation and severe nerve
in restraint stress (RS) induced alteration in damage contributing to pain under experimental
neurobehavioural and brain oxidative injury in rats conditions. Phytochemical modulators ameliorated
(Chakrabortet al, 2014). Recent]yPalet al. (2016) mitochondrial deficits leading to reduced ROS burden
evaluated the protective effects of melatonin in RS- and enhanced the intraepidermal nerve fibre density
induced behavioural and immunological changes inin oxaliplatin treated rats (Aregi al, 2017a; 2017b).
rats. Thakuet al. (2017) investigated the effects of They had elaborated the studies in experimental
chronic predictable stress (CPS) and chronic diabetic neuropathwhere they have started working
unpredictable stress (CUS) on immunological on the role of mitochondrial dysfunction in the
responses in KLH immunized rats and involvement pathogenesis of diabetes associated neuronal
of NOergic signhaling pathways mediating such dysfunction. In particularthe lab is involved in
responses. exploring the therapeutic benefits of promoting
mitochondrial biogenesis and autophagy by adenosine

I INIPE dR-ATmeldabad 'hs tr_ymg f[o dllsszqt OLIf]t th? monophosphate activated protein kinase (AMPK) and
cellularand molecular mechanisms INVoIved in Cronic ;i deacetylase (STR) modulation (¥rraet al,

neuropathic pain and associated CNS co-morbidities.2017a. 2017b)

They aim to develop the novel therapeutics for the ' '

treatment of spontaneous ongoing pain devoid of drug At AIIMS, New Delhi, role of adenosingic

addiction. system, particularly the non specific antagonist
theophylline in pain and possible mechanisms have

.N IPER-Hyderabad has been Working ON heen investigated (Katyal and Gupta, 2012). Recently
physiology and pharmacotherapy of neuropathic pa'nKatyal et al have demonstrated an analgesic activity

associated with diabetes, chemothe_rapy and trauma, ¢ S-adenosylmethionine (SAM) and reversal of
Research focusgs on the pathoger_nc gsse;sment a%’lerance to analgesic effect of morphine with SAM
treatment of peripheral neuropathies in animal andusing tail flick test (Katyaét al, 2017). This work

cell cultqre mode!s. They are quklng On various aq implications for drug addiction as well.
aspects involved in pharmacological evaluation of

phytochemicals and small molecule modulators of Encephalitis

signaling proteins in neuropathic pain models such as

diabetic neuropathychemotherapy induced Bas_ed upon pre-clinical study undertaken at National
neuropathychronic constriction injury (CCI) of sciatic  Brain Research Center (NBRC), Manestaryana,
nerve. They have observed that such neuronal damag@ Phase IIl clinical trial has been completed at King
is persistent due to maladaptive activationARP ~ Geoge’s Medical University Lucknow where
enzyme and associated neuroinflammation andminocycline has been used as a therapy for the patients
bioenergetic depletion in peripheral nerves With Japanese Encephalitis (JE) aAdute
(Komirishettyet al, 2016a). They have also observed Encephalitis Syndrome (AES) (Kumeiral.,2016).

that ARPinhibitors and phytochemical antioxidants It was observed in this trial that minocycline has some
administration to CCI| operated rats reverse this beneficial effect in patients especially in those patients
neurological injury and associated neuropathic painWho survived the initial days in hospital. Recently
by controlling the expression oARP enzyme to a another publication from Baba Raghav Das Medical
physiologically minimal level (Komirishettgt al, ~ College, Gorakhpur showed the therapeutic efficacy
2016b; 2017). In addition to¥RP (PolyADP Ribose of minocycline in JE patient$ogether these findings
Polymerase)they have also studied the therapeutic indicated that minocycline had a potential to be used
benefit of dual regulation of Nrf2 and N#B commercially for JE andES patients. Moreover
pathways in CCI induced neuropathy (Arratial, based upon findings from both the studies it may be
2017). The institute is also working on chemotherapy POSsible to include minocycline in the management of
induced peripheral neuropathy dose limiting side AES and JEAt present NBRC and Department of



24 Yogendra K Gupta et al

Biotechnology is closely working with Director Miscellaneous
General Health Services, Nationdbctor Borne
Diseases Control Program and ICMR to consider
minocycline forAES/JE patients in a pilot project.
Recently ICMR and Health ministry announced that
minocycline would be used for an observational study
for JE andAES patients.

Banaras Hindu Universityvaranasi, has worked
extensively on mitochondrial energetic with special
reference to neurodegenerative diseases.
Mitochondrial bioenergetics was characterized after
neurodegenerative diseases in spinal cord injurymodel
and neonatal anoxic model of rats (Samaiyal.,
2015). Neonatal anoxia led to time dependent
progression of mitochondrial linked apoptosis in rat
NIPER-Ahmedabad illustrated that microglial cells cortex and associated long term sensorimotor deficits
are the primary threat sensors of CNS which become(Samaiyaet al.,2016; 2017). Silibinin ameliorated
activated in many pathological conditions. Using rat [ipopolysaccharide-(LPS) induced memory deficits in
primary microglial cultures, dichlorvos exposure experimental animals (Jostt al.,2014). Piracetam
activated and induced apoptotic cell death in microgliaattenuated LPS-induced neuroinflammation and
(Sunkariaet al, 2012). Moreoverthe efect of  cognitive impairment in rats (ipathi et al.,2017).
dichlorvos on crucial cell cycle regulatory proteins The discovery of dwydroxy 3 phenacyloxindole
and the DNA damage sensor ataxia-telangiectasiaanalogues of Isatin was found to have monoamine
mutated was also assessed. These findings suggestegidase inhibitory activity (fipathi et al., 2016).
that dichlorvos can induce oxidative as well as Furtherthe synthesis and pharmacological evaluation
nitrosative stress in microglia, which might be of N3-aryl/heteroaryl-substituted 2-(2-chlorostyryl)-
responsible for observed DNA damage, mitotic arrest,6, 7-dimethoxy-quinazolin-4 (3H)-ones illustrated
and ultimately apoptotic cell death in these cells anticonvulsant activity (Dast al.,2014b).
(Sunkariaet al.,2013). So, it was hypothesized that
if the production of oxidative/nitrosative stressors is
restricted, the microglial over-activation can be
prevented, and hence its downstreafieas. To
achieve this, a potent NO scavenger and SOD . . :
(superoxide dismutase) mimetic, 4-hydroxy TEMPO overcoming alcohol withdrawal associated symptoms
(4-HT) was investigated. DNA fragmentation analysis (Arora andvohora, 2016).
showed significant reduction in the DNA damage of At UIPS, UGC-CAS, Panjab University
4-HT pre-treated microglia as compared to dichlorvos Chandigarh, protective effect of curcumin, resveratrol
treated cells (Sunkariet al.,2014a). against chronic alcohol-induced cognitive dysfunction
, ) in adult rats was mediated through anti-oxidant and
_ N?Xt’ the (_effect of dichlorvos medlatgd anti-inflammatory mechanismsi@ari and Chopra,
microglial activation on neuronal cells was studied. 2013a; 2013b). Curcumin and tocotrienol treatment
TDCM-treated neurons showed significant decreaseprevented cognitive deficit rat pups postnatally

in the expression of these pro-apoptotic molecules ; : ; :
; o exposed to ethanol involving NEB-mediated apoptotic
(Sunkarizet al.,2014b).Taken togethethese findings signaling simulating children with fetal alcohol

suggest that 4-HT can significantly atienuate spectrum disorders {@ari and Chopra, 201Zjwari
dichlorvos-induced microglial activation and prevent etal, 2012) '

apoptotic neuronal cell death.

Neurotoxicity

Abrupt discontinuation of chronic ethanol
consumption produces severe withdrawal symptoms.
Mirtazapine was found to be having better potential
therapeutic use and profile over clonidine in

At University College of Medical Sciences COnclusion

(UCMS), Delhi neurotoxicity due to exposure to |t can be concluded from above studies that

pesticide is being targeted. Melatonin and 4'- neuropharmacology research clinically and

chlorodiazepam significantly reversed the propoxur- preclinically has flourished but there is an urgent need

induced cognitive impairment and oxidative stress to appraise the level of research, number of

parameters (Mehtet al.,2010; 2014). publications and patents for an international standing.
A greater focus on enhancing infrastructure and
funding will be beneficial.
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